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he Network of Organic Agriculture Researchers in Africa (NOARA)

was established to unite and coordinate African organic and

ecological agriculture scientific and technical researchers within and
outside Africa. The network is an African initiative.

NOARA is a network independently established by African organic
researchers that met at Modena, Italy, in 2005 but was later launched in
2009, during the 1st African Organic Conference in Kampala. During the
2nd African Organic Conference (2nd AOC) held in Lusaka, Zambia, in May
2012, aside event brought together participants from almost all regions of
Africa and Europe to discuss how to develop organic agriculture research
agenda. Research was underscored as a critical component of any initiative
designed to promote ecologically sustainable development of agriculture
in Africa.

The 4" AOC in 2018 General Assembly at Saly, Senegal, recommended
AfrONet to revive NOARA and probably re-organize the Network for
effectiveness inits expected roles. A Coordinator was therefore appointed
in March 2019 to build NOARA and ensure proper functionality of the
Network.

Netwark of Organic Agriculture Researchers in Africa
RESEAU DES CHERCHEURS EN AGRICULTURE BIOLOGIQUE EN AFRIQUE
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Africa with zero hunger, poverty eradicated,
improved livelihoods and sustained ecosystem
through innovative organic and ecological
agriculture research.

To generate and disseminate sound evidence-
based scientific organic agricultural knowledge
that can ensure healthy, ecological, fairness and

care of organic agriculture actors in Africa for

sustainable livelihood and ecosystem, leading to
food security, income and sustainable
development.




NOARA SPECIFIC OBJECTIVES AND
RESEARCH PRIORITIES

Lead research agendas on organic and ecological agriculture
in Africa.

Coordinate organic and ecological agriculture training and
research in Africa.

Support or initiate research activities that will contribute to
the social, cultural and economic productivity of Africa's
smallholder farmers, processors and marketers, particularly,
women and youths who have been largely marginalized.
Demonstrate success stories useful for up scaling organicand
ecological agricultural practices.

Promote collaboration among organic and ecological
agriculture researchers, practitioners, farmers and policy
makers in Africa.

Fosterimproved ecological organic agriculture database, to
influence policy developmentin Africa.

Advocate for the mainstreaming of organic and ecological
agriculture into agricultural research and innovation to
enhance food security in Africa.

Engage organisations producing organic and ecological
inputs in confirmatory and adaptive research for possible
recommendation of their products to end usersin Africa and
beyond.

Organize conferences and meetings for the exchange of
information on organic and ecological agriculture.

Publish research and technical results on organic and
ecological agriculture.

Organise consortia of experts to address specific or emerging
issues relating to organic and ecological agriculture in Africa.

Enhance partnerships for organic and ecological agriculture
research in Africaand beyond.

Map out like-minded organisations.

Honour distinguished members as fellows of the network.
Represent the interest of organic and ecological agriculture
researchers within and beyond Africa.

Some of NOARA key functions to meeting the stated objectives
includes to: (within and outside Africa)

Undertake lobbying and advocacy on organic and ecological
agriculture research at high levels.

Support capacity building for key players in organic and
ecological agriculture across the continent.

Mobilize resources for NOARA's endeavours in promoting
organicagriculture on the continent.

Spearhead organic agriculture research, extension, training
and value chains and market development.

Provide management and administrative consultancy to
like-minded programmes and partners on organic
agriculture research; and,

Undertake any other functions as deemed necessary to
address NOARA's objectives.

NOARA isa membership Network that draws members from
national, regional, continental and international organic agriculture
organisations, associations, networks and companies withinand
outside Africa, butwhose aims and goals are in support of organic
and ecological agriculture.
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African Journal of Organic Agriculture and Ecology (AJOAE) is
a journal of Organic Agriculture and Ecology published
biannually to create an effective medium for dissemination of
information on organic agriculture research findings in all
areas of Agriculture, Food sciences and Ecology. The Journal
International Standard Serial Number (ISSN) is 2734-2913.

Contributions may be on Agricultural Economics, Agricultural
Engineering, Agricultural Extension, Agroforestry, Animal
science, Crop/Environmental protection, Crop science,
Environmental Sciences, Fishery/Aquaculture, Pharmacy, Soil
science, Veterinary Medicine, Wildlife Management.

Careful editing and scrutiny are required before sending
manuscript to the editor as no room for alteration may exist
once an article is accepted for publication based on reviewers'
comments.

Contributors are to send their manuscripts, not previously
published or being considered for publication elsewhere to:

The Editor-in-Chief

African Journal of Organic Agriculture and Ecology
editor@noara.bio or noaraafrica@gmail.com
+2348035709365

Network of Organic Agriculture Researchers
in Africa (NOARA)

Agronomy Building,

Faculty of Agriculture,

University of Ibadan.

+2348035709365
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Projet « Centre de Connaissances de I’Agriculture Biologique »
Knowledge Centre for Organic Agriculture and Agroecology in Africa (KCOA)
Knowledge Hub for Organic Agriculture and Agroecology in Africa (KHWA)

M. Alpha KANE Key information about the KCOA
Environnement Développement

Action pour la Protection Naturelle The project is being implemented by Deutsche Gesellschatt fiir Internotionole

ENDA PRONAT

( ) Zusommenaorbeit (GIZ) GmbH on behalf of the Germon Federal Ministry for
Correspondence: Economic Cooperation ond Development (BMZ).

33.889.34.39 | 78.635.20.55 The project is based on the observation that the main actors in agricultural

production, processing ond morketing do not have easy and sufficient access to
proctical knowledge to implement ond disseminate orgonic forming proctices.
Inthissense, KCOA's approach is to help bridge the knowledge gop ond create o
continentol network of Knowledge Hubs os on innovative strategy to promote
orgonic ogriculture in collaboration with stokeholders in the North, West, Eost,
Centrol ond Southern Africaregions.

GIZis setting up 1 Knowledge Hub per region in partnership with African
NGOs:

o WestAfrica:ENDAPronot, Agrecol Africo, FENAB,NOAN,

CNOP, Songhai Centre

e EastAfrica: Biovision AfricaTrust

o SouthernAfrica: Sustainability Institute

e  NorthAfrica: SEKEM
Overall, the objective is that knowledge hub octors ond their networks, in the
regions of East, Southern Africa, West Africo, North Africaond Centrol Africa,
be strengthened in their role in promoting organic agriculture and
agroecology.

Introducing the KHWA

The Knowledge Centre for Organic Agriculture and Agroecology in Africa
(KHWA) project supports the estoblishment of knowledge Hubs in orgonic
Access online at: forming ond ogroecology (AE) in the West, Eostern, Southern, Northern ond
www.africanorganicconference.net Central Africon regions. The objective of the Network of Regional Knowledge

wuwnoara.bio Hubs for Orgonic Farming in Africo is to better integrate and promote locol
orgonic forming approoches and proctices in agricultural systems.
For the West Africa Knowledge Hub (KHWA), octivities revolve around three
(3) fields of action, each coordinated by on orgonization, nomely:
Published by:
/N,ﬂm Enda Pronat, Head of Coordination of the Hub and OutputA: The access of
the actors of the knowledge hubs ond their networks to technicol ond methodologicol

Network o Orgnic Agriculture Researchers i fica

v
L b & pumal) Aol 0 (3 Gl A2

knowledge forthe promotion of orgonic ogriculture ond ogroecology is improved.




M. ALpHA KANE: Projet « Centre de Connaissances de I’Agriculture Biologique »Knowledge Centre for Organic Agriculture and Agroecology in Africa (KCOA)
Knowledge Hub for Organic Agriculture and Agroecology in Africa (KHWA)

FENAB, Output B Manager: The skills of multipliers
for the dissemination of OA/AE knowledge, concepts
ond good proctices are strengthened.

Pole de connaissances de
I'Agriculture Biologique en
Afrique de I'Ouest

AGRECOL Africa, Responsible for Output C The
networking of AB ond AE actors is strengthened.

The technical implementation of octivities in other
KHWA countries is ensured by three (3) Institutionol
Focal Points (IFPs), nomely: Songhai Center in Benin,
CNOPinMali ond NOAN in Nigerio. For The Gombia,
octivities are implemented by output monogers with
the support of alocal consultont.

Activities of Output A: Access to technical and methodological knowledge for the
promotion of organic farming and agroecology for the promotion of organic farming and
agroecologyis improved for the actors of the knowledge hubs and their networks

e Documentedscientific knowledge

This is scientific ond codified knowledge. The notional knowledge monogers, under the supervision of the regionol
manoger, collect according to the identified needs: pest control, soil heolth, morketing options, orgonic certification and
finoncing, ond the specific needs of women in relotion to orgonic agriculture ond ogroecology.

This willinvolve:

Identify the sources of collection in relotion to these needs: these are the documents to be collected ot the level of
research, training ond extension institutions, universities, NGOs, formers’ orgonizations, finoncing structures, resource
persons (researchers, extension ogents, production ond processing componies, traders, etc.), corry out collection
missions with these structures: Present the project, look for dynamics ond synergies with the structure for along-term
partnership, Moteriolize the membership ofthe cluster. Understond internol knowledge validation procedures.

e Traditional knowledge unknown to alarge number of users, capitalized

In eoch country, the collection of endogenous knowledge
from communities will be carried out by a.collection teom
composed of on interviewer ond o reloy former. The
interviewer is responsible for administering the guide
(ofter having received training on the elaborate guide) ond
for finding avenues for further study if necessory, ond the
role of the relay former will be to focilitate contact ond
communicotion with the knowledge bearers (tronslation,
confidence-building).

All this knowledge, ofter volidotion by o committee
(composed of researchers ond/or proctitioners with a lot
ofexperience in orgonic forming ond agroecology) will be
tronslated into knowledge products adapted (videos,
technical sheets, podcosts...) for dissemination.
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Output B Activities: Multipliers' skills for disseminating OA|AE knowledge, concepts

and good practices are strengthened.

FENAB's concept of skills building ond
knowledge dissemination extends over the
durotion of the KCOA's Project. It is composed
of 6 strategic areos of implementotion.

This mechanism focuses on building the
copocity of multipliers ond disseminoting
knowledge through oppropriote octivities
combining different approaches.

The multipliers (who ore the torget group
of the project) include all those who have
been selected during the mopping workshops
ond registered in the West Africon Multipliers
datobase. They porticipote in the disseminotion
of recognized ond validated knowledge on
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Development of manuals and training
modules

Renforcement de capacités des
multiplicateurs
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Capacity Building for
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Training, exchange visits, site visits,
farmer Field Schools
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Animation of fields school farmers,
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orgonic forming to formers, formers’ ossociotions, processors ond consumers. Multipliers ore trainers, well-trained
former leaders, former facilitotors, women processors, young orgonic entrepreneurs, extension ogents, independent
ogro-ecological centre ogents, young bloggers who are interested in orgonic forming, GSP controllers who do orgonic
certification, etc. and that operate in the different orgonic ecological value chains.

Activities of Output C: The networking of OA and AE actors is strengthened

This involves the estoblishment of local ond/or notional networks of actors in organic value chains in the 5 countries
(Benin, Gombio, Mali, Nigeria.ond Senegal). To this end, the results of the studies/diognoses corried out in all countries

during the first phase of the project will be
exploited... Bosed on the studies carried out, ot
leost 1 key ond priority orgonic product (value
choin) will be targeted in each country.

Thus, the overall objectiveis to bring together
the actors of these volue chains (producers,
processors, traders, consumers) in order to
develop/strengthen these sectors.

The members of these networks will also
focilitate the collection of endogenous
knowledge, porticipote in its volidotion ond
sharing within their respective networks.
(Outputs Aond B).
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Major activities of the KHWA

OutputA: Accessto Knowledge

Community surveys to collect
traditionol knowledge

Community feedback workshops to
discuss the troditionol knowledge
collected

Validation of knowledge

Adopted Broadcost MediaProductions

Output B: Knowledge Dissemination

Output C: Networking of OA and AE actors

Training of Moster Troiners

Site Visits/Exchonge Visits

Copocity Building Workshops

Scaling up training sessions

Formers'field schools

Roaising awareness omong users through dissemination
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Abstract

Orgonic ogriculture, viz-o-viz the produce and products, os arecent innovotion
requires more aworeness to ottroct potronoge, therefore, the need to explore
different kinds of strategies to ochieve this. Ibadon Go orgonic Multipurpose
Cooperative Society, Nigerio, dived into the use of sales promotion os astrotegy
to ottroct more people to orgonic produce /products, and it is hoped the experience
could benefit other orgonic outfits ocross the continent. Good ond cotching
fliers and posters were designed ond hord copies produced to publicise the sales
promotion widely. The soft posters and handbills were circulated on-line while
hard copies were posted in strotegic ploces to sensitize the general public
including the existing customers of organic produce obout the orgonic promotion.
This wos done aweek before the commencement of the sales promotion which
ron for two weeks between December 14th and 31st, 2022 across all the soles
outlets of Ibadon Go Orgonic Multipurpose Cooperative Society in Ibadon. The
strategy wos for customers to buy ony two (2) produce/products ond get one (1)
for free. The free portion was mode possible courtesy of Ecological Orgonic
Agriculture Initiative. The soles promotion also features sensitizotion on the
benefits of food grown using orgonic stondords. The total number of customers
poatronizing the Ibadon Go Orgonic MCS market rose by 71% ot the end of the
promotion ond the customers sustoined months ofter the promo. It could
therefore be concluded that flooting a:soles promotion for orgenic produce/products
could ottrocts more consumers.

Promotion du marché biologique grace a une stratégie de promotion des
ventes : une initiative de la société coopérative polyvalente Ibadan Go
Organic, Nigeria

Résumé

L'ogriculture biologique, a savoir les produits et les produits, en tont
qu'innovation récente, nécessite une plus gronde sensibilisotion pour ottirer le
mécénat, d'ou la nécessité d'explorer différents types de stratégies pour y
parvenir. Lasociété coopérative polyvalente biologique Ibadon Go, ou Nigeria,
s’est loncée dons 1'utilisotion de la promotion des ventes comme strotégie pour
attirer davontoge de personnes vers les produits biologiques, et on espére que
I'expérience pourro profiter a d'outres entreprises biologiques a trovers le
continent. Des déplionts et des affiches attroayonts et ottrayonts ont été congus et
des copies popier ont été produites pour foire connaitre lorgement lopromotion
desventes. Les offiches souples et les prospectus ont été diffusés en ligne tondis
que des copies popier ont été collées a des endroits stratégiques pour
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sensibiliser le grond public, y compris les clients existonts de produits
biologiques, a lapromotion du bio. Celaaété foit une semoine avont le débutde la
promotion des ventes qui s'est déroulée pendont deux semaines entre le 14 etle 31
décembre 2022 dons tous les points de vente de la société coopérative
polyvalente Ibadon Go Orgonic a Ibadon. Lastratégie consistoit pour les clients a
acheter deux (2) produits/produits et a en obtenir un (1) grotuitement. Laportion
gratuite o été rendue possible grace a I'Initiative pour l'ogriculture biologique

ls\lz?ltssibci}ie;;i on, écologique. Lo promotion des ventes comprend également une sensibilisation
Achetez-en deusx, oux aveontoges des oliments cultivés selon des normes biologiques. Le nombre
obtenez-en un gratuit, total de clients fréquentant le marché Ibadon Go Orgonic MCS a.ougmenté de 71
consommateurs bio, % alafin de lapromotion et le nombre de clients s'est maintenu des mois opres lo
promotion des produits biologiques,  promotion. On pourrcit donc en conclure qu'une promotion des ventes de
promotion des ventes. produits biologiques pourroit attirer dovontage de consommoteurs.

Introduction

Orgonic Agriculture hos continued to goin ground due to its benefits of making heolthy food availoble to people while
also prioritizing environmentol ond biodiversity conservation (Adenle et al., 2018). Orgonic Agriculture hos been
odjudged os the fostest growing agricultural system which is premised on its acceptability due to its benefits to mon ond
the environment (FiBL, 2022). However, despite these huge benefits, the percentoge of people that are aware ond by
extension potronize orgonic produce ond products is still very low especially in the developing countries, therefore the
need to promote awareness in order to increase the demond. One of the ways by which increased aworeness ond demond
of aproduct could be achieved is by engoging on sales promotion (Hermiyenti aond Wordi, 2018). Promotion hos been
considered os the set of morketing techniques or proctices, morketing action, form of communicotion, ciming of increosing
the volume of sales by securing the ottention of potential buyers (Alexandrescu ond Milondru, 2018). According to Gordon—
Hecker (2020), promotion deals are the most widely used strotegies to attroct consumers (Bogomolovaezal.,2015).

One of the moin promotional elements used in developing o firm's promotional progrom is soles promotion which is
expected to increase purchosing decisions becouse it could have a significont influence on purchose sotisfoction
(CuellorHeoaley, 2013; Hermiyenti ond Wordi, 2018). The findings of Brota et al. (2017) showed o strong positive
correlotion between promotion of o product and purchose decision of customers. It is possible for a good product to
receive low demond becouse the consumers do not get information obout it (Mothersbaugh et al.,2007).

Some of the popularly known sales promotion tactics used are "Buy one, get one free" called BOGOF, or "Buy two
ond getthe third free". These campaigns ore useful when one needs to sell several products ot once (CuellorHeoley, 2013).

Ibadon Go Organic Multipurpose Cooperative Society is a.group of orgonic agriculture volue choin actors ciming ot
moking healthy food availoble for the people in order to reduce the heolth challenges ossociated with chemicol reduces
inherent in food obtoined from conventionol agricultural os well os other integral environmental ordeal (Erhunmwunse,
2012). The Cooperative currently has different six soles point within Ibadon metropolis but patronage is still very low,
therefore the need for promotion of orgonic products using the concept of sales promotion. The rational of this initiotive
is to attract much more people to orgonic produce ond products. It is hoped that why the sales promotion ottrocts more
people to the orgonic morket the quality of the produce and products con keep them ond moke them regulor consumers
thereby increase the demond for orgonic ogricultural produce / products.

Methodology

Good and cotching fliers ond posters were designed ond hord copies produced to publicise the sales promotion events
widely. The soft posters ond hondbills were circulated onHine while hord copies were posted in strategic ploces to
sensitize the general public including the existing customers of orgonic produce obout the orgonic soles promotion. This
was done aweek before the commencement of the exercise.
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The promo ron from December 14 to 31 ocross all the soles outlets of Ibadon Go Orgonic Multipurpose Cooperative
Society in Ibadon. The strategy was for customers to buy any two (2) of our produce/products ond get one (1) for free.
Every consumer thot purchoses two of ony orgenic produce / product wos given one for free, courtesy of Ecological
Organic Agriculture Initiotive in Nigerio.

The produce / products that were involved in the promotion octivity were jute mallow, celosia, omoronth, pineopple,
plontoin, ginger, radish, pawpaw, palm oil, chicken, cocoyom, pototo, cucumber, catfish, turmeric, wotermelon, mushroom
ond gorri. These were supplied by different members of the Cooperative. In the course of the soles promotion exercise,
there wos continuous sensitizotion on the benefits of orgonic foods to mon ond also to the environment.

Results

A totol number of 180 people porticipated in the soles promotion with 92 as new customers. The totol number of
customers potronizing the Ibadon Go Orgonic MCS market through the different outlets before the promotion was 158
while the totol number of the customers rose to 270 ot the end of the promo, giving rise to 71% increose in the number of
customers (Figure 1). The onalysis of the customers thot patronised during the promo by gender ond age is shown in
Figure 2. The result shows thot there are more female customers than the mole while there more adults (>36 years of age)
thon youths. The more female could be because female are more involved in the preparation of food for the fomily. More
adults being involved could olso be becouse they have fomilies to coter for. This is in line with the findings of Crone
(2019) that femoles ore more involved in purchase of food stuffs thon male.

The new members have been added to the online (WhatsApp) morket platform of the Ibaden Go Orgonic MCS,
where they con occess regulor informotion on the orgomic morket ond place their order from time to time. The onalysis of
the orgonic produce ond products sold within the promotion period is shown in Figure 3. These ronges from leaf vegetobles,
fruits, spices, palm oil to storch. The total volume of produce sold during the time of the promotion exercise worth USD
1,196 (Figure 4). The averoge sale per month in October ond November was USD 215. Thus, the soles increased by
499% in December by the reason of the sales promotion. This is in line with the report of Hermiyenti ond Wordi (2018)
that promotion affects the purchose decision of customers. It also confirmed the submission of Bogomolova et al.
(2015) that promotional deals are widely used strategies to lure customers into higher ond more frequent purchases.

Post sales promotion experience: The analysis of the customers attrocted by sales promotion exercise that still
patronise the orgonic morkets after the exercise is shown in Figure 5. About 50 % of the people who were drawn into the
orgonic market through the sales promotion exercise still potronized the orgonic market. This suggests that the benefits
derived from the orgonic produce ond products gotten during the sales promotion exercise was worthwhile and hence
ottracted the consumers to the products. This is in line with the report of Basha.er al. (2015) thot orgonic food products
possess high quality: better taste, increased shelf live, etc (Gopalokrishnon, R. (2019). The new customers still staying
with the orgomic products could olso have been influenced by the continuous owareness done during the soles
promotion exercise.

300
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Figure 1: Percentage increose in the number of customers after the soles promotion
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Figure 2: The analysis of the customers that patronised the orgonic markets during the sales
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Figure 5: The analysis of the customers ottrocted by soles promotion exercise thot still patronise the
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Conclusion

The need to raise aworeness on the orgomic morket especially in the developing countries connot be overemphaosized
because the sector is still evolving. This led to Ibadon Go Orgonic MCS, Ibadon Nigeriaexploring the potentiol of soles
promotion strategy to stimulate people to know ond patronage orgonic products. The result of the sales promotion
exercise shows on increose in the number of customers potronising orgenic produce ond products and by extension in
the volume of sales. Thus, sales promotion strotegy could be recommended for other organic market outfits to increose
the visibility of orgenic morket.
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Abstract

This study investigated the awareness ond occeptability of Corrot-fortified
Coke in comparison with the populor Vonillo flavoured Coke omong visitors in
the Botomical Gorden, University of Ibodon. Carrot cake is made from wheat
flour fortified with Carrot rich in Vitomin A, there is low oawareness on the
product, the nutritional composition ond its health benefits. Artificial additives
ond preservatives are commonly used in the preparation of food. Literotures
showed thot use of orgonic micronutrients hos not been well utilized in the
preparation of food especially in boking which is an aspect of cooking methods.
This study provided information on the use of orgonic micronutrients for the
acceptability and consumption preference by the consumers, which should be
highly encouroged ond promoted in food preparation. A hundred somples of
structured sensory evaluation form were odministered to respondents comprising
of'visitors in Botonical Gorden, University of Ibadon to assess the orgonoleptic
properties of corrot ond vonilla coke ond to determine the most preferred
somples of the two snocks using purposive sampling. The findings showed that
Carrot-fortified Coke was ronked higher in oppearance 53%, toste 46%, aroma
46%, texture 43%, overall acceptobility 40%, when compared to Vonillo flavoured
Coke in appearonce 44%, toste 34%, oroma 38%, texture 22%, ond overoll
acceptobility 18% based on the 7 hedonic scole rating. However, reseorch should
be carried out on the use of natural preservatives in food preporation.

Acceptabilité des gateaux enrichis de carottes et aromatisés a la vanille
parmiles visiteurs dujardin botanique de 'Université d'Ibadan

Résumé

Cette ¢tude o exominé lo notoriété et l'occeptobilité du gateon enrichi oux
carottes por rapport ou gateou oromotisé a lo vonille populoire pormi les
visiteurs du jordin botonique de 'Université d' Tbadon. Le gateou oux corottes est
fabriqué a portir de forine de blé enrichie en corottes riches en vitamine A, il y a
une foible sensibilisation. sur le produit, la composition nutritionnelle et ses
bienfoits pour la sonté. Les odditifs ortificiels et les conservoteurs sont
couromment utilisés dons lo préparation des oliments. La littéroture oo montré
que l'utilisation de micronutriments orgoniques n'a.pos été bien utilisée dons la
préparation des aliments, en porticulier dons la patisserie, qui constitue un
ospect des méthodes de cuisson. Cette étude o fourni des informotions sur
l'utilisation de micronutriments orgoniques pour l'occeptabilité et lapréférence
de consommotion des consommateurs, qui devraient étre fortement
encourogées et promues dons lo préparotion des oliments. Une centaine
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d’échontillons de formuloires d'évoluotion sensorielle structurée ont été
administrés oux répondonts comprenont des visiteurs du jordin botomique de
l'université. d'Tbadon pour évaluer les propriétés orgonoleptiques du gateou oux
carottes et a la vonille et pour déterminer les échontillons les plus préférés des
deux collations a l'aide d'un échontillonnoge raisonné. Les résultats ont montré
que le gateou enrichi oux corottes étoit mieux classé en termes d'opparence 53 %,

ch(;t:ptc (iﬁ?li'; é, de golit 46 %, d'ordme 46 %, de texture 43 % et d'occeptabilité globole 40 %, por
Gateau, rapport ou gateou oromotisé a lo vonille en termes d'opporence 44 %, de gotit 34
Carotte enrichie, %, d'arome 38 %. texture 22 % et occeptabilité globale 18 % sur lo bose de
Organoleptique, 'échelle hédonique 7. Cependont, des recherches devraient étre menées sur
Arome vanille l'utilisotion de conservoteurs noturels dons lapréparation des oliments.
Introduction

Carrot (Daucus carota L.) con be eaten raw, chopped, grated, or included to solods for colour or texture. Carrots ore
commonly chopped and boiled, or steamed, ond cooked in soups ond stews, os well os refined infont nourishments ond
few pet nourishments (Von ez al., 2012). Corrot juice is olso widely consumed, especially os ahealth drink, either blended
alone or with other fruits ond vegetobles (Abid ond Joved, 2018).

Cokes ore high in sugor ond rich in carbohydrotes ond fot but low in other nutrients, including protein, minerols, ond
vitomins (Roni et al, 2021). The World Health Orgonization (WHO) reported snacks with high sugar ond fot content os
unheolthy. The demond for functional food with higher nutrients and minerals hos led to the fortification of coke using
orgomic nutritionolly rich root vegetoble (carrot) to enhonce the micronutrient content of cokes.

The orgonoleptic characteristics of food/products are perceived through humon sense orgons. Carrot cake is mode
from wheat flour fortified with Carrot rich in Vitamin A. However, it hos not gained ahigh level of acceptonce from the
public compared to other snacks (such os vonilla.coke, red velvet coke, chin—hin etc.), hence, low aworeness obout the
snack, the nutritionol composition ond its heolth benefits (Sowmiya.ond Norayonon, 2013). There is deorth of studies on
carrot-fortified coke. Therefore, it was considered importont to undertoke this study. The study investigotes the
awareness ond occeptability of Carrot-fortified Cake ond Vonilloflavoured Coke.

Objective of the study
The general objective of this study wos to investigote the awoareness ond acceptobility of Carrot-fortified Coke and
Vonillo flovoured Coke among visitors in the Botonical Garden, University of Ibadon, Ibadon, Oyo stote, Nigerio.
Specifically, the study determined:

1. owareness of Carrot-fortified Coke among visitors in Botanical Gorden.

2. theconsumption preference of the somples.

3. overadll acceptobility of carrot cokes omong visitors in the Botonical Garden, University of Tbadon.

Materials and Methods
Study area: This research wos corried out in Botonical Gorden, locoted within the University of Ibadon compus which
was founded in 1948 and situated 6 kilometres to the North ofthe city of Ibadon (7°26'N and 3°54'E) covering atotal lond

areaof 1,032 hectares (over2,550 ocres of lond).

Materials: The ingredients used to produce samples include wheot flour, carrots, vonilla extroct ond others were
purchaosed from Bodijamarket, Ibaden, Oyo Staote.
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Preparation of carrot cake:

Ingredients and measurements
e 1000 grams of all-purpose flour
e 2teospoonsboking powder
e  Yiteospoon ground nutmeg
e steospoonsalt
o 10lorgeeggs, roomtemperoture
e !5(100 groms) cup gronulated sugor
e [ teospoon pure vonillaextroct
e 300 groms of grated corrots.

Recipe: The carrot cake somples were prepored using the method described by Olubunmi et al., (2017) with slight
modifications:
1. Inalorge mixing bowl, the dry ingredients; flour, baking powder, nutmeg, ond salt were measured ond mixed
until well combined ond then set aside.
2.  Margorine or Butter and sugor were measured into abowl ond mixed using mixer until it is thoroughly mixed
ond fluffy.
3. Inaseparote mixing bowl, eggs were whisked together, ond vonillaextroct wos added.
4. The fresh carrots were then groted using groter ond squeezed out using honds to remove the water content.
Then the grated carrot wos added into the wet ingredients ond mix until well combined.
5. Thereafter, bitby bit the wet ingredients were added to the mixed butter ond sugor.
6. Thedryingredients ond wet ingredients were then mixed with awhisk or rubber spotulauntil just combined to
form abotter, moking sure not to over mix the botter.
7. Theovenwas preheated ot 180°C.
The coke pons were then well greased with morgorine or butter to moke it non-stick ond set aside.
9. The coke batter was evenly poured into the prepared coke pons ond boked in the oven for 4045 minutes until
the tops of the cakes are set, ond atoothpick wos inserted into the conter to check the inside.
10. Itwasthenremoved fromthe oven ond allowed to cool in the pons for obout 2025 minutes.
11. Oncethecoke was cooled, it wos removed from the pans ond the coke was allowed to finish cooling.
12. Aftercooling it wos then cutinto asquare shope ond pockoged

o

Sensory Evaluation

Selection of panel of judges: The orgonoleptic oanalysis wos conducted using o hundred consumers ponel of judges
mode up of visitors within the Botonicol Gorden, University of Ibadon. Hundred (100) copies of structured questionnoires
ond sensory evaluotion forms were administered to the respondents using purposive sampling techniques. The
organoleptic evaluotion involves the use of respondents’ sense orgons to assess the oppearonce, colour, toste, flavour,
aromo, ond texture of both somples using the 7-point hedonic scole of meosure where 1 and 7 represent dislike extremely
ond like extremely respectively to rote the samples. Respondents were selected to rate the food items ond whether they
meet food stondords ond requirements.

Results and Discussion

Awareness of carrot-fortified cake among visitors in Botanical Garden:

From toble 1, a lorger percentage of the visitors to botonical garden like corrots (94%) ond only few don't (6%), this
corresponds to the research by Aruna.ond Sowmiya, (2014) thot corrot is agenerally acceptoble food which con be serve
as fruits or vegetables. While 17% preferred it added to food, 30% preferred it raw and 53% preferred it in both ways.
Also, showed the level of awareness of corrot cake by respondents, most of the respondents were not aware of corrot
cake (68%) while 32% were aware, ond 78% of the respondents have not token corrot coke before while 22% have tried
it before. Out of the 22% thot has token it, it wos recorded that 15% took it occasionally end 7% took it rarely. The toble
olso shows that 86% knew what carrot coke ore made from while 14% weren't sure.
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Table 1: Distribution by respondents’ aworeness of carrot-fortified coke

Variable Frequency Percentage %
Do you like carrots?

Yes 94 94
No 6 6
Total 100 100
How do you prefer to eat carrots?

Boiled (Added to food) 17 17
Raw 30 30
Both 53 53
Total 100 100
Are you aware of carrot cake

Yes 32 32
No 68 68
Total 100 100
Have you ever eaten carrot cake

Yes 22 22
No 78 78
Total 100 100
If yes, how often do you eat it

Occosionally 15 15
Rorely 7 7
No response 78 78
Total 100 100
Do you know what Carrot Cake is made from?

Yes 86 86
No 0 0
Not Sure 14 14
Total 100 100

Consumption preferences of the samples: Figure 1 shows the distribution by respondents’ consumption preference
ond price worth for carrot-fortified ond vonillo-flavoured cokes.

For vonilloflavoured consumption preference, 11% of the respondents will consume 1 piece, 43% will consume 2
Pieces, 2% will consume 3 pieces, 4% will consume 4 pieces, 37% will consume more thon 5 pieces ond 3% won't
consume ot oll.

For carrot-fortified consumption preference, 7% will consume 2 Pieces, 17% will consume 3 pieces, 13% will
consume 4 pieces ond 63% will consume more than 5 pieces. The high level of consumption preference of corrot coke is
determined by the orgonoleptic properties — oppeoronce, toste, oromo, texture. The orgemoleptic ottributes are key
factors in determining food acceptobility since consumers seek food with certain orgonoleptic properties. In addition,
orgonoleptic properties of food have distinct and influentiol effects on food acceptobility ond consumption preference
(Juliona, 2018), influencing the decision to either accept or reject aproduct (Kostyraetal.,2016).
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Figure 1: Percentoge distribution of Respondents’ Consumption Preference

Overall acceptability of carrot-fortified and vanilla flavoured cake: The overall acceptobility of corrot coke ond
vonillowas assessed, ond it wos observed that 40% preferred carrot coke to avery large extent, 41% large extent, 17%
little extent ond 2% do not prefer corrot coke ot all. Also, for vonilla coke, 18% preferred to avery large extent, 41%
large extent, 37% little extent, 3% very little extent and 1% do not prefer vonilla.coke ot all. This implies thot o lorger
percentoge choose corrot cake obove vonilla coke, most based on the texture ond appeorance of the corrot coke. The
carrot coke is reported to be fluffier becouse of the moisture content added from the corrot and the appecronce wos
attroctive to the respondents os the corrot wos not visible (Abid ond Javed, 2018).

In terms of appeorance, the result shows that both products had ahigh level of rating on the 6" ronk of the hedonic
scale in which they were liked moderately ot 53% for carrot coke ond 44% for vonilla coke. Appeoronce is the first
orgonoleptic attribute seen by consumers when consuming a product and its charocteristics ploy on importont role in
the acceptonce or rejection of products (Dias ef al., 2012). It con be concluded that when someone is interested in the
appearonce of the samples of study, it's most likely thot the person will have high expectations of their toste (Spence,
2015).

The averoge respondent’s assessment of the toste of the samples ronked high from 6 — 7 on the hedonic scale for
like moderotely: 44% —carrot cake, 39% —vanilla cake and like extremely: 46% —carrot cake, 34% —vanilla cake
respectively. Juliona (2018) stated thot people tend to occept ond eat food that contains their preferred toste concentrotion.
While a product con have on ottractive colour or appeorance ond packoging, the octuol participation ond continual
consumption of it depends on the toste (Apotaet ol, 2021). It con be concluded thot corrot coke was roted higher thon
vonillacoke in terms of toste.

Aromais onother orgonoleptic porameter used in denoting the sensations of odour. Aroma.of the two somples was
rated highest from scale 5 to 7 on the 7 hedonic scale for like slightly: 19% —carrot cake, 28% —vanilla cake; like moderotely:
46% —carrot cake, 38% —vanilla cake; ond like extremely: 27% —carrot cake, 26% —vanilla cake; respectively. Aroma
con be referred to os volatile compounds perceived by the odour receptors of olfactory tissues of the nasal covity ond o
pleasant smell mokes food delicious (Mion et al.,2017).

The texture for carrot cake ond vanilla cake on the 7 hedonic scale wos rated highest ot scoles 5 to 7 for like
slightly: 18% —carrot cake, 36% —vanilla cake; like moderotely: 37% —carrot cake, 33% —vanilla cake; ond like extremely:
43% —carrot cake, 22% —vanilla cake; respectively. The texture of food is conceptualized in various ways such os
fluffiness, thickness, crispiness, crunchiness, firmness, ond smoothness os stoted by ond is a strong indicator of food
quality ond offects food acceptobility (Julione, 2017).
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Packaging is also on importent aspect of product attributes that improve consumers’ perception to consumption which
either ottracts or repels the consumer (Apataet ol., 2021). Two different packoging was used for each sample to know
which of the pockoging material is best and acceptoble by the consumers. White sealable tronsporent nylon wos used to
packoge carrot coke ond cling film for vonillo coke. From the reseorch, in terms of packoging corrot coke which wos
ranked highest ot the 6" (33%) is higher thon vomillo coke which was ronked highest ot the 5" (28%). It con then be
concluded that the most preferred packoging material is white sealoble tronsporent nylon.

Visitors are willing to consume corrot coke in larger proportion because it's healthy ond its "ready-to-eot" nature.
All age group accepted the carrot-fortified coke. Therefore, it con be concluded thot carrot cake wos highly accepted by
the visitors in the botanical garden in comparison with vanilla cake occording to this study.
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Figure 2: Percentoge distribution of Respondents’ Overall acceptobility

Conclusion

The result from the study showed that corrot-fortified coke hos high level of acceptobility ond consumption compared to
vonillo—flovoured coke due to its appeoarance, toste, ond texture, olso there is low awareness on corrot-fortified cokes.
Therefore, further study should be undertoken on the shelf life ond mode of preservation without the use of artificiol
preservatives ond natural preservatives such as vinegor, lemon ond seasolt con be introduced ot arecommended dosoge.
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Abstract

The need to embrace orgenic ogriculture in Africo hos been identified by the
Heods of States and mochineries have been put in place to maoinstreoam
Ecological Organic Agriculture (EOA) into national policies, strotegies ond
progrommes in Africa by on initiotive called Ecological Orgonic Agriculture.
This poper however presented the place of agricultural acodemic institutions in
achieving this torget with o cose study of the Federol College of Agriculture,
Ibadon, Nigerio. Academic institutions hove been well positioned to share,
promote ond spreod ony new information or discovery. Thus, if agriculturol
institutions could play their role in promoting orgemic ogriculture, their
contribution could be so significont in achieving the set goal of the Africon
Heads of States. The Federal College of Agriculture, Ibadon, Nigeriarealizing
the benefits of orgonic ogriculture in the yeor 2020 seized the opportunity of the
decloration bythe Africon Heads of Stote and hos been committed to the
spreading of the good news in the country. The College estoblished on orgonic
form, advocote for orgonic ogricultural system ond has o biweekly morket
through which mony people now get to know obout benefits of organic
ogriculture ond patronize the market. The College is strategically positioned to
run Notionol Diploma in orgonic ogriculture in the country by reoson of the
focilities ond orgomic system olready put in place. If all ogricultural institutions
in the continent could be proctically involved in the campoign for orgonic
ogriculture in this monner, it will in no small way fost track the realization of the
Africon Heads of Stotes.

Lerole desinstitutions agricoles dans1'adoption de1'agriculture biologique:
une étude de cas du Collége fédéral d'agriculture, Ibadan, Nigeria

Résumé

Lanécessité d'oadopter I'ogriculture biologique en Afrique a.été identifiée por les
chefs d'Etot et des méconismes ont été mis en ploce pour intégrer l'ogriculture
biologique écologique (EOA) dons les politiques, stratégies et progrommes
nationoux en Afrique dons le codre d'une initiative oppelée ogriculture
biologique écologique. Cet article présente toutefois la place des
établissements d’enseigne mentogricole dons laréolisation de cet objectif, avec
une étude de cos dulLe Collége fédéra 1d'agriculture d'Tbadon, ou Nigerio. Les
institutions acodémique ssont bien placées pour portoger, promouvoir et
diffuser toute nouvelle information oudécouverte. Ainsi, si les institutions
ogricole spouvaientjouerleur réle dons lo promotion de l'ogriculture
biologique, leur contribution pourraitétre significotive dons la réalisation de
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l'objectiffixé por les chefs d’Etatofricains. Le Collége federol d'agriculture
d'Tbadon, ou Nigerio, qui a pris conscience des avontoges de l'ogriculture
biologique il y atrois ons, s'estrallié a lo.déclarotion des chefs d'Etotafricains et
s'estengogé a diffuser la bonne nouvelle dons le poys. Luniversité o
crééuneferme biologique, militeenfaveur de l'ogriculture biologique et orgonise
un morchébihebdomaodoire qui permet a de nombre uses personnes de connoitre
les avontoges de l'ogriculture biologique et de fréquenter le marché. L'école
eststratégiquement positionnée pour dispenser le diplome notional d’ogriculture

x;);;tic;ff ) biologique dons le pays en roison des instollations et du systéme biologique déja
chefs d'Etatafricains, mis en place. Si toutes les institutions ogricoles du continent pouvoients
institutions agricoles, "impliquerconcrétement dons lo.champogne enfaveur de 'ogriculture biologique
intégration, de cette moniére, celopermettraitd ‘accélérer laréolisotion des objectifs fixés por
agriculture biologique les chefs d’Etat africoinsen matiére d'ogriculture biologique.

Introduction

Importance of organic agriculture

The necessity for orgonically grown ogricultural produce is based on the potentiol donger of possible contomination
with synthetic chemicols (pesticides, herbicides, mineral fertilizers, etc) ossocioted with those grown conventionolly
Reseorch hos shown that the chemical residues from agricultural produce and products could be corcinogenic and little
wonder cases of cancer is very alarming in the recent times (Zoreon and Poursafo, 2019; Budreviciute ef al., 2020;
WHO,2022; Patel etal.,2023).

Some unmonitored produce availoble around us could also be GMOs (genetically modified orgonisms) which
could be injurious to our body ond result into heolth problems (Erhunmwunse, 2012). Itis agoinst this bockground thot
there is a.global compaign for ‘orgenic produce’, where use of synthetic chemicals is discouraged ond a.set of stondords
are followed in growing the produce with quality ossurance system colled certification to ensure thot the formers really
abide by the four principles of orgonic ogriculture (IFOAM, 2005; AyanfeOluwaet al. 2019). The cim is to provide 'safe
food' for consumers, preserve the lives of formers while conserving the ecology (Adenle et al., 2018).

The decision of African Heads of Statesand the relevance of Agricultural Institutions in the achievement
Earlier in 2010, the Africon Heoads of Stotes ond Governments made o positive decision on orgonic forming
[EX.CL/Dec. 621(XVII)] (FAO, 2013; FAO & AUC. 2018). This decision led to the evolution of Ecological Orgonic
Agriculture (EOA) Initiotive in the continent since 2011 (AdeOluwa et al., 2017). Ecological Orgonic Agriculture is
defined as o holistic system thot sustains the heolth of ecosystems and relies on functional cycles adapted to local
conditions, rather than the use of synthetic inputs which hove adverse effects on total heolth (human, onimol, plont ond
environmental). It is however worthy of note that tertiory institutions of agriculture have the potential to ploy o.mojor
rolein achieving this feat.

This is becouse the educational ond research institutions have the copacity to extend ony new knowledge or
discoveries to people leveroging on their estoblished plotforms.

The Federal College of Agriculture, Ibadan, Nigeria as a case study

Currently,only avery few Institution in Nigeriahos on Orgonic Form. Thus, the Federal College of Agriculture, Ibadon
estoblishing on Orgemic Form is o mojor achievement. The objectives are to make safe food avoilable to the staff of the
College, sister institutions os well as the neighbouring towns while serving as a troining center for middle level
monpower. In addition, the College provides produce and services for the organic industry ond formers (through
vocational troining), thereby focilitoting the advococy for and subsequent adoption of organic practices by mony to
serve the orgomic industry.
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The beginning, the progress and the future

The development of the Farm

The vision for on Orgonic Form waos conceived by the Provost of the College; Dr. Mrs. Elizabeth O. Augustus towords
the end of 2020. A suitoble lond in the College was then identified ond designoted for the formwhere octivities
commenced by December 2020. In 2022, the College through the Form Demonstration Copitol project of the yeor 2021
fenced the College Orgonic Farm to ensure the security of the produce on the form.

One of the mojor limiting foctors of production in the tropics is water. Rain—-fed ogriculture is no longer relioble due
to climoate chonge; there were situations where long drought could be experienced during the usuol rainy season. This
necessitates irrigation focilities to ensure relioble crop production. In view of this, the College emborked on instollation
of irrigation facilities to the capocity of one acre of lond to ensure adequate woter supply for all—yeor-round crop
production.

Production

The Form operations storted in 2021 with the cultivation of some crops; maize ond leaf vegetobles in small quontities. In
2022, the scole of production increased ond more crops were planted. The crops plonted were rodish, watermelon,
cucumber, garden egg ond moize. Of note wos the success mode in the successful cultivation of woter melon using
orgonic principles ond resulting in big fruits weighing os much as 5 kg. Some knowledgeable people are afraid of eating
woter melon from the open market becouse of the likely heavy dose of synthetic chemicals that could have been
involved in the production, as a.crop that is susceptible to mony insect and diseoses ottacks. Higher yield of water melon
ond cucumber would have been realized but for lack of irrigation focility to sustoin the crop woter requirement when the
natural rain stopped. This necessitoted the approval of irrigation focility for on ocre of lond. The field operations
octivities ore shownin Figures 1 to 6.

Organic screenhouse crop production

The College acquired two units of screen house for orgonic crop production. This has boosted the volume of orgonic
production by the College while olso serving os a training facility for the College students, students on industriol
training ond those on internship from universities ond other colleges (Figures7 ond 8).

Establishment of the College organic market

The College Organic Market wos commissioned in the year 2022 by the representative of the Honouroble Minister of
Agriculture and Rural Development. This was imperotive to create meons of regulor public access to the orgonic
produce ond products. Mony people have been sensitized ond oware of the superiority of orgonic products but had no
access to them. The market now serves the College Orgonic Form ond is made open to other orgonic formers in order to
moke on array of produce and products avoiloble to consumers. The morket runs twice a week ond the number of
consumers hos continued to grow by the day (Figures9 and 10).
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Figure 1: A one ocre irrigotion focility Figure 2: Cucumber field

Figure 6: Woter melon fruits ot horvest
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Figure 7: Orgonic cucumber production in the Figure 8: Orgonic tomatoes production in the screen house
screen house

it L L
Figure 9: Commissioning of the Federal College of Agriculture Orgonic Market by the
Honouroble Minister, Federal Ministry of Agriculture, Nigerio.
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Figure 10: FCA Orgonic Moarket in progress
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Impactsso far

*  TheCollege has been able to come up with noturol inputs to deal with insect ond pathogenic ottocks of some specific
cropsovertime.

*  Somony households now have access to orgonic produce ond products through the College Orgonic Market which
holds twice aweek.

*  The market conducts advocacy talk from time to time to new customers to enlighten them about the difference
between orgonic ond the conventional forming. Thus, more people through this medium now understond the
importonce ond benefits of orgonic ogriculture.

*  TheCollege con now conduct vocational troining ond short courses in orgonic Agriculture.

*  The College is now strotegicolly positioned to be accredited for the Notionol Diplomain Orgenic Agriculture, with
the facilities in place. Thus, the College sholl be oble to produce Diplomates (monpower) in orgonic ogriculture
OA, who shall serve the sector at both government ond private levels.

*  Orgonic production system challenges driven research is being conducted to address the limitotions facing the
orgomic producers.

Challenges

*  Theneedto expond the scope of production to be oble to meet demond

*  Theneed for more focilities to enoble the required exponsion

*  Theneed forresearch funding to explore ond validote some possible solutions
*  Theneed fordiversification into orgonic livestock production

Conclusion

This poaper x-rayed the potential of the agriculturol institutions in ochieving the goals of the Africon Heads of States in
mainstreoming orgonic ogriculture into the notional policy, using on ogriculturol educational institution; Federol
College of Agriculture, Ibadan, Nigeriaos a.cose study. The adoption of the Orgonic ogricultural system by the College
hos aided advococy among students of ogriculture, formers ond consumers in the environment, leading to increase in
aworeness as well os the demond for the produce. This shows thot if several agricultural educational ond reseorch
institutions ocross Africashall play their roles in this dimension, the aworeness of the importonce of orgonic agriculture
con eosily spread in the continent. This shall in turn aid the demond for national policy to drive the sector thereby
facilitating the ochievement of the goals of the Africon Heads of States in mainstreaming orgonic agriculture into the
national policy ocross the continent.
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Abstract

Alternative means of food security for people is urgently needed due to the

negative impoct of global recession. Vertical forming techniques such as

hydroponics that moximize output ond minimize the use of resources emerged
os the olternotive way in addressing the problem of increase in demond for fresh
vegetables in human diet led to innovative ideathot con boost crop productivity,

hence need for alternative nutrient solutions os fertilizer to enhonce production
of crops in hydroponics systems. Therefore, the need to evaluate the effects of
different fertilizers moteriols on the growth ond yield of lettuce in hydroponics

system. Experiment was conducted ot the screenhouse of Department of Soil

Resources Monogement, University of Ibadon, Nigeria, June 2022 with deep

waoter culture hydroponic system. Experiment wos loid out in o Completely
Rondomized Designed with four treotments: 20% water hyocinth bosed—
compost, 20% water hyocinth tea, 20% NPK mineral fertilizer ond the control

(water). Dota were collected on number of leaves, plont height, chlorophyll

content and fresh weight. Data.collected were subjected to Analysis of vorionce

using GENSTAT 4th Edition ond the significantly different meons were

seporated using LSD ond error bars ot probobility level of 5%. Result revealed

that woter hyocinth based-compost nutrient solution had the highest number of
leaves, plont heights, chlorophyll content ond overall fresh meon weight yield

for lettuce production under hydroponic condition. It is therefore concluded

that woter hyocinth based-eompost support growing of lettuce in hydroponic

medio.

Effets comparatifs du compost et du thé dejacinthe d'eau avecl'engrais
minéral NPK sur la croissance etlerendement de lalaituel'engrais minéral
npksurla croissance etlerendement de lalaitue (Lactuca sativa L) en
condition hydroponique

Résumé

11 est urgent de trouver d'outres moyens d'assurer la sécurité olimentoire des
populations en raison de limpoct négatif de lo récession mondiale. Les
techniques d'ogriculture verticale, telles que la culture hydroponique, qui
moximisent le rendement et minimisent 1'utilisation des ressources, sont
opporues comme un moyen olternotif de résoudre le probléme de
l'ougmentation de la demonde de 1égumes frois dons I'olimentotion humoine.
Elles ont donné lieu a des idées novatrices susceptibles de stimuler lo
productivité des cultures. Il existe donc des solutions nutritives olternatives,
comme les engrais, qui permettent d'oméliorer la production des cultures dons
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les systémes hydroponiques. Il est donc nécessaire d'évaluer les effets de
différentes maticres fertilisontes sur la croissonce et le rendement de la loitue
dons un systéme hydroponique.

L'expérience o ét¢ menée a la maison—¢cron du département de gestion des
ressources en sol de l'université¢ d'Tbadon, ou Nigeria, en juin 2022, avec un
systéme de culture hydroponique en eou profonde. L'expérience a.été congue de
moniere complétement aléatoire avec quoatre troitements : 20 % de compost a
base de jocinthe d'eom, 20 % de thé de jocinthe d'eom, 20 % d'engrais minérol NPK
et le contréle (eau). Des données ont été collectées sur le nombre de feuilles, la
hauteur des plontes, lo teneur en chlorophylle et le poids frais. Les données
collectées ont été soumises a une onolyse de varionce a 'oide de GENSTAT 4”e
édition, et les moyennes significativement différentes ont été séparées a l'oide de
LSDetdeborres d’erreur a unniveou de probabilité de 5 %.

Les résultats ont révélé que lo solution nutritive a bose de compost de jocinthe

LMG(;::;c,les: d'eon présentait le plus grond nombre de feuilles, de houteurs de plontes, de
hydroponie, teneur en chlorophylle et de rendement global en poids frois moyen pour lo
compost de jacinthe d'eau, production de loitue en conditions hydroponiques.

thé de jacinthe d'eau, On peut donc conclure que le compost a bose de jocinthe d'eon favorise la.culture
engrais NPK 15:15:15 delaloitue en milieu hydroponique.

Introduction

Recently, over 820 million people do not have access to sufficient food, with more thon one in every five children under
the age of five yeors being molnourished ond stunted (United Noations 2019). Our food systems are failing, ond the
outbreok of COVID-9 pandemic is moking things worse: UN Secretory-Generol Antonio Guterres soid on 9 June 2020
"that the world is on the brink of its worst food crisis in 50 years" (The Guordion 2020). Alternotive meons of food
security for people is urgently needed os the impending recession following the COVID-9 pondemic puts bosic
nutrition beyond their reach. This hos led to the global food industry seorching for more sustainoble ond occessible
systems for the production ofhealthy food, particulorly fresh vegetables ond fruit.

Verticol forming techniques such os hydroponics ond aquoponics thot moximize output ond minimize the use of
resources (spoce, soil, air, water ond nutrient) emerged os the olternotive woy in oddressing this problem. Hydroponics is
a systematic approach of growing crops in o complete nutrient solution without soil (Chatelier, 2003). Hydroponic
allows amore efficient use of water and fertilizers, os well as abetter control of climote ond pest infestation, increoses the
crop quality ond productivity, which results in higher competitiveness of the product and economic incomes (Florez,
2012).Lettuce con be successfully grown in nutrient film techniques system ond deepwater culture. Crops in
hydroponic system ore not influenced by climote change therefore, con be cultivoted yeorround ond considered os off
seoson produce(Manzoccoetal., 2011).

Therefore, the reason to compore fertilizer quality of water hyocinth tea, compost with mineral fertilizer NPK.

The objective
The objective of this study is to:
Evoluate the effects of different fertilizer materiols on the growth ond yield of lettuce in ahydroponic system.

Materials and Methods

Description of the experimental site

This experiment was corried out ot the screen house of Soil Resources Manogement, Agronomy Building, Foculty of
Agriculture, University of Ibadon, Nigeria (latitude 7°26 "N and longitude 3°55E) between and AprilJune 2022. It is
located in the derived savonnoh of Southwest Nigerio.
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Materials and their sources
The compost wos obtained from the orgonic section of Teaching ond Research Form University of Ibaden. And crisp
head variety of lettuce seeds were purchosed from seed store in Ogunpao, Ibadon.

Experimental Treatment and Design

The different rates of each treatment were based on the calculotion of the composition of Nitrogen in the water hyocinth
ot the recommended opplication rote of 100 kg N/ha for lettuce. The experimental design wos laid in o complete
rondomized design (CRD) with 4 treatment replicated 3 time per fertilizer treatment with a total of 36 pot used,
treatments include:

Water (Control) woter hyocinth tea, woter hyocinth compost and NPK 15:15:15. The size of each experimental
container was 0.5 litres for good germination ond proper crop growth.

AgronomicPractices and Statistical analysis

Sand wos put into aperforated seedling troy ond the seed wos broadcasted evenly on the soil inside the troy, wotering wos
done regulorly, the germination took ploce between 3-5 days after sowing. Tronsplonting was done at three weeks after
planting. Harvesting wos corried on 21" June, 2022seven weeks ofter tronsplonting.

Collection of dota wos on weekly boses after trensplonting, dota collected ore; Number of Leaves, Plont Height,
Chlorophyll Content of the leaf. The datacollected were subjected to onalysis of varionce using GENSTAT 4th Edition
ond the significontly different meons were separoted using LSD ond error bars ot probobility level of 5%.

Results

Table 1: Pre-Plonting Chemical Properties of the Nutrient Solutions used for the experiment

Parameters Compost Water Hyacinth Tea
pH (1:1, H,O) 6.8 6.5
Nitrogen (g/kg) 1.54 1.2
Phosphorous (mg/kg) 1.20 1.60
Basic Cation (g/kg)

Potossium 0.48 0.12
Colcium 0.00 0.00
Mognesium 0.20 0.20
Sodium 0.1 0.04
Micronutrients (mg/kg)

Mongonese 1.10 0.04
Iron 4.74 0.16
Copper 0.3 0.00
Zinc 0.14 0.00
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Number of leaves obtained
o

1 WAP 2 WAP 3 WAP 4 WAP 5 WAP 6 WAP 7 WAP
Weeks After Plonting of lettuce

e T1: Water hyocinth teo ==T2: NPK 15:15:15
===T3: Compost T4: Water (Control)

Figure 1: Influence of different fertilizers treatments on the number of leaves of lettuce on a weekly bosis
*Error bars indicote stondord error of meon
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=T [ : Water hyocinth teo ===T2 : NPK 15:15:15
e==T3: Compost T4: Water (Control)

Figure 2: Influence of different fertilizers treatments on the plont height of lettuce on weekly basis
*Error bars indicate stondord error of meon

33



OLUSEYI OLUGBENGA ADEOLUWA, OGUNLOLA EMMANUEL ToSIN & ABEL OLAWALE OJEwuNmI: Comparative Effects of Water Hyacinth Compost and Tea with Mineral
Fertilizer NPK on Growth and Yield of Lettuce (Lactuca sativa L.) under Hydroponic Condition

25

[}
(e

I

10 /

()

Chlorophyll content (umol per m? of leaf)

1 WAP 2 WAP 3 WAP 4 WAP 5 WAP 6 WAP 7 WAP
Weeks After Plonting of lettuce
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Figure 3: Influence of different fertilizers treatments on the chlorophyll content of lettuce
on weekly bosis
*Error bars indicote stondord error of meon
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Fresh weight of lettuce obtained ofter harvesting

Figure 4: Effect of different fertilizers materiols on fresh weight of lettuce ofter harvesting
*Error bars indicate stondord error of meon

Discussion

The result of this study reveals thot different fertilizers materiols influence the growth ond yield of lettuce used in this
experiment. The study of water hyocinth os orgonic fertilizer reveoled that the incorporotion of water hyocinth into
cropping system increosed the yield performance of lettuce. Different rates of water hyacinth tea(WHT), different rates
of water hyocinth bosed-compost (WHBC) and different rate of NPK 15:15:15used in this study were found to be more
effective ot 20% for the growth ond yield of the test crop over 100% opplication rate which implies that the treotment
application 0of40% to 100% of (WHT) hos atoxic effect on the growth ond yield of lettuce. This indicoted thot there will
not be availobility of nutrient element for crops leading to toxicity of nutrient to the plont ond retording crop growth.
This finding is in agreement with the assertion of (Asco et al., 2014) who reported that if certain nutrients are present in
excessive quontities, solutions may become toxic to the plont ond reduce growing rotes.Increase in plont growth ond
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yield os aresult of application of water hyacinth based-compost is expected in thot compost contained ond released
considerable amount of appropriate nutrients for the development of lettuce.

The result of this study is in agreement with previous report of Peterson (2006) who reported that using composted
water hyocinth material could serve os quolity menure for improving soil fertility conditions ond thus crop yields on the
whole. The highest number of leaves, plont height, chlorophyll content recorded with woter hyocinth based-compost
solution in this study is in consonance with the study by (Xu et al., 2005) who reported that vegetobles grown with
moderate levels of orgonic monures grew better ond resulted in o finol higher totol yield thon those grown on higher
concentration together with those grown using synthetic fertilizers.

Conclusion

At the end of the experiment, the result obtained indicated thot the effect of different fertilizer moteriols on growth ond
yield of lettuce in hydroponics system as well os the percentoge of water hyocinth teo.ond woter hyacinth bosed-compost
that can be used as orgonic fertilizer for growing lettuce in hydroponic medium. Lettuce yield wos more improved by
water hyacinth-based compost compared to other opplied fertilizer treatment, with the highest fresh weight of lettuce
obtained from water hyocinth based-compost (100 gram) while 20 % of water hyacinth bosed-compost ond water
hyacinth teawas better thon other concentrations.
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Abstract

Food shortoge ond nutrition insecurity are becoming prevalent in most Africon
households due to frequent droughts, rising costs of inputs ond shortoge of drought
power. This is prevolent in smoll-scale forming londs. In order to improve food
security, governments ore promoting ond supporting sustoinoble forming proctices.
In 2019, the government of Zimbobwe implemented the pfumvudza method, o
form of conservotion ogriculture to address food insecurity in the country.
However, not much had been done to explore and evoluote its resilience to
drought conditions affecting communoal forming oreos. Agoinst this bockdrop,
this study opplied the resilience theory to examine how pfumvudza forming
addresses the climate chonge stresses, adversities, ond its sustainability os o
mediating process. The south eastern lowveld of Zimbabwe wos token os o
cose study areo. It also highlights the potential for scaling up the method in
other similar Africon countries Datawere collected from focus group discussions
ond key informant interviews. Reseorch findings reveoal that the south eastern
lowveld is chorocterised by climote shocks ond seasonality induced odversities.
Pfumvudza principles ore cost effective had increased the resilience of livelihood
assets to shocks ond odversities. The humon, social, physical ond notural copitol
assets engroved in the pfumvudza copocitate the smollholder formers to reduce
their vulnerobilities from climate shocks in drylond londscopes. The bonding ond
bridging copital, tronsformative productivity of the method through knowledge,
attitudes, skills, and competencies have olso increosed resilience of smallholder
formers in the region. Therefore, the method hos enabled vulneroble smallholder
formers to cope with the vagaries of weather ond enhonced their livelihood
strategies. In this regord, it con be implemented in other Africon countries
experiencing climote stresses.

Résilience delaméthode de culture du pfumvudza aux chocs climatiques et
son potentiel de mise al'échelle en Afrique

Résume

Lo pénurie olimentoire et l'insécurité nutritionnelle deviennent prévolentes
dons lo plupart des ménages ofricoins en raison des sécheresses fréquentes, de
l'ougmentation des coits des intronts et de lapénurie de force de troction. Cette
situation est prévalente dons les petites exploitotions ogricoles. Afin
d'améliorer lo sécurité olimentoire, les gouvernements encourogent et
soutiennent les pratiques ogricoles durobles. En 2019, le gouvernement du
Zimbobwe a.mis en ceuvre la méthode pfumvudzo, une forme d'ogriculture de
conservation, pour lutter contre l'insécurit¢ olimentoire dons le pays.
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Cependont, peu de choses ont été faites pour explorer et évaluer sarésilience oux
conditions de sécheresse affectont les zones agricoles communales. Dons ce
contexte, cette étude a oppliqué la théorie de la résilience pour exominer
comment l'ogriculture pfumvudza foit foce oux stress du chongement climatique,
oux odversités et a so durobilité en tont que processus médioteur. Le sud-est du
lowveld du Zimbabwe a.été pris comme zone d'étude de cos. Les données ont été
recueillies lors de discussions de groupe et d'entretiens avec des informateurs
clés. Les résultats de la recherche révelent que le sud-est du Lowveld est
caroctérisé por des chocs climatiques et des odversités induites por lo
soisonnalité. Les principes du Pfumvudza sont rentables et ont cugmenté lo
résilience des moyens de subsistonce face oux chocs et oux adversités. Les actifs
humains, socioux, physiques et noturels grovés dons le pfumvudzo permettent
oux petits exploitonts ogricoles de réduire leur vulnérabilité foce oux chocs
climotiques dans les paysoges arides. Le copitol de liaison et de rapprochement,
la. productivité tronsformotrice de la méthode a travers les connaissonces, les
attitudes, les aptitudes et les compétences ont égolement renforcé la résilience

Mots clés:

Actifs. zones arides des petits exploitants agricoles de larégion. Par conséquent, laméthode apermis
changement climatique, oux petits exploitonts vulnérobles de foire foce oux aléos climatiques et
reproduction, vulnérabilité, d'oméliorer leurs strotégies de subsistance. A cet égord, elle peut étre mise en
pfumvudza, Zimbabwe ceuvre dons d’outres poys ofricains confrontés a des stress climatiques.
Introduction

In arid ond semi-erid regions, household food availability ond nutrition security ore adversely affected by climate
chonge ond voriobility, reduced water avoilability, soil quality deterioration together with increased pest and diseose
infestations. In Africa, there are on estimated 33 million smollholder formers contributing up to 70% of the food supply
(Abrams et ol., 2017). With greoter investment in smollholder ogriculture, mony countries have the potential to increose
food production ond reduce poverty (Shikuku, 2019; Shikuku et ol., 2017). Low yields ond production levels, ond alock
of access to quality seeds combined with chonging weather potterns ore contributing to rural poverty ond hunger. These
chollenges couse hunger ond molnutrition among vulneroble communities in most drylond regions of the continent
(Sear, 1995; Tomlow et ol., 2006; Venkatesworlu ond Shanker, 2012).

There is a.growing drive to produce more food without degrading the soil, cutting down trees ond encroaching into
environmentally sensitive areos by adopting sustoinoble forming practices ot local, notional, regional ond global scales
(Shilomboleni et al., 2019). Sustainoble forming techniques thot improve food security ond environmentol sustoinobility
include climate smort ogriculture, agroecology, orgonic ogriculture, regenerative ogriculture, permoculture, conservation
ogriculture, ond noturel forming omong others (Jeno, 2019; FAO, 2021). Judicious adoption of these innovations
strengthen resilience and adoptive capocity of food systems omong smallholder formers. This requires o better
understonding of inherent problems so that they con be addressed ond combated effectively (Zim VAC, 2020). Most
nationol progrommes in Africafoil due to lack of political copitol.

Africd’s agricultural landscope is diverse ond rich, yet, despite progress, it still grapples with chollenges, especiolly
given that ogriculture employs 65% of our workforce. Although ogriculture remoins o moinstoy for the majority of
Africo’s workforce, its growth is yet to eradicate hunger ond molnutrition. Scaling ogricultural innovotions or proctices
requires abudget to increase the scole by employing more people ond doing the same thing in more ploces. It involves
capocity building as a vitol component, testing the innovation with o few participonts within alimited geogrophic area
ond then apply it to a.broader scale to create more impoct (Kirina et al., 2022). Scoling ogricultural practices provides
opportunities for sustoinobility and apublic/policy-driven strategy (Shikuku, 2019). For example, through presidentiol
decrees,/octs of parlioment, or a proctice adopted from the internationally accepted best proctice. Also, reseorch ond
development are vital as the adoption of on innovation involves interactions of partnerships, former field schools and
institutions (Groot et ol., 2019; Kirina et ol., 2022). However, the path towards scaling forming is fraught with

38



0. 0. ADEOLUWA; 0. M. OLOGUNDUDU; J. KAZUNGU; T. T. PAUL MARTIAL; G. RAHMANN(EdS) (2023) Scientific Track Proceedings of the 5" African Organic Conference
“Strengthening Resilient and Sustainable Food Systems in Africa through Organic Agriculture”. December 12 — 15, 2023 in Marriott Hotel, Kigali-Rwanda

chollenges. Scaling takes time, ond it suffers from tronsitional chollenges ossociated with the context of innovations,
new spatiol spoces with heterogeneous biophysicol ond socio-economic conditions.

Pfumvudza farming
In Zimbobwe, almost 30% of the population is food insecure. The government implemented the pfumvudza forming
during the 2020/21 forming season to increose the resilience of ogriculture to droughts. It wos also intended to improve
conservation of water, soil and biodiversity in crop londs (Venkatesworlu ond Shonker, 2012). The term pfumvudza
literolly meons to bloom during the new season. It refers to the spring time when folior of deciduous trees begin to
reshoot before the roiny seoson (Mujere, 2022). Pfumvudza was implemented to improve food security ot household
level. It is a.form of conservation forming having three pillors namely: minimum soil disturbonce by digging holes for
plonting; permonent soil cover using orgonic mulch; and, crop rototion ond intercropping with cover crops. Zenda
(2020) commented:

Conservation agriculture which is now locally known as pfumvudza has been in existence for

decades but was more aggressively promoted by the Government of Zimbabwe during the 2020-

2021 cropping season. Thus, making it more popular and widely adopted. For several years,

local and international non-governmental organisations (NGOs) tried to popularise it, but fell

short in terms of reach and promotion. But when the Government adopted it and promoted it in a

bigway, itwas widely accepted and adopted as a critical tool for response to the impact of climate

change and successive droughts which had led to poor harvests in past seasons. Conservation

agriculture integrates a set of soil management practices aimed at minimising soil disturbance

and maintaining a constant soil cover. This large- scale promotion of low input sustainable

agriculture approach to enhance household food and nutrition security in the country, was made

possible thanks to political will and the willingness of smallholder farmers at the grassroots to

heed calls from the Government.

A stondard pfiimvudza plot is arectongulor lond measuring 16m by 39m, which represents on orea.of 624m” (Figure 1).
Three moaize seeds evenly ploced in eoch of the 1,459 plonting bosins. A plonting station measures 15¢cm deep, 15cm
wide ond 15cm long (Oldreive, 2006, Mujere, 2022). Each row, 56 moize cobs are harvested. The cobs are shelled,
ground ond fill a 20 kg bucket of mealie meal adequoate to produce local staple food, sodzo, thick porridge to feed o
household of six members (the averoge household size in the country) for aweek. If the plot is well monoged, it produce
a tonne of moize groin enough to feed o six-member household for one yeor (Thierfelder ond Wall, 2009). Each
pfumvudza plotrequires 12 kg of agriculturol lime. 16 kg of bosal fertilizer, 2kg of moize seed ond 16 kg of top-dressing
fertilizer.
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Figure 1: Layout of o pfumvudza plot
Source: Edwards (2013:4)
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In order to ensure its success of the pfumvudza forming proctice, there is need for adequate former troining ond timely
avoilobility of inputs. Its success lies not only in wide adoption by small-scole formers but also ot the extent to which the
vulneroble groups ore included (Mujere, 2022). The method haos the potentiol to improve food security of rurol
households, provide reosonable return to investment ond is on effective way of utilising resources (ZimVoc, 2020).
Since the countrywide inception of pfumvudza, its adoptive copocity to climate shocks and odversities ore still
somewhat understudied. This study ossesses the resilience of pfumvudzain addressing odversities ond enhoncing
sustainability omong smallholder households in the south eastern lowveld of Zimbabwe. It also assesses its potential for
replication in other Africon countries.

Materials and methods

Study area

The southeastern lowveld (i.e., a parcel of lond below on oltitude of 600 m) is an unduloting terrain stretching to
Zimbabwe's border with South African ond follows the Limpopo River to the border with Mozambique (Figure 2). It
comprises a notional pork, safori orec, communol oreos ond lorge-scole commerciol forms (Monyonga et al, 2000;
Wolmer, 2005; Cooper et ol., 2008).The region is one of the driest ports of the country receiving on averoge onnuol
roinfoll of 450 mm. Rainfall is erratic ond unrelioble for drylond forming, moking supplementory irrigotion necessory
for successful crop production (UNDP, 2008; 2018).
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Figure 2: Location of the south eostern lowveld (dork rectongle) of Zimbabwe
Source: Wolmer (2005)
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Data collection

The study was conducted in 2022, during the second year of countrywide adoption of pfumvudza forming. Qualitative
datawere collected from four focused group discussions (FGDs) with dryland formers. Each FGD hod an averoge of 15
participonts comprising men, women ond the youths. Extension officers from the Deportment of Agriculture Technical
ond Extension Services (AGRITEX) and troditionol leaders took part in the survey os key informants. The discussions
soughtto collect information regarding porticipont perceptions and views on the resilience of pfumvudza os omedioting
process, how it averts adversities and its positive livelihood outcomes.

Ethical considerations

The study observed ethical stondords s provided by Greot Zimbobwe University. Ethical conduct towards participont’s
informotion as well os honest reporting of the results is critical in reseorch (Flicker et ol., 2007; Richords et al., 2002). Before
storting field work, the researchers sought on ethics clearance certificate from Greot Zimbobwe University Ethics
Committee. In the field, the reseorchers observed the following ethics; prior informed consent of participonts,
debriefing of research purpose, voluntary porticipation, privocy, confidentiality, ononymity when reporting doto, ond
freedom of participonts to withdrow from the research.

Conceptual framework

The study adopted the resilience framework which involves three connected components namely: odversity, medioting
factors and outcomes (Figure 3).

Resilience
Resilience as a process

Better-
than-
expected

outcomes

Mediating
processes

Adversity

Resilience as an outcome

Figure 3: Resilience os o process ond outcome
Adopted from von Bredo (2018:6)

Resilience is the capocity of people to deal with external shocks such as conflicts, illnesses, floods, storms, droughts,
pests, diseases and seasonality. It is o multilevel process that leads to positive outcomes in the face of chronic or acute
adversity (Bononno and Diminich, 2013). Resilience to acute adversity involves recovering ofter the shock hos ended.
Whereos, resilience to chronic adversity involves recovering in the face of on—going shocks (Bononno ond Diminich,
2013). Persistentdroughtis aform of adversity ond resilient to it depends on the vulnerobility of acommunity.

Medioting processes refer to coping mechonisms thot ore influenced by access to humon, social, finonciol, physical
ond noturol ossets. They result in positive livelihood outcomes when supported by oppropriote lows, policies, legislations,
culture ond institutions. Realised positive livelihood outcomes comprise sustainable use of notural resources, increased
income, well-being, and food security (Von Breda, 2018).

Results
Adversity indrylands agriculture

Focused group discussions ond key informont interviews revealed that the south eostern lowveld experiences shocks
from floods, drought ond epidemics. Crop harvests were low, food prices were increasing ond health wos compromised.
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Most vulneroble households lacked assets and insecurity s aresult of poor subsistence. Civil conflicts were also other
sources odversities.

Pfumvudza as amediating process

Human capital

Pfumvudza training ond oworeness by extension stoff enhonced skills ond knowledge of participonts in decision
moking. Lond preparation in winter reduces lobour costs since weeds will be immoture. Households with people living
with disobilities are ossisted to prepore lond by oble bodied community members especially during socred days
occurring once aweek. The extension stoff member commented that:

For pfumvudza to be successful, we need to support smallholder farmers so that they can stay in
agriculture and see farming as a business while using good agricultural practices. This allows farmers
to increase production without causing large-scale deforestation.

Aformer during o FGD odded that:
Training has empowered us smallholder dryland farmers. The support we received from NGOs
and AGRITEX in terms of cultivating traditional grains, has enhanced farmers' health for them
to dig planting basins in their plots. The level of loyalty and punctuality by pfumvudza adopters
establish building blocks for dryland farmers'resilience. Farmers would arrange for a day to
assist those who cannot afford to do manual tasks so that no one is left behind.

Social capital
Kerr (2018) alludes, thot social capital is astrong predictor of accommunity’s post disoster recovery. During FGDs it wos
highlighted that pfumvudza bring communities together during field demonstrations ond field doys. At these occosions
formers network ond shore experiences ond skills. They reciprocate, build trust ond identify opportunities ond
constraints of pfumvudza. They have also estoblished relotions with informal institutions, neighbouringwords ond
villoges and non—state octors from which they are getting complimentory inputs such os traditional grains. A FGD
porticiponts olluded:

Networking with other farmers, civil societies and government builds trust and reciprocates

good behaviour and practices. Communal farming under pfumvudza involves mediating

blocks and processes that enhance positive outcomes in agriculture.

Physical capital

Some formers hod benefitted from hoes ond reaper tines provided by non-governmentol orgonisotions. The reoper tines
facilitote mechanized pfumvudza forming for formers living with disabilities, chronicolly ill patients ond child headed
household formers. Hoes ond reaper tines medioted and averted challenges of dromght power in the region.

Natural capital

Drylond formers in the south eostern lowveld possess lorge pieces of lond. The region hos the country’s lorgest ond
second largest inlond woter reservoirs, TugwiMukosi dom ond Loke Mutirikwi respectively. Farmers obtoin orgonic
moture from neorby forests ond postures. Fertile soils ond seosonal rainfoll enhonce crop productivity for formers
procticing pfumvudza. One youth member hos this to say:

From the land we have on _farm and off farm livelihoods activities such crops, fruit and wildlife

harvesting. These livelihoods options avert shocks, stresses, and seasonality. Using compost
manureyields good harvest thereby achieving a better-than-expected outcome.
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Political capital

Key informont interviews with traditional leaders highlighted that pfumvudza requires stoble lond ownership ond
political buy in. Lock of political will, supportive agricultural policies, ond investment, coupled with o focus on short—
term development solutions, leave large trocts of ogricultural lond underutilized, smallholder formers poor ond food
insecure. Consequently, politicions earn public goodwill, ond trust for supporting the initiative. A femole participont
commented:

Since pfumvudza is a government supported initiotive, politicions are behind its implementotion to
ensure food security in their constituencies. Furthermore, this creates confidence in drylond formers
as they adopt pfumvudza.os apromising method that is relioble, sustainoble ond achievoble.

Better outcomes from pfumvudza

Group discussions reveoled that maintenonce of the some plonting basin under pfumvudza mokes tilling of the lond eosy.
There is limited disturbonce of the soil structure thus averting erosion. Runoff ond erosion are significontly reduced os o
result of mulching has improved moisture retention capocity. Use of the same plonting basin every seoson hos led to
suppression of weed growth.

Despite dry spells experienced in the region, crop productivity hos relatively improved compared to the conventional
forming. Knowledge, skills ond competencies have olso improved os aresult of copacity building progrommes offered
by AGRITEX ond NGOs Living stondords, food availability ond nutrition security were improved as households
became moreresilient to climote stresses and environmental degrodation.

Potential for scaling organic pfumvudza in Africa

Africon economy is agro-bosed. Agriculture is responsible for food security to feed over 1.5 billion citizens (World
Bonk, 2022). It enhonces exports, substitute imports, supplies row moterials for agro-industry porks ond creates jobs for
men, youth ond women. Despite its vast resources, Africa grapples with the triple burden of malnutrition, overpopulation
ond economic meltdown affecting its present ond future generotions. At least one in five Africans have inadequate food
ond on estimoted 140 million people foce acute food insecurity (World Bank, 2022). Pfumvudza forming con be
implemented continent-wide because there is o progressive increose in climote oction ond finoncing towords sustoinable
ogriculturol production options.

Africon countries ond regional bodies hove developed policies ond frameworks to promote and scole climate smort
ogricultural proctices. For example, the Africon Union’s Malabo Decloration on Accelerated Agricultural Growth and
Tronsformation for Shared Prosperity ond Improved Livelihoods in 2014 prioritised resilient ogriculture os o
development agendo. During the some summit, Vision 25%25 was lounched torgeting ot leost 25 million form
households procticing climate smort agriculture by 2025 (Africon Union, 2014). Also, the Union's Comprehensive
Africa Agriculture Development Programme (CAADP) requires eoch country to allocate ot leost 10% of its notional
budget towards ogriculture ond rural development, and to achieve ogricultural growth rotes of ot least 6% per onnum.
CAADPis on Agendo2063 continental initiotive that oims to help Africon countries eliminate hunger, malnutrition ond
reduce poverty by raising economic growth through ogriculture-ded development. Improved budgetory ollocation for
forming ollows for input support to smallholder formers (Africon Union, 2021). Improving the sustoinobility of
ogriculturol production ond use of natural resources is criticol for the success of pfumvudza forming.

Erodication of hunger ond food insecurity is the ultimote goal of fomily forming. Inclusion of stokeholders
including poor men, women ond youths in ogriculture is vitol for empowerment ond job creation. Heightened
colloboration among governments, civil society, ond private sectors is criticol to ensure thot smollholder formers
receive oppropriote troining ond inputs in time. Lack of mechonization for droft power meons formers con use simple
tools such os hoes to dig plonting bosins.

Smollholder African formers possess livestock such os cattle, donkeys and goats from which they get monure (Call
et al., 2019). Livestock are generally seen os one the most important sources of livelihood for rural households, ond
serve anumber of different forms of copital nomely: physical (lobour ond consumption), noturol (orgonic fertilizer),
finonciol (security, savings account), ond social (adding volue to community members).
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Conclusion

The study assesses the resilience of pfumvudza method in drylond forming in the south eastern lowveld of Zimbobwe.
Key informont interviews ond focused group discussions reveoled that south eostern lowveld is characterized by
shocks, stresses, risks ond uncertointies, seosonality ond policy-institution ond process induced adversities. Institutionally,
pfumvudza's principles are cost effective. The humon, social, physicol, noturol, ond political capital assets engraved in
the pfumvudza program copacitote the copability of smollholder formers to recover from vulnerobilities of drylond
londscope. The bonding and bridging copital, tronsformative productivity of the method through knowledge, ottitude,
skills, ond competencies have reduced vulnerobility by averting shocks, stresses ond seasonality omong smallholder
formers in the south eastern lowveld.

Pfumvudza as o low input sustainoble forming approach con be adopted in other African countries to enhonce
smollholder former's food and nutrition security. It creates a conducive politicol environment, adopts ond mitigate the
vagaries of climoate change as one elder former commented:

When the drought hit, my crops did not have enough water. I had low yields and a shortage of food.
Farmers in Africa need more support. We need plows, fertilizers and good quality seeds. Before
pfumvudza, conventional farming was very laborious, and seeds were too expensive. We never had
enough to eat. I could not afford to send all my children to school. The older ones went, but the
smaller ones were left out. The support we get in pfumvudza is vital for the success of smallholder
dryland agriculture.
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Inquiries are directed to the corresponding outhor for original contributions presented in the study.
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Abstract

Over the lost decade, the global production and trode in Orgonic Agriculture
have been exponding exponentiolly. However, insufficient skilled personnel as
workforce in the orgonic ogriculture sector of mony developing countries is o
mojor limitation to development of sector. This study investigated the interest
of agricultural students of tertiory institutions of Nigeria in studying orgonic
ogriculture os a.course. The study made use of quontitative research approach to
obtain information from respondents. A structured e—questionnaire was used to
elicitinformation from respondents for data.collection. Dotafor the survey were
collected on respondents’ socio-economic chorocteristics, oworeness on orgonic
ogriculture os a course of study, interest of ogricultural students in studying
orgonic ogriculture ond motivation to studying orgonic ogriculture os a.course.
Data.collection was done electronically with kobotoolbox. The study revealed
that o major reoson by the respondents for choosing orgonic ogriculture os o
course is opportunities for further studies within or outside Nigerio. Majority of
the respondents also preferred to study orgonic ogriculture ot the First-Degree
level (University). This overwhelming interest of the students in studying
orgonic agriculture os o course also caome with demond of what would be their
motivation of choices of institutions where they would like to study the course.
The study recommends that there must be acomprehensive curriculum in ploce
covering essentiol ospects of orgonic ogriculture proctices, including sustoinable
forming practices, soil health, ond orgenic certification processes ond os well os
estoblishment of standord orgonic forms for research ond proctical activities.

Point de Vue des Etudiants Nigerians surle Choix deL'agriculture Biologique
Comme Programme D'etude Dans les Etablissements D'enseignement
Superieur

Résumé

Au cours de la dernic¢re décennie, la production et le commerce mondionx de
'ogriculture biologique ont connu une croissonce exponentielle. Cependont,
l'insuffisonce de personnel qualifié dons le secteur de 'ogriculture biologique
de nombreux pays en développement est un obstocle majeur om développement
de ce secteur. Cette étude s'est intéressée a l'intérét des ¢tudionts en ogriculture
des étoblissements d'enseignement supérieur du Nigério pour l'¢tude de
l'ogriculture biologique en tont que cours. L'étude o utilisé une approche de
recherche quontitative pour obtenir des informations ouprés des personnes
interrogées. Les données de I'enquéte ont été collectées sur les coractéristiques
socio—¢conomiques des répondonts, leur connoissonce de l'ogriculture
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biologique en tont que filiére d'études, I'intérét des étudionts en ogriculture pour
I'¢tude de l'ogriculture biologique et leur motivation a étudier l'ogriculture
biologique en tont que filicre d'études. La collecte des données o été effectuée
¢électroniquement a l'aide de kobotoolbox. L'¢tude a révélé que l'une des
principoles raisons pour lesquelles les personnes interrogées ont choisi
l'ogriculture biologique comme cours est lapossibilité de poursuivre des études a
l'intérieur ou a l'extérieur du Nigério. Lo mojorité des personnes interrogées
préferent également étudier 1'ogriculture biologique om niveou du premier
diplome (université). Cet intérét massif des étudionts pour l'ogriculture
biologique s'est accompogné d'une demonde de motivation quont ou choix des
étoblissements dons lesquels ils souhaitent étudier cette discipline. L'étude

Mots clés: recommonde lo mise en place d'un programme complet couvront les aspects
étudiants, essentiels des pratiques d'ogriculture biologique, y compris les protiques
établissement supérieur, ogricoles durables, losonté des sols et les processus de certification biologique,
étude, ainsi que lo création de fermes biologiques stondord pour lo recherche et les
agriculture biologique octivités protiques.

Introduction

Over the lost decade, the global production ond trode in Orgonic Agriculture have been exponding exponentiolly(Ref.)
However, the practice of orgonic ogriculture in an orgonized monner is still on evolving issue in Nigerio with no
institution presently troining skilled personnel in orgonic ogriculture. This is portly due to tertiory institutions in the
country lacking appropriate curriculato teach orgonic agriculture. This situation contributes to other foctors hindering
the development of orgonic agricultural sector in the country. Although, lond under orgonic ogriculture in Nigerio(os on
importont country indicator of status of orgonic ogriculture) hos increased from 3,154 hain 2007 (FiBL ond IFOAM,
2009) to 54,995 hain 2019 (FiBL ond IFOAM-Orgonics Internationol, 2022), the number of producers in the sector
(about 1,000) is still very low compared to the potentiol of the country blessed with diverse ogroecology favourable to
orgonic ogriculturol production, as well as monpower. One of the ways of improving the situotion is to equip tertiory
institutions troining students in agriculture with curriculoon orgonic ogriculture.

The unfolding market opportunities globally, especially in the developed countries of Europe ond North Americo,
reveal ashift in consumers’ preferences towords sofe ond hozord free orgonic foods. This situation provides Nigeriawith
opportunities to tap into the growing global orgonic ogriculture business worth Eur 106.4 billion oand orgonic ogriculturol
lond of 72.3 million hectores (FiBL,2021). However, without corresponding skilled workers to support development of
orgonic ogriculture in the country, this would be difficultto ochieve.

The importonce of ogriculture as arequirement for self-sufficiency, employment, and food supply to the individual,
nation ond the world ot large cannot be over emphosized. Agriculture ploys importont role as the bose of economic
growth oand development ond revenue source for mony countries, including Nigerio. One of the ingredients for acceleroting
ogricultural development is the provision of adequate knowledge through education in the sector (Onu ond Ikehi,
2013).Academic institutions are responsible for troining skilled workers. Currently, there is no known institution of
higher learning in Nigeriaoffering orgonic ogriculture os afield of study. This among others has limited development of
the country’s orgonic sector. As a storting point for training of skilled personnel in orgonic agriculture in Nigeria, the
Noationol Boord for Technicol Education (NBTE) has developed acurriculum for Notionol Diplomain Orgonic Agriculture
Technology. However, there is aneed to investigate opinion of ogricultural students in the country on studying orgonic
ogriculture as a.course. A positive result from this process should be a.green light to adoption of the current curriculum
on orgoenic agriculture developed by the NBTE or other.

Orgonic ogriculture hos several benefits for the environment ond humon heolth. According to the Food ond
Agriculture Orgonization (FAO), Orgonic ogriculture reduces non-renewable energy use by decreosing ogrochemicaol
needs, which require high quontities of fossil fuel to be produced. Orgonic agriculture also contributes to mitigating the
greenhouse effect and global worming through its ability to sequester carbon in the soil (Crowder, 2023).
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Orgonic forming practices promote soil health, carbon storoge, ond woter conservation. They also reduce the use of
chemicoal pesticides, synthetic fertilizers, ond greenhouse gos emissions that horm the soil, woter, ond climote . Orgonic
foods are rich in minerals ond vitomins. Orgonic agriculture encounters several challenges. These include ecological
justice, onimal welfore, foir trade, supply chain development, productivity limitotions, in addition to regionol adaptotion
ond global harmonization for stondords (IFOAM, 2021).

Ohoji, (2009), identified that poor ottitude of the students towards ogricultural progromme is associoted with
migrotion from rural areas (which ore the moin center of agricultural production) to urbon due to the foct that they have
not been odequotely motivated towards agriculture. Therefore, opparent growth in interest, ottitude ond aspiration
toward agriculture would come obout only when there is reoal effort by the government to improve ogriculture. Nwonko,
(2015) in a similar study identified thot students’ perception affects their interest in ogriculturol Progrommes, which
enobles them develop on interest in knowing more about o porticulor thing. The factors influencing the choice of
ogriculturol science in universities in Nigerio.ore numerous including fomily ond friends influence, profession ond job
considerations (Leven, 2007).

Objectives of the Study
1. Determine respondents’socio-economic charocteristics
2. Discoverrespondents’ oworeness on orgonic ogriculture as a.course of study
3. Evaluate interest of ogricultural students in studying orgonic ogriculture as course
4. Identify respondents'motivating foctors to choosing ogriculture related coreers in tertiory institutions or otherwise

Methodology

Study Population and location
Study Population: The respondents for the study comprised of different cotegories of students including secondory,
post-secondary, undergroduates ond post graduote students in the study areo.

Research approach
The study mode use of quontitative reseorch opprooch to obtoin information from respondents. A structured e—
questionnoire wos used to elicitinformation from respondents for dota.collection.

Data Collection Technique

Datafor the survey were collected on respondents’ socio-economic characteristics (including their institution, locotion,
age, sex, religious affiliation, institution ownership cotegory, etc.), aworeness on orgonic ogriculture os o course of
study, etc. Datocollection was done electronicolly with kobotoolbox for the online questionnaire.

Data Analysis

Data collected through e—questionnoire were sorted, coded and onolysed using the stotisticol poackoge for the social
sciences (SPSS) software. Descriptive onolysis wos done including charts, frequency, percentoges, meons ond weighted
scores to drow conclusions ond recommendotions for the study.

Results and Discussion

A total of four hundred ond sixty-one (461) respondents were sompled for the study from twenty secondary ond tertiory
institutions. The sampled respondents were selected from both private ond government owned institutions ocross the
six geo political zones of Nigeriastudents ronging from secondary to post groduate level in Nigerion tertiory institutions.

Sex of Respondents
Result from the study os shown in Figure 1 reflects thot the majority of sampled respondents (58.0%) were female. This
is on indicotion thot there could be more female students studying ogriculture in Nigerion tertiory institutions. This
result is controry to Adebo (2013)’s claim thot there ore more mole students studying agriculture as a.course in Nigerio,
tertiory institutions.
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Sex of Respondent

Bmale
EFemale

Figure 1: Respondents’ Sex

Age of Respondents

Results as shown on Table 1 indicated that majority (59.7%) of the respondents were within the age range of 15-25
years, 14.3% were within the age range 0f 26-35 years while few (1.7%) were within the age range of 36-45 years. The
mean age of respondents was 23.49. This is to confirm the claim that the sampled respondents were mostly
undergraduates, single and in their youthful age with strength to execute practical aspect oforganic agriculture as a
course of study.

Table 1: Age of Respondents

Age Range Frequency Percent Mean
15-25 275 59.7 23.49
26-35 66 14.3
36-45 8 1.7
46-55 3 .6
>55 1 2
No response 108 23:5
461 100.0
Category of Respondents

Result as indicated in Table 2 shows that majority (85.2) of the sampled respondents were undergraduates of tertiary
institutions in Nigeria. Other categories of respondents included postgraduate students (14.2), post-secondary and
secondary school students (0.3) respectively.
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Table 2: Cotegory of Respondents

Category of Respondent Frequency Percent
Secondoary 1 0.3
Post-Secondary 1 0.3
Undergroduote 317 85.2
Postgraduote 53 14.2
Total 372 100.0

Marital Status of Respondents

As indicated in Figure 2, majority (93.6%) of the respondents were single while few (6.4%) of the respondents were
married. This indicoted thot more of the sampled respondents were undergroduates in tertiory institutions ond the result
is in tondem with Onu ond Ikehi (2013) thot young ond single students have more time to study ogriculture in tertiory
institutions due to the procticol ond sometimes rigorous aspect of the course.

B single [ Married

B Separated [} Divorced Widowed

Figure 2: Morital Stotus of respondents

Location of Respondents

Results from the study as indicated in Table 3 shows that respondents were sompled from 21 Stotes of the Federotion
covering the six geo-political zones of Nigerio. A totol of 64.9% of the sompled respondents were from the South
Western part of Nigerio, 6.7% from South East,3.2% from South-South, 2.0% from North Eost, 4.3% from the North
Centrol ond 0.8% of the saompled respondents were from the North Western port of Nigerio. This result confirm the cloim
of Adebo and Sekumode (2013) thot there ore more educated youths from the Southwestern region of Nigeria due to
their high enrollment in Nigerion tertiory institutions ocross the country.
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Table 3: Location of Respondents

Location of Institution Frequency Percent
Abia 3 0.8
Adamawa 1 0.3
Akwalbom 5 1.3
Anambra 8 2.1
Bayelsa 2 5
Benue 2 S
Cross River 1 3
Delta 6 1.6
Ebonyi 1 3
Edo 10 2.7
Ekiti 10 2.7
Enugu 1 .
Imo 5 1.3
Kogi 6 1.6
Kwara 10 2.7
Lagos 37 9.8
Niger 3 .8
Ogun 35 9.3
Ondo 12 3.2
Osun 31 8.2
Oyo 187 49.7
No response 85 18.4
Total 376 100.0

The study reveoled in Toble 4 thot about 5% of the sompled institutions were Secondary while 95% were tertiory
Institutions. It further revealed thot obout 17% of the sampled tertiory institutions were Monotechnics and Polytechnics
while 64% were Universities offering Agriculture as acourse of study.
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Table 4: Respondents’ Institutions

Names of Institution Frequency Percent
Akonulbiom Federal Polytechnic Unwona 1 0.2
Ambrose Alli University 1 0.2
Ekiti State University, Ado—Ekiti,Ekiti State. 1 0.2
Federal University of Agriculture, Abeokuto 1 0.2
Federal University Oye-EKkiti 1 0.2
Ibrohim Bodomaosi Bobangida University Lopoi 3 0.7
Igonmu Senior High School 1 0.2
Institute of Agricultural Research ond Training 1 0.2
Joseph Sorwuontorka University Mokurdi, Benue Stote 1 0.2
Michael Okpora University of Agriculture Umudike Umuochia 1 0.2
Niger Delta University, Boyelsa State 1 0.2
Oxford Model College 3 0.7
Oyo State College of Agriculture and Technology Igboora 1 0.2
Royal Prince ond Princess College 1 0.2
The Polytechnic, Ibadon 1 0.2
University of Ibadon 283 61.4
University of Uyo 1 0.2
WohabFolawiyo Senior High School 1 0.2
Yobo College of Educotion 2 0.4
Yoba College of Technology 72 15.5
Total 461 100.0

Source: E-Survey, 2023

Ownership of Institution

The study reveals in Figure 3 that mojority (96.5% ) of the sompled institutions were Federal Government owned
Institutions, 2.1% were State owned while less thon 2% of the sampled Institutions were privote owned. This is on
indication that Agricultural related courses ore offered more in Government owned thon Private owned tertiory
institutions in Nigerio.

W Federal

State
Oprivate

Figure 3: Ownership of Institutions
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Interest to Study Organic Agriculture as a Course

Results obtoined from the study (Figure 4) revealed that mojority (84.3%) of the sampled respondents were interested in
studying orgonic ogriculture os o.course in their various tertiary institutions while 10.9% of the respondents were not
sure of their interest in studying orgonic ogriculture os a.course while few (4.8%) of the sampled respondents were not
interested in studying orgomic ogriculture os o course of study in their various institutions. Dejief a/ (2021) in a.similor
study supported this cloim thot ogricultural students’ in Nigerion tertiory institutions should be motivated by providing
conducive environment ond relevont focilities.

10.90%
4.79%

84.31%

BYes @No [ Maybe
Figure 4: Interest to study orgonic agriculture os a course

Motivation for desiring to study Organic Agriculture as Course of Study in Tertiary Institutions

Results os revealed on Toble 5 shows thot respondent’ interests to study orgemic ogriculture s o course of study in
tertiory institutions were due to certoin motivating foctors which included: Opportunities for further studies within or
outside Nigeria.(30.2%), Interest in procticing orgonic forming (29.1%), Seeking more knowledge on Orgonic Agriculture
ond Agroecology proctices (24.3%), Possion for ecosystem sustoinobility (22.3%) ond secured job opportunities
(16.3%). Other motivating foctors included access to informotion materials on Orgonic Agriculture ond Agroecology
(10.6%) ond Influence of sociol mediainformation (3.0%).

Table 5: Motivating factors for desiring to study orgonic ogriculture os o course of study

Motivation for desiring to study Organic Agriculture as a course Frequency Percent
Secured job opportunities 75 16.3
Opportunities for further studies within or outside Nigeria 139 30.2
Interest in procticing orgonic forming 134 29.1
Possion for ecosystem sustainability 103 223
Seeking more knowledge on Orgomic Agriculture ond Agroecology proctices 112 243
Access to informotion materiols on Orgonic Agriculture ond Agroecology 49 10.6
Influence of social media information 14 3.0
Other foctors (pls signify) 16 3.5

Awareness of Tertiary Institutions offering Organic Agriculture as a Course

The survey reveoled in Table 6 thot mojority (57.3%) of the sampled respondents were not aware of tertiory institutions
offering orgonic ogriculture os a course while few (23.4%) of the respondents were aware of such. This implies thot
most tertiory institutions offering ogriculturol courses in the country are yet to incorporote orgonic ogriculture into their
curricula.
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Table 6: Awareness of tertiory institutions offering orgonic ogriculture os o course

Awareness of any tertiary institutions offering Organic Frequency Percent
Agriculture as a course
Yes 108 23.4
No 264 57.3
No response 89 19.3
Total 461 100.0

Interestin studying Organic Agriculture as a course in Tertiary Institutions

Asrevealed on Toble 7, mony of the sampled respondents (52.3%) showed interest in studying orgonic agriculture as o
course in their respective tertiory institutions, 16.9% of the respondents were not sure of their interest in studying orgonic
ogriculture os a.course, while 11.5% of the sampled respondents were not interested in studying orgenic ogriculture os o
course in their various tertiory institutions.

Table 7: Interest in studying orgemic ogriculture os a course in Nigerion tertiory institutions

Interest in Studying Organic Agriculture in Nigeria Frequency Percent
Yes 241 523
No 53 11.5
Moy be 78 16.9
No response 89 193
Total 461 100.0

Conclusions and Recommendations

The growing organic agriculture industry is one of the ways of generating employment in Nigeria. However, the personnel
to be employed would have to be properly trained in organic production system through appropriate educational
institutions. This study therefore investigated the interest of agricultural students of tertiary institutions of Nigeria in
studying organic agriculture as a course.

The study revealed that majority of the respondents, although not having information on tertiary institutions
offering organic agriculture but indicate interest in study the course in tertiary institutions. A major reason by the
respondents in choosing organic agriculture as a course is opportunities for further studies within or outside Nigeria.
Majority of the respondents also preferred to study organic agriculture at the First-Degree level (University). This
overwhelming interest of the students in studying organic agriculture as a course also came with demand of what would
be their motivation of choices of institutions where they would like to study the course. This is an indication that the
current National Diploma programme in Organic Agriculture Technology by the National Board for Technical
Education should be of interest to a good number of youths in Nigeria as they stand the opportunity of being trained in
organic production system to either improve their chances for further studies or employment in the organic agriculture
sector.

The study recommends that:
i.  Higherinstitutions should be capable of providing high-quality education and training in organic agriculture
ii. There must be a comprehensive curriculum in place covering essential aspects of organic agriculture
practices, including sustainable farming practices, soil health, and organic certification processes.
iii. The institutions should have the right facilities to train the students in both practical and theoretical aspects of
organic agriculture.
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iv.

Vi.

Vil.

Viii.

iX.

XI.

The institutions should have personnel that are well trained on at least principles and practices of organic
agriculture.

The institutions should have well equipped laboratories and libraries for training the students.

Such institutions should have standard organic farms for research and practical activities.

Establishment of standard organic farms for research and practical activities.

Entrepreneurial aspect of organic agriculture should be given priority in the training services provided by
such institutions.

Availability of necessary inputs (organic seeds, feed, fertilizers, pesticides, etc.) for training the students.

The institutions should incorporate exploration of all the aspects of organic agriculture to build the careers of
their students.

Networking opportunities with professionals and organizations in the field should be available, in addition to
supportservices, access to updated knowledge, and an alignment with ethical and environmental values.
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Abstract

In Congo, with seed losses in storage approaching 60%, bruchid control has
become a priority. The troditionol method is to use the leaves or rhizomes of
Lippiomultiflora, Cymbopogon citratus, Chenopodium ambrosioides, Ocimum
gratissimum ond Zingiber officinole. The aim of this study is to onalyze the
chromatogrophy of the essential oils of five aromatic plonts used by growers to
control beon ond pigeon pea bruchids. These oils are extrocted by hydrodistillotion
from fresh or dried leaves or rhizomes. After derivatization of the essential oil,
the chemical composition is determined by gos chromatogrophy-moss spectrometry
(GC-MYS). Voriobility in the chemical composition of essential oil extracted
from the orgon is noted in both fresh ond dry states. A predominance of a-citral
(40.5%) and thymol (52.6%) for C. ambrosioides. With C. citratus, it is 53.7%
a~citral and 44.6% (27)-2-(3,3-Dimethylcyclohexylidene) ethanol. An ocuurence
of a-citral (47.1%) and thymol (21.9%) for L. multiflora. With Z. officinale, a-
curcumene is the major constituent with 18.7% ond 5.9%. Thymol accounts for
92.6% and 93.7% of O. gratissimum essentiol oils. These molecules contribute
to the efficacy of these extracted oils in controlling beon pests in the field ond in
seed storoge.

Composition chimique des huiles essentielles des plantes aromatiques
utilisées danslalutte contre les bruches de haricots en République du Congo

Résumé

Au Congo, avec des pertes des graines en stockage qui avoisinent 60 %, lo lutte
contre les bruches est devenue une priorité. Lo méthode troditionnelle
préconisée est l'utilisation des feuilles ou de rhizomes de Lippia multiflora,
Cymbopogon citratus, Chenopodium ambrosioides, Ocimum gratissimum et
Zingiber officinale. Cette étude vise a onolyser lo. chromatogrophie des huiles
essentielles de cing plontes oromatiques utilisées por les producteurs pour lutter
contre les bruches haricots et de pois cajon. Ces huiles sont extroites por
hydrodistillation sur les feuilles ou les rhizomes a 1'état frois ou sec. Apres la
dérivatisation de l'huile essentielle, lo composition chimique est déterminée
por la.chromatographie en phose gozeuse couplée a la spectrométrie de maosse
(CGSM). 1l est noté une variobilit¢ de lo composition chimique d'huile
essentielle extroite de I'orgone a 1'état frois et sec. Une prédominance de a-citrol
(40,5%) etle thymol (52,6%) pour C. ambrosioides. Avec C. citratus, elle estde
53,7% de a-citral et de 44,6% de (2Z)2~«3,3-Dimethylcyclohexylidene)
ethanol. Une ocuurence de a-citral (47,1%) et de thymol (21,9%) pour L.
multiflora. Avec Z. officinale, le a-curcumene est consituont majeur ovec
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MOtS Cl_é§: 18,7% et 5,9%. Le thymol représente a 92,6 % et 93,7% dons les huiles
Biopesticide, essentielles O. gratissimum. Ces molécules contribuent a I'efficocité de ces huiles
Eosgﬁgszf’ extroites dons la lutte contre les bioagresseurs de horicot en chomp et en
d e'?pr sdateur ’ conservoation des graines.

Introduction

Les plantes aromatiques connaissent un regain d'intéréts économiques ces deux derniéres décennies par les usages
multiples en industries agro-alimentaire, parfumerie, cosmétique et pharmaceutique. Les parties aériennes et
souterraines sont souvent utilisées pour I'obtention des extraits bruts et des huiles essentielles, nécessaires en médecine
traditionnelle humaine, en médecine vétérinaire, en alimentation humaine ainsi qu'en protection des plantes cultivées
contre les bio agresseurs. En médecine humaine, outre les extraits des plantes, les huiles essentielles possédent des
propriétés anti-dépressives, anti-pyrétiques, antimicrobiennes (Chaumontetal, 2001 ; Kpodekon etal, 2013 ; Sharma et
al, 2016 ; Melo et al, 2019 ; Valkova et al, 2022), anti inflammatoire (Abena et al., 2003 ; Ouadja et al, 2021),
antibactériennes (Matasyoh et al, 2007 ; Owolabi et al. 2009 ; Chekem et al, 2010 ; Saliu etal. 2011 ; Silvaetal. 2016 ;
Samba et al, 2020 ; Ouadja et al, 2021), antiseptiques, antalgiques (Abena et al., 2007), antistress (Etou-Ossibi et al.,
2016), fongicides (Abena et al., 2002 ; Pino et al. 2018), sédatives (Skaria et al., 2012) et méme des activités
anticancéreuses (Koba et al, 2009 ; Avoseh et al., 2015 ; Shameem et al, 2019 ; Ngan et al, 2020) et antioxydantes
(Agnanietetal. 2005 ; Kumaretal, 2007 ; Khadri et al. 2008 ; Hammoudi et al, 2015 ; Santiago et al, 2016 ; Kpadonou et
al, 2019 ; Barbosa et al, 2021). Elles sont ainsi utilisées pour guérir les affections respiratoires, les bronchites, la
tuberculose, le rhumatisme, le paludisme, les affections cutanées et les affections parasitaires causées par les
champignons, les bactéries et les vers parasites. L'usage des huiles essentielles s'est avéré en médecine vétérinaire pour
lutter contre les tiques, les vers intestinaux et les punaises (Monteiro et al, 2017 ; Lemoufouet et al, 2018 ;
Houngnimassoun et al, 2020). En agro alimentation, il est prouvé leur efficacité dans la stabilisation du lait frais de
vache au Sud du Bénin (Degnon et al, 2016), l'assaisonnement des menus (Abegaz et al, 1993 ; Likibi et al, 2019) et la
préservation des aliments (Hyldgaard et al, 2012 ; Prakash et al., 2015 ; Dwivedy et al, 2016 ; Adeogun et al, 2017;
Majewskaetal,2019).

Quant a la protection des plantes cultivées, il est connu qu'au champ et en post récolte, les bio agresseurs

occasionnent plus de 70 % des pertes (Bouchikhi et al., 2010). Pour réduire ces pertes, la lutte chimique est couramment
recommandée en utilisant les molécules de synthese. Bien que ce type se soit révélé efficace, malheureusement, il
pollue I'environnement, provoquant ainsi la perte de la biodiversité par son action sur les organismes non-cibles
(Chemat et al., 2012). Pour les molécules chimiques largement utilisées, il est aussi signalé une recrudescence de la
résistance des parasites et des insectes contre les matiéres actives. A ce jour, laméthode de lutte intégrée est préconisée
contre les bio agresseurs des plantes cultivées. Elle est devenue une priorité en l'agriculture durable et respectueuse de
I'environnement. Cette méthode inclue les volets de luttes agronomique, génétique et biologique. Dans le volet lutte
biologique, outre I'usage des parasitoides ou des auxiliaires, des entomopathogénes et des hyperparasites, I'utilisation
des huiles essentielles extraites des plantes aromatiques est devenue un axe majeur afin de réduire les impacts des bio
agresseurs. Les huiles essentielles se sont montrées fongicides (Mohr etal, 2017 ; Langsi etal, 2018 ; Kassi et al, 2020,
Adjovietal, 2022), insecticides ou insectifuges (Tapondjou etal 2001 ; Tapondjou et al 2003 ; Pushpanathan etal, 2006 ;
Ndomo et al, 2009 ; Ntonga et al, 2012 ; Bossou et al, 2013; Santiago et al, 2014; Pinto et al, 2015; Kanko et al, 2017,
Kobenanetal, 2018 ; Langsietal,2018), larvicide (Bigogaetal, 2013) et acaricides (Pamo etal, 2008). Les propriétés de
ces huiles extraites de plantes aromatiques conduisent a leur utilisation dans la lutte contre les maladies dues aux
champignons et bactéries ainsi que contre les fléaux causés par les acariens et les déprédateurs en plein champ ou en post
récolte. Au Congo, les déprédateurs du genre bruches causent des pertes des graines de pois cajan et de haricot dans les
zones productrices. Pour lutter contre ces bruches, les producteurs font couramment recours aux méthodes
traditionnelles parmi lesquelles 'utilisation des ingrédients de feuilles, de fruits et de rhizomes des plantes aromatiques.
Ces organes sont issus des plantes de Lippia multiflora L, Cymbopogon citratus Steud., Chenopodium ambrosioides L,

Ocimum gratissimum L., Capsicum annuum L et de Zingiber officinale Rosc (Messaoudene et Mouhou, 2017). Les

58



0. 0. ADEOLUWA; 0. M. OLOGUNDUDU; J. KAZUNGU; T. T. PAUL MARTIAL; G. RAHMANN(EdS) (2023) Scientific Track Proceedings of the 5" African Organic Conference
“Strengthening Resilient and Sustainable Food Systems in Africa through Organic Agriculture”. December 12 — 15, 2023 in Marriott Hotel, Kigali-Rwanda

effets de ces organes sur les bruches manquent de preuves scientifiques pour expliquer leur efficacité et leur innocuité.
Les producteurs ou utilisateurs ne s'appuient que sur les connaissances empiriques. Ces plantes ou ses organes (feuilles
ou rhizomes) sont couramment associés a la culture d'haricot ou introduits dans les récipients de stockage de leurs

graines (Delobel et Malonga, 1987). Ces organes, a I'état frais ou sec contiendraient des huiles essentielles ayant des
activités insecticides ou/et insectifuges sur les bruches de haricots et pois cajan. Mais, la composition chimique des
huiles essentielles extraites des feuilles et les rhizomes de cinq plantes aromatiques étudiées est encore mal connue. Les
constituants de ces huiles pourraient expliquer l'effet insecticide ou insectifuge observé.

Ainsi, 1'objet de cette étude est de déterminer les composés chimiques des huiles essentielles des cinq plantes
aromatiques utilisées par les producteurs pour lutter contre les bruches haricots et de pois cajan.

Matériel et méthodes

Matériel végétal

Le matériel végétal est constitué des feuilles de Lippia multiflora L., Cymbopogon citratus Steud., Chenopodium
ambrosioides L. et Ocimum gratissimum L. ainsi que les rhizomes de Zingiber officinale Rosc-. Les cinq plantes
aromatiques sont identifiées comme ingrédients dans les méthodes traditionnelles de lutte contre les bruches dans les
régions productrices de haricots au Congo (Delobel et Malonga, 1987). Pour 'extraction de ces huiles testées au cours
de cette étude, les feuilles sont récoltées a 10 heures, en novembre 2019 a Agri-Congo de Mayanga dans les zones
périurbaines de Brazzaville, Les rhizomes de Zingiber officinale sont achetés au marché de Bacongo, arrondissement 2
de Brazzaville.

Méthodes

Extraction des huiles essentielles

Les huiles essenticelles sont extraites des feuilles de L. multiflora L., C. citratus Steud, C. ambrosioides L. et O.
gratissimum L ainsi que des rhizomes de Z. officinale Rosc. Avant leurs extractions, les organes végétaux récoltés ou
achetés, sont nettoyés puis rincés, deux fois a 1'eau de robinet au laboratoire, pour enlever les débris inertes et vivants
(poussieres, fourmis, etc.). Ils sont ensuite repartis en deux lots. Le premier lot est gardé a I'état frais. Le second est séché
al'abride la lumiere pendant 10 jours. Pour ces deux lots, I'extraction est faite par hydro distillation sur un extracteur de
type Clevenger (Clevenger, 1908). Ainsi, 500 g de l'organe frais ou sec d'une espéce végétale sont introduits dans un
ballon de 6 litres avec 2 litres d'eau. Le mélange est ensuite porté a ébullition pendant 3 h 30 minutes (soit 1h 30 minutes
pour le chauffage du ballon et 2 h pour I'extraction). La vapeur émise monte jusqu'a un condensateur, et le condensat
retombe dans la petite burette. L'huile flotte sur l'eau, qui est pour sa part progressivement renvoyée dans le ballon
chauffé par le conduit en diagonale. Aprés 2 h d'extraction, I'huile essentielle est ensuite récupérée avec de 1'éther
diéthylique pour favoriser le flottement de I'huile sur 'eau grace a une micropipette. Pour sécher toutes les traces d'eau
contenues dans I'huile recueillie, il est utilisé le sulfate de magnésium anhydre MgSO4. L'huile essentielle extraite est
conservée dans un flacon hermétiquement fermé a 4°C au réfrigérateur avant la caractérisation moléculaire au
laboratoire de chimie de la Petroci.

Détermination des composés chimiques des huiles essentielles

Pour déterminer les composés chimiques, 10 mg d'échantillon d'huile essentielle sont dérivatisés par addition de 250 pul
de N, O-Bis (trimethylsilyl) trifluoroacetamide, Trimethylchlorosilane (BSTFA + TMCS, 99 :1) et de 250ul de
pyridine. Le mélange est agité au vortex pendant 2 mn puis porté a 70 °C a I'étuve pendant 30 min. Ainsi, 1pl de la
solution obtenue est injecté au GC-MS pour l'analyse. L'analyse par GC-MS est réalisée sur un appareil de marque
Perkin Elmer, modéle Clarus 680GC 600C MS doté d'une colonne Restek Rtx-5ms de 60 m de longueur, d'un diamétre
intérieur de 0,25 mm et d'une épaisseur de film de la phase stationnaire de 0,25 pm. L'hélium est employé comme gaz
vecteur a débit fixe de 1 ml/mn. Le programme de température du four est de 50°C pendant 5 mn, puis un gradient de
3°C/min est appliqué jusqu'a 250°C. Cette derniére température est maintenue pendant 28 mn, soit une durée totale
d'analyse de 100 mn. La température de l'injecteur est fixée a 250°C. L'injection est réalisée en mode split avec un ratio
de 1 :50. Le spectrométre de masse est paramétré en mode impact électronique avec une température de source
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d'ionisation de 200°C, une énergie d'¢lectrons de 70 eV, une vitesse de balayage de 200 scans/mn et une plage de
balayage comprise entre 50 et 600 m/z.

Résultats

1. Teneur en composés chimiques des huiles essentielles des feuilles de Chenopodium ambrosioides

L'abondance relative des composés chimiques des huiles essentielles des feuilles fraiches et séches de Chenopodium
ambrosioides est consignée dans le Tableau 1. Les résultats révelent une variabilité de lacomposition et 1'abondance des
composés chimiques des huiles essentielles issues des feuilles fraiches et séches de C. ambrosioides. Avec 1'huile
essentielle des feuilles fraiches, il est identifié 16 molécules discriminantes de celles des feuilles séchées. Pour ces
molécules, la forte occurrence de 40,5 % estnotée avec lamolécule de a-citral. Il est enregistré la proportion de 27,8% et
24,2% respectivement pour les molécules de thymol et B-citral. Les autres molécules expriment une faible abondance
ayant un taux inférieur a 0,6% dans I'huile essentielle. Pour les feuilles séches, sur les 10 molécules discriminantes, le
thymol est plus abondant. Cette molécule représente 52,6 % de I'huile essentielle des feuilles séches. Outre le thymol, il
est identifi¢ les molécules de a-cymene et 2-bornene avec les proportions de 17,4% et 13,9%. Dans I'huile de C.
ambrosioides, les molécules a-cymene, B-terpinen, a-citral et thymol sont communes a des proportions différentes des
feuilles fraiches et séches. Excepté le Patchoulane a temps de rétention élevé (50,31 min), les poids moléculaires plus
importants sont notés sur I'huile essentielle des feuilles séches de C. ambrosioides. 11 est observé le temps de rétention
comprisentre 47,08 248,21 minavec lamolécule d'exo-Norbornanol et 3-Methylbenzenethiol (Tableau 1).

Tableau 1: Molécules chimiques contenues dons 1’huile essentielle de Chenopodium ambrosioides

Nom de constituants Temps de rétention Surface (mV. s) Surface (%)
(min)

Frais Sec Frais Sec Frais Sec
3-Thujene C10H16 7,68 - 9727014,31 - 0,2
6-Methyl-5-heptene—2-one 10,63 - 9884635,05 - 0,2
o—Phellondrene - 11,57 - 47452696,77 0,2
B-Myrcene 12,08 6499149,49 0,1
o-Cymene 14,41 18,07 181569429,35 5375063258,56 3,2 17,4
B-Terpinen 17,14 17,76 28809711,29 1043363784,43 0,5 34
5-Aminotetrozole 18,27 6565112,34 0,1
Linolol 19,69 12931130,03 0,2
Gommo Terpinene 20,52 107161099,13 0,3
7-Methyl-3.4-Octadiene 24,84 13408536,90 0,2
4-Terpineol 25,28 12355437,89 0,2
B-Citrol 28,83 1388121229,59 24,2
o-Citrol 30,71 33,10 2324399649,90 574758627,99 40,5 1,9
Kemitracin-50 31,00 18815948,45 0,3
2-Corene 31,47 1466031331,18 4,7
2-Bornene 31,64 4296919211,27 13,9
Thymol 32,41 37,11 1593906900,42 16274014005,52 27,8 52,6
1-Adamontylacetic acid 32,95 13120899,10 0,2
2,7-Dimethyl-2,7— 34,34 7429275,35 0,1
octonediol
Nono3,5-dien-2-ol 35,42 721931468,19 2,3
2-Ethylcyclohexanol 36,42 14356275,66 0,3
Formic ocid 37,79 7518943,79 0,1
Nerolidol 45,39 29269747,74 0,5
(Z,E)-o-F arnesene 46,22 22746538,29 0,4
exo-Norbornonol 47,08 255700022,66 0,8
3-Methyl- -cyclohexene 47,33 78791702,11 0,3
2-Methylbenzenethiol 47,58 380055061,03 1,2
B-Bisabolene 47,86 72388245,30 0,2
3-Methylbenzenethiol 48,21 250043289,86 0,8
Potchoulone 50,31 36531162,88 0,6
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2.Teneur en composés chimiques des huiles essentielles extraites des feuilles de Cymbopogon citratus

Dons 'huile essentielle des feuilles séches de Cymbopogon citratus, il est identifié 19 molécules avec une proportion

varioble (Tobleou 2). Sur les 19 molécules, il est noté une forte occurrence de 44,6% avec la molécule (2Z2) —2«3,3—
Dimethylcyclohexylidene) éthonol et 30% pour a-citral. La molécule 3-methylbenzenethiol estreprésentée a 5,7%. La
proportionde 4,9% et4,5 % est observée avec exo-norbornonol et o-eymene. Sur l'huile essentielle des feuilles froiches

de C. citratus, le a-citral est lamolécule plus obondonte sur 13 identifiées. Elle est présente a 53,7%. Avec le B-citral, ce

taux est de 32,6%. Ces taux sont plus importants comparé a 5,1% observé avec trons, trons—Fornesol. Les molécules a-

citral et decanoic acid sont identifiées des huiles essentielles fraiches et séches de de C. citratus. Le deconoic ocid aun

poids moléculaire élevé se traduisont par le temps de rétention de 70,86 min et 64,85 min avec 'huile essentielle des

feuilles séches. Pour 'huile essentielle des feuilles fraiches de C. citratus, le stearic acid exprime un temps de rétention

de 71,57 min (Tobleom 2).

Tableau 2: Molécules chimiques contenues dons 1’huile essentielle de Cymbopogon citratus

Nom de constituants Temps de rétention Surface (mV. s) Surface (%)
(min)

Frais Sec Frais Sec Frais Sec
6-Methyl-5-heptene—2-one 9,76 34191308,27 0,2
4-Methyl-3-1-methylethylidene) -1— 12,20 242056625,01 0,9
cyclohexene
o-Cymene 12,45 1234045322,38 4,5
2-Propylcyclohexonone 17,21 106749948,90 0,4
1,3-Hexadiene, 2,3,5-trimethyl 20,19 34376878,83 0,1
(27) 23,3~ 25,73 12193333573,06 44,6
Dimethylcyclohexylidene) ethonol
B-Citral 26,12 6289041438,40 32,6
o~Citral 27,82 27,44 10352068404,28 8196704019,94 53,7 30,0
Nono-3,5-dien—2-ol 29,43 504012143,98 1,8
Thymol 30,85 98670929,62 0,4
2.7-dimethyl-2.7-Octanediol 30,86 145348428,65 0,8
2-6-Octynyl) -1,3-dioxolone 32,19 62212944,75 0,2
3,3,6-Trimethyl- ,4-heptoadien-6-ol 32,74 267244781,28 1,4
Geroniol 33,71 71058211,02 0,3
o-Pinene, 3-trimethylsilyloxy 34,14 87372632,28 0,3
3-Methyl-Cyclopentene 34,31 109701274,88 0,6
Linolol oxide 37,22 259248774,46 1,3
3-Methyl-crotonic ocid 38,23 476805963,87 1,7
Trons, trons—Fornesol 38,33 976209555,83 5,1
Exo-Norbornonol 40,69 1348407970,31 49
Citral diethyl ocetal 40,72 97669184,84 0,5
3-Methylbenzenethiol 41,16 1552463370,43 5,7
2-Methylbenzenethiol 41,75 702886949,70 2,6
Bomeole 41,82 108922825,71 0,6
Maleic acid 43,65 244112783,21 \ 1,3
Isopulegol acetote 63,49 112985744,83 0.4
Neric acid 66,99 75285176,51 0,4
4,8-Decadienal, 5,9-dimethyl 67,35 52506079,22 0,3
Phytol 70,17 63585662,57 0,2
Stearic ocid, trimethylsilyl ester 72,33 18639399491 0,7
Deconoic ocid 70,52 64,95 48445080,69 5042123591 0,3 0,2
Stearic ocid 71,57 213794570,42 1,1

3.Teneur en composés chimiques des huiles essentielles extraites des feuilles de Lippia multiflora

Pour Lippia multifora, il est identifié 19 molécules contenues dons des huiles essentielles des feuilles froiches et séches
(Tobleou 3). Avec I'huile essentielle des feuilles fraiches, sur les 19 molécules identifiées, le a-citral et B-citral sont plus
représentatives. Pour ces molécules, il est enregistré les proportions de 47,1 % et 26,2%. L'occurrence de 3,5%, 6,2% et
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7,7% est notée respectivement pour la.molécule trans trons—fornesol, stearic ocid et thymol. Cette derniére molécule,
elle est laplus abondonte dans I'huile essentielle des feuilles séches de L. multifora. Auntoux de 21,9 % le thymol est
plus importont comporé a 16,9% obtenu avec 1-Imidazol--yl-2,2-dimethylpropon— -one. Les molécules D-corvone et
2,4-Ditert-butyl2,4-adomontonediol expriment laméme proportion de 10,9%. Avec le temps de rétention de 72,75 min
et 73,03 min, le stearic acid ale poids moléculaire plus élevé des composonts des huiles essentielles des feuilles fraiches
et seches de L. multifora. Outre le stearic ocid, avec les occurrences variobles, les molécules o-cymene et thymol sont
identifiées dons les huiles essentielles des feuilles fraiches et séches de L. multifora (Tobleou 3).

Tableau 3: Molécules chimiques contenues dons I’huile essentielle de Lippia multifora

Nom de constituants Temps de retention (min) Surface (mV. s) Surface (%)
Frais Sec Frais Sec Frais Sec
o-Cymene 12,15 25,22 23417464,61 2399878413,77 0,3 4,9
p-Pinene 23,49 317135934,56 0,6
B-Citral 25,51 2139176442,12 26,2
Limonene 25,71 1265018286,46 2,6
y-Terpinene 27,14 141384185,93 0,3
a-Citral 27,25 3845318963,93 47,1
1-dmidozol--yl-2,2-dimethylpropon—1-one 28,20 8341997838,37 16,9
Thymol 30,83 39,99 627227430,30 10807473595,76 7,7 21,9
2+42-«2-Methyl- -propenyl) cyclopropyl]— 32,45 41162422,54 0,5
2-propanol
2+6-Octynyl) 1,3-dioxolone 34,13 60170680,83 0,7
D-Carvone 35,85 5390547115,65 10,9
Cyclohexan-,2-diol 36,01 46827270,78 0,6
Linalool 36,60 628207696,22 1,3
2-methyl-3-octen—1-ol 36,70 55857547,98 0,7
Linalol oxide 37,13 79591694,97 1,0
Troms, trons—Foarnesol 38,26 287979902,53 3,5
Exo-Norbornanol 40,70 24677564,43 0,3
O-Acetylthymol 40,83 3128293993,54 6,3
Borneol 41,90 29685329,59 0,4
Maleic ocid 43,79 64912743,71 0,8
B-Coryophyllene 45,05 2689247433,44 5,4
Patchoulone 45,21 32272111,97 0,4
pFornesene 46,00 1947185047,11 3,9
a-Coryophyllene 46,37 316309441,45 0,6
B-Coryophyllene oxide 51,28 653595991,96 1,3
4BH,Sa~Eremophil-(10) —ene 57,57 232194675,63 0,5
3,7,11-Trimethyl-3-hydroxy—-6,10— 64,40 42143389,22 0,5
dodecadien— -yl acetote
1S,4R)-p-Mentha2,8-diene, 1— 65,29 112644053,81 1.4
hydroperoxide
Valeric acid, 4-cyomophenyl ester 66,61 1013724118,77 2,1
Nerolidol 67,08 26385397,47 0,3
Cycloisolongifolene, 8-hydroxy- endo 67,78 2811218520,86 5,7
4,8-Decadienal, 5,9-dimethyl 68,35 19800621,50 0,2
2~«7-Heptodecynyloxy) tetrohydro2H— 68,99 375442425,03 0,8
pyron
4-Methyl-1 phenyl-2-pentonone 69,91 1003105964,34 2,0
Oleic acid 71,66 99210971,37 1,2
2,4 -Ditert-butyl-2,4-edomontonediol 72,06 5382755486,31 10,9
Stearic acid 72,75 73,03 503926251,44 501374036,69 6,2 1,0

4.Teneur en composés chimiques des huiles essentielles extraites des feuilles de Ocimum gratissimum

Le tableou 4 consigne l'abondonce relative des molécules des huiles essentielles des feuilles fraiches et seches
d'Ocimum gratissimum. Sur ces feuilles, le thymol est lamolécule plus abondonte. Sur cette molécule, loproportion de
92,6% et 93,7% est notée sur l'huile essentielle des feuilles froiches et seches. Ces proportions sont inférieures a 3% et
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2,4% observées avec lamolécule o-cymene. Pour I'Ocimum gratissimum, il est noté 10 molécules identifiées communes
oux deux huiles essentielles des feuilles fraiches et séches. Lamolécule caryophyllene oxide, stearic ocid et a-ergostenol a
poids moléculaire élevé n'est présente dons de I'huile essentielle des feuilles fraiches. Pour ces trois molécules, il est
observé une durée de l'injection dons la.colonne jusqu'a détecter ou niveou du détecteur de 45,71 min, 72,53 min et 73,67
min (Tobleow 4).

Tableau 4: Molécules chimiques constitutives d’huile essentielle de Ocimum gratissimum

Nom de constituants Temps de rétention (min) Surface (mV. s) Surface (%)
Frais Sec Frais Sec Frais Sec
B-Pinene 11,45 13,94 144512283,35 76675719,27 0,2 0,2
o-Cymene 13,56 15,87 1909406140,39 971346259,19 3,0 2,4
y-Terpinene 15,99 18,11 771909234,04 376479400,48 1,2 0,9
a,4-Dimethylstyrene 17,58 19,58 106607700,01 5541354595 0,2 0,1
Nerol 25,94 27,28 218404096,70 241036707,82 0,3 0,6
Linalool 30,45 31,40 452416658,32 230814537,65 0,7 0,6
Thymol 32,03 32,81 58405434337,46 38089437912,85 92,6 93,7
Coaryophyllene 37,97 38,32 97593106,20 113716710,44 0,2 0,3
o-Selinene 41,31 41,38 243844043.41 132855199,92 0,4 0,3
B-Bisobolene 42,06 42,09 339624172,38 345097266,93 0,5 0,8
Caryophyllene oxide 45,71 91892899,71 0,1
Stearic ocid 72,53 93532808,88 0,1
o—Ergostenol 73,67 217446925,46 0,3

5.Teneur en composés chimiques des huiles essentielles extraites des rhizomes de Zingiber officinale

Pour Zingiber officinale, 20 et 24 molécules sont constitutives des huiles essentielles des rhizomes frois et secs (Tobleou
5). Avec les rhizomes secs, le thymol est lo. molécule la plus obondante. Elle représente 71,1% sur les 24 molécules
identifiées. Il est noté une proportion de 5,9% de lo. molécule de zingiberene et 3% pour le a-curcumene. Sur les 20
molécules identifiées, la zingiberene est la plus importonte avec 18,7% des huiles essentielles des rhizomes secs de Z.
officinale. Lo tert-Butyl (2E) -3,7-dimethyl-2,6-octadienoyl, B-Sesquiphellandrene et a-Curcumene est présente
respectivement a 12,3%, 11,8% et 10,9% sur 20 molécules identifiées. Lo molécule B-Bisabolene et Borneol sont
représentées a lo méme proportion de 6,2%. Avec Z. officinale, 17 molécules identifiées sont communes oux huiles
essentielles des rhizomes frois et secs. Les molécules de a-Thujene, B-Pinene, y-Terpinen, Nerol, Maleic acid, Myrtenol
et Linalol oxide ne sont présentes des huiles essentielles des rhizomes secs de Z. officinale. Pour Z. officinale, lo.tert—
Butyl(2E) -3,7-dimethyl-2,6-octodienoyl est lamolécule plus lourde avec un temps de rétention de 62,66 min et 62,86
mindes huiles essentielles extroites des rhizomes frais et secs (Tobleom 5).
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Tableau 5: Molécules chimiques constitutives d’huile essentielle de Zingiber officinale

Nom de constituants Temps de rétention (min) Surface (mV. s) Surface (%)
Frais Sec Frais Sec Frais Sec
Comphene 9,99 12,33 208820279,74 115177930,79 0,9 0,3
o-Thujene 10,93 56569916,39 0,1
0-Cymene 14,72 16,89 183607243,84 1107048402,67 0,8 2,7
B-Pinene 14,82 75304122,95 0,2
Eucalyptol 15,26 17,38 533876455,16 475241185,32 2,3 1,1
"Terpinen 19,26 140960018,12 0,3
Nerol 29,04 131044700,22 0,3
B-Citrol 27,86 29,45 457976515,30 292936752,76 2,0 0,7
Borneol 28,79 30,34 1412081949,34 721694154,95 6,1 1,7
Linolool 29,13 30,69 430657261,16 302002417,18 1,9 0,7
a-Citrol 29,57 31,07 803113980,47 454492143,96 3,5 1,1
Thymol 33,23 34,88 187659666,87 29408057124,14 0,8 71,1
B-Citronellol 33,52 188156709,36 0,8
I-methyl- {4-methy 1 3-cyclohexen-1-yl) ethoxy 34,24 515265025,98 2,2
a-Curcumene 42,34 43,35 2529653630,96 1244399564,21 10,9 3,0
Zingiberene 43,20 44,16 4329791961,80 2445254046,50 18,7 5,9
a-Fornesene 43,55 44,49 1137782164,88 442148331,96 4,9 1,1
BBisabolene 43,92 44,86 1425320076,88 772046239,60 6,2 1,9
B-Sesquiphellandrene 44,68 45,57 2721098065,11 1161661369,26 11,8 2,8
Maoleic ocid 47,02 80791948,42 0,2
BEudesmol 50,54 51,26 314719045,08 132233144,76 1,4 0,3
Trons, trons—Fornesol 52,57 53,20 740832015,28 283455572,34 3,2 0,7
4BH,5aFEremophil- (10)-ene 53,59 54,18 579811289,51 279360864,04 2,5 0,7
Fornesol, tert-butyldimethylsilyl ether 54,40 681877920,40 2,9
Bicyclo[5.3.0]decon—2-one, 9-methylene 55,26 510170411,59 2,2
(2E,6E)-3,7,11-Trimethyl-2,6,10-dodecatriene 60,11 39238993691 1,7
Myrtenol 54,95 301731941,34 0,7
Linalol oxide 56,14 258235570,19 0,6
tert-Butyl(2E)-3,7-dimethyl2,6-octodienoyl 62,66 62,86 2843400256,00 694614842,97 12,3 1,7

6.Composés chimiquesidentifiées des huiles essentielles des cinq plantes aromatiques

Pour cinqg plontes aromatiques, excepté Cymbopogon citratus, le thymole et o-eymene sont des molécules identifiées
dons toutes les huiles essentielles (Tableou 6). Le thymol est représenté a plus de 90% dons les huiles essentielles de
Ocimum gratissimum extroaites sur les feuilles a 1'état frais ou sec. Les proportions de 71,1% et 52,6% du thymol sont
enregistrées dons l'huile de Zingiber officinale extraite des rhizomes a 1'état sec et de Chenopodium ambrosioides
extroite des feuilles séchées.

Le ocymene est représenté a 17,4% dons I'huile essentielle de C. ambrosioides extroite des feuilles séchées. Avec
une proportion inférieure a 5%, le o-cymene est présent dons toutes les autres huiles testées. Outre O. gratissimum, les
composés B-citral et a-citral sont identifiés dons les huiles essentielles de quatre outres plontes. Mais, le B-citral est
absent dons les huiles essentielles extraites des feuilles a 1'étot sec de C. ambrosioides et C. citratus. Avec ce composé,
l'occurrence de 32,6% observée dans 1'huile essentielle de C. citratus est plus importontes a 24,2 et 26,2 % notée dons les
huiles essentielles de C. ambrosioides et Lippia multifora. Por ailleurs, excepté dans 1'huile essentielle de L. multifora
extroite des feuilles a 1'état sec, le a-citral est identifié dons toutes les huiles essentielles. Avec les feuilles a I'étot frads, le
a-citral est représenté respectivement a une forte proportion de 40,5%, 47,1% et 52,6% dons 1'huile essentielle de C.
ambrosioides, L. multifora et C. citratus. Le (27) 2~«3,3-dimethylcyclohexylidene) n'est identifié¢ a 44,6% dons 1'huile
de C. citratus extraite des feuilles séchées. Les composés 1-imidazol--yl-2,2-dimethylpropon—-one, D-carvone et
2 4-ditert-butyl-2,4-edoamontonediol sont identifiés dons I'huile essentielle de L. multifora. Avec Z. officinale, sur les
rhizomes a 1'état sec et frais, il est identifié zingiberene, B-sesquiphellandrene et tert-butyl (2E) -3,7-dimethyl-2,6-
octadienoyl. Cependant, le constituant a-curcumene n'est identifié dons l'huile essentielle extroite de rhizomes a I'étot
sec. Toutes ces molécules ne sont présentes dons les huiles de C. ambrosioides, C. citratus, L. multifora et O. gratissimum
(Tobleow 6).
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Tableau 6: Composés mojeurs des huiles essentielles de 5 plontes aromatiques extroite des orgones a 1’étot frois et sec

Nom de constituants Chenopodium Cymbopogon Lippia Ocimum Zingiber

ambrosioides citratus multifora gratissimum officinale

Frais Sec Frais Sec Frais Sec Frais Sec Frais Sec
B-Citral 24,2 0 32,6 0 26,2 0 0 0 2,0 0,7
a-Citrol 40,5 1,9 53,7 30,0 47,1 0 0 0 3,5 1,1
Thymol 27,8 52,6 0 0,4 7,7 21,9 92,6 93,7 0,8 71,1
o-Cymene 3,2 17,4 0 4,5 0,3 49 3,0 2.4 0,8 2,7
2-Bornene 0 13,9 0 0 0 0 0 0
(2Z)-2+3,3-Dimethylcyclohexylidene) ethonol 0 0 0 44,6 0 0 0 0 0 0
1-dmidozol--yl-2,2-dimethylpropon—-one 0 0 0 0 0 16,9 0 0 0 0
D-Carvone 0 0 0 0 0 10,9 0 0 0 0
2,4-Ditert-butyl-2,4-edomontonediol 0 0 0 0 0 10,9 0 0 0 0
o-Curcumene 0 0 0 0 0 0 0 0 10,9
Zingiberene 0 0 0 0 0 0 0 0 18,7 5,9
B-Sesquiphellondrene 0 0 0 0 0 0 0 0 11,8 2,8
tert-Butyl(2E)-3,7-dimethyl-2,6-octadienoyl 0 0 0 0 0 0 0 0 12,3 1,7
Total identified compounds (%) 92,5 83,9 86,3 74,6 81 60,6 95,6 96,1 53,7 77
Discussion

Cette ¢étude a permis d'identifier les constituonts chimiques des huiles essenticlles extraites de Chenopodium
ambrosioides, Cymbopogon citratus, Lippia multiflora, Ocimum gratissimum et Zingiber officinale. Dons les zones
productrices d'haricots et pois cojon, ces plontes oromatiques sont utilisées por les producteurs comme ingrédients pour
lutter contre les bruches. Les organes a 1'état sec ou frais de ces plontes couramment utilisés sont les feuilles et les
rhizomes. Pour I'huile essentielle extroite des feuilles fraiches de C. ambrosioides, les constituants chimiques B-citral,
thymol et a-citral représentent 92,5 % de 20 identifiés. Le a-citral est le constituant majeur avec 40,4% suivi du thymol
(27,8%) et de B-citral (24,2%). La prédominonce de a-citral dans cette huile est contraire a celles observées por
Topondjou et al (2002), Singh et ol., (2008) et Cheken et al., (2010). Pour ces outeurs, il est noté une forte occurrence de
peymene. Mais, ce constituont chimique est présent dons 1'huile essentielle de C. ambrosioides ovec une foible
proportion de 3,2%. Cette différence seroit due a l'origine du matériel végétal. Les composés (Z)-escaridole, a-
terpinene, 4-carene, terpenolene sont dominonts dons l'huile essentielle de C. ambrosioides extraite des feuilles
froiches por Guptaet al., (2002) ; Owolobi et al., (2009) ; Monzote et al. (2011) ; Borges et al. (2012) ; Sontiogo et al.
(2014) ; Sontiogo et al. (2016) ; Monteiro et ol. (2017); Longsi et ol. (2018) ; Shameen et ol., (2019). Avec 1'huile
essentielle de C. ambrosioides extroite des feuilles séches, le thymol (52,6%), ocymene (17,4%) et 2-bornene (13,9%)
sont les composés dominonts de 14 identifiés. Cette huile essentielle est morquée por une forte occurrence du thymol.
Cette prédominonce est controire a celle de Terpinene observée par Cheken et ol. (2010), El-driss et al. (2016), Bigoga
etal. (2013) etJioo et al. (2020). Aussi, il est révélé une dominonce des composés ascaridole (Cavolli et ol., 2004 ; Koba
etal., 2009 ; AlKofetal.,2016), bornylene (Pan et ol., 2007) et cis—oscaridole (Dembitsky et ol., 2008). Le Thymol et le
a-citral sont les constituants chimiques présents quel que soit 'état des feuilles de C. ambrosioides. L'absence de f3-
citral identifié¢ dons I'huile essentielle de C. ambrosioides extroite de feuilles séches expliqueroit por sa.noture volatile.
Le 2-bornene seroit néoformé sous l'effet du séchoge des feuilles. Laforte proportion de ce composé n'est observée dons
I'huile essentielle de C. ambrosioides extraite de feuilles froiches.

Avec Cymbopogon citratus, il est signalé une forte proportion de a-citral dans les huiles essentielles extraites des
feuilles. Sur les molécules identifiées, a-citral représente 53,7% et 30% dons l'huile de C. citratus extroite des feuilles a
I"état frais et sec. Il est noté une différence des molécules identifiées des huiles essentielles de C. citratus selon 'état des
feuilles utilisées a I'extraction. Ces résultats sont similoires a ceux obtenus por Duttaet ol. (2014). L'huile extroite des
feuilles froiches, le a-citral et B-citral sont les composés majeurs avec une occurrence de 53,7% et 32,6%. Ces deux
composés représentent 86,3% de 15 molécules identifiées. Cette prédominance de ces deux composés est obtenue por
Matashyoh et al (2011), Bossou et ol. (2013), Pinto et ol. (2015), Degnon et al. (2016), Konko et ol. (2017), Pinto et ol et
aol. (2018), kpadonou et al. (2019) et valkovaet ol. (2022). Pour ces auteurs, le geranial (ou a-citral) et neral (ou B-citral)
sont des constituants chimiques plus importants de I'huile essentielle de C. citratus extraite des feuilles fraiches. Avec
les feuilles séches a I'obri de lo.lumiére, les molécules (2Z2)-2+3,3-Dimethylcyclohexylidene) ethanol (44,6%) et le a-
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citral (30%) sont majeures de 19 composés identifiés dons l'huile essentielle de C. citratus. Laprédominonce de (22)2—
(3,3-Dimethylcyclohexylidene) ethanol n'est signalée de notre huile essentielle de C. citratus extroite des feuilles a

I"état sec. Cette molécule est aussi néoformée sous 'effet du séchoge des feuilles a I'obri de lalumicre. Cette molécule est

inexistonte dons 1'huile essentielle de C. citratus extroite des feuilles fraiches. Elle résulteroit de B-citral. Par ailleurs, le

composé a-citral est présent dons I'huile essentielle de C. citratus quel que soit 1'état des feuilles a l'extroction. Sur
I'huile extraite des feuilles séchées a 'ombre, 'occurrence de 30% est notée pour l'a-citral. Cette proportion est en deca

de celles obtenues par Androte et ol. (2009), Kobe et al. (2009), Silou et al. (2011), Bossou et al (2013) et Likibi et al.

(2019).

Sur les 20 composés chimiques identifiés dans 'huile essentielle de Lippia multifora extraite des feuilles fraiches,
il est noté une proportion de 81% constituée de a-citral (47,1%), B-citral (26,2 %) et Thymol (7,7%). Par contre, il est
observé l'absence des composés a-citral et B-citral dans I'huile essentielle de L. multiflora extroite des feuilles séchées.
A T'obri de la lumiére, le séchoge rapide des feuilles de L. multiflora entrainerait I'absence de a-citral et B-citral,
molécules volatiles de cette huile essentielle. Mais, ces composés sont signolés por Somba et ol. (2021). Ces outeurs
révelent une forte proportion de citrol, neral et limonene dons l'huile essentielle de de L. multiflora extraite des feuilles
séchées a l'abri de lo lumicre. De nos résultots, le thymol représente a 21,9 % de 20 molécules identifiées. La
prédominonce du thymol est mise en exergue por juliniaet ol. (2008), Gouollaly et al. (2010), Soro et ol. (2015) et Kunle
ond Eghoarevba (2012). Le composé thymol avec 1-imidozol--yl-2,2-dimethylpropon—-one (16,9%), D—carvone
(10,9%) et 2,4—ditert-butyl-2,4-edoamontonediol (10,9%) constituent plus de 60,6 % des molécules chimiques identifiés
de l'huile essentielle de L. multiflora extroite des feuilles séchées a 'abri de lo lumiére. Les composés 1-imidazol- -yl—
2,2-dimethylpropon—-one (16,9%), D-carvone (10,9%) et 2,4-ditert-butyl-2,4-edomaontonediol ne sont identifiés dons
I'huile essentielle de L. multiflora extroite des feuilles fraiches. Ces molécules seraient néoformées sous l'effet du
séchoge a l'obri de lolumiere. Par contre, dons cette huile essentielle, les travoux de Konko et ol. (2004) ; Owolabi et ol.
(2009) et Diomondé¢ et ol. (2014) mentionnent lo présence de 1,8 cineole, sabinene, geronial, nerol, terpineol, thymyl
ocetate, cymene, linalol, limonene et carvoerol. Ces composés identifiés sont inexistonts ou représentés en foible
quontité de notre huile essentielle de L. multiflora extroite des feuilles séchées a l'abri de lalumiére.

Pour Ocimum gratissimum, le thymol est le constituant majeur avec une proportion de 92,6 % et 93,7 % de 'huile
extraite des feuilles fraiches et séchées a I'obri de lalumiére. Avec le o-eymene, ils constituent 95,6% et 96,1% de 13 et
10 molécules identifiées dons ces huiles essentielles de O. gratissimum. Avec l'huile essentielle de O. gratissimum
extroite des feuilles froiches, une occurrence de 92,6 % de thymol est plus importonte comparée a celle observée por
Kossietal. (2020). Por ailleurs, la forte occurrence de thymol est contraire a 'eugenol identifiée dons 'huile essentielle
de O. gratissimum por Motosyoh et ol. (2007), Prablu et al. (2009), Saliu et ol. (2011), Silvaet ol. (2016), Elhosson et ol.
(2016), Soshietal. (2017) et Barbosaet al. (2021). Cette différence expliquerocit por 1'origine géogrophie des plontes de
O. gratissimum. Dans 1'huile essentielle d'O. gratissimum extroite des feuilles séchées a lalumiére, laprépondéronce de
24.57% et 31,57 % du thymol est montrée por Kobenon et al. (2018) et Choumont et al. (2001). Ces proportions sont en
dessous de 93,7% de thymol observé. Le ocymene est représentée a moins de 4% des huiles essentielles d'O.
gratissimum extroites sur les feuilles a 1'étot frois ou sec. Mais, le p-eymene s'est révélé un constituont chimique maojeur
dons I'huile essentielle d'O. gratissimum extraites sur les feuilles séchées a 1'obri de lolumiére (Kobenon et al., 2018). 11
est signolé 'absence des caryophyllene oxide, steoric acid et a-ergostenol dans 1'huile essentielle d'O. gratissimum
extroite des feuilles séchées al'obris de lalumiére. Ces trois seraient trés volatiles.

Les constituants chimiques a-curcumene, zingiberene, B-sesquiphellandrene et tert-butyl(2E)-3,7-dimethyl-2,6—
octodienoyl sont mojeurs dons l'huile essentielle de Zingiber officinale extraite des feuilles froiches. Ces quotre
molécules chimiques représentent 53,7 % de 22 molécules identifiées avec une occurrence de 18,7 % pour le
zingiberene. Lo forte proportion de ce composé chimique est prouvée par Onyenekwe et ol. (1999), Felipe et ol (2008),
Podaliaet ol. (2011), Sasidharon et ol. (2012) et Sharmacet ol. (2016). Cette forte présence de zingiberene est controire a
celle observée por Guptoet ol (2011). Pour cet outeur, le geraniol est le composé mojeur. Avec 1'huile essentielle de Z.
officinale extroite des feuilles séchées a l'obri de la lumiére, le zingiberene est représenté a 5,9%. Ce constituont
chimique constitue avec le thymol 77% de 24 molécules identifi¢es. Le thymol reste le composé majeur avec 71,1%.
Cette prédominance expliquercit por lo tronsformation des composés pendant le séchage des feuilles a 'obri de la
lumiere. En effet, le thymol o une proportion de 0,8% dons 'huile essentielle de Z. officinale extroite des feuilles
fraiches. Cette forte occurrence du thymol est contraire a celle enregistrée por Sasidharon et ol. (2010) et Ugbabe et al.
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(2019). Ces outeurs identifient oreurcumene, verbenol et eucalyptol comme constituonts mojeurs. Pour Z. officinale, il
est identifié 17 composés présents a des proportions différentes dons 1'huile essentielle des feuilles fraiches et séchées
dont camphene, o-cymene, B-citral, borneol, linalool, a-citral, a-farnesene, f-bisabolene, -sesquiphellandrene et p-
eudesmol.

Conclusion

L'¢tude révele une forte variation quontitative et qualitative des composés chimiques des huiles essentielles de cinq
plontes oromatiques utilisées par les producteurs pour lutter contre les bruches haricots et de pois cojon. Il est identifié ou
moins 10 constituonts chimiques des huiles essentielles extraites des feuilles de L. multiflora L., C. citratus Steud, C.
ambrosioides L. et O. gratissimum L oinsi que les thizomes de Z. officinale Rosc. Ces constituants sont les monoterpernes,
les diterpenes et esquiterpenes. Le B-citral, le a-citral, le thymol, le o-cymene, le a-curcumene, le zingiberene, le 3-
sesquiphellandrene et le tert-butyl(2E)-3,7-dimethyl-2,6-octadienoyl sont les plus représentotives des molécules
chimiques identifiées. Ces molécules contribuent a l'efficacité de ces huiles extroites dons la lutte contre les
bioogresseurs de haricot en champ et en conservotion des graines. Pour une plonte oromatique, il existe une voriobilité
desmolécules chimiques selon 1'état frois ou sec de l'orgone utilisé a l'extroction de 'huile essentielle.
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Abstract

Smallholder formers ore procticing ogroecology to enhonce productivity, efficiency,
ond morket access while coping with market uncertainty, environmental threots,
ond finonciol instobility. Risk monegement addresses ogricultural climate
vulnerobilities, but the role of social network drivers on form resilience proctices
has not been explored. This study examined the social network drivers that
support avocodo agroecological practices among producers on o multistokeholder
platform. It uses sociol network onolysis to identify connections ond centrality
meosures in production, morket, ond information exchonge networks. The
methodology consists of former interviews ond focuses on promoting
agroecological practices. A multiple lineor regression model wos then used to
determine if network centrality metrics, formers’ sociodemogrophic foctors,
ond form ottributes influence the adoption of avocado agroecological techniques.
The study reveols that market centrolity ond information exchonge networks
significontly influence agroecological proctices more thon production networks.
Adoption is highly influenced by formers' oge and education, but not by form
size, gender, or education level. The findings show the significonce of multi—
stokeholder strategies in addressing societal issues, especially in the avocado
sector. The study supports local initiatives involving formers in technology
innovation in rural areos ond contributes to the debate on the Agriculturol
Innovation System.

Les Réseaux Sociaux, Moteurs Des Pratiques Agroécologiques: Le CasDeLa
Plateforme Multi-Acteurs De L'avocat AuKenya

Résumé

Les petits exploitonts ogricoles pratiquent 1'ogroécologie pour améliorer la
productivité, l'efficacité et l'acces ou marché tout en foisont foce a 1'incertitude
du morché, oux menaces environnementales et a 'instobilité finonciere. Lo
gestion des risques s'ottaque oux vulnérobilités climatiques ogricoles, mois le
role des moteurs de réseoux socioux sur les pratiques de résilience agricole n'a
pos été exploré. Cette étude exoamine les focteurs de réseom sociol qui
soutiennent les protiques agroécologiques de l'avocatier pormi les producteurs
sur une plateforme multiportite. Elle utilise I'onalyse des réseoux socioux pour
identifier les connexions et les mesures de centrolité dons les réseaux de
production, de marché et d’échange d'informations. La.méthodologie consiste
en des entretiens avec les agriculteurs et se concentre sur lo, promotion des
protiques agroécologiques. Un modéle de régression linéoire multiple aensuite
été utilisé pour déterminer si les mesures de centralité du réseau, les facteurs
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sociodémogrophiques des ogriculteurs et les oftributs de I'exploitation
influencent l'adoption de techniques ogroécologiques pour l'ovocatier. L'é¢tude
révele que la centrolit¢é du morché et les réseaux d'échonge d'informations
influencent les protiques ogroécologiques de moniére plus significative que les
réseaux de production.L'adoption est fortement influencée por l'dge et
I'"éducation des ogriculteurs, mais pos por latoille de 1'exploitation, le sexe ou le

r;tosé:(l;;ie . niveou d'éducation.Les résultats montrent 1'importonce des stratégies
avocat ; multipartites dons la résolution des problémes sociétoux, en porticulier dons le
plateforme multipartite ; secteur de l'avocatier. L'étude soutient les initiatives locoles impliquont les
analyse des résequx sociaux ; ogriculteurs dons 1'innovotion technologique dons les zones rurales et contribue

chaine de valeur ou débat sur le systéme d'innovation agricole.

Introduction

Social networks in ogroecological systems significontly influence form innovotion by providing support ond
knowledge sharing ond fostering long-term territoriol development (Cofré-Bravo et al., 2019). Innovation is a sociol
ond interoctive process, requiring octor interaction ond informotion flow (Skowlsveen et al., 2020). Network structure
influences innovation growth ond performonce, ond understonding uptoke ond processing is essentiol. Network
opproaches are useful in agro—food systems reseorch, as they consider power balonces between supply choin actors.

Social network onalysis (SNA) is e method used to onalyze relotional doto, based on groph theory (Chiffoleou &
Touzard, 2014). It reveals that formers are connected to various networks, including fomily, friends, ond stokeholders,
which influence their proctices ond performance. Formers interact with vorious public ond privote outhorities, including
orgonizoations, ossociations, ond institutions. Stokeholder networks have a greoter impact on formers' decision-moking
thon technicol support, fomily member networks, or orgonizotion communities. This study emphaosizes the importonce
ofunderstonding key octors in sociol networks thot focilitote information dissemination, aligning with previous reseorch by
Oreszczynetal.,2010,ond Issohoku,2019.

Aguilor-Gollegos et al. (2015) found thot stronger stokeholder ties omong formers lead to better technology adoption
ond increased profits. Colloboration networks significontly enhonce formers’ chonces of adopting forming innovotion
improvements. Filippini et al. (2020) found that knowledge flows influence technology adoption, but no study has
explored the influence of networks on formers' adoption of avocado ogroecological proctices. Agriculturists’ perceptions of
ogroecological techniques are influenced by technological innovations and societol foctors.

Agroecological practices aim to increase productivity while considering adoptation, resilience, ond emissions
reduction. Climate chonge impocts non-troditionol weather potterns, crop choices, diseose ond insect infestation
patterns, ond nutritional value (Agbenyo et al., 2022). Smallholder ogriculture foces chollenges in enhancing crop
production ond food security due to vulnerability to climote threats. Extreme weather events like floods, droughts, ond
pest outbreoks con impact crop failure, yields, morkets, ogribusiness, food security, and individual former income (Ojo
etol.,2022). Poor harvests con also offect lenders, governments, ond intermediaries aiding (Troncorelli, 2023).

Sustainoble Development Goals (SDG) 18 focuses on comboting climate chonge, but smallholders must novigote
morket volatility, environmentol hozords, ond finoncial instobility. Private sector ployers are monoging vulnerobilities,
but the brooder interplay of components for scole resilience is not yet adequately addressed (Dioz-Sarachoga et ol.,
2018).The study explores the use of a multi-stokeholder plotform (MSP) to tackle climote chonge—telated issues in
forming, emphasizing the importonce of considering the perspectives of various stokeholders (Rosch, 2019). It suggests
MSP os o potentially effective approoch to tackle complex socio—economic, environmentol, ond problems offecting
avocado producers.

The sociol network drivers of agroecological practices refer to the factors within sociol networks thot influence the
adoption, dissemination, ond implementotion of these proctices in forming communities (Linet ol.,2021). These drivers
include network structure, information flow, trust ond social copital, learning ond innovotion, shared values ond norms,
leadership ond influence, resource sharing, ond policy ond institutionol support (Rop etal., 2023). Networks with dense
connections ond influentiol centrol nodes focilitote the adoption of agroecological proctices more effectively.
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Information flow is influenced by strong ties between formers, researchers, extension ogents, ond community leaders,
leading to the efficient exchonge of knowledge as previously advocated by Oreszczyn et al., 2010). Trust ond social
copital emong individuals in o network ploy a crucial role in encouroging the shoring of ideas, experiences, ond
resources reloted to ogroecology, fostering collective learning and adoption.

Learning ond innovation are occelerated by learning from each other’s successes and failures, while shared values
ond norms within c.community or network influence behavior (Yu &Gambra, 2024). Influentiol individuals or opinion
leaders within networks con significontly impoct the adoption of agroecological proctices.

Resource sharing is focilitated by networks, leoding to greater cooperation ond support among formers. Policy—
moking ond institutional support for agroecological proctices con also be influenced by networks as advocated eorlier
by Mozé et al., 2021). Understonding these drivers helps proctitioners, policymokers, ond reseorchers design more
effective interventions, outreach progroms, ond policies that leverage existing social structures to promote oand support
the adoption of agroecological proctices within forming communities.

This study explores the significont role of multi-stakeholder strategies (MSPs) in addressing societal chollenges,
porticularly in the avocado sector. It examines foctors such os momentum, ownership, ond oworeness, os well os the
influence of oge, education, ond personal copobility on climate-smoart proctices. Understonding these foctors is cruciol
for developing needs-specific forming proctices ond disseminating agriculturol knowledge (Dioz-Sarochoga et al.,
2018).

The objectives of the study were: (i) To explore the role of social network drivers in on-form resilience proctices
among avocado producers in Kenyo. (i1) To use social network onalysis to identify connections ond centrolity meosures
in production, market, ond information exchonge networks among avocado producers. (iii) To determine the factors
that influence the adoption of avocado agroecological techniques among avocodo producers.

Methodology

Studylocation

The research focused on the Upper Mora Watershed, specifically the East Bomet and Norok West Sub—County region,
located in the Mou Forest Complex, at 1900-2970M elevotion (Figure 1).The Upper Marawotershed, with aclimate of
12°16°C ond Andosols ond Nitisols soils, is primarily used for forest and ogriculture. Its lowlond region, encompassing
grosslond, livestock, ond wildlife, preserves the ecosystem. However, humon expoansion ond resource depletion have
led to lower productivity. To counter this, ovocodo forming has been integrated into cottle rearing, preserving wotersheds,
ond promoting cultural ond economic values (Oware, 2020).
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Figure 1: Mop of Upper Mara Watershed Showing the water users associotions ond former cooperative groups.

Sample Technique and Sample Size

The study investigated the avocado value chain in Kenya by conducting interviews with atotol of 80 stokeholders ond
60 formers offilioated with four cooperatives. To select the stokeholders, a.combination of simple random sompling ond
stratified sampling techniques wos employed. Specifically, 80 avocado stokeholders were chosen from three cooperatives
located in Bomet Eost and Narok West Sub-Counties, ensuring arepresentative sample from various stratawithin these
cooperatives. Similorly, a strotified sompling method was utilized to select 60 avocado formers from the list of four
cooperatives, focilitating diverse perspectives across different segments of the value choin. This approoch cimed to
provide acomprehensive understonding of the avocado volue chain by capturing insights from arange of stakeholders
ond formers. It delved into sociodemographic traits, challenges in implementing climote-smort proctices, ond
information shoring within the industry. The research identified three types of networks: production, morket, ond
information exchonge networks.

Data analysis

The onalysis involves defining and quontifying sociol networks omong avocodo formers ond opplying multiple lineor
regression anolysis to determine if sociodemogrophic information ond smollholder form charocteristics influence
agroecological techniques adoption.

Social Network Analysis

The study used sociol network onolysis (SNA) to exomine the relationships between different stokeholders in the
avocado value chain. The study used a dichotomous motrix to represent the presence or absence of a relationship
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between two nodes, and Gephi software to cnolyze the doto. The study applied two levels of onolysis: degree centrolity
ond betweenness centrolity, which meosure the importonce ond influence of each node, respectively. The study also uses
density, tronsitivity index, ond cluster coefficient to assess the characteristics of the whole network, such os its cohesion,
openness, ond sub—group formation.

The onalysis was based on the concept of agroecology in the sense thot it applies ecological and social concepts and
principles to the design and monagement of the avocado production system. Agroecology is o holistic ond integroted
opprooch thot seeks to optimize the interoctions between plonts, onimals, humons, ond the environment while also
oddressing the need for socially equitable food systems. By using SNA, the study identifies the key octors and linkoges
in the avocado volue choin, as well as the potential opportunities ond chollenges for improving its sustoinobility ond
resilience. Agroecology olso recognizes that food systems are context-specific ond depend on local conditions,
constraints, ond opportunities. Therefore, SNA con help to understond the diversity ond complexity of avocodo volue
chain systems and their interoctions with ecological and social foctors.

In groph theory, o subgroph having aroute linking every pair of vertices is referred to os o.connected component.
Network onalysis is o method of studying the connections ond interoctions between different elements in o system
(Muller et al., 2019). The connected components os o port of o network where every element con reach every other
element through some path (Muller & Peres, 2019). The lorgest part of anetwork is colled the giont component, ond it
shows how well the network is connected overoll. The degree of assortative is the tendency of elements in anetwork to
link with other elements thot are similor or different from them in some way (Yuon et ol., 2021. The degree centrality,
which is the number of connections on element hos, illustrates how degree ossortativity con be colculated ond
interpreted. The degree of assortotivity is expressed as a correlation coefficient between the degrees of two connected
elements. A positive coefficient meons thot elements tend to link with elements thot have similor degrees, while anegotive
coefficient meons thot elements tend to link with elements that have different degrees. The degree of assortativity
indicates how well anetwork con connect its core and periphery, and thus its level of connectivity (Rop etal.,2023).

Results and Discussion
Therole of social network drivers in on-farmresilience practices among avocado producers

Gender and marital status

The survey reveals that men outnumber women in avocado growing, alobor-intensive industry with specific duties for
males and teenogers. Women prefer other food crops for family food security, while moles prefer avocado cultivotion.
Gender plays a.crucial role in knowledge learning, shoring, ond decision-moking, particulorly in climote-smort proctices
ond ogricultural production. Gender is essential for addressing societal and economic needs, fostering climote-smort
proctices, and agricultural resilience. In developing countries, where women monoge form lobor, gender is especially
importont (Maetal., 2022 &Jaroenwonitetol.,2023).

The research reveoled thot 90% of respondents were morried, with 3.89% being widows/widowers. Gender roles
in lond use choice-moking ore influenced by marital stotus, labor allocation, ond ogricultural octivities. Morrioge
creates fomilial duties, emphosizing the need for socioeconomic networks for access to information ond funds. The
avoilobility of family labor may inspire married formers to plont more crops and opply agricultural knowledge. The
study supports previous research showing that informotion connection among avocodo smallholder formers varies by
gender, with women hoving more intimate networks ond mediause. Boloncing open interoction with sources ond strong
fomily networks is crucial for climate chonge aworeness.

Age and educationlevel

The mojority of avocado growers in rural areos ore aged between 34.41 ond 60.53, with older formers moking up 19.0%
ond younger formers moking up 34.4%. Age significontly influences climote-smort avocado forming adoption, knowledge
acquisition, ond odoptotion opprooches. Elderly formers are less likely to adopt lobor-intensive ond knowledge-intensive
forming technologies compared to younger formers. Most avocado formers have moderate literocy levels, with most
obtaining primory school certificates. Educotion for smallholder formers is o vioble technique for addressing forming
constraints like diseases. Age may be abarrier to formers adopting technology, but education is akey influencing foctor.
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Education level is crucial for formers to adopt climate-smart proctices effectively. Formers with higher education con
perceive, onalyze, ond respond to new information more effectively (Setshedi&Modirwa, 2020). However, avocado
farmers with modest literocy levels con still participate in development. Action learning con increose their capacity for
creativity in innovotion systems, even if they have aminimum level of literacy ond aworeness (Andrew et al., 2019).

Farm size and avocado planting techniques on farms

The study reveoled that form sizes vary ocross three agroecological zones, with 0.1-0.1 haaccounting for 9.8%, 1-2 ha
for 25.5%, 2.1-3 ha for 19.6%, and 3.1 ho for more thon 45.6%. Form size is cruciol for implementing climote-smort
proctices, as smollholder formers often struggle to adapt to new technologies (Salmorin&Gepty, 2023). However,
uncertainty about benefits ond lond pressure con hinder adoption. Form size is often included in modeling acceptonce
processes, os itis highly connected to the adoption of new technologies (Marescottietal., 2021).

The study reveoals thot smollholder formers with vorying experience in avocado plonting, with most having motured
trees, are more likely to adopt climate-smort proctices. These proctices include intercropping, pure stonds, boundory
plonting, ond alternate rows. Climate voriobles define ogroecological zones, ond climate-smart techniques like
integroted nutrient monogement ond conservation tilloge are more successful in preserving soil moisture (Zerssoet ol.,
2021).

The study reveals apositive correlotion between avocado yield ond form size, porticulorly omong small forms thot
porticipate in o multi-stokeholder plotform. Climate-smort practices ond technology adoption con boost productivity
ond lond resilience, impocting form income (Rop et al., 2022). Even smaller forms with lower yields con benefit from
increosed production ond communicotion through o.multi-stokeholder plotform, communicotion, ond doto. monogement.
This supports previous reseorch showing thot climote-smort methods con increase avocado output.

Rainfoll ond temperature trends ore posing risks to agriculture, necessitating regionolly oppropriate knowledge ond
technologies (Wise, 2020). Indigenous knowledge is crucial for sustoinoble proctices, ond climote-smart avocodo
plonting techniques are influenced by plonting technique ond duration, moking the chosen forming strotegy crucial for
avocado forming sustoinobility.

The Avocado Farmers' Social Network Analysis

The networks of avocado stakeholders in the value chain are depicted in Figure 2, showing the paths through which
growers, cooperative societies, input suppliers, ond purchosing componies share information. Formers with higher
degrees interact with formers in cooperative societies ond other stoakeholders in the production network, whereos
higher-degree nodes connect stokeholders(Agneessens etal.,2017).

This may be explained by the foct thot, os wos olready mentioned, the cooperatives hod different ogroecological
coveroge, ond thot during the interviews, formers recognized other formers in the production network who were
typicolly opinion formers. Formers typicolly request ossistonce with field tosks such as pruning, wotering, weeding,
mulching, sharing sproyers, ond harvesting ot the same time. As aresult of the geographical configuration, they ore more
likely to seek assistonce from neighbors. In comparison to the information exchonge network, the production network is
likewise less dense (Agneessensetal.,2017).

Agroecological zones ore importont to the information exchonge network because they allow for the identification
of formers from mid-ogroecological zones by both for-off and neorby formers as well os by numerous former groups ond
cooperatives. Connecting to the network depends on the reputotion of the formers. The market network, however, is
frogmented, with formers selling their fruit infrequently ond mostly selling small quontities of avocado to nearby
retailers in urban centers. Due to damoge or malformation, these avocados are of low quality.

At the some time, unless there was o preexisting controct orrongement with avocado export corporations, formers
are typically independent in their marketing. In discussions obout the sole of avocodo fruits, growers voiced doubt
about the methods used by other formers ond export componies. As aresult, they frequently opt to market their ovocado
in other locations through brokers or new buyer orgonizations that provide higher rotes. A toilored policy from the
cooperatives, involving controct ogreements ond even regulotory oction from government outhorities, wos in reality
used to encouroge the sole of avocados among export firms in order to better monoge the quality of the avocado for
export.
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Figure 2: Avocado value chain stokeholder network with nodes indicoting centrolity, color-coded, representing node
size and centrolity.

Table 1 lists the key charocteristics of developed networks. The production network links 44% of nodes, but the morket
network connects just 16% of'the entire sample. All nodes (100%) are connected by the information exchange network.
As aresult, the production ond market networks’ information exchonge networks have lower density values thon the
regulatory service providers’ networks, indicating less cohesion. The production network’s tronsitivity index reveals
node clustering, with o low-density score of 0.012 (1.2%), os compared to the regulatory services’ 0.25 (25%). The
study confirms discussions by finding thot formers often colloborate on production support tosks in small groups of
related forms. Both the production ond the informotion exchonge networks have a negative ossortativity coefficient,
with the former being significantly more disossortative (r=-0.73) thon the other network (r=0.99).

Table 1: Structural charocteristics ond network statistics

Network of Producers Network of Marketers Network for Information

Dissimilators
Number of linked nodes 33 (44%) 16 (21%) 38 (100%)
Number of edges 82 27 147
Degree—av. (st.dev.) 1.32 (1.75) 0.99 (0.21) 0.99 (0.34)
Top 3 nodes (degree score) AF (25), IR (11), WRUA (8) CMAF (13), OV (6), BF (4) HCD (10), WRA (10),
KEPHIS (10)
Betweenness—av. (st.dev) 23.04 (44.460 7.96 (3.89) 23.49 (14.25)
Top 5 nodes (betweenness score) AF (152), IR (78), WRUA 16) CMAF (27), OV (2), BF (1.8) HCD (37, WRA (33),
KEPHIS (22)
Density 0.012 0.2 0.25
Maossive component (% of nodes) 33 nodes (44%) 16 nodes (11%) 38 nodes (100%)
Assortotivity coefficient (r) “0.73 0 70.991

Note: AF represents avocado former; WRUA is the woter resource user's association, CMAF is the cissmora ovocado former
cooperotive; HCD is the horticultural crop directorote; IR is Isinya Roses seedling supplier; BF is Bioform ovocado exporter; OV is
Olivado avocado exporter; KEPHIS is Kenyaplont heolth inspectorote service.
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The production network connects core nodes to peripheries well while being less dense thon the informotion exchonge
network. Given a low density of 1.2%, the big component clusters 44% of nodes, which is a moderote score. This is
supported by centrality meosurements, which show thot nodes with low betweenness centrality ond low centrolity
degree have a limited obility to link with peripheral sub—groups. Both the production network ond the information
exchonge network exhibit astronger propensity in this direction.

Although the production network hos alower density score thon the informotion exchange network, it has agreater
averoge betweenness centrality, indicating o lesser connection copocity. The production network olso hos o greater
averoge degree of centrality, which suggests thot the informotion exchonge network hos fewer connections. The enolysis of
the stondord deviation, however, points to amore uniform distribution.

In this study, which examines several networks, links between formers ore found (Crespo et al.,2014). The findings
demonstrate how centrality foctors in production networks, such as support ond advisory services, significontly impoct
the use of climate-smort proctices in ovocado forming. Networks for information sharing do not, however, significontly
influence odoption rates. Compared to individual formers, multi-stoakeholder platforms provide information to formers
more quickly. Higher adoption of climate-smoart techniques to increose resilience on the formers' forms is more likely to
be influenced by the stokeholders with more clout who are more vital to the production network. In other words, by
exponding the network of informotion exchange, having extra advisory service relotionships with other stokeholders
improves the likelihood that they would adopt climate-smort activities (Mwowudaet ol., 2023).

The results support networks’ beneficial role in driving the adoption of climate-smort proctices. In particular, the
research reveols thot when examining the role thot networks ploy in the dissemination of technological knowledge, it's
necessory to consider not just the network'’s presence but also the noture of the relationships between the players
(Borgottietal.,2009; Muller & Peres,2019).

A further significont finding is related to the network structure learning. The exomination of the network structure
offered a.crucial insight, even if this study did not regress the network structure’s indicotors, such os density, tronsitivity,
ond ossortativity, to the adoption indicotor for climote-smart activities. Due to stronger connections ond less information
redundancy, the production network appeors to be more effective thon the information exchonge network ot disseminoting
knowledge obout agriculturol proctices (Muller & Peres, 2019).

Empirical test evaluating factors for adoption of avocado agroecological techniques among avocado producers
The SNA research investigates stokeholders’ involvement in networks ond their influence on the structure of networks.
As the dependent varioble in aomultiple linear regression onalysis, climate-smort proctices ore used to ossess network
odoption.

Following the theoretical orgumentation previously exploined, the adoption of climate-smart techniques is
explained by the model using centrolity metrics from stokeholder networks along the avocado volue choin. Information
exchange degree centrolity meosures the nodes of regulotory service providers in the information exchonge network,
while production degree centrolity considers the centrolity of formers in the production network, ond morket degree
centrality considers the centrolity of the market network. In the model, these meosurements serve as independent
variobles (Filippinietal.,2020). In addition, the morket betweenness centrality considers the betweenness centrolity in
the moarket network, the information exchonge betweenness centrality meosures the betweenness centrality in the
network of regulatory service providers, and the production betweenness centrolity refers to the betweenness centrality
of formers in the production network.

The model contains control variobles such as form characteristics ond unique former traits. The form's output
capobility is determined by the quontity of avocado trees plonted. Formers’ views toword avocado climote-smort
techniques ore influenced by their sociodemogrophic features. The models investigate the potentiol impoct of oge,
educoation, ond gender on the use of climate-smart proctices. While gender is o gender-specific vorioble, primary,
middle, high school, and university levels are categorical variables. These elements aid in understonding why avocado
climate-smoart techniques have been adopted (Mwawudaetal., 2023).

The variobles’ descriptive statistics are presented. For the avocado value choin networks, notably for the network
for producers, the correlation motrix reveols strong relotionships between the degree ond the betweenness centrolity
variobles (Toble 3). In this situation, oge ond education with the degree ond betweenness centrality, polychoric
correlation is especially intended to quontify dependency between observable variobles thot match the criteria for
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Likert items while the postulated underlying phenomena they measure ore continuous. It displays their linear connection
given only discrete observoble variobles under the condition of bivoriate normality for two lotent variobles (Lyhogen&
Ornstein, 2023).

Table 2: Correlation motrix of stokeholders

Attributes 1 2 3 4 5 6 7 8 9 10
Age —0.16%* 1 0.21*%* —=0.03 0.29** 0.14**  0.11** 0.24 0.32
Education -0.09 —0.27 0.11 1 -0.02 0.14 073 0.06
Gender -16 -0.27  0.19**  0.86 ~0.05 0.11 70.07
Avocado amount 0.55 0.70 0.25 0.615 0.36 0.62
Producer Degree of Centrality 0.69*%*  0.51 0.59%%* 0.45 0.47
Marketing Degree of Centrality 0.73 0.51 0.51 0.61
Information Dissemination Degree 0.50 0.54 0.69%**
Centrality

Producer Betweenness Centrality 0.63%* 0.43
Marketing Betweenness Centrality 0.59%%*

Information Dissemination
Betweenness Centrality

Note: For variobles 1,4, 5, 6, ond 7, Pearson correlation is used, whereas for variobles 1 ond 2, polychoric correlation is relied on.
** represents 5% significonce.

The study reveals o strong correlotion between degree ond betweenness centrality in the producers’ network, which
positively influences the adoption of avocado os aclimate-smort proctice in oll three networks (Table 2). This suggests
that centrol nodes con spread technology, unlike in the other two networks, and aligned with the eorlier work
byMaorescotti et ol. (2021). The copacity of the former’s network has on impact on the introduction of avocado os o
climate-smort proctice, with producer degree centrality being the most importont foctor. This implies that while core
nodes do not substontially expond the oadoption of avocado as a.climote-smart proctice technology in the morketing ond
information dissemination networks, their connectedness hos o beneficiol impact on the adoption of avocado in the
producers’network.

A multivoriote lineor regression model with y; as the dependent variable and ; os the intercept is described by
formula (1). Three-degree centrality meosures ore the independent variobles, while the control variobles are age (z,1),
education (z,1), gender (z,1), and the number of avocado trees on the form (z,1).

yi= Bi+ xi + z1i + 221 + 23i + z4i (1)

Toble 3 displays the findings of the created models, where the independent voriobles are the degree of centrolity in the
producers’ network (Network 1), the marketing network (Network 2), ond the informotion dissemination network
(Network 3) networks.
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Table 3: Multiple linear regression on sociodemographic ottributes of the avocado growers

Network Network Network
1 2 3
Attributes Coefficient ~ St.Dev. p Value Coefficient St.Dev. p Value Coefficient St.Dev. P Value
Intercept 0.40 0.28 0.163**%  0.45 0.21 0.04**  0.86 0.15 0.000**
Age -0.09 0.019 0.354 70.02 0.07 0.8%* 0.04 0.05 0.42
Education 2 -00.2 0.003 0.534 0.001 0.003 n.s. 0.00 0.021 0.9
Educotion 5 10.29 0.38 0.534 0.03 0.03 n.s. —-0.02 0.19 0.4
Avocado yields 0.11 0.00 0.777. 0.00 0.00 n.s. 0.01 0.00 0.01%*%*,
Gender 0.001 0.32 0.063 0.09 0.001 n.s. 0.06 0.05 n.Ss.
Producer 0.11 0.001 0.00**
degree
centrolity
Morketing -0.027 0.08 n.s.
degree
centrality
Information 0.04 0.03 n.s.
disseminotion
degree
centrolity
R’ 0.58 0.084 0.18
p-value Hk sk %

Note: The dependent varioble is the centrality of the producers, ond the number of plonts on the form determines avocado production.
Educotion 2 refers to elementory school, ond Education 5 to secondary school or diplomalevel. ** indicotes significont ot 5%.

Age has asubstontiol influence on the uptoke of avocado as a.climote-smart proctice on forms; os people get older, fewer
formers use the technology (Table 3). The use of avocado os a climate-smort proctice is not, however, considerobly
impacted by the scole of the form. The adoption of avocado as a.climate-smart technology is common across forms of oll
sizes. The adoption of avocado as aclimate-smort proctice is unoffected by the gender or educational stotus of formers.

None of the three models olter the socio-demogrophic ottributes of avocado producers, such os oge, gender,
education level, ond form size (Toble 3). However, relationship outcomes vory. Benefits from avocodo yields, maorket
relationships, ond generol odvice ond information shoring omong the stokeholders oll have on impoct on the introduction of
climate-smort strategies. The final type of network appears to be more coherent thon the producers’ network, indicating
that avocado yield advontoges have on impact on the adoption of climate-smort techniques (Mwowudaet ol.,2023).

Formers con exchonge generol information ond tips on forming octivities via the informotion dissemination
network, which links them with other formers. Input providers and regulatory service providers serve as centrol nodes
ond ore more commonly considered by avocado producers. These interactions toke ploce in informal settings, on multi—
stokeholder platforms, during cooperative meetings, ond on forms (Kobirigi et ol., 2022). The expertise ond involvement in
communities of centrol formers determines their reputation. Due to the lower likelihood of older formers adopting
climate-smort initiatives, the network is essentiol for disseminating knowledge obout these techniques ond enhoncing
formresilience (Joroenwonitetol., 2023).

The producer network links those who wont to assist avocado formers with those who wont ossistonce from
avocado formers, frequently in exchonge for support (Troncarelli, 2023). This network is fragmented, with connections
moade between eoch former ond o few nearby stokeholders. In the volue chain, there is a cleor distinction between
cooperatives ond other former groups (Horton et al., 2022). Formers who have more connections exchonge information
more frequently ond consult with other stokeholders, who have a greater influence over ogricultural proctices, volues,
ond regulotory services. This mokes it simpler to exchonge knowledge regording avocado plonting methods, morketing
strategies, ond phytosemitory stendords.
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Conclusions

Networks promote the sharing of knowledge, ossets, ond ossistonce, which oids in the uptoke ond application of
ogroecological practices.

Key nodes, communication poths, ond resource-sharing potterns within these networks using social network
onolysis. Trust, information exchonge, shared volues, ond the participation of prominent stokeholders or leaders within
the networks ore foctors promoting the adoption of avocado ogroecological approoches.

Social networks ploy importont role in fostering resilience omong Kenyon avocado growers. Producers may create
o more resilient ond productive environment by improving communicotion channels, estoblishing trust, including
importont influencers, promoting sustainable production, ond funding copacity-building initiotives.

Recommendations

Enhoncing communicotion chonnels, fostering cooperotion and trust, locoting, ond involving individuols with influence,
promoting lows thot support sustoinoble avocado forming, conducting ongoing research and oversight, ond funding
capocity-building, training, ond educational projects ore some of the recommendotions of the study.

To boost production ond resilience on forms, these suggestions seek to establish o conducive atmosphere for formers to
adopt and responsibly apply agroecological techniques.
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Abstract

Pests are amajor constraint in vegetoble production in mony ports of Zimbobwe,
butthere is consideroble untapped traditional knowledge on pesticidal plont use
ogoinst vegetoble pests.A study wos conducted in Mokoni district, Zimbabwe,
to evaluate the current formers’ knowledge, attitudes and proctices on pesticidol
plont use ogainst vegetable pest. Seven focus group discussions were conducted
ond structured questionnaires were administered to 200 formers. Results indicoted
that formers in Mokoni were using both chemical pesticides and pesticidol
plonts. The survey showed thot formers procticing orgonic forming systems
were using more pesticidol plonts thon those using conventionol forming
systems. Over 70% of the respondents who used pesticidal plonts were above
40 years while slightly more females used pesticidal plonts thon moles. Most
respondents were growing crucifers and tomatoes ond there were 19 different
plont species ond 16 synthetic pesticides used agoinst vegetoble pests. Pesticidol
plonts were mainly opplied in crucifers agoinst ophids ond on tomatoes ogoinst
red spider mites. Formers applied pesticidal plont extracts ot voried rotes.
However, the mojority of them (60%) were using on application of 1 kg/5 litres
(w/v) for all pesticidal plont liquid formulotions. Most formers olluded to on
application frequency of four ond three times per month ond 90% perceived
pesticidal plonts to be moderately to highly effective. This study reveoled thot
formers in Mokoni were well oware of pesticidal plonts ond were using them os
on olternative pest control meosure. Although the use of pesticidal plonts hos
been promoted, there is no cleor volidation of their application frequency ond
efficacy ogainst specific pests. This study formed the basis for prioritizing plont
species for evoluation of their efficocy, opplication rotes ond frequency of
application to users ond provides aplatform for scientific research.

Connaissances, pratiques et attitudes ethno-écologiques des agriculteurs
concernantl'utilisation de pesticides contre les ravageurs des légumes dans
le district de Makoni, au Zimbabwe

Résumé

Les ravogeurs constituent une controinte mojeure pour lo production de
légumes dons de nombreuses régions du Zimbobwe, mais il existe un savoir
traditionnel considérable et inexploité sur l'utilisation de pesticides contre les
ravogeurs des l1égumes. Une étude a été menée dons le district de Mokoni, ou
Zimbabwe, ofin d'évaluer les connaissonces, les ottitudes et les protiques
actuelles des ogriculteurs sur l'utilisation de pesticides contre les ravogeurs des
légumes. Sept groupes de discussion ont été orgonisés et des questionnoires
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structurés ont ét€¢ administrés a 200 ogriculteurs. Les résultats indiquent que les
ogriculteurs de Mokoni utilisent a la fois des pesticides chimiques et des plontes
pesticides. L'enquéte o montré que les ogriculteurs protiquont des systémes
d'ogriculture biologique utilisaient davontoge de plontes pesticides que ceux
utilisont des systémes d'ogriculture conventionnelle. Plus de 70 % des personnes
interrogées qui utilisoient des plontes pesticides avoient plus de 40 ons, et les
femmes étaient 1égerement plus nombreuses que les hommes a utiliser des
plontes pesticides. Lo pluport des personnes interrogées cultivaient des
cruciféres et des tomaotes, et 19 espéces végétales différentes et 16 pesticides
synthétiques ont été utilisés pour lutter contre les ravogeurs des 1égumes. Les
plontes pesticides ont été principalement appliquées sur les cruciféres contre les
pucerons et sur les tomotes contre les aroignées rouges. Les ogriculteurs ont
appliqué des extroits de plontes pesticides a des toux variés. Toutefois, lamajorité
d’entre eux (60 %) oppliquaient 1 kg/5 litres (p/v) pour toutes les formulations
liquides de plantes pesticides. Laplupart des ogriculteurs ont foit allusion a une
fréquence d'application de quatre et trois fois par mois et 90 % d'entre eux ont
percu les plontes pesticides comme étont modérément a trés efficaces. Cette
étude o révélé que les ogriculteurs de Mokoni connaissoient bien les plontes
pesticides et les utilisaient comme mesure alternotive de lutte contre les
ravogeurs. Bien que l'utilisation des plontes pesticides ait été encourogée, iln'y o

g;:l)lt;e‘;lf:s ticides, pos de validation cloire de leur fréquence d'opplication et de leur efficacité contre
légumes, des ravogeurs spécifiques. Cette é¢tude a servi de bose a la hiérorchisation des
pucerons, especes végétales pour I'évaluation de leur efficacité, des toux d'opplication et de
araignées rouges, la fréquence d'opplication oux utilisoteurs, et fournit une plate-forme pour la
agriculture biologique recherche scientifique.

Introduction

To minimize the negative effects coaused by over-use of ogro—chemicals, researchers, formers ond some agro-chemicol
componies are exploring olternatives to chemical pesticides. One such option is the use of pesticidal plont extracts.
Available evidence suggests that pesticidal plonts generally hove amuch shorter half-ife in the environment compared
to synthetic pesticides (Duke, 1989). Use of chemical pesticides has led to mony problems that include pest resistance,
pestresurgence, killing of non-torget orgonisms, ond pollution of the environment when used indiscriminately (Kumor
etal.,2008).

Despite environmentol challenges posed by synthetic insecticides, they work relatively quickly ond con kill torget
pest faster thon possibly most of the pesticidal plonts, ond this may offect the adoption of pesticidal plants. Pesticidal
plonts potentially offer cost-effective pest control to smallholder formers in developing countries if highly octive
extrocts con be prepared simply from the readily available plonts (Amoobenget al., 2013). However, the mojor problem
that may offect adoption of pesticidal plonts could be improper extroction methods ond lack of stondordisotion as
pesticidal plant usage is promoted by development agents without rigorous scientific study. What is cleor from recent
history is that synthetic insecticides effectively relegated botonicols from on importont role in ogriculture to on
essentially trivial position in the morket of crop protectonts (Ismon, 2006). However, history also shows thot overzeolous
use of synthetic insecticides led to numerous problems unforeseen ot the time of their introduction (Ismon, 2008).

Studies have shown thot the use of plonts with pesticidal properties in pest monagement in the smollholder forming
sector could be an affordoble olternative to the use of conventional pesticides (Mwaleet al., 2005). In this regord, direct
environmentol benefits accrue becouse pesticidal plonts are less likely to leave hormful environmentol residues compored
to commercial synthetic pesticides. Pesticidal plont usage con, therefore, enhonce environmentol monogement ond
conservation efforts.
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Pesticidal plonts are on effective alternotive to pest control and their promotion, porticulorly when accomponied by
optimised protocols and effective extension services, would lead to o substontiol positive impact on the obility of
formers to manoge insect pests (Stevenson, et al., 2012). However, doto.on regulated pesticidal plonts are not readily
avoiloble for most Africon countries (Ismon, 2008) ond, hence, not enough information on their use is available.

Formers in Mokoni district were known to practice both orgonic and conventional agriculture since 2007 through
the assistonce of Non-Governmental Orgonisations (NGOs) (personal experience). These formers who were in the
orgonic forming project were sponsored by NGOs such as the Global Environment Focility Smoll Gronts Progrom of
the United Noations Development Progrom (GEFSGP-UNDP). In Kenya Goldberger (2007) observed that NGOs were
increasingly involved in ogricultural development activities, especiolly efforts focused on sustainable/orgonic forming
methods. Mokoni district formers involved in the orgonic forming project were using pesticidol plonts. Hence, we
hypothesized thot there wos consideroble untapped traditional knowledge on pesticidal plonts used ogoinst vegetoble
pests. The objective of the study waos, therefore, to investigate the current former knowledge, ottitudes ond proctices on
pesticidal plonts usage agoinst vegetoble pests in Mokoni district through ahousehold ond community survey instrument.

Methodology

Study area

The study was conducted in the Tondi Word (word 12) of Mokoni District located in Monicalond Province, Zimbabwe
(Figure 1). The study took advantoge of on-going work in Mokoni district by NGOs such as the Orgonic Network Forum
(ONF) and the Makoni Orgonic Farmers Association (MOFA) through support from GEFSGP-UNDP since 2007. The
NGOs moainly focused on the promotion of orgonic forming. In this work, there was inclusion of pesticidal plont use but
with little ottention to scientific rigour to generote scientificolly verifioble recommendations.

Figure 1. The word used to investigote the current former knowledge, ottitudes and practices on pesticidal plonts usoge
agoinst vegetoble pests in Makoni district through the household ond community survey instrument

I Tandi ward
[ ] Makoni district

10 0 10 20 Kilometers
| = =
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Data collection and analysis

Dota were collected through a community ond household survey instrument conducted between September ond
November 2013. Structured questionnoires were administered to two hundred purposefully sompled formers. The
experimental group consisted of 140 formers who were in the orgonic forming project while the control formers
consisted of 60 who were not in the orgonic forming project. Focus group discussions (FGDs) involving 7 groups were
conducted. Five groups were experimentol ond 2 constituted the control. Information on different kinds of pesticidal
plonts, opplication rates, formulotions, torget pests, frequency of application, efficocy ond attitudes towords the use of
pesticidal plont extrocts was explored ond documented. The quontitative doto were summarized ond frequency tobles
were constructed. SPSS version 16 was used to onalyse quontitotive doto. Semantical content onolysis was used for
anolyzing Focus Group Discussion dota.

Results

Characteristics of respondents and farming methods

The mojority of the respondents in Mokoni district Tondi word 12 were older than 40 years of oge, and most of them had
undergone formoal education (Toble 1). The respondents hod more femoles compared to moles who procticed both
orgonic ond conventional ogriculture (Toble 1). However, there wos no correlation between sex ond pesticidol plont use
(Toble 2). Survey results showed that adoption of orgonic forming in Mokoni is age depended as more thon 77% were
above the age of 40 yeors (Toble 1). There was a correlation between age ond pesticidal plont usoge (Table 2). All the
respondents owned a.piece of lond for forming activities with the mojority (oabove 65%) owning 1-2 ho. The majority of
farmers (95%) in Mokoni hod undergone secondory ond primory school education (Table 1) and there was no correlation
between education and pesticidol plont usoge.

The maojority of the formers (94%) procticed conventional ogriculture (dry lond) compared to orgonic agriculture
(dry lond) and most of them had more thon 10 years forming experience (Toble 3). More formers grew maize followed
by groundnuts compored to those who grew other crops in conventional fields. Holf of the formers in the orgonic forming
project practiced conventional horticulture while very few formers in the conventional group were organic household
gardens (Table 3). Crucifers were the most populor crops in conventional horticulture. Very few formers practiced both
orgonic horticulture ond orgonic household gordening ond the dominont crops were crucifers too (Table 3). Orgonic
forming wos procticed in the community gardens. The dominont crops in the orgonic community gorden were legumes
ond oll the formers hod less thon 10 years orgonic forming experience.
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Table 1: Percentoge gender, age, education ond land ownership of respondents from o survey conducted in
Ward 12 of Mokoni district, Zimbobwe to study the current former knowledge, attitudes ond proctices
on pesticidal plonts usoge ogoainst vegetoble pests.

Experimental group, Control group,
Variable Category Organic n=140) (Conventional
(n=60)
Sex Mole 47.9 433
Femole 52.1 56.7
Age Young (< 25 yeors) 1.4 5.0
Middle ( 2540 yeors) 21.4 317
Old (> 40 yeors) 77.2 63.3
1.7
Education None 1.4
Primary (up to Grode 7) 45 43.3
Secondary (up to form 4) 50 46.7
Advonced (up to Form 6) 1.5 33
Tertiory (Diploma) 2.1 5
100
Lond ownership Formers who own lond 100
13.3
Lond size Below 1 Ha 4.3
12 Ha 72.1 68.4
Above 2 Ha 23.6 18.3

Table 2: The Pearson chi-square results on determinonts of formers’ pesticide use in relotion to gender, oge ond
education os depicted by dota collected in a survey, conducted in Word 12 of Mokoni district (Zimbobwe),
to study the current former knowledge, ottitudes and proctices on pesticidal plonts usoge agoinst

vegetoble pests.

Variable Category Chi-square Chi-square Probability

Sex Male 479 0.48 0.49
Femole 52.1

Age Young (< 25 yeors) 1.4 193.97 <0.001
Middle (2540 yeors) 21.4
Old (> 40 yeors) 77.2

Educoation None 1.4 1.48 0.21
Primary (up to Grode 7) 45
Secondary (up to form 4) 50
Advanced (up to Form 6) 1.5
Tertiory (Diploma) 2.1
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Table 3: Percentoges of respondents with regord to forming proctices and crop type os reveoled by dota collected
in o survey, conducted in Word 12 of Mokoni district (Zimbabwe), to study the current former knowledge,
attitudes ond practices on pesticidal plonts usoge ogoinst vegetoble pests.

Conventional field cropping (dry land) Experimental group( n=140) Conventional field cropping (dry land) Control group ( n=60)
Farmers Area For how long *“Dominant crops Farmers Area For how long Dominant
implementing implementing crops
Yes 94.3 <Ha 9.1 <10 years 17.8  Moize 93 Yes 98.3 <lHa 17 <10 yeors 23.7 Maize 96.7
No 5.7 12Ha 523 >10 years 82.2  Groundnuts 58.6 | No 1.7 12Ha 542 >10years 72.3  Beons 18.3
>2 Ha 38.6 Beons 10 >2 Ha 28.8 Groundnuts 51
Millet 9.3 Bomboara nuts 1.7
Sunflower 2.8 Soya 5
sweet pototo 1.5 Sunflower 33
Cowpeos 0.7 Wheot 1.7
Millet 11.7
Cow peas 5
Organic field cropping Experimental group (n=140) Organic field cropping Control group (n=60)
Farmers Area For how long Dominant crops Farmers Area For how long Dominant
implementing implementing crops
Yes 47.1 <lHa 844 <10 years 47.1  Beons 0.71 | Yes 6.7 <lHa 333 <10 yeors 333 Crucifers 1.8
No 52.9 12Ha 17.6  >10 yeors 529  Crucifers 243 | No 93.3 12Ho 66.7  >10 yeors 66.7  Moaize 33
>2 Ha 0 Carrots 29 >2 Ha 0 Cowpeos 33
Onions 9.3 Yoms 1.7
Peas 6.4
Tomatoes 5.4
Yoms 3.8
Maize 29
Pumpkin 0.7
Conventional horticulture Experimental group ( n=140) Conventional horticulture Control group ( n=60)
Farmers Area For how long Dominant crops Farmers Area For how long Dominant
implementing implementing crops
Yes 50.0 <lHa 75.9 <10 yeors 9.3 Beons 2.1 Yes 22.9 <IHo 82.4 <10 years 244  Beons
No 50.0 122Ha 24.1 >10 yeors 90.7 Crucifers 26.4 No 87.1 1-2Ha 17.6  >10 years 75.6  Crucifers
>2 Ha 0 Maize 17.1 >2 Ha 0 Groundnuts
Potatoes 0.7 Yoms
Tomatoes 43 Maize
‘Wheat 1.4 Onions
Gorlic 2.1 Peos
Groundnuts 0.7 Pumpkin
Yoms 5 Tomatoes
Onions 42
Soybeons 0.7
**Qrganic Horticulture Experimental group (n=140) Organic horticulture Experimental group (n=60)
Farmers Area For how long Dominant crops Farmers Area For how long Dominant
implementing implementing crops
Yes 32.8 <1Ha 82.3 <10 yeoars 50.9 Crucifers 243 Yes 18.3 <lHao 100 <10 years 30 Crucifers
No 67.2 12Ha 17.7 >10 yeors 49.1 Yoms 3.6 No 81.7 12Ha 0 >10 yeors 70 Beons
>2 Ha 0 Maize 29 >2 Ha 0 Carrots
Peas 0.7 garlic
Pumpkins 0.7 Onions
Tomatoes 11.4 Peas
Beons 0.7 Tomatoes
carrots 2.9
Yoms 5
Onions 42
##*Qrganic H hold Garden Experi tal group (n=140) Organic Household Garden Experimental group (n=60)
Farmers Area For how long Dominant crops Farmers Area For how long Dominant
implementing implementing crops
Yes 25 <lHa 100 <10 yeors 65.7 Crucifers 229 | Yes 15 <lHa 100 <10 years 445  Crucifers 15.0
No 75 12Ha 0 >10 yeors 343 Carrots 1.4 No 85 12Ha 0 >10 yeors 555  Corrots 6.7
>2 Ha 0 Herbs 0.7 >2 Ha 0 Onions 6.7
Onions 13.4 Peos 1.7
Potatoes 43
Tomatoes 0.7
Tomatoes 29
Moize 0.7
#idkQrganic C ity Garden Experi tal group (n=140) Organic Community Garden Experimental group (n=60)
Farmers Area For how long Dominant crops Farmers Area For how long Dominant
implementing implementing crops
Yes 59.3 >1Ha 100 >10 yeors 0 Beons 324 | Yes 0 >1Ha 0 >10 years 0
No 40.7 12Ha 0 <10 yeors 100 Crucifers 31.1 | No 100 12Ha 0 <10 years 0
<2 Ha 0 Garlic 0.7 <2 Ha 0
Crucifers
Onions 25.7
Peos 50.0
Tomatoes 0.7
Carrots 0.7

*Multiple responses are possible

**QOrgonic horticulture; forming practice in gordens ond does not involve the use of chemical pesticides ond inorgenic fertilisers

***QOrgonic household gorden; formers grow their vegetobles in small gardens closer to homesteod without the use of chemical pesticides ond inorgenic fertilisers
FEE*Orgonic community gorden is a single piece of lond cultivated collectively by o group of people without the use of chemical pesticides ond inorganic fertilisers
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Focus Group Discussion Data

According to the focus group discussions, the mojority of formers in Tondi word 12 of Mokoni district procticed three
forming methods; conventional ogriculture, orgonic farming and conservation forming. Mony of the formers perceived
orgonic conservation forming os very effective under drylond ond community gordens. Mony fomers used both
synthetic pesticides and pesticidal plonts. During the focus group discussions obout 57% of the formers mentioned
cases of synthetic pesticide poisoning. There was olso a contradiction on pesticidal plont use by some churches ond
traditional leaders. Some churches were agoinst the use of pesticidal plonts becouse their doctrines were agoinst such
use. Troditionol leaders were concerned about the protection of some tree species which may be destroyed through use
as apesticidal plont. Concerns were on trees which provided bark end roots as source of plont pesticides. All the formers
preferred to consume orgonic vegetobles. All the formers were morketing their produce locolly but some orgonic
formers morketed their peas to internotionol morkets.

Farmer practices of vegetable pests' management

Formers in Makoni used both chemical pesticides and pesticidal plonts. Survey results showed that the mojority of
formers (Toble 5) in the orgonic forming project were used various pesticidol plonts freshly prepored ond sooked
overnight. The most commonly used synthetic chemical wos dimethoote in both experimental and control groups
followed by Actellic Super dust (Toble 4) which wos used by higher numbers in the control group. Conventional
formers used more synthetic chemical pesticides relative to orgonic formers (Table 4). The pesticidal plonts that were
mostly used by formers include Melia azedarach, Bobgunniam adagascariensis, ond Solanum delagoense (Toble 5). A
number of formers in both experimentol and control groups used wood ash.

Table 4: Percentage of respondents showing synthetic chemical pesticide use ond pesticide type in Word 12 of

Mokoni District

Organic Farmers  Conventional Name of pesticide Pesticide registered Organic Conventional

(Experimental Farmers for Farmers farmers control

Group) n=140 (Experimental (Experimen  group n=60

Group) n=60 tal Group)
n=140

Yes 37.1 Yes 61.6 Dimethoate (rogor) Insecticide 12.5 38.4

No 62.9 No 38.4 Temaronmethamidophos  Insecticide, Acaricide 5.7 11.7
Dithone M45 Insecticide 4.6 10.1
Actellic Super dust Insecticide 13.4 6.8
Dipterex(trichlorfon) Insecticide 6.7
Dioznon 30EC Insecticide 2.9 33
Agridust (Malothion) Insecticide 1.4 1.7
Amitroz 20EC Acaricide 1.7
Termic (Aldicorb) Insecticide 1.7
Kontokill 60EC Insecticide 1.7
(Fetrothion)
Carboryl Insecticide 0.7 1.0
Moncozeb Fungicide 1.0
Agricura powder Insecticide 0.5
Gorden care (Corboryl) Insecticide 0.7
Diozinon Insecticide 0.7 0.7
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Table 5: Percentage respondents using specific pesticidal plonts in Makoni

Local name Common name Scientific name Plant part  Organic Farmers  Conventional

used (Experimental farmers control
Group) n=140 group n=60

Mukino Chinoberry, Syringo. Melia azedarach Leof 37.9 6.0

Mucherekese Snoke beon Bobgunniamadagascariensis, Seed 38.8 5.0

Chowa Bitter Apple Solanumdelagoense Seed 27.1 3.4

Goriki Gorlic Allium sativum Root 25.7 3.7

Doto Wood Ash Wood Ash 143 3.4

Mhiripiri Chillies Capsicum spp Seed 10.3 33

Chowa Thorn opple, Devil's Apple,  Daturastramonium, Leaf 12.5

Heji Rubber-hedge Euphorbia tirucalli Stem 43

Monyowoemvuro. Liquid monure Compost tea 5.4

Tsine Blackjock Bidenspilosa Leof 5.7

Gavokavo Aloe vera Aloe vera L. Leof 5 1.7

Mbonda Mexicon Moarigold Tagetesminuta Leaf 2.9

Zumboni Fever tea Lippiajavanica Leof 5.6

Muzeze Africon wottle Peltophorum afiricanum Leof 0.5

Mulondeno Lontono comora Lantana camara Leof 3.6 1.7

Muunga Red thorn. Acacia nilotica Root 2.1 1.7

Munwohuku Popcorn Cossia Senna didymobotrya Leaf 1.5 1.7

Mupopo Pow-pow Carica papaya Leof 2.1

Mupfuto Caostor beon Ricinuscommunis Leof 0.5

Homyonisi Onions Allium cepa Root 0.5

Farmers practices vis-a-vis application frequency rates and effectiveness
The majority of farmers in Mokoni were opplying pesticidal plonts in crucifers (Figure 1) against aphids (Figure 2). A
smoller percentoge of formers used pesticidal plonts on tomatoes (20%) ond peos (2%) ogainst red spider mites ond
caterpillars respectively. Mony application rotes were used by the formers (Figure 3). However, mony formers (ot least
60%) applied ot 1kg/5Iw/v. The highest opplication rate of 1kg/21 w/v ond the lowest rote of 1kg/201 w/v were used by
less thon 15% of the formers. Most farmers used on opplicotion frequency of four times amonth followed by three times
per month (Figure 3). Fewer formers used the highest and lowest application rates (Figure 4). Most formers perceived
pesticidal plonts to be effective (Figure 5). A few thoughts they were not effective. Most formers used hond sprayers for
pesticidal plont application while afew used the traditionol sweeping broom ond bucket technique (Figure 6).
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Figure 1: The major crops grown by respondents in Mokoni district. Volues were calculated os the
percentoges of all crops mentioned by the respondents

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

0 L _—
Aphids Red Spider Mites Caterpillar

% of respondents

Pests

Figure 2: The mojor vegetoble pests prevalent in Mokoni district os perceived by the respondents.
Volues were colculated os the percentoges of all insect pest species mentioned by the
respondents
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Figure 3: Application rotes used by respondents in Mokoni district. Volues were colculated os the
percentoges of all the opplication rates mentioned by the respondents
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Figure 4: Frequency of applicotion of pesticidal plonts by respondents in Mokoni District.
Values were colculoted as the percentoges of all the frequencies mentioned by
the respondents
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Figure 5: Pesticidal plont effectiveness as perceived by respondents in Mokoni District.
Volues were colculated os the percentoges of all the level of effectiveness mentioned
by the respondents
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Figure 6: Equipment for pesticidal plont applicotion used by respondents in Mokoni District.
Values were colculoted as the percentoges.

Attitude of farmers on pesticidal plantuse

A larger percentoge of respondents who used pesticidal plonts perceived them os effective ond thought they improved
their yield ond income (Toble 6). Fifty eight percent of the respondents admitted that pesticidal plonts could improve
their yields when the weather wos good. The mojority of respondents ogreed that pesticidol plonts do not require too
much labour to use while fewer respondents thought they required alot of lobour. Many of the respondents would use
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pesticidal plonts even if they must pay for them (Table 6). Most of the respondents ogreed that pesticidal plonts were
getting more ond more avoilable while 11% did not have opinion on the issue of avoilability. More than 70% of the
respondents thought that pesticidal plonts did not affect crop quality, while fewer formers thought that they did (Toble
6).The mojority of the respondents strongly ogreed thot pesticidal plonts were affordoble and have improved their
income.

Table 6: Percentoge of respondents according to ottitude on pesticidol use in Mokoni District

Variable Category

Strongly  Agree Disagree Strongly No

agree Disagree opinion
Pesticidal plonts are not effective in this orea 0 19 65 9 7
Pesticidal plonts con improve yields when the weather is good 0 73 9 0 19
Pesticidal plonts require too much labor for me to use it 0.7 22.9 42.1 27.1 7.1
Pesticidal plonts are worth using if it is free, but not if you must poy forit 2 14 59 13 12
Pesticidal plonts ore getting more ond more avoiloble 5 60 22 2 11
Pesticidal plonts ore not affordoble 6 9 8 71 5
Pesticidal plonts use has improved my crop yield 1 78 9 0 13
Pesticidal plonts use hos increased my income 1 65 9 1 24

Discussion

The study showed thot formers in Makoni district proctice both conventional forming ond orgonic ogriculture. This is
mainly becouse of the compoigns by NGOs encouraging formers to do organic ogriculture. This concurs with the findings
done by Goldberger (2007), that NGOs have become increosingly involved in ogricultural development octivities,
especioally efforts focused on sustoinable/orgonic forming methods. This is probably the main reason why formers were
now shifting from chemical pesticide use to pesticidal plonts. According to the study, formers in the orgonic forming
project mainly used pesticidal plonts compared to formers who were not in the orgonic forming project. Mony formers in
Mokoni were growing crucifers and tomatoes. This is in agreement with other surveys that were conducted in Molowi
ond Zombio by Nyirenda et al., (2010)which revealed that tomatoes ond crucifers were grown by smollholder formers
two to three times aryeor. This indicates how importont these vegetables ore to subsistence formers in the study areas. The
study found that the mojor pests encountered were ophids ond red spider mites, consolidating observations by previous
researchers ((Dubeet al., 1996), (Dobson et al., 2002)). The most domoging pest of tomotoes, red spider mites,
Tetranychusevansi and of rope, ophids, Brevicorynebrassicae cause both direct ond indirect qualitotive ond quontitotive
losses. Most formers in the study responded by applying pesticidal plonts compared to synthetic pesticides.

According to the formers' perceptions the mojor chemicol used wos dimethoate ond surprisingly octellic super dust
which is agrain protectont. Formers thought it was less toxic to consumers since it wos already used on grain. Generally,
formers in Mokoni were considerate of negative health implications caused by chemicol pesticides hence mony of them
were now using pesticidal plonts. This may be becouse of compoigns that were conducted in the oreaby NGOs. Gohukar,
(2008) observed thot pesticide residues could be detected in raw ond processed vegetobles ond their misuse ond
persistence could present risks to humon heolth. Pesticidal plants thot were used by formers according to the study were
Melia azedarach, Bobgunniamadagascariensis, and Solanumdelagoaense, and Alliumsativum. Most of the pesticidol
plonts could control both aphids and red spider mites ond hence con be applied in both crucifers ond tomatoes. This
concurs with a study by Muzemuet al. (2011) which demonstrated that plont-based extracts ofLippiajavanicaond
Solanumdelagoense ot 25 % (w/v) could significontly reduce ophids, B. brassicae ond red spider mites, 7. evansi numbers
in Zimbobwe. On sofety issues, formers were olso particulor obout the pesticidol plonts they used ond most pesticidol
plonts used were considered to be generally safe as some of them were consumed e.g. gorlic. Gondhi ond Pilloi (2011)
argued thot use of plont parts with insecticidol properties hove been reported from all over the world os they are
convenient ond less expensive.
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Formers in Mokoni used awide ronge of opplication rotes perhops due to lack of scientific information regording optimum
applicationrates. Kotsvongo.ond Chigwoza(2004) ogreed thot very little informotion hos been acquired which describes
how formers opply the pesticidal plont remedies ond ot whot concentration despite that Zimbobweon formers use
pesticidol plonts regulorly. There is lack of harmonization os some troditionolists ond NGOs promotespesticidol plonts
at different opplications rates. This moy leod to losses due to the poor efficacy of pesticidal plonts resulting in household
food insecurity. Confusing messages are not helpful to formers ond hence ony promotionol activities must be supported
by empirical evidence. There were variations in opplication frequency by farmers, ranging from once oomonth to five
times a.month. However, many formers alluded to opplication frequencies of three oand four times a.month. The higher
frequency compared to synthetic pesticides may be due to the foct that mony pesticidal plonts hoave repellent ond
deterrent properties rother thon ocute toxicity os reported by Ismon (2008). Mony formers reported medium effectiveness
ond asizeable number also reported high effectiveness rates. The medium effectiveness moybe due to improper uses of
botonical pesticides especially the opplication rates.

This study revealed that smallholder formers were using pesticidol plonts os on olternotive ond thought thot they
benefited from their use although relatively few formers admitted to not using them due to religious reasons. The use of
plont ond plont-derived products to control pests in the developing world is very common (Adeyemi, et al., 2010). Prior
to the discovery of synthetic pesticides, plont or plont-bosed products were the only pest-monogement agents availoble
to formers oround the world and even todoy several plont-bosed products ore still in use to control awide voriety of pests
(Adeyemi, et al.,2010). Mony formers admitted that pesticidol plont usoge wos effective ond improved their yields ond
income. This is true since the efficacy of some of the pesticidol plants used has been validated, e.g. M. azedarach.
Accordingto reports by Ismon (2006) seeds from the, M.azedarach, contoin anumber of triterpenoids, the meliocarpins,
that ore similor but not identical to the ozadirochtins, and these too have insecticidol properties. The majority of formers
ogreed thot pesticidal plonts were affordable and they were becoming more avoilable as mony plonts with pesticidal
properties ore unveiled through research by scientists. This agrees with reports from mony workers. For instonce,Ismon
(2008) reported that pesticidal plonts provide environmentolly benign ond low—cost alternatives with high potential
efficacy that is particulorly releveont to the forming systems of sub-Schoron Africo. Some studies have olso shown that
the use of plonts with pesticidal properties os toctics in pests monagement in the smallholder-forming sector could be a
cheop, affordoble and eosier options thon the use of synthetic pesticides control methods (Katsvengo ond Chigwozo,
2004; Munyimoaet al.,2004; Mwaleet al.,2005).

Conclusion

This study showed that formers in Mokoni were well aware of pesticidal plonts ond were using them as on olternotive to
synthetics for pest control. Although the use of pesticidal plants hos been promoted, there is no cleor volidation of their
opplication frequency ond efficacy agoinst specific pests. This study formed the bosis for prioritizing plont species for
evaluation of their efficacy, application rates ond frequency of opplication to users ond provides aplatform for scientific
reseorch.
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Abstract

The use of orgonic fertilizer connot be over emphosized becouse of its usefulness
in the improvement of physical ond biological conditions of soil which in turn
improves the crop growing environment ond culminates in the better crop
production. Two phased pot experiments were conducted in o screenhouse ot
Kwara State University, Malete, Ilorin, Nigeriato exomine the effect of orgomic
fertilizer types on soil chemical properties, growth ond yield of Amarenthus.
The treatments comprised of control, composts (Tithonio, Goteway, Sunshine
grade B, vetiver) ond NPK 15-15-15.All the treatments were opplied ot the rote
of 100kg N/ho. The treatments were laid out in a.completely rondomized design
(CRD)with three replicates. Dota.collected were subjected to onolysis of varionce
(ANOVA) and significont differences omong the treatment meons were evoluoted
using Duncon’s Multiple Ronge Test (DMRT) at 5 % probobility level.
Agronomic poroameters token were; plont height, number of leaves, stem girth,
fresh ond dry shoot weight. Amarenthus plonts grew better (P<0.05) with the
application of NPK fertilizer ot first plonting. The use of tithonio.compost had
greoter positive effects on growth ond yield of Amaronthus ot second plonting.
Tithonio. compost significontly(P<0.05) improved the dry shoot weight of
Amaranthus cruentus by 77.6% during first plonting ond by 88.8% during
second plonting compared with the control. Tithonio.compost hod asignificont
ond additive effect on soil nutrients after harvesting when compared with NPK
ond other treotments after cropping. This suggests thot Tithoniohas ohigh potentiol
thon NPK for building up nutrients in the soil with time. Hence, Tithonia.compost
could serve os olternotive to mineral fertilizer for the production of 4. cruentus

Effet destypes d'engrais organiques sur les propriétés du sol, la croissance
etlerendement des amaranthes (Amaranthus cruentusL)

Résumé

On ne souroit trop insister sur l'utilisation d’engrois orgoniques en roison de leur
utilité pour 'omélioration des conditions physiques et biologiques du sol qui, a
leur tour, améliorent I'environnement de croissonce des cultures et oboutissent
a une meilleure production ogricole. Deux expériences en pot ont été menées
dans une serre de 'Université de I'Etat de Kwara, Molete, Tlorin, Nigeria, ofin
d’examiner l'effet des types d’engrais orgoniques sur les propriétés chimiques
du sol, la croissonce et le rendement de 1’Amoaronthus. Les troitements
comprenoient le controle, les composts (Tithonia, Goteway, Sunshine grade B,
vétiver) et NPK 15-15-5. Tous les traitements ont été appliqués ou toux de
100kg N/ho. Tous les traitements ont été appliqués a roison de 100 kg N/ha. Les
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traitements ont été réportis selon un plon complétement oléatoire (CRD) avec
trois répétitions. Les données collectées ont été soumises & une onolyse de
varionce (ANOVA) et les différences significatives entre les moyennes des
troitements ont été évaluées a l'oide du test de gamme multiple de Duncon
(DMRT) aunniveou de probobilité de 5 %.

Les paramétres agronomiques pris en compte étoient lo houteur des plontes, le
nombre de feuilles, la circonférence de latige, le poids frais et sec des pousses.
Les plonts d'omaronte ont mieux poussé (P<0,05) avec l'opplication d’engrois
NPK lors de lapremiére plontotion. L'utilisation de compost de tithonicoeu des
effets positifs plus importonts sur lo.croissance et le rendement de 'omoronte lors
de lo deuxiéme plontotion. Le compost de tithonio o omélioré de monicre
significative (P<0,05) le poids sec des pousses d’Amaronthus cruentus de 77,6 %
lors de la premiére plantation et de 88,8 % lors de la deuxiéme plontotion por
rapport ou témoin. Le compost de Tithoniaa.eu un effet significatif et additif sur
les nutriments du sol opres larécolte, comparé ou NPK et cux outres troitements

Mots clés - apres laculture. Celasuggere que le Tithoniaaun potentiel plus élevé que le NPK
Amaranthus, pour accumuler des nutriments dons le sol avec le temps. Par conséquent, le
engrais organique, compost de Tithonia pourrait servir d'olternative oux engrois minéroux pour lo
sol, rendement. production d'4. cruentus.

Introduction

Amaranthus cruentus species is most commonly grown in Africo (Iren ef al., 2016). A. cruentus(Amoronthus) is best
recognized by its leaves that are twice or three times os long os wide and often have pointed leaf tip. Amoronthus hos o
high nutritional value becouse of the high levels of essential micro—nutrients like iron (on importont element ogoinst
onoemic), mongenese ond zine (Mnkeni ez al., 2007). It contains colcium, Mg, carotene oand niacin. Vitamin A ond C ore
also present in significont levels. The protein found in young plonts of amarenths con be importont for people without
access to meot or other sources of protein(Mnkeni et al.,2007). In years to come, utilization of orgonic fertilizers to meet
crop nutrient requirement will be on unovoidable proctice to enhonce sustoinoble ogriculture, this is becouse, the
physical, chemical ond biological properties of soil is generally improved by the addition of orgonic fertilizer which in
turn enhonces crop productivity and maintains the quality of crop produce (Olowooke, 2014). Although, in comparison
to inorganic fertilizers, orgonic fertilizer contain smaller quontities of plont nutrients. The use of inorgonic fertilizer to
increose yield hos been found to be effective as ashort-term solution but demands consistent use on a.long-term basis.
The high cost of inorgonic fertilizers mokes it uneconomical ond out of reach to poor formers ond it is also undesirable
due to its hozordous environmental effects (Adekiya et al., 2020). Furthermore, the use of chemical fertilizers hos
certain disadvontages; some of which are ground water pollution, imbalonces in soil pH, loss of soil fertility ond may be
detrimental to heaolth os it may contoin toxic substonces (Luka ef al., 2023). The production ond consumption of
Amaronth is on the increase due to its nutritional ond heolth benefits. Therefore, it is essential to investigate the use of
locally sourced orgonic materiols which are environment friendly, cheop and probably on effective way of improving
ond sustaining the productivity of soils and vegetables such as Amoronthus. Hence, the objective of this study is to
investigoate the effect of orgomic fertilizers types on soil properties, growth ond yield of Amaronths (4. cruentusL).

Materials and Methods
Two-phased pot experiments were conducted in the screenhouse of the College of Agriculture, Kwara State University,
(Lotitude 80 71'N and Longitude 40 44'E) Malete, during the 2023 plonting season. The treotments comprised of control,

composts (Tithonia, Gotewoy (Acceleroted compost), Sunshine grade B (Un-ememded), vetiver) ond NPK 15-5-15 were
opplied ot the rate of 100kg N/ha(Olowooke and Ojo, 2014). The constituents of the composts were shown in Toble 1.
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Table 1: Chemicol composition of all the fertilizers used

Treatments Nitrogen (N) Phosphorus (P) Potassium (K)
(%) (%) (%)
Sunshine B 3.5 1.0 2.5
Tithonia 0.2 0.2 0.3
N.PK 15 15 15
Gotewoy compost 1.2 1.6 0.2
Vetiver compost 6.8 1.0 2.5

The physicochemical cnolysis of the experimentol soil used in the screenhouse waos corried out before the experiment.

Eighteen plostic pots were filled with 4.5 kg of soil. The soil used for this experiment was o.composite of surfoce soil (0—
15 em depth) collected from the Kwara State University Teaching ond Reseorch Form, Moalete, Kwara Stote, Nigeria
ond onalyzed for physicol and chemical properties os described by Okolebo ez al. (2002). The treatments were arronged

in acompletely rondomized design (CRD) with three replicates. The soils and compost were left to mineralize for two

weeks before plonting while the mineral fertilizer wos applied two weeks ofter plonting. Amaranthus caudatus seeds

were broadcosted ond thinned to two (2) seedlings. The experiment wos repeated without ony additionol fertilizer

application ot the second plonting. The dota token included, plont height, stem girth, number of leaves, fresh shoot

weight ond yield. The dota collected were subjected to analysis of varionce (ANOVA) ond treatment meons were

seporated by Duncon Multiple Ronge Test.

Results and Discussion
Theresults of the soil onalysis are presented in Toble 2. The textural class of the soil is sondy loom, the soil had pH (H,0)

6.4 which could be described os slightly acidic. The volues of N, P and K were below the critical values of the nutrients in
the soil of GuineaSavonna(Olowoake, 2019).

Table 2: Physico-chemical properties of experimental soil

Parameters Soil test value
pH (H,0) 6.4
Org.C (g/kg) 15.6
Total N (%) 0.02

P (mg/kg) 9.6
Exchoangeoble bases (cmol kg™)

Mg 0.86

Ca 2.35
Na 0.23

K 0.19
Extroctoble micronutrients (cmol kg')

Cu 1.37

Fe 106

Zn 1.81
Physical composition (%)

Sond (%) 79.0
Silt (%) 12.0
Cloy (%) 9.0
Textural closs Sondy loom

103



OLOWOAKE, ADEBAYO A. : Effect of Organic Fertilizers Types on Soil Properties, Growth and Yield of Amaranths (Amaranthus cruentus L)

Table 3 showed the effect of application of composts (vetiver, Tithonia, Sunshine Grode B, ond Gateway) ond NPK
fertilizer on growth ond yield parometers of Amoronthus. There wos no significont difference on plont height produced
by Tithonia.compost ond NPK. However, amaronthus plonts grown with NPK produced the highest plont height (60.3
cm), ond this was significantly (p<0.05) higher thon other fertilizer treatments excluding Tithonio.compost.

The highest stem girth (12.20 mm) recorded in Amaronthus plont was from treatment thot received NPK (Table 3).
This wos significontly (p<0.05) higher thon other treatments by 28.7% —62.3%. Amaranthus cruentus number of leaves
influenced by the application of Tithonio.compost ond NPK was found to be significontly (p<0.05) higher from thot of
control ond other fertilizer treatments. Amoronthus fresh ond dry weight produced from NPK resulted in highest values
which were significontly (P<0.05) different from volue obtoined from other fertilizer treatments ond control respectively.
At second plonting, Tithonia compost produced the moximum volue of height (17.8 cm) closely followed by Vetiver
compost (12.8 cm) ond minimum height value of 5.3 cm wos obtoined from control (Table 3). Also, opplication of
Tithonia compost produced omoronthus plont with significontly higher stem girth, fresh ond dry weight thon NPK,
control ond other composts respectively. The increosed in the height, number of leaves ond stem girth of the amaronthus
plonts during first plonting showed that NPK improved the growth ond yield porameters significontly. This could be
ottributed to the immediate avoilobility of nutrients in the chemical fertilizer os previously observed by (Adeoluwo.ond
Adeogun 2010; Olowooke ond Akinrinola, 2023). The low performonce of the composts (Tithonia, Gatewoay ond
Vetiver) on Amaranthus cruentus ot the end of first plonting could be due to slow rate of decomposition of compost
compared with NPK. The residual fertilizer treatments from Tithonio compost treatment having better plont height,
number of leaves, stem girth and yield parameters compared to NPK and other treatments in this investigotion could be
os aresult of better nutrient minerolizotion with time of applicotion. This is in line with the report of several authors
Olowoake, (2014), Ayanfeoluwa, (2015) and AdeOluwa et al. (2021) that organic fertilizers are charocterized with
slow release of nutrients, which is closely associated with improvement of soil orgonic motter, soil woter avoilobility,
structural stobility, cation exchonge, buffer copacity, ond ultimately crop productivity. The lower yield obtained from
the mineral fertilizer (NPK) treated pot probobly could be due to leoching and volatilization of nitrogen from the
mineroal fertilizer (AdeOluwaet al.,2016).

Table 3: Effect of fertilizer types on the growth ond yield parometers of Amaronthus plonts during first ond second

plonting
Treatment Plant height Stem girth Number of Fresh weight Dry weight
cm mm leaves (2) (2)

First plonting

Control 11.4d 4.6¢c 19.0c 2.9¢ 0.5¢
Vetiver 13.0d 4.8¢c 21.3¢c 3.9d 0.8d
Tithonia 55.60b 8.5b 60. 7a 13.0b 2.6b
Sunshine B 23.7c 8.4b 44.3b 9.7c 1.5¢
Goateway compost 50.8b 8.7b 38.0b 15.3b 3.1b
NPK 60.3a 12.2a 63.7a 27.4a 6.4a

Residual plonting

Control 5.3c 1.53¢ 11.8bc 2.0c 0.2¢c
Vetiver 13.8ab 2.94b 31.7b 5.2b 0.7b
Tithonia 7.7bc 4.15a 41.3a 8.1a 1.6a
Sunshine B 7.8bc 2.83b 18.7¢ 4.9b 0.8b
Gatewoy compost 9.0bc 2.85b 15. 3¢ 4.3b 0.7b
NPK 17.08a 2.81b 29.3b 3.3b 03¢

Meoans having the some letter olong the columns indicote no significont difference using Duncon's Multiple Ronge Test ot
5% probobility level.

At first plonting pots treated with tithonio.compost hod higher pH compared to other pots (Toble 4). In terms of OC, K
ond N contents, pots treated with tithonio compost had higher contents thon other fertilizer treatments. At Second
plonting pots treated with tithonio.compost had higher pH, P, OC higher K ond N contents when compored with other
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fertilizer treatments ond control, respectively (Toble 4).The increase in the soil pH level of the pots after the first ond
second crop’s harvest is on indicotion of the buffering capacity of the tithonio.composts applied os reported by Shokolu
etal. (2011). The low fertility stotus of the soil treated with NPK observed after second harvest might be portly due to
early nutrient minerolizotion, thereby moking the nutrients readily avoiloble for plont use ond portly due to nutrient
leaching. Olowooke, (2014) reported thot the application of inorganic fertilizers does not always improve soil orgonic
motter which is astore house for nutrients.

Table 4: Effects of fertilizer types on some soil chemical and physical properties ot horvest during the first ond
second field cropping.

Treatment pH Available P K oC N Clay Silt Sand
(H,0) mgkg™’ cmolk gkg”
g-l
First horvest
Control 6.5¢ 22.36e 0.22d 4.01c 0.24e 13.0b 174.00. 813.0c
Vetiver 6.9b 44.30b 1.00b 11.67 1.86¢ 13.0b 154.0b 833.0b
Tithonia, 7.40. 60.17a 1.520 15.72a 2.750 33.00 134.0c 833.0b
Sunshine B 7.0b 30.84d 1.06b 13.45b 2.15b 33.0a 114.0d 853.00
Gotewoy compost 7.0b 53.18b 1.04b 12.31b 2.16b 33.00 114.0d 853.00
NPK 6.7¢ 39.40c 0.36 ¢ 10.78¢ 0.98d 33.0a 164.0b 803.0c
Second horvest

Control 6.3¢c 25.90e 0.14d 1.13d 0.12d 41.0b 33.0c 926.00
Vetiver 7.0b 40.70c 0.25b 9.71b 0.77b 54.00. 31.0c 915.0b
Tithonia. 7.60. 66.800 0.360. 10.45a 1.11 a 55.0a 35.0b 910.0b
Sunshine B 7.1b 31.30d 0.24b 6.50c 1.01a 43.0d 33.0c 924.00
Gatewoay compost 7.1b 58.00b 0.24b 7.90c 0.88b 54.00. 43.00 903.0b
NPK 6.5¢ 27.40e 0.18¢ 1.74d 0.20c 51.0a 38.0b 911.0b

Meons having the some letter olong the columns indicate no significont difference using Duncon’s Multiple Ronge Test ot
5% probobility level.

Conclusion

All the fertilizers used were found to increose the growth and yield parameters of Amaranthus cruentus significontly;
however, the effect of tithonia.compost were most prominent. Tithonia.compost were also found to have better residual
effects on soil nutrients thon NPK fertilizer. Therefore, use orgomic compost showed promising potentiol for improving
soil fertility and growth ond yield performonce of 4. cruentus.
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Abstract

Utilisation of sustainable Plontain Production Practices (PPP) by formers will
notonly control diseases but also increase crop yields in the long run. This study
exomined the determinonts of utilisation of sustainable PPP among formers in
Osun State, Nigerio. Multistoge sompling procedure wos used to select 125
plontain formers for the study. Data were collected with structured interview
schedule ond onalysed using frequencies, percentages, meon, chi-squore ond
linear regression. The results reveals thot 64.8% of the respondents were male,
meon oged 55.4+8.28 yeors and 94.4% were literate. Respondents averogely
(51.2%) engoged in forming os major occupation and 74.5% were members of
cooperative society with over 96.8% sourcing for information from fellow
formers ond rodio. In terms of utilisation of susteinable PPP, pruning (x=2.63),
desuckering (x=2.93), right plonting time (x=2.92) ond debudding (x= 2.90)
were utilised by respondents. Constraints such os top down approach to
information delivery (x = 1.99), lack of follow up by extension agents after
training (x = 1.98), low occess to plonting materials (x = 1.86), insufficient
information (x = 1.86) ond complexity of technology were identified in the
study. Membership of association ( = 1.661, p = 0.000) and constraints (f =
1.861, p = 0.000)to utilisation were the major determinants of utilisation of
sustainable PPP among respondents. The need for extension agents ond other
relevont stokeholders to follow up on plontoin formers on the use of these proctices
becomes imperotive so as to achieve asustainable production over time.

Déterminants de l'utilisation de pratiques durables de production de
plantain chezles agriculteurs de'Etat d'Osun

Résumé

L'utilisation de protiques de production durobles pour le plontoin por les
ogriculteurs permettranon seulement de lutter contre les maladies, mais cussi
d’'ougmenter les rendements des cultures a long terme. Cette étude aexominé les
déterminonts de l'utilisation de pratiques de production durobles chez les
ogriculteurs de I'Etot d’Osun, ou Nigerio. Une procédure d’échontillonnoge &
plusieurs degrés a été utilisée pour sélectionner 125 ogriculteurs de plontain
pour I'étude. Les données ont été collectées a l'oide d'un programme d’entretien
structuré et anolysées a l'oide de fréquences, de pourcentoges, de moyennes,
d'un chi corré et d'une régression linéaire. Les résultats révelent que 64,8% des
personnes interrogées étoient des hommes, agés en moyenne de 55,4+8,28 ons
et 94,4% étaient olphobétisés. En moyenne, les personnes interrogées (51,2 %)
font de l'agriculture leur activité principole et 74,5 % sont membres d'une
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société coopérative ; plus de 96,8 % d'entre elles s'informent aupres de leurs
collégues ogriculteurs et a la.radio. En termes dutilisation de PPP durobles, les
répondonts ont utilisé lo toille (x=2,63), 'épomprage (x=2,93), le bon moment
pour plonter (x=2,92) et I'ébourgeonnage (x=2,90). L'étude a.mis en évidence
des contraintes telles que l'opproche descendonte de ladiffusion de l'information
(x=1,99), le monque de suivi par les agents de vulgarisotion oprés lo formotion
(x=1,98), le foible acces au matériel de plontation (x = 1,86), l'insuffisonce de
l'information (x = 1,86) et lacomplexité de latechnologie. L'oppartenonce a une
association (f = 1,661, p = 0,000) et les contraintes (f = 1,861, p = 0,000) a

g‘:ﬁgﬁ: e-s, l'utilisotion ont été les principaux déterminonts de 1'utilisation de PPP durobles
plantain, pormi les personnes interrogées. Lanécessité pour les ogents de vulgorisation et
production, les outres parties prenontes concernées de suivre les plonteurs de plontoin sur
durable, l‘utilisation de ces protiques devient impérative afin d'otteindre une production
technologie duroble dons le temps.

Introduction

Plontain (Musa paradisiaca), o.giont perenniol herb of the genus Musa.also known os cooking bononain some port of the
world, is undoubtedly one of the oldest cultivated fruits in ogriculture in West and Centrol Africo (Siddhesh and
Thumbali, 2019). Plontain origin is believed to be from South Eost Asio. However, aremorkoble diversity of plontoin
exists in sub-Schara Africa. In 2012, total world production was estimoted to be 102 million metric tons. Thirty three
million metric tons are produced in Africa.onnually (Fokayode, Rohji, Ayinde ond Nnom, 2014). Food end Agriculture
Organisation Corporote Stotisticol Datobose (FAOSTAT, 2018) reported thot in West Africa, Nigeria is one of the highest
plontain producers with on ennual production of obout 3.1 million metric tons mostly obtained from the Southern Stotes.
Report shows that the crop serve os a stople food for at least 400 million people in the world and as o result, hos been
ronked os the 4th most valuable food after rice, wheat and moize (Schayoraj ond Kombioh, 2009; 11TA, 2014). Plontain is
more advontogeous over other starchy foods because it contains protein, mineral ond vitomins. It con be used in the
treatment of sore throat, tongilolitis, diocrrthea vomiting which is said to be a mojor diet in the production of soymusa
which con be used in the treatment of Kwashiorkor (Awojoodu, 2020).

Unstoble rainfoll, poor proliferation of suckers, decline lond fertility, outdated oge-old cultural proctices, inappropriote
use of pest control methods ond pests and diseases, especially the plontoin wilt disease are some of the foctors attributed
to decline in plontoin production. Fusorium wilt of plontain is on importont disease of plontoin (Dale, Jomes, Poul ez al,
2017). The disease hos ahigh persistence in the soil for more thon 35 years ond hos no effective control method, moking
itinadvisoble to replont with the some susceptible unimproved sucker. The application of chemical control methods for
these pests may be inadvisoble so as to save crops, the environment ond prevent humon heolth hozords which is olso
centrol to the sustainobility of the environment.

Sustainable crop production refers to production that does not impose ony horm to environment, biodiversity and
quality of agricultural crops. It entails keeping the soil olive with orgonic motter, integroted pest monogement ond
reduction in usoge of pesticides, ensuring food sofety ond lowering greenhouse gos emission (Imadi, Shozadi, Gul and
Kokeem, 2016). According to Szczeponek, PiotrowskorDlugosz ond Konopko(2021), the oim of sustoinoble production is
not only to sotisfy the need of human for food and the industry for raw moteriols but also to protect the environment ond
natural resources. Production proctices thot will boost better performonce and sustainobility of crops is key to ochieving
food security which is one of the reasons why IITA produce plontain hybrids that will offer formers the opportunity of
bumper harvest with pest ond disease resistonce varieties.

Eleven varieties were deployed to the forming systems in the Southern States of Nigeriaplontain growing belt. The
varieties were; PITA14, PITA17, PITA28, BITA3, FHIA17, FHIA1S8, FHIA20, FHIA23, FHIA25, CRBP39 ond
Agbogba (Londrace). Agronomic proctices ond mointenonce were the some for oll the varieties ond they had similor but
slightly different physiological characteristics. These hybrids ond improvement vorieties produce suckers profusely
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which allow for ropid multiplication. The utilisation of these plontain varieties by formers will not only control plontoin
diseoses but will also increase crop yields in the long run.

Reseorch hos shown that more than 80% of plantoin production comes from smallholder formers of less thon one
hectore formlond (Ekunwe ond Ajoyi, 2010), growing the crop either for home consumption or for local markets.
According to Ojediron, Adewumi, Falolaef a/(2018), amojor constraint to the exponsion of plantoin cultivotion is the
scarcity of healthy plonting moterials. Formers usuolly depend on notural regenerotion of plonts for the supply of
plonting materiols thot ore usually contominated by various soil borne pathogens such os nematodes ond fungi
(Tumuhimbise et al. 2016). Propagating plontoin by suckers from adiseased ond pest infested mother plont is the moin
chonnel through which pests ond diseases are spread. Diseases ond pests ore among the moin constroints thot severely
reduce plontoin yields and longevity to only one or two cycles of cultivation, beyond which lodging occurs, often
leading to total disappearonce of plontations (Blomme ez al. 2011; Dubois ond Coyne 2011; Tumuhimbise ez al. 2016).

One of the ways of improving ogricultural productivity is through the introduction of improved ond sustainable
ogriculturol technologies to formers. The utilisation of these technologies is on importont meons of increasing the
productivity ond ensuring sustainobility of smallholder ogriculture thereby fostering economic growth ond improving
wellbeing. Thus, Ejechi (2015) found o positive correlation between utilisation of extension recommendations by
farmers ond crop yields which translote into increased income ond improved quoality of life of formers. However, for o
successful utilisation of atechnology, formers must not only know about it, but must be oble to follow the recommendotions
given (Olojede, et al,2018).

Unfortunotely, despite all the innovations, interventions, compaoigns ond strategies introduced over the years, the
output from the system hos continued to decline ocross the globe. According to Bal ond Troinor (2016), the trend of
plontoin production in Nigerio between 1990 ond 2009 showed that yield per hectare consistently mode o downword
move from 7.54 tons per hectare in 1992 to 4.94 tons per hectore in 1999; 5.10 tons in 2000 to 4.90 tons in 2001 ond 6.3 1
tons in 2007 to 5.90 tons in 2008. Conversely, on unsustoinoble increose in the area cultivoted or horvested steodily rose
from 162,000 hectares in 1990 to 481,000 hectares in 2009 (Bal and Troinor, 2016). If the exponsion recorded in form
size over the yeors corresponds progressively with increose in output, then there would be ahuge turnover on productivity
ond this production turnover con only be achieved through the implementotion end utilisation of technologies disseminated
to formers (Olumbao.ond Rohji, 2014).

From the findings of Akintade, Okunlola, ond Akinboni, (2016), attempts and breok-through hove been mode by
agricultural development portners, research institutions such os the International Institute of Tropical Agriculture
(IITA) oand Nationol Horticultural Reseorch Institute (NIHORT) towards technology in plontain production, some of
such development include mocro propogation technique; o former friendly ropid sucker multiplication technology,
hybrid varieties, sucker cleoning, hot woter treatment, propping, pruning, mulching, plenting spoce, de-suckering,
plonting time, debudding etc which are believed to produce sustoinable proctices. This study therefore investigoted
determinonts of utilisation of sustoinoble plontain proctices among Osun State formers.

Objectives of the study
The general objective of the study is to determine the utilisation of sustoinable Plontain Plonting Practices (PPP) among
formers in Osun State, Nigerio. The specific objectives of the study are to:

1. describethe socio-economic characteristics of respondents,

2. determine the enterprise characteristics of the respondents,

3. ascertain the sources of informotion on sustainoble PPP,

4. examine the oworeness of respondents to sustainable PPP,

5. identify thelevel of utilisation of sustoinoble PPP and

6. determine the constraints to the utilisation of sustainable PPP.
Hypotheses of the Study

Ho, There is no significont relotionship between socioeconomic choracteristics of respondents ond utilisation of
sustoinoble PPP.
Ho,: There isno significant contribution of variables to the utilisation of sustoinoble PPP
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Methodology

Study area

The study wos conducted in Osun stote. Osun stote is bounded by the states of Kwaraon the Northeost, Ekiti ond Ondo
on the Eost, Ogun on the south, ond Osun on the West ond Northwest. The mojor occupation of the people is forming,
though some of them engoge in some other occupations such os trading ond commercial octivities of all sorts like:
bakery, tronsportotion, sawmilling, plank selling, bricklaying and so on. The area.is populorly noted for the production
of plontain/bonona, which is usually processed into what is known as Dodo Ikire. This is becouse the tropical climote in
the areo fovours the growth of some varieties of onnual crops, which include yom, cossava, moaize, rice, cowpea, ond
perennial crops such os cocoa, kolanuts, plontoin, ond palm produce. The climate of Osun is tropical sovonno usuolly
worm, with awet ond dry season. It has ayeorly averoge temperature of 64 °F ond receives approximately 596 inches of
rainfoll. It is dry for 59 doys throughout the year, with on averoge moisture in the air of 77% ond a UV index of 7. The
torget populotion of the study consists of all trained bonono/plontoin producers. The population of the study comprises
all plontain formers involved in improved production, in Osun State.

A multi stage sompling technique wos used to select respondents for the study. The study covered the three zones in
Osun stote; Iwo, Osogbo ond Ife [jesazones. At the first stage, apurposive selection of three Locol Government Areos
(LGAs) from Ife-djesa (Oriade, Atokumosa ond Ife North), one LGA from Osogbo (Odo-otin) ond Iwo (Iwo) zones
were selected due to dominance in plontain production. At the second stoge, communities ond respondents were
selected from the LGAs proportionate to size ond they are Erin-Oke (18), Erin-jesa(12) ond Akola(10) communities in
Oriode LGA. Iperindo (15) in Atekumosa ond Ipetumodu (10) in Ife North Local Government. In Odo-Otin, 23
respondents were selected ond 17 in Iwo LGA. Twenty respondents were selected in Ile ogbo of Iwo zone moking 125
respondents that form the sample size for the study.

Farmers' awareness of sustainable PPP: Respondents’ awareness of sustainoble PPP wos meosured on o 14-item list
of awareness questions. A dichotomous scale of ‘owoare’ or not awore’ with scores 1 and 0 respectively wos used to
meosure the response options. Respondents were cotegorised into two using abench morked meon score. Respondents
whose scores foll below the meon, were regarded as hoving low awareness, while those with equoal or above the meon,
were cotegorised os having high aworeness of sustainoble Plontain Plonting Proctices.

Constraints to the utilisation of sustainable PPP: A list of nine possible constraints to the use of sustoinoble PPP wos
presented to the respondents for them to choose os applicable. This wos meosured on o 3-point Likert type scale of
"severe constraint", "mild constraint”, ond "not a.constroint” ossigned scores of 2, 1 and 0, respectively. The meon score
of'each ofthe constraint item was determined ond used to ronk the constroints in order of severity.

The dependent varioble for the study is utilisation of sustainable PPP. Respondents’ utilisation of sustainable PPP
wos meosured on o 14-item question of utilisotion. A scole of ‘always utilised’, ‘sometimes utilised’, and not utilised’
with scores of 2, 1 and 0 wos assigned, respectively to measure the response options. Respondents were cotegorised into
two using a bench marked meon score. Respondents whose scores foll below the meon, were regorded as having low
level of utilisation, while those that are with equal or obove the meon were categorised as having high level of utilisation
of sustainable PPP. Data.collected were analysed using frequencies, percentoges, meon, stondord deviation, chi-square
ond lineor regression.

Results and Discussion

The mean oge of respondents was 55.40+ 8.28years. Mojority (64.8%) of the formers were male. This implies thot there
is adominance of mole gender ond this could be becouse most of the production octivities were corried out by men while
women ore mostly involved in processing ond morketing of products as supported by Solomon (2020). For maritol
status, 92.0% of the formers were married. The marital status of household is one of the considered explonotory
variables of adoption decisions. The reason for this os reveoled by Ojo and Boiyegunhi (2020); Ojo, et al. (2021)is thot
unmorried formers have fewer responsibilities ond chonnel their finonciol resources to ogricultural technology
adoption, controry to their married counterports. This suggests that morried respondents moy not be able put in their
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resources into the use of new technologies due to greoter responsibilities from fomily. About 24.0% of the respondents
had tertiory educotion, 33.6% had secondary education, 36.8% hod primary education, while only 5.6% of them had no
formal education. It implies thot the formers have the tendency of utilising improved technology if properly disseminated.
According to Orisokwe ond Agomuo (2011), formers’ level of education has o positive relotion with adoption of
technologies. The result also reveals that 64.0% of the formers depended solely on forming os their major occupation.
The implication of this is that they have a better chonce to improve practices, due to the foct that such households are
better off in toking risks associoted with new technologies ond proctices. This is consistent with the findings of
Mulukenet al., (2021).The study olso shows that the meon household size is 4.8 +1.48. The greater the number of
helping honds o former hos on his form, the greoter the motivation for more hectores cultivotion os corroborated by
Udemezue (2014). It was observed that mojority (98.4%) of the respondents had their income from personal sovings.
This finding agrees with the work of Mohamed ond Temu (2008) who reported that access to credit loon stimulate the
adoption of technology adoption. It was again observed that mojority (74.5%) of the respondents were members of
cooperative society. This would also have positive effect on oworeness ond utilisotion of technologies since it is easier to
disseminate information through agroup. This corroborates the findings of Adeleke ond Aloni (2020) thot osserted thot
formers who are members of cooperative societies hove access to information on technology ond funds which could
give them opportunity to better utilise suitable technologies for their production.

Table 1: Distribution of respondents according to socioeconomic charocteristics (n=125)

Variable frequency percentage (%) Mean = SD
Age (in years) 55.40 + 8.28
Less thon 41 6.0 4.80
41-55 56.0 44.8
5670 61.0 48.8
Sex

Male 81.0 64.8
Femole 44.0 35.2
Marital status

Maoarried 115.0 92.0
Single 10.0 8.00
Level of education

No formal education 7.0 5.60
Primory education 46.0 36.8
Secondory education 42.0 33.6
Tertiory education 30.0 24.0
Occupation

Artisons 17.0 13.6
Forming 64.0 51.2
Others 6.0 4.8
Source of income

Personal savings 123.0 98.4
Loon 2.0 1.60
Membership of association

Member 83.0 74.5
Non-member 42.0 25.5

Source: Field survey, 2023
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Enterprise characteristics of respondents

The study reveals that89.4% of the respondents engoged in mixed cropping. From the result, 50.4% of the respondents
engoge in intercrop proctice. This is consistent with Erasmus (2021) findings that intercropping of plontoin wos
advontogeous over sole cropping os it increose yield in oll instonces. Result shows that mojority (80.8%) of formers had
forming experience of over 10 yeors in plontoin production, on indication that mony of the formers are quite
knowledgeoble about plontain production which could boost their tendency to wont to explore the use of sustainoble
proctices. The result olso shows thot 51.2% had plontain form between 1.1 to 3.0hawhile only 5.6% of the respondents
had above Sha. This implies thot the respondents ore moinly smollholder formers with limited funds, this might limit
their quest for the use of sustainoble technologies as mony moy not consider exponding their formlond due to cost.

Table 2: Distribution of enterprise characteristics of respondents (n=125)

Variable frequency percentage (%) Mean = SD
Cropping system

Monocropping 13.0 10.4
Intercropping 63.0 50.4
Mixed cropping 112.0 89.4
Farming experience

140 yeors 24.0 19.2
1120years 38.0 304
21-30years 42.0 33.6
Above 30 years 21.0 16.8
Farm size (ha)

0.1-.0ha 37.0 29.6
1.1-3ha 64 51.2
3.1-5.0ha 17.0 13.6
Above 5.0ha 7.0 5.6

Source: Field survey, 2023

Sources of information on sustainable Plantain Planting Practices

Theresult from figure 1 shows that the majority (96.8%) of the respondents sourced informotion on sustainable plonting
proctices from fellow troined formers/friends, 54.4% from radio, 40.0% from research institutes, 36.5% from extension
agents ond 35.2% from internet. This is on indication that information flow foster and eosier among formers due to close
contoct ond sharing of views. This result ogrees with the work of Nwachukwu (2014) that fellow formers’ aid in the
dissemination of innovation among local formers. It also shows poor delivery of extension services. ADPs should stond
out ond toke-up their responsibilities in information dissemination in order to encouroge better ond sustained productivity
among formers.
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Figurel: Distribution of respondents sources of informotion on sustainoble PPP (n=125)

Farmers' awareness of sustainable PPP

The result in Figure 2 shows thot mojority of the respondents are oware of PPP such as rapid sucker multiplication (split
technique, 80.8%), hybrid varieties of plontoin (90.4%) which may have positive impoct on the formers' profitobility
because the gestation period of hybrid cultivor is shorter and it attrocts higher prices compared to other varieties, sucker
cleaning (88%), hot water treatment (54.4%) ond ogro chemical applicotion (99.2%). By implication, there wos high
level of awareness of the proctices. This confirm Olojede, ef al (2018) that there is high level of awareness on plontain

proctices omong formers.
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Constraints militating against the utilisation of sustainable PPP
Results in Table 3 reveals thot constraints such as top down approoch to information delivery (X= 1.99), lack of follow up by
extension ogents ofter troining (x= 1.98),low access to plonting materiols (X = 1.86), insufficient information (X = 1.86),
complexity of technology (X = 1.56) and poor access to technology (x= 1.55) were constroints militoting ogainst
utilisation of sustoinoble PPP. This implies thot extension ogents must be conscious to offer proctices that will meet the
demonds of formers ond also follow up ofter dissemination of information. If constraints ossocioted with plontein
production are tackled, it could leod to increased production and income for stakeholders. In addition, Mgbenka ond
Mboh (2016) opined thot limited access to credit focilities ond poor marketing system also discouroge formers production.
The result also conforms to the findings of Akinyemi ez a/. (2010) who found thot top down opprooch end low access to
good plonting varieties ore constroints to plontain production in Nigerio.

Table 3: Distribution of respondents on constraints to utilisation of sustoinoble PPP

Constraints Severe Mild Not a Mean SD Rank
const. const. constraint
o) %) (%)
Low access to plonting moteriols 92.0 1.6 6.4 1.86 0.50 3
Inodequate lobour 91.2 0.8 8.0 1.83 0.55 5
Lack of follow up by extension agent after troining 98.4 - 1.6 1.98 0.13 2
Complexity of PPP tech 73.6 12.0 14.4 1.56 0.78 6
Lond ovoilobility 59.2 17.6 232 1.36 0.83 8
Insecurity 40.0 24.0 36.0 1.04 0.87 9
Poor access to PPP tech 68.0 19.2 12.8 1.55 0.71 7
Insufficient information 85.6 6.0 14.4 1.86 0.35 3
Top down approach to information delivery 99.2 0.8 - 1.99 0.89 1

Source: Field survey, 2023

Utilisation of sustainable Plantain Planting practices
The result in Toble 4 shows utilisation of sustainoble PPP among respondents. The results show thot pruning (x=2.63),
desuckering (x=2.93), right planting time (X=2.92), weeding (X = 2.64), sucker cleaning (X = 2.34) oand debudding
(x=2.90) were proctices utilised by formers in the study oreo. The reoson for this utilisation moy be due to the foct that
these proctices may not be new to formers since the techniques were traditionally procticed. This result is in line with the
findings of Akintode ez al(2016) thot formers will utilise form proctices thot ore friendly ond not complex.

Table 4: Distribution of respondents’ utilisation of sustoinoble Plontain PPP

Sustainable PPP Always Sometimes Never Mean SD Rank
utilised utilised utilised

Ropid sucker multiplication 11.2 85.6 32 1.92 0.37 11
Hybrid varieties 12.0 79.2 8.8 1.97 0.46 10
Sucker cleoning 8.8 48.0 43.2 2.34 0.64 7
Hot water treatment 11.21 8.0 80.8 1.30 0.66 13
Weeding 8.8 17.6 73.6 2.64 0.64 5
Propping 25.6 40.8 33.6 2.08 0.77 9
Pruning 64.8 33.6 1.6 2.63 0.52 6
Monure opplicotion 47.2 38.4 14.4 2.33 0.72 8
Mulching 8.0 17.6 74.4 1.34 0.62 12
Plonting spoce 75.2 14.4 10.4 2.65 0.66 4
Desuckering 92.8 7.2 - 2.93 0.26 1
Right plonting time 92.0 8.0 - 2.92 0.27 2
Debudding 88.0 2.0 10.0 2.90 0.33 3

Source: Field survey, 2023
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Categorisation of utilisation of sustainable PPP

Table 5 shows that 52.0% of the respondent had high level of utilisation of sustainable PPP. This indicates thot there is o
close morgin between formers thot utilise ond those thot did not utilise. This contradicts Olojede (2018) revealing low
utilisation of sustoinoble PPP in asimilor study. This suggests thot formers are olready demonstroting positive response
towords utilisation of these proctices. At this point, extension ogents should intensify adequate follow up ond on form
visits after training in other to further increase utilisation.

Table 5: Cotegorisation of utilisation of sustainoble PPP (n=125)

Level of utilisation Freq. Percent Max. Min. Mean SD
Low (28.0-32.1) 60 48.0 42.0 28.0 32.1 243
High (32.2-42.0) 65 52.0

Source: Field survey, 2023.

Test of relationship between socioeconomic characteristics of respondents and utilisation of sustainable PPP
Result shows from Table 6 thot there was asignificont relationship between membership of association and utilisotion
of sustoinoble PPP. According to Adeleke and Aleni (2020), it wos observed that former’s association ploy on importont
role to help members increose their access to supports of information, capital, ond technology; bring benefits to members
ond partly promote production, enhonce productivity ond increase income.

Table 6: Relotionship between selected socioeconomic charocteristics
of respondents ond utilisation of sustainoble PPP

Variable e p-value
Occupation 3.686 0.297
Source of income 2.202 0.138
Membership of association 0.023 0.006*

Source: Field survey, 2023.

Contribution ofindependent variables to utilisation of sustainable PPP

The R-Square (0.409) on the regression Toble 7 shows that 41.0% of the utilisation of sustoinable PPP is determined or
can be explained by these variobles; membership of association (7.009) ond constraint (8.209). Constraint group hod
82.0% contribution to the utilisation of sustoinable PPP while membership of association had 70.0%. If these constraints
encountered by plontain formers are eliminated, respondents are better ploced to utilise sustainable PPP. This is in line
with the result of Olojede (2018) that constraints like poor access to technologies ond lobour intensity, have significont
effect on utilisation of sustoinoble plontoin proctices. The need to encouroge formotion of groups eomong formers becomes
pertinent by extension agents.

Table 7: Contribution of variobles to the utilisotion of sustoinoble PPP

Standard coefficients (Beta) t-value p-value
(Constont) 1.620 2.588 0.11
Constraint group 1.661 8.209 0.000*
Aware group 0.089 0.941 0.349
Form size group 0.041 0.413 0.681
Marital stotus 0.023 0.279 0.781
Form of education 0.052 0.560 0.576
Occupation 0.113 1.330 0.186
Source of income 0.056 0.754 0.452
Associotion membership 1.861 7.009 0.000*
R=0.639 R Squore=0.409 Adjusted R squore = 0.339

Source: Field Survey, 2023
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Conclusion and Recommendations

The study concluded thot most of the respondents were mole ond source for informotion on sustainable PPP from fellow
formers ond rodio. Constroints to utilisation of sustoinoble PPP were low access to plonting materiols, complexity of
technology ond lack of follow up by extension agents after training. Constroints to utilisation ond membership of
association were the mojor determinonts of utilisation of sustainoble PPP. Research institutes and ADP should work
closely to moke sustainoble plonting moteriols more accessible to plontain formers. ADP should leverage on the formers’
association to intensify the need for utilisation of required techniques. This could be achieved through adequate
demonstration and exhibitions of adopted formers output, thus combating food insecurity.
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Abstract

Production and recycling processes odoptoble within forming systems promote
ecological ogriculture. One of such processes is the conversion of brewery
woste to fertiliser, a sustoinoble woste monogement ethos. Choracterising the
nutritional potentials of brewery waste composts ond their effect on crops is
imperative to optimise its use. Thus, the objective of this study is to evaluate the
effect of different grades of Ibadon Brewery Woste (IBBW) Compost on the
yield of cucumber and soil properties.

The study wos carried out ot the experimental field, Deportment of Agronomy,
University of Ibadon. Treatments used were three grades of IBBW composts;
IBBW- A, IBBW-1B, IBBW-2 and Control (no nutrient applied), arronged in o
Complete Rondomised Block Design with four replications. The morketer
cucumber variety wos grown by opplying treatments in splits ot 2 weeks prior
to and 5 Weeks After Sowing (WAS). The experiment wos corried out between
August ond October, 2016 ond 2017. Data collected were: number of leaves,
Vine girth ond Vine length were obtained from 3-6 WAS while Fresh Fruit
Weight (FFW) wos obtained using asensitive scole ot harvest from 610 WAS.
Two-way ANOVA was used to determine the effects of composts and year on
growth and, yield parameters of cucumber and soil chemical characteristics at
0,0s- All grodes of IBBW significontly improved the yield of cucumber ond
some soil chemical properties better thon Control ocross years; However,
IBBW- Bhad the highest significont effect on FFW of cucumber.

Evaluation des Différents Taux de Compost de la Brasserie Ibadan surle
Rendement du Concombre (Cucumis sativusL.)

Résumé

Les processus de production et de recyclage adaptobles oux systémes agricoles
favorisent l'ogriculture écologique. L'un de ces processus est la.conversion des
déchets de brasserie en engroais, une philosophie de gestion durable des déchets.
Il estimpératif de caroctériser le potentiel nutritionnel des composts de déchets
de brosserie et leur effet sur les cultures ofin d'optimiser leur utilisotion.
L'objectif de cette étude est donc d'évaluer 1'effet de différentes quolités de
compost de déchets de brosserie d'Ibadon (IBBW) sur le rendement des
concombres et les propriétés du sol. L'étude o été réalisée sur le terroin
expérimentol du déportement d'ogronomie de l'université d'Tbodon. Les
troitements utilisés étaient trois catégories de composts IBBW: IBBW-A,
IBBW-1B, IBBW-2 et le contrdle (pos d'opplication d'¢léments nutritifs),
disposés dans un bloc aléatoire complet avec quatre répétitions. Lo variété de
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concombre marcicher aété cultivée en appliquont les traitements en deux fois, 2
semaines avont et 5 semaines opres le semis (WAS). L'expérience o €t€ menée
entre aolit et octobre 2016 et 2017. Les données collectées étaient : le nombre de
feuilles, lacirconférence de lavigne et lalongueur du vin ont été¢ obtenus de 3 4 6
WAS, tondis que le poids des fruits frais (FFW) a été obtenu en utilisont une
échelle sensible a larécolte de 6 a 10 WAS.L’ANOVA a deux voies o été utilisée
pour déterminer les effets des composts et de l'onnée sur la croissonce et, les
poromeétres de rendement du concombre et les caroctéristiques chimiques dusol a

Mots clés : @0,05.

Composts, Toutes les catégories dTBBW ont amélioré de moniére significative le rendement
déchets de brasserie, du concombre et certaines propriétés chimiques du sol, mieux que le témoin,
concombre, d'une onnée a l'outre; cependont, 'IBBW-1B a eu l'effet significatif le plus
fertilité du sol. importont sur I'indice de consommotion du concombre.

Introduction

Soil productivity is vital for achieving food security. The copacity to supply nutrients in the correct proportions to
moximize crop yields is a.chorocteristic of productive soil. However, the dynomic noture of nutrients, subpor menogement
proctices, ond it rapid depletion in tropical soils necessitote the use of fertilisers to cugment nutrients. The mointenonce
of productive soil requires the use of fertilisers that are ecologically suitoble to achieve food security, providing o wide
ronge of nutrients ond functioning as soil conditioners (Oliver ond Gregory, 2015; Adugna, 2018). Inorgonic fertilisers
ore not ecologically sustainable os they are expensive ond scarce in West Africa(Mensoh ond Frimpong, 2018; Toungos
2019). The use of orgonic fertilisers serves os c.competent option to inorgonic sources os they are efficient for maintoining
productive soil.

Compost, a.form of orgonic fertiliser, is obtained from the decomposition of orgenic woste under oerobic conditions.
The utilisation of compost is ameons of recycling municipal ond form woste. Compost hos on advontoge of being more
space-efficient with ease of storage and conveyonce compared to other forms of orgonic fertiliser (Bernal ez al., 2009).
The potential of ony compost is determined by several foctors such as the composting moteriols used; their rotios used,
nutrient stotus, oge, ond production methods (Pietro et al., 2013). These potentiols encomposs ospects like nutrient
content, nutrient release ond loss potterns, effects on crops, ond soil characteristics, omong others. The selection of
composting moteriols depends on moteriol availobility ond the intended purpose of composting. Waste moterials sludge,
trub, spent yeost, spent hops, ond spent grains are generoted from the brewery industries (Kerby and Vriesekoop, 2017).
Brewery Spent Grain (BSG) constitutes approximately 85% of the totol woste weight produced by breweries per brew
which is capable of constituting amenoce in the society (Nocenteet al.,2019).

The use of BSG in ogricultural is o sustoinoble waste monagement strategy. The applicotion of BSG on soils as o
fertiliser has been reported to improve soil pH, woter holding copocity, orgonic motter, ond both micro ond mocro
nutrients(Mathios et al., 2014; Aboukila et al., 2018). However, the use of BSG os a fertiliser is impeded by its high
moisture content ond substontiol bulk weight. The efficiency of BSG as afertiliser con be enhonced by composting with
other orgomic woste moteriols (Assondriet al., 2021). BSG has been composted with vorious orgonic moteriols, including
sowdust, onimol dung, plont leaves, etc. Notably, composting BSG with onimol dung hos proven effective in improving
soil charocteristics, as well os the growth ond yield of crops (Ebido ond Ndubuoku 2019; Assondriet al., 2021).
However, there is dearth of information on composts made with BSG from Ibadan Brewery Woste (IBBW) ond their
effect on soil characteristics and crops like cucumber.

Cucumber (Cucumis sativus L) is oo widely consumed fruit vegetoble (FAO, 2017). The increase in demond ond
consumption of cucumbers result from its nutritionol ond economic importonce. Cucumber fruits are composed of
approximately 90% woter, vitomins, minerals, ontioxidonts, ond pentothenic acid, moking them a voluoble source of
food ond medicine (Abbey et al.,2017). Cucumbers are also cultivated for use s row moterials in the cosmetic industry,
ond cucumber cultivation is considered aprofitoble business venture (Jimoh et al., 2016; Uthpala.ond Navoratne, 2019).
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However, the cultivation of cucumbers in Nigeria is limited by various chollenges, such os poor soil fertility. Efforts
have been made to enhonce soil productivity for cucumber cultivotion in Nigerio by use of different fertilisers.
Evoaluoting the potentiol of various availoble orgonic moteriols os o source of fertiliser is cruciol for sustoinoble soil
productivity. Therefore, it is imperotive to charocterise the nutritionol quolities of different grades of IBBW compost for
crops like cucumbers to ensure their effective use. The objective of this study is to assess the impoct of different grades
of IBBW compost on the growth, yield of cucumbers and soil properties.

Materials and Methods

Experimental site

The experiment sponned two yeoars from August to October in both 2016 and 20170n the experimental field of the
Department of Soil Resources Monogement, Agronomy building, Faculty of Agriculture, University of Ibadon. The
coordinotes for this site is 7°24'N, 3°54'E, 234m above sealevel. Ibadon is located within the tropical rainforest zone of
Nigerio. The prevailing soil order in Ibadon ore Alfisols and Inceptisols originating from bosement complex rocks. The
soils ot this location are characterised by their depth, permeobility, and friobility, featuring o finer surfoce layer of sondy
loam, which tronsitions into heavier sondy clay loom or sondy clay deeper down (Chude et al.,2012).

Agronomic practices

Lond cleoring, tilloge ond beds were carried out menually. A total of sixteen beds (2m’) were made ond seeds were sown
on eoch bed at a distonce of 50x30cm.Twelve seeds were sown on each bed (one seed per stond). Weeding was done
monuolly ot two and five weeks after plonting ond supplementary Irrigation wos procticed. Plonts were trellised at four
weeks ofter sowing.

Treatments and experimental design

Three composts made up of brewery spent grain ond poultry monure in vorying rotios were compored with Control (no
nutrient) ond used os treatments os follows:

Treatment 1(T1)ABBW1A-badon Brewery Woste Compost Grade 1A

Treatment 2(T2)ABBW 1B -dbadon Brewery Woste Compost Grade 1B

Treatment 3(T3)dABBW2-Ibadon Brewery Woste Compost Grade 2

Treatment4(T4) —Control (no application)

Treatments were onalysed for some nutritional chorocteristics (Table 1) as described: 0.5g of treatments were ploced in
abeaker; 5ml of Nitric acid wos added. The beaker was ploced on ahot plate ot artemperature of about 100° C for 2030
minutes to digest. The digest of a light clear yellowish solution was obtoined. Nitrogen content of the digest wos
determined using the kjeldohl method as described by Purificacion et al. (2013), phosphorus using the Murphy ond
Riley method os described by Roun et al. (1987) ond potossium content wos read on o flame photometer. Totol orgemic
carbon (OC) was determined os described by Shaw (1959).

Table 1: Chemical Composition of Composts

Total Nutrient element (%) IBBWIA IBBWIB 1BBW2
Total Nitrogen 1.80 0.78 0.75
Phosphorus 1.93 1.59 1.60
Potoassium 2.10 0.21 0.21
Organic Carbon 0.58 6.73 13.28

Treatments were incorporated into the soil ot the rate of 200kg K/hectore in splits; ot two weeks before plonting ond four
weeks after plonting. They were arronged in aRondomized Complete Block Design (RCBD) with four replications.
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Data Collection

Doatawas collected from the two centre tagged plonts on growth (Number of leaves, Vine girth ond Vine length) ond yield
(Fresh fruit weight) parameters. Number of leaves wos obtoined by visual counting while the vine girth ond vine length
were measured using o flexible tope from the third to the sixth week after sowing. Matured fruits were hondpicked ond
weighed from the sixth to the tenth week after sowing using asensitive scole.

The effect of treatments wos olso evoluated on soil chemical properties ond was corried out in the consultoncy
loboratory of the department. Soil samples (0-30cm depth) were collected before plonting ond per treatment ond post—
harvest. The somples were air dried ond sieved using 0.5 ond 2mm sieve. The following stondord procedure were used to
determine the nutrient contents soil somples: Particle size distribution wos onolyzed as described by Done and Topp
(2002). Total nitrogen was determined using Kjedohl method os described by Bremner (1960). Avoailable Phosphorus
wos determined by the Bray ond Kurtz method os described by Sims ez al. (2000).Orgonic corbon wos determined using
the Walkley and Block os described by Promod ez al. (2014).The soil pH was read using o pH meter ot rotio 1:1 (soil:
water). Micro nutrient contents of the soil were extrocted using Mehlich III ond reading waos done using the otomic
absorption spectrophotometer. Exchangeoble bases were extracted using 1N ommonium ocetate (NH40OAc¢). K ond Na
were reod using aflame photometer while Caond Mg were read using spectrophotometer.

Statistical analysis
All dota obtained were subjected to two-woy onalysis of varionce (ANOVA) using GenStot Discovery version (2015)
ond meons were seporoted using least significance difference (LSD) ot p<0.05.

Results and Discussion

The textural closs of the soil used for this study is the recommended sondy-Hoom textured soil while the pH ronges 0f6.9—
7.0 slightly above 5.6-6.5 as described by JimenzBallestaet al. (2018) for cucumber cultivation (Table 2). The orgomic

carbonronged from 12 to 13.2g/kg, phosphorus from 2 to 1 1mg/kg ond Nitrogen from 0.05 to 0.1g/kg (Toble 2). Orgonic

carbon and Phosphorus contents were moderate while Nitrogen content was low in all the soil samples moking the soil

suitable for afertiliser troil experiment (Chude et. al., 2012).

Table 2: Pre-plonting chemical charocteristics and particle size distribution of
soil used for the study

Parameter First year Second year
pH(1:1 H,0) 6.9 7.0
Orgonic Carbon (g/kg) 13.2 12
Total Nitrogen (g/kg) 0.1 0.1
Available Phosphorus (mg/kg) 9 11
Exchongeoble Cotions (cmol/kg)

Ca 0.90 1.2

Mg 0.2 1.3

K 0.1 0.1

Na 0.1 0.2
Micronutrients (mg/kg)

Mn 12 15

Fe 10 7.0

Cu 1 3.0

Zn 4 2.0
Porticle size onolysis (g/kg)

Sond 750 790
Silt 140 110
Clay 110 100
Textural closs Sondy Loom Sondy loom
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There wos no significont effect of fertiliser sources on the number of leaves ond Vine girth while there was significont
increase in vine length ond yield of cucumber plont (Toble 3). However, the effect of fertiliser on growth ond yield
porameters were not significont except with vine girth. The highest number of leaves was obtained from IBBW- B and
wos higher thon IBBW-2, IBBW- A and Control ot 18%, 22% and 58% respectively. The vine girth of 2.3 cm wos
obtained from IBBW-2 which increosingly varied from IBBW- B, IBBW-1 A and Control ot 9%, 14% ond 35.9%. The
vine length 77cm waos obtained from IBBW-B which was higher thon IBBW-2, IBBW- A and Control at 3.4%, 23%
ond 67.6% respectively.

Table 3: Two-way ANOVA exomining the effects of fertiliser ond yeor on the growth ond yield of cucumber

Variables Number Vine girth Vine FFW
of leaves (cm) length(cm) (t/ha)
Fertiliser IBBW-A 16 2.0 61.0 20.5
IBBW-1B 20 2.1 77.0 453
IBBW-2 19 2.3 74.4 34.1
Control 11 1.6 38.1 7.5
LSD (=0.05) ns ns 2.64 11.6
Year 1 18 3.0 71.31 30.3
2 15 1.0 53.96 23.3
LSD (= 0.05) ns 0.7 ns ns
Interaction Yeor*fertiliser ns ns <0.05 <0.05

FFW- Fresh fruit weight, ns — not significant

The Fresh fruit weight of45.3t/hawas obtoined from IBBW- B which wos higher thon IBBW-2, IBBW A and Control
at 28%, 75% ond 143% respectively. The number of leaves ond vine girth obtained in this study is higher while the vine
length ond yield is lower thon the reports of AdeOluwa.et al. (2021).The effect of IBBW composts on post-harvest soil
chemical properties is shown in Toble 4. There was slight increose in the pH ocross treatment except Control which
ronges from 6.1-7.3. However, the pH is still within the recommended ronge for Nigerion soils (Chude ef al., 2012).
Orgonic carbon ranges from 5.8-15.6g/kg, increased ocross treatments except control with IBBW-2 having the highest
significant effect on soil orgonic carbon. This may be because the orgonic carbon content of IBBW-2 was the highest
across treatments. Orgonic fertiliser sources such as compost have the obility to improve the orgonic carbon content of
soils (Abioukiloet al., 2018). IBBW composts hod significont effect on Nitrogen while it was not significant with
potossium content in the soil which varied ocross treatments from 0.05-0.3g/kg and 0.1-0.2cmol/kg respectively.

Table 4: Two-woy ANOVA examining the effects of fertiliser and year on some post-harvest soil chemical

charocteristics
Variables pH oC TN Avail. P Exchangeable cations Micro nutrients
(g/kg) (mg/kg)  (g/kg) (cmol/kg) (mg/kg)
K Na Ca Mg Mn Fe Cu Zn
Fertiliser = IBBW-A 73 146 0.3 10 02 0.1 0.4 0.2 18.5 5 3 4.5
IBBW-1B 7.1 152 0.2 14 02 02 0.6 0.3 25.5 6.5 2.5 4.5
IBBW-2 7.0 15.6 0.17 17 02 0.1 0.8 0.4 23.0 5 3.5 4.5
Control 6.1 58 0.05 5 0.1 0.1 * 0.1 11.5 4 0.6 1.2
LSD (=0.05) ns 0.3 0.02 2.5 ns ns ns Ns 2.3 ns ns 0.01
Year 1 6.9 12.0 0.18 12 0.1 0.1 0.5 0.3 19.8 6.3 2.0 3.8
2 6.8 13.6 0.18 12 02 0.1 0.48 0.3 19.5 4 2.8 3.7
LSD (= 0.05) ns Ns ns ns ns ns ns Ns ns ns ns ns
Interaction Yeor*fertiliser ns  <0.01 <0.001 <0.005 ns ns ns ns <0.001  <0.01 <0.01 <0.05

OC-organic carbon, TN- total Nitrogen, Avail. P.- Available P, K- potassium, Na- Sodium, Ca-Calcium, Mg-magnesium, Mn- manganese,
Fe- Iron, Co-Cupper, Zinc —Zn, ns- not significant, LSD-least significant difference, *- below detectable unit
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The nitrogen ond potossium content in the soil were below the critical ronge of 1.6-2.0g/kg and 0.3-0.6cmol/kg for
Nigerion soils (Chude ef al., 2012). This may be due to the nitrogen content of composts os reflected on the effect of
IBBWH A post-harvestsoil nitrogen. Additionally, the ease of detochability of nitrogen ond potassium from soils colloids to
solution. These nutrients in solution could be token up by plont or lost through leoching, thus, their low content in the
soil.

The availoble phosphorus increased for all treatments except Control with values ronging from 5-17mg/kg. The
application of composts increases the avoilobility of phosphorus in soils by reducing the sorption of phosphorus to soil
colloids through its reaction with clay minerals (Atoloye et al., 2021). The highest significant soil phosphorus wos from
IBBW-2 although IBBW- A had the highest phosphorus content. The exchangeable cations varied ocross treotments
with no significont effect os values ronge from 0.04-0.44cmol/kg. The values of micro—nutrients across treotments ronge
from 0.6-25.5mg/kg. Fertiliser sources had significont effect on the mengonese ond zinc while the volues varied for
copper and iron. The effect of IBBW composts on soil chemical properties were some across yeors while there wos no
significont interoctions between composts ond yeors for pH ond exchangeoble cotions.

Conclusion

The evaluotion of the potentiols of Ibodon Brewery Woste Composts os afertiliser for the cultivotion of cucumber reveoled
that oll grades significontly improved the yield of cucumber ond some soil chemical properties better thon Control
across years. However, IBBW- B had the highest significont effect on FFW of cucumber.
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Abstract

The preference for purchasing orgenic ogriculturol produce hos geined significont
oftention in recent yeors os consumers increosingly prioritize healthy ond
sustainoble food options. This study therefore was corried out to investigote the
foctors thot determine consumers’ preference for purchosing orgenic Agriculturol
produce in the Ibadon metropoliton orea, Ibadon, Oyo State, Nigerio. The
specific objectives were: socio—economic charocteristics of the respondents,
the types of orgonic agricultural produce thot are avoiloble, ond foctors responsible
for the respondents’preference for orgonic produce in the study areo. A multistoge
sompling procedure was used to select 91 respondents for the study ond data
collected through questionnoires were analyzed using both descriptive ond
inferential stotistics. Result shows thot majority of the respondents had meon
age of 38+13 years, 54.9% of the respondents were femole, morried (54.9%),
had formal education (98.9%), had meon fomily size of 5+2 members, ,meon
averoge monthly income of N90, 000 £50,000 ond majority (52.7%) indicated
low availoble of orgonic produce. Most of the respondents had low preference for
orgonic produce based on the quality of the orgonic produce with highest meon
0f0.93 ond ranked 1*. Respondents’sex (f=-0.218) and availability (B=-0.350)
had adirect influence on the morket choice for purchasing orgonic agriculturol
produce in the study oreo. The study concluded that availobility of orgonic
produce ond respondents’ preference determines their choice for purchosing
orgonic ogricultural produce in the study areo. It is therefore recommended that
more orgonic sales outlets /markets are needed in various locations to maoke the
orgomic produce closer to the consumers so os to increase the consumer's occess
ond preference to purchase orgonic agriculturol produce in the study areo.

Déterminants de laPréférence des Consommateurs PourL'achat de Produits
Agricoles Biologiques dansla Métropole D'ibadan

Résumé

Lapréférence pour 'achat de produits agricoles biologiques a foit I'objet d'une
attention particuliere ces dernieres onnées, cor les consommoteurs privilégient
deplus enplus les options alimentaires soines et durobles. Cette étude odonc été
réalisée pour examiner les foacteurs qui déterminent la préférence des
consommoteurs pour l'ochat de produits ogricoles biologiques dons la zone
métropolitaine d'Tboadon, Ibadon, Oyo State, Nigerio. Les objectifs spécifiques
étaient les suivonts : les coractéristiques socio—€conomiques des personnes
interrogées, les types de produits agricoles biologiques disponibles et les
facteurs responsobles de la préférence des personnes interrogées pour les
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produits biologiques dons la zone d'étude. Une procédure d'échontillonnoge a
plusieurs degrés a.été utilisée pour sélectionner 91 répondants pour I'étude et les
données recueillies por le bicis des questionnaires ont été onolysées a 'aide de
statistiques descriptives et inférentielles. Les résultats montrent que la mojorité
des personnes interrogées avoient un age moyen de 38+13 ons, 54,9% des
personnes interrogées étaient des femmes, mariées (54,9%), oavoient une
éducation formelle (98,9%), avaient une taille de fomille moyenne de 5+2
membres, un revenu mensuel moyen de N90,000 +£50,000 et lamajorité (52,7%)
a indiqué une faible disponibilité des produits biologiques. La pluport des
personnes interrogées avoient une foible préférence pour les produits
biologiques en roison de leur qualité, lamoyenne loplus élevée étant de 0,93, ce
qui les plogoit en premiére position. Le sexe des répondonts (f=-0,218) et la
disponibilité (f=-0,350) ont eu une influence directe sur le choix du marché pour
l'achat de produits ogricoles biologiques dons la zone d'étude. L'étude conclut
que la disponibilité des produits biologiques et les préférences des personnes
interrogées déterminent leur choix d'acheter des produits ogricoles biologiques
Mots clés : dons lazone d'¢tude. Il est donc recommondé de multiplier les points de vente et
Consommateur, les marchés de produits biologiques dons différents endroits ofin de ropprocher
produits agricoles biologiques, les produits biologiques des consommateurs et d'oméliorer l'occes et la
points de vente de produits biologiques, préférence de ces derniers pour l'ochot de produits agricoles biologiques dans lo
préférence zone d'étude.

Introduction

Orgonic ogricultural produce offers immense benefits to consumers os it contains o higher content of nutrients ond
ontioxidants (Rohman, etal., 2019). The benefits of orgonic ogricultural produce over conventional produce have been
demonstrated by in-vitro experiments, whereby statistical onalysis has shown that both types of produce con have
equivalent benefits. With increosing aworeness in consumers obout sofe ond heolthy foods, the demond for orgonic
ogricultural produce is growing os well, which has led to on increose in soles of organic agricultural produce in morkets.
The mojor reason for the popularity of orgonic agricultural produce is the notion thot they ore the healthier olternative to
regular foods (Baydos, 2021). As per common understonding, such food products have higher nutritional value ond ore
free of pesticides ond heavy metals (Gomiero, 2018). In other coses, people may be interested in orgonic ogriculturol
produce becouse of the promise of environmentol sustainobility that orgonic ogriculture offers (Al Mutiri ond Al
Sowayon,2021).

Anumber of studies have reported adifference in the nutrient content of orgonic end conventional food produce. A
richer nutrient content is generolly present in orgonic food as compared to conventional food (Al Mutiri and Al
Sowonyon, 2021). For instonce, in their notural stotes, the level of ontioxidonts is higher in orgonic food produce thon in
conventionolly grown ogricultural produce. Research hos also shown orgonic crops to have the highest concentration of
vitomin C, iron, mognesium, ond phosphorus (Premoamoli, Konnongore.ond Yopa, 2019).

The risk of obesity is reported to decrease by 31% in individuols who consume orgonic foods as compared to
individuols who consume conventional foods (Vigor, efal., 2019). A strong correlotion was observed to exist between
reduced risk of obesity and introduction of orgonic foods in diet. Increosed consumption of orgonic foods has been
ossocioted with adecreosed risk of developing non-Hodgkin's lymphoma (Lemaitre, efal., 2021). Similorly, it has olso
been estoblished thot there is o reduced risk of breost concer ond soft tissue sarcoma in people with preferentiol
consumption for organic food (Al Mutiri ond Al Sowayon, 2021).

The term market covers mony types of trading, os market squores, morket holls ond food halls, ond their different
varieties. Thus, moarkets con be both outdoors ond indoors, ond in the modern world, online morkets (Quoch, etal., 2020).
Morkets have the major soles points for locolly monufoctured produce ond food crops, which provide a vitol link
between rural producing oreos ond urbon areos os well as sustaining formers ond supporting local economies. However,
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there still lie potentiolly importont interconnections thot con inform ond enlighten theories on retoiling ond consumption in
new exciting ways.

Itis generally perceived thot Nigerion morkets especially the open morkets still rely solely on the supplies from the
produce of rural formers; ond in mony coses, formers are forced to sell their produce ot a.very low rates since they may
lose out due to lack of storage focilities or occess to further processing and packoging focilities thot could add value to
their produce or improve the shelflife. Yet, these middle -men or market traders increase the cost of the produce moking
more profitthon the former.

It is rather unfortunate thot formers produce bulk of our food yet remain poor or finenciclly hondicapped. It is
chollenge that needs to be tackled to ensure that they ore reasonobly finenciolly independent ond less reliont on
Government or private institutions for almost all their activities. There are possibly several factors that have contributed
to this situation; amongst which is apoor comprehension of the importonce ond dynomics of marketing in production.
Voalue choin thinking is revolutionizing Agriculture ond the food industry os focus has shifted from Agricultural
production to consumer demond, morketing ond coordinotion of product flows from producer to consumer. The role of
consumers hos oftentimes been undermined irrespective of the consumer’s importonce in the food supply choin.
Consumer opinion olso motters when it comes to value addition to orgonic agriculturol produce becouse this will help
the formers know what to produce ond how to market it to the right consumers. It is believed that consumer interest hos o
mojorrole in the exponsion of modern food retail outlets such os supermarkets.

Objective of the Study
The objective of the study is to investigate the foctors that determine the consumers' preference for purchasing orgemic
agriculturol produce. Specific objectives of the study are to:

1. describethe socio—economic choracteristics of the respondents.

2. identify the types of organic ogriculturol produce thot are avoiloble in the study oreo.

3. examine the foctors responsible for the respondents preference for organic produce/products in the study area.

Research Hypotheses
Hol: There is no significont contribution of selected foctors influencing the consumers’ preference for purchosing
orgomic ogricultural produce in the study areo.

Methodology

The study wos carried out in the Ibadon metropoliton area, Ibadon, Nigerio. Ibadon which is the copital of Oyo state come
into existence in 1829. It is locoted in the South-western Nigerio.ond in the south eostern port of Oyo state obout 120km
cast of the border with the republic of Benin in the forest zone close to the boundary between the forest and the savonnah
ond covers atotol of 3,080 square kilometer of lond mass with apopulation of over 3 million. It is the lorgest metropoliton
geographical arec.ond the third most populous city in the country ofter Logos ond Kono. Ibadon metropolis is made up of
five (5) local government oreas with a population figure of approximately 2,550,593 according to 2006 population
census, 37 percent of the populotion is engoged in ogriculture. Trading is, however, the primary activity of the city (almost
40 percent) mostly omong women. The population for the study consists of oll consumers of orgonic agricultural
produce in the study areo.

A multi stage sampling procedure wos employed in selecting respondents for this study. The first stoge involved a
purposive selection of one local government area.in Ibadon metropolis bosed on high concentration of orgonic morkets
which is Ibadon north. For the second stoge, simple rondom sompling technique wos used to select 10% of 40 orgonic
morkets in Ibadon north which are Teaching and Reseorch Form (Abadina), Ibadon Go Orgonic sales outlet (Boarth Road
University of Ibadon), Ibadon Go organic sales outlet (Jojo clinic University of Ibadon) and Ibadon Go orgonic soles
outlet (Secretariot Ibadon). Simple rondom sampling technique wos used to select 20% of 151, 120, 90 ond 98 registered
consumers of organic produce ot Teoching ond Research form (Abodina), Ibadon Go orgonic soles outlet (Secretariot),
Ibodon Go Organic sales outlet (Jojo clinic) ond Ibadon Go Organic sales outlet (Barth road) respectively, which is 30,
24, 18 and 19 respondents respectively. The total respondents for this study are 91. Data were collected using well —
structured questionnaires. A one-on -one interview wos conducted for the respondents who connot fill the questionnaires.
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The dependent variable is consumers’ market preference in purchasing orgonic ogricultural produce. The respondents
were osked to indicote their preference for the purchase of orgonic agricultural produce in the study orea. It wos
meoasured on atwo-point scale of Yes = 1 and No=0 or specify others. Data.collected were subjected to both descriptive
ond inferentiol stotistics using the statistical package for social science (SPSS). Descriptive statistics involve the use of
frequency counts and percentoge distribution to describe the dotacollected, while inferential statistics such os Peorson
Product Moment Correlation (PPMC) wos used to test relationships.

Results and Discussion
Socio-economic Characteristics of the Respondents

Age

Result of oge in Table 1 shows that the majority (73.7%) of the respondents were aged 2045 years, 17.6% oged 46-58
yeors while few (8.8%) of them were aged 59-75 yeors. The meon age of 32+13 yeors implies that most of the
respondents were growing adults who were still in their active, energetic ond productive years in the study oreo. This is
in line with the findings of Mottalib, Rogut, Krusemon ond Erenstein, (2018) that olso reported odults potronizing
orgomic morkets.

Sex

Result of sex in Figure 1 shows thot more thon holf (54.9%) of the respondents were femole while 45.1% of them were
male. This implies thot females are more involved in purchosing orgenic products in the study area. This corroborates
the findings of Rohmon ond Neena(2018) that reported femoales to be more involved in purchasing orgonic products.

Marital Status

Result of marital stotus in Figure 2 shows that the mojority (54.9%) of the respondents were morried, 4.9% of them were
single while 1.1% of the respondents were widowed ond divorced, respectively. This implies that married people were
more involved in the purchose of orgonic products in the study arec. This may be becouse food must be provided for the
households having more thon two persons to coter for. This is in line with the findings of Sharon ond Jonathon (2017) thot
reported marrioge to influence the consumption of orgonic products.

Educational Level

Resultofeducotional level in Table 1 shows thot the mojority (91.2%) of the respondents had tertiory education, 6.6% of
them had secondory education while 1.1% had primory educotion and no formal education respectively. This implies
that most of the respondents were educoted ond this could influence the rate of which they purchose orgonic products in
the study areo. This is supported by Thogersen, Zhou end Huong (2016) that reported education to increose the tendency
of consuming orgonic products.

Family Size

Result of family size in Toble 1 shows that the mojority (53.8%) of the respondents had 5-6 members in their households,
30.8% had 3-4 members in their household, 7.7% had 1-2 members, ond 5.5% had 7-8 members while 2.2% of them had
9-10 members in their households. The meon fomily size of 5+2 members implies that most of the households hod o
fairly lorge household size in the study areo. This meons thot lorger households ore likely to consume orgonic products if
avoiloble to them. This is supported by the findings of Yilmoz and Ilter (2017) thot also reported the number of people
living in on household tending to influence orgonic product consumption.

Average Monthly Income

Result of average monthly income in Toble 1 shows thot the majority (82.5%) of the respondents earned N10,000—
N100,000 on omonthly basis while 17.5% ofthem earned above 100,000 on monthly bosis in the study area. The meon
averoge monthly income 0fN90,000+50,000 implies thot most of the respondents were high income earners in the study
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oreo. This is supported with the findings of Horska, (2016) that olso reported higher income earners among the
respondents in asimilor study corried out on orgonic consumers.

Table 1: Socio—economic charocteristics of the respondents

Variables Frequency Percentage Mean SD
Age

20-32 40 44.0 32 13
3345 27 29.7

46-58 16 17.6

59-75 8 8.8

Educational level

No formal education 1 1.1

Primary education 1 1.1

Secondary education 6 6.6

Tertiory educotion 83 91.2

Family size

12 7 7.7

34 28 30.8

5-6 49 53.8 5 2
78 5 5.5

910 2 2.2

Average monthly income ()

10,000-50,000 38 41.8 90,000 50,000
50,001-100,000 37 40.7

100,001-150,000 4 4.4

150,001-200,000 4 4.4

Above 200,000 8 8.7

Source: Field survey, 2023
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Respondents' Sex

B Male BMFemale

54.9

45.1

Frequency Percentage

Figure 1: Respondents’ sex

Marital Status
B Frequency Percentage
54.9
50
1 1.1 1 1.1
Single Married Widowed Divorced

Figure 2: Respondents’ marital status
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Types of Organic Produce Available in the Study Area

Result of types of orgonic produce that ore availoble in Toble 2 shows that the crop that is mostly availoble was moize
with highest percentage of 90.1%. This is followed by sweet corn (63.7%), groundnut (50.5%) and soybeon (46.2%)
while the leost available orgonic crops were wheat (29.7%), guineacorn (18.7%) ond Barboranut (4.4%). In addition, on
fruit/vegetobles, amoranth was the most avoiloble orgonic produce with highest percentoge of 100.0%. This is followed
by celosia(soko) (97.8%), chocorus (ewedu) (94.5%) ond cucumber (90.1%). However, the leost avoilable fruit/vegetobles
were broccoli (24.2%) and wild lettuce (yonrin) (23.1%) respectively. On root/tubers, yom wos the most avoilable
orgomic root/tuber crop with highest percentoge of 78.0%. This is followed by sweet potato (73.6%) ond cocoyom
(61.5%). However, the leost availoble root/tuber orgonic produce wos Irish potato (38.5%). On spices, ginger was the
most availoble orgonic produce with highest percentoge of 96.7%. This is followed by turmeric (86.8%) ond scent
leaves (81.3%). However, the least available spices orgonic produced were bosil (30.8%), clove (24.2%) ond cinnomon
(17.6%).

Table 2: Types of Orgonic produce thot is availoble in the study orea

Types of organic fertilizer Available Not available
Crop Muaize 82 (90.1) 9(9.9)
Millet 27 (29.7) 64 (70.3)
Sorghum 15 (16.5) 76 (83.5)
Wheat 27(29.7) 64 (70.3)
Sweet corn 58 (63.7) 33 (36.3)
Soybeon 42 (46.2) 49 (53.8)
Guineo corn 17 (18.7) 74 (81.3)
Groundnut 46 (50.5) 45 (49.5)
Bombora nut 4(4.4) 87 (95.6)
FRUIT/VEGETABLES. Amaranths 91 (100.0) -

Carrot 58 (63.7) 33 (36.3)
Cucumber 82 (90.1) 9(9.9)
Broccoli 22 (24.2) 69 (75.8)
Lettuce 51 (56.0) 40 (44.0)
Spinoch 38 (41.8) 53 (58.2)
Okra 76 (83.5) 15 (16.5)
Celosia (soko) 89 (97.8) 2(2.2)
Chocorus (ewedu) 86 (94.5) 5(5.5)
Telforia (ugwu) 80 (87.9) 11 (12.1)
Gorden eggplont (gbagba) 72 (79.1) 19 (20.9)
Cobboge 53 (58.2) 38 (41.8)
Waoter leaf 76 (83.5) 15 (16.5)
Bitter leaf 70 (76.9) 21 (23.1)
Wild lettuce (yonrin) 21(23.1) 70 (76.9)
ROOT/TUBERS. Yom 71 (78.0) 20 (22.0)
Cocoyom 56 (61.5) 35 (38.5)
Irish pototo 35 (38.5) 56 (61.5)
Sweet pototo 67 (73.6) 24 (26.4)
Caossavo 36 (39.6) 55 (60.4)
Rodish 45 (49.5) 46 (50.5)
SPICES...Ginger 88 (96.7) 3(3.3)
Tumeric 79 (86.8) 12 (13.2)
Cinnomon 16 (17.6) 75 (82.4)
Clove 22 (24.2) 69 (75.8)
Rosemory 18 (19.8) 73 (80.2)
Bosil 28 (30.8) 63 (69.2)
Scent leaves 74 (81.3) 17 (18.7)
Onion 52 (57.1) 39 (42.9)
Garlic 43 (47.3) 48 (52.7)

Source: Field survey, 2023
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Factors Responsible for Respondents' Preference for Organic Produce/Product

Result of foctors responsible for respondents’ preference for orgonic produce/product in Toble 3 shows thot the most of
the respondents had higher preference for organic produce bosed on the quality of the orgonic produce with the highest
percentoge of 93.4%. This is followed by former/seller’s attitude (87.9%), the location of the orgonic market (78.0%)
and time of sales of orgonic produce/products (75.8%). This corroborates the findings of Rohmon ond Noor (2016) that
also isolated access to market to purchase orgonic products ond quality of the products as the most influencing foctors
responsible for purchose of orgonic produce in asimilor study. However, the least factors responsible for respondents’
morket preference were promptness of tronsactions (63.7%), heolth issues (57.1%) ond spacious ond conducive
environment (53.8%) in the study area.

Table 3: Foctors responsible for respondents’ morket preference

Factors Yes No

The quality of the orgonic produce 85(93.4) 6 (6.6)
The former/seller’s attitude 80 (87.9) 11 (12.1)
The promptness of tronsactions 58 (63.7) 33 (36.3)
The location of the orgonic morket 71 (78.0) 20 (22.0)
Other fomily members'/friends’ patronoge ond positive comments obout the 67 (73.6) 24 (26.4)
orgonic produce/products

Time of sales of orgonic produce/products 69 (75.8) 22 (24.2)
Health issues 52 (57.1) 39 (42.9)
Spocious ond conducive environment 49 (53.8) 42 (46.2)

Source: Field survey, 2023

Results of Hypotheses Testing

HypothesisOne
There is no significant contribution of some selected foctors that determine the consumers’ choice for purchasing
orgonic ogriculturol produce in the study areo.

Contribution of some Selected Factors Influencing the Consumers' Choice for Purchasing Organic Agricultural
Produce

Regression onalysis wos conducted on the contributions of selected foctors thot determine the consumers’ choice for
purchosing orgenic ogricultural produce in the study areo. Toble 4 shows a.R’ value of 0.318 revealing thot the voricbles
in the regression model put together could exploin 31.8% of the varionce thot contributed to their choice for purchosing
orgomic ogricultural produce in the study area. The toble further shows that two (2) of the variables significontly
predicted the market choice for purchosing orgonic agricultural produce in the study area. These are: sex (f=-0.218) ond
avoilobility (B=-0.350) respectively. All had o direct influence on the consumers’ choice for purchosing orgonic
agriculturol produce in the study oreo.
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Table 4: Contribution of some selected foctors thot determine the market choice for purchosing orgonic

Agricultural produce
Variables Beta T Sig
Constont 0.864 0.390
Age -0.189 -1.295 0.199
Sex -0.218 -2.060 0.043%*
Maorital stotus 0.025 0.167 0.868
Educational level 0.123 1.241 0.218
Religion 0.152 1.440 0.154
Fomily size -0.039 -0.366 0.716
Occupotion -.209 -1.573 0.120
Averoge monthly income -0.103 -0.800 0.426
Constroints -0.049 -0.458 0.648
Factors -0.028 .267 0.790
Availobility 0.350 2.859 0.005%*

R=0.564, R2=0.318, Adjusted R squore=0.222, Std Error=3.223
Source: Field survey, 2023

Conclusion

The study concluded that most of the respondents were adults, female, morried, educated, ond had lorge fomily size;
high monthly income ond had low preference for purchasing orgonic agricultural produce in the study oreo. There wos
also low availability of orgonic produce/products in the study orea.

Recommendations

Bosed on the findings of this study, the following recommendations were mode:

1. Production of exotic orgonic produce that ottracts higher prices should be introduced to the orgonic formers in
the study areo.

2. Orgonic produce should be sold ot a.cheaper rate so as to increase the consumer’s preference to purchose them
inthe study oreo.

3. Digital orgonic marketing should be introduced to the orgonic consumers for easy flow of tronsactions reloting
to buying ond selling of orgonic products.

4. Orgonic markets should be increosed cnd made avoiloble closer to the households for ease of accessibility.
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Abstract

An experiment wos conducted ot the Londmork University Omu-Aron, Kwora
State, Nigeriato determine the potentiol Moringaoleiferaleoves (dry —powdered,
fresh whole leaves) os orgonicfertilizer. There were seven treotment combinations,
consisting of 0, 2,4, ond 6 tonnes per hectare which tronslated to 0, 1020, ond 30
groms per 10 kg of soil for both dry leaf powder ond fresh whole leaves. The
plostic pots were arronged in Rondomized Complete Block Design (RCBD)
with three (3) replicates. The treatments were incorporated into the soil, ofter
which three (3) maize seeds were planted into each pot three (3) days after
treotments incorporotion. After seedling emergence, the most vigorous seedling
was left in each pot.The experiment losted for 12 weeks. Data collected
included number of leaves and plont height ot 3-week intervols ond were
subjected to Analysis of Varionce (ANOVA). Significont meons were seporated
using Duncon’s Multiple Ronge Test (DMRT). The results obtained showed
that there wos significont difference in moize growth when 2 t/ha of Moringa
Dry Leaf Powder wos used, compored with all other levels ond omendment
types. The number of leaves did not differ significontly ot oll levels of Moringa
leaf ond omendment types. The 2 t/haMoringaDry Leaf powder treatment gove
on equivalent result os the 6 t/haof Moringa Whole Fresh Leaf treatment. It wos
concluded thot M.oleifera opplied ot 2 t/ha.of the dry leaf powder has potential
to be used os orgonic fertilizer.

Effet de L'amendement du sol Parla Feuille de Moringa surla Croissance du
Mais (ZeamaysL.) etles Teneurs en Nutrients du Sol

Résumé

Une expérience a été menée a l'université Londmoark d’'Omu-Aron, dons 1'Etat
de Kwara, om Nigeria, afin de déterminer le potentiel des feuilles de Moringa
oleifera (feuilles séches —en poudre, feuilles froiches entiéres) en tont
qu'engrois orgonique. Iy a.eu sept combinaisons de traitement, consistont en 0,
2,4 et6tonnes par hectare, ce qui corresponda 0, 10,20 et 30 grommes por 10 kg
de sol pour lapoudre de feuilles seches et les feuilles entiéres froiches. Les pots
en plostique ont été disposés selon un plon en blocs complets oléatoires
(RCBD) avec trois (3) répétitions. Les traitements ont été incorporés dons le
sol, apres quoi trois (3) groines de mois ont été plontées dons chaque pot trois (3)
jours apres l'incorporation des traitements. Aprés 1'émergence des semis, le
semis le plus vigoureux a été laissé dons choque pot. L'expérience a duré 12
semoaines. Les données collectées comprenaient le nombre de feuilles et la
houteur des plontes a des intervolles de 3 semaines et ont ét¢ soumises a
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l'onolyse de lavarionce (ANOVA). Les moyennes significotives ont été séparées
al'aide du test de gomme multiple de Duncon (DMRT). Les résultats obtenus ont
montré qu'il y avoait une différence significative dons la croissonce du mois
lorsque 2 t/ha de poudre de feuilles séches de Moringa étoient utilisées, por
rapport a tous les outres niveoux et types d'omendement. Le nombre de feuilles ne
différe pos significativement a tous les niveoux de feuilles de Moringa et a tous

Mots clés :

Moringa oleifera les types d'amendement. Le troitement de 2 t/ha.de poudre de feuilles séches de
mais, Moringaodonné un résultat équivalent ou traitement de 6 t/hade feuilles froiches
amendement, entiéres de Moringo. Il a.été conclu que M.oleiferaoppliqué a 2 t/hade poudre de
engrais organique feuilles seches ale potentiel d'étre utilisé comme engrois orgonique.
Introduction

Moize is a cereal crop that is widely grown throughout the world in o ronge of ogroecological environments (IITA,
2015). It is also regorded as corn, which is on importont grain crop of the world. It hos its origin from Central ond South
America(Oladejo ond Adetunji, 2012). It is acereal crop thot is importont for both mon ond onimol. Low copitolization,
low soil fertility, price fluctuotion, diseose ond pest, poor storoge focilities ond inefficiency of resources utilizotion ore
the identified problems in moize production in Nigeria.(Ojo, 2000).

The use of inorgonic fertilizers is becoming unpopular because of its negotive impact on soil, plont, and onimaol
(Alori et ol 2019). Orgonic ogriculture is the trend now. In addition, the politicizotion of the distribution of inorgonic
chemical fertilizers in Nigeria ond increase in fertilizer prices coupled with its unrelioble avoilability to formers
necessitate the need for on alternative type of fertilizer thot is not hozardous to life ond the environment. Consequently,
inorgonic fertilizers are avoiloble, but expensive ond con result in soil degrodotion, erosion, toxicity ond nutrient
imbalance, etc. orgono-mineroal fertilizers are now being sold, ond there is the need to look for materials for such alorge
enterprise (Adulojuet. al.,2013).

Orgonic fertilizers have been known to provide aready source of carbon ond nitrogen for microorgonisms in the
soil, improve soil structure, reduce erosion, ond lower the temperoture ot the soil surface ond aid in seed germination ond
increose the soil’s water holding capacity (Adeyolonu, 2010). Orgonic fertilizers do not release chemicals or salts thot
could couse the buildup of toxic substonces in the soil that con have very odverse effects on both the soil and plonts
grown on them ond since they release nutrient slowly into the soil, it unlikely for a former to over fertilize. Orgonic
fertilizer contains ond releoses orgonic motter into the soil which serves as on importont source of energy for orgonisms
such os bacterio, fungi earthworms that toke residence in the soil (David ond Whitting, 2014). Additionally, Robert,
2009 mentioned in his work thot orgonic soil amendments have several importonce such os the increose of nutrient —
holding copocity of the soil, additional nutrients aond mineral value for plont growth and oerotion ond soil pH stabilizotion.

Moringais afost growing, drought-resistont, deciduous tree that is native to Agra.ond Oudh in the Northwest region
of India.ond is noturalized in other tropical ond subtropical regions (Mulghal e al. 1999). Itis avery importont tree crop
that is often used for medicinal, ogricultural, ond industrial purposes (Foidl end Poul, 2008; Fuglie, 2005).

Mona (2013) opined thot Moringa oleifera is aplont thot is volued highly and it is distributed in mony countries of
tropics ond subtropics. Ebido (2014) reported that moringa oleifera is o populor plont in the seed bonk of the
underutilized crops of the tropics. It wos reported by Agbogidi ond Ilondu (2012) thot every port of moringatree (leaves,
bark, stem, root, pod, flower, seeds ond gum, oil (from some seeds) is beneficial in some way; therefore, it is regarded os
the tree with the greatest benefits on earth. The tree also provides mony products from oil to soil amendments
(fertilizers) and tisones are mode from the leaves (Wikipedia, 2015). Utietiong et ol., (2013) concluded in on article thot
Moringa oleifera leaves con serve as on olternotive soil orgonic motter ond Ca source or o replocement for inorgonic
fertilizers, with focilitating effect on soil pH and plont nutrients release for the optimal gorden egg production.

Hence, the objective of this study is to determine the effects of opplying different levels of Moringa s whole fresh
leaves and dry leaf powder on soil physical and chemicol properties ond maize plont growth.
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Materials and Methods

Experimental Site

This study was corried out ot the Londmork University Teaching ond Reseorch Forms, Omu —Aron, Kwora State Nigerio.
Locoated on 80°9'N latitude and 50° 61'E Longitude o.Guinea, or moist sovonno with tall grasses and tree. The areahos o
bimodal roinfall pattern with roiny seasons from April to July ond from September to early November.

Collection of Soil Sample used for Pot Experiment

Soil sumples were rondomly collected from o015 cm depth ot the Londmark Teaching ond Research Foarm Omu-Aron,
KwaoraState, Nigerio. Soil somples were bulked to form arepresentotive sample which was transported to the laborotory
for onolysis. Samples were air dried for 3 days and passed through a2 mm sieve in preporation for analysis.

Experimental Design

Plostic pots 30-em diameter, filled with 10 kg of soil were arronged in a rondomized complete block design (RCBD)
with three (3) replicates. Treatments comprising four levels of whole fresh leaves and dry leof powder of Moringawere
incorporated into the soil in the plastic bags ot the rote 0f 0, 2, 4, and 6, tonnes per hectore which tronslate to 0, 10, 20, 30
groms per 10 kg of soil. Three maize seeds were plonted per plostic bag after 3 days of applying Moringaleaves to ensure
mineralizotion ot the depth of 3cm and waos loter thinned to one vigorous seedling. The treated soil wos constontly kept
moistbutnot woterlogged throughout the experimental period thot losted for 12 weeks.

DataCollection

Maize growth parameters such as the number of leaves per plont were determined by counting, while the plont height
(cm) wos token by using ameter rule. Soil samples were token from each treatment ot three weeks intervols from 32
weeks ofter plonting (WAP). These were air-dried, sieved ond analyzed in the Soil Science loboratory of the Londmark
University, Omu—Aron, Nigeriofor physical ond chemical properties.

Analysis of Soil Chemical Characteristics

Soil physical and chemical properties determined include; soil pH with on electronic soil pH meter (Model 215,
Colorado, U.S.A.); soil particle size onolysis with the hydrometer method (Gee ond Or 2002); organic matter content
wos determined using the wet oxidotion method (Shamshuddin et al., 1994); exchangeoble bases (K, Mg, No, and Ca),
were determined by ommonium ocetote method (Chopmon1965); To determine exchongeable ocidity, 5g of air dried
soil (sieved through 2mm sieve) were weighed into o 250ml conical flosk. A 50ml of 1N potossium chloride (KCI)
solution was added to the soil sample in the conical flask. The flask was shoken on areciprocating shoker for 1 hour ond
the content wos filtered through Whatmon No. 42 filter paper. Twenty—five mls of the filtrote was pipetted into o 100ml
conical flask ond 50 ml distilled woter wos added along with 5 drops of phenolphthalein indicator. The resulting solution
wos titroted with 0.01N sodium hydroxide (NoOH) to o permonent pink end point. The volume of the base used wos
recorded ond used in the calculation of total exchangeoble ocidity (H+Al); The Effective Cation Exchonge Copocity
(ECEC) wos determined by the summation of the exchongeoble boses (Ca, Mg, Na and K) and exchongeoble acidity
expressed in cmolkg '; total soil nitrogen wos determined by Mocrokjedohl method (Bremner1982), ond the Bray 1
method wos used to determine availoble phosphorus (Murphy ond Riley 1962).

Data Analysis

All doto from the experiment were subjected to analysis of varionce (ANOVA) using IBM SPSS statisticol pockoge 21.
Means were separated using Duncon’s Multiple Ronge Test (P<0.05).

Results and Discussion

Results of initial soil properties of the soil before applicotions of treatments ore presented in Toble 1. The soil used in the

location used was Loomy sond. The orgonic matter content wos found to be 5.52 mg/kg, which is considered low for
crop production (London, 1991). The soil pH wos 4.56, indicating astrongly acidic soil. The totol Nitrogen (N) content
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0f0.16 g/kg was lower thon the critical level of 1.5 g/kg recommended for tropicol soils by Enzenwor et al (1979). The
avoiloble P wos found to be 6.52 mg/kg soil. This is also below the critical value of 1016 mg/kg recommended by
Adeoye and Agboola (1985). The Potossium (K) stotus of the soil (0.12 cmol/kg) was also found to be less thon the
critical level of 0.2 cmol/kg soil reported by Adeoye (1986). The low soil fertility observed in the experimental soil in
respect of total nitrogen, phosphorus, and potassium contents ore charocteristic of the savonnoh soils of Nigeria in
generoal. The soil is generally poor in the primary essentiol nutrients (Toble 1) ond the need for additional nutrients is well
estoblished ond apositive response to such omendment wos expected.

Tablel: The physical ond chemical choracteristics of the experimental soil before
treatment opplication

Soil Property Values
Sond (%) 84.74

Silt (%) 7.00

Clay (%) 8.26
Texturol closs Loomy sond
pH (1:1 soil/H,0) 4.82

O.M (g/kg) 5.52

Totol N (g/kg) 0.16
Available P (mg kg™) 6.52
Exchangeoble K cmol/kg soil 0.12

Co™ cmol/kg 0.25 (x 10%)
No'" cmol/kg 2.17

CEC cmol/kg 4.64

Effect of Soil Amendment on Soil Organic Matter

Toble 2 shows the effect of soil amendment on the soil orgenic motter (O.M) content ot 3, 6, 9 ond 12 weeks after plonting,
respectively. On averoge, there wos o 9% —23 % increose in the O.M content of the soil across all levels of applied
omendments. Application of moringa.os dry leof powder resulted in 6% —60 % increase in soil orgonic motter content
while opplication os whole fresh leaves resulted in obout 6% —69% increase. The highest percentoge increose (69%) was
recorded ot 9 WAP applied ot the rate of 6t/ha (Fresh) while the least (6%) wos recorded ot 3 WAP applied at the rote of
4t/ha(dry) ond 4 ond 6 t/ha(fresh). This corroborates the findings of Ebido ez al., (2014) who reported that incorporation
of moringaleafto soil significontly increased the soil orgonic matter content. Utietiong et al., (2013) olso reported high
concentration of orgonic carbon with application of Moringa oleiferaleaves.

Table 2: Effect of Soil Amendment on Soil Orgonic Motter

Treatment Rate t/ha % ORGANIC MATTER

3 WAP 6 WAP 9 WAP 12 WAP AVERAGE
Control 0 4.72 4.18 1.14 2.84 3.22
*Dry 2 52 4.88 2.91 2.87 3.97
Dry 4 5.01 5.14 1.89 3.47 3.88
Dry 6 5.62 5.29 2.68 3.23 421
**Fresh 2 4.98 4.63 3.03 2.32 3.74
Fresh 4 5.01 4.17 2.24 2.79 3.55
Fresh 6 5.04 4.78 3.62 2.21 3.91
SE + 0.104 0.164 0.309 0.170 0.121
*Moringo Dry Leof Powder

**Moringa Whole Fresh Leaves
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Effect of Amendment on Soil % Nitrogen

Toble 3 shows the effect of soil amendment on the soil Nitrogen (N) content ot 3, 6, 9 and 12 weeks ofter plonting,
respectively. On averoge, there was 0.0 —4 1% increose in the N content of the soil across all levels of opplied amendment.
Applicotion of moringa.os dry leaf powder resulted in 0% —74 % increose in soil N content while application as whole
fresh leaves resulted in about 0% —51% increose. The highest percentoge increase (74%) was recorded at 6 WAP applied
ot the rate of 6t/ha(dry).

According to (Agbogidi, et al 2012) the protein content of moringa WFL is 6.7g while the DLP hos about 27.1g of
protein content. According to (Adeoye ond Agboola, 1985) ony soil that has % N ranging from 0.6-1.0 is considered has
been low therefore even though there wos increose in % N of the amended soil when compared to the pre-treated soil the
% N can still be clossified hos low probobly because the soil is very ocidic. Utietiong et al., (2013) reported thot Moringa
oleiferaleaves showed high concentrotion of N.

Table 3: Effect of Soil Amendment on Soil Nitrogen

Treatment Rate t/ha % Nitrogen

3 WAP 6 WAP 9 WAP 12 WAP AVERAGE
Control 0 0.19 0.18 0.11 0.49 0.2425
*Dry 2 0.34 0.38 0.35 0.56 0.4075
Dry 4 0.19 0.18 0.21 0.15 0.1825
Dry 6 0.32 0.69 0.21 0.11 0.3325
**Fresh 2 0.21 0.33 0.19 0.26 0.2475
Fresh 4 0.32 0.17 0.24 0.59 0.33
Fresh 6 0.39 0.13 0.18 0.53 0.3075
SE + 0.030 0.074 0.027 0.077 0.028
*Moringa Dry Leof Powder

**Moringa Whole Fresh Leaves

Effect of Amendment on Soil available Phosphorus

Toble 4 shows the avoilable Phosphorus ot 3, 6,9 and 12 weeks ofter plonting, respectively. On averoge, there wos o 16 —
26% increose in the P content of the soil across all levels of opplied omendment. Application of moringa os dry leof
powder resulted in a 0% —62 % increose in soil P content while applicotion as whole fresh leaves resulted in obout 0% —
41% increose. The highest percentoge increose (62%) was recorded ot 3 WAP opplied ot the rate of 6t/ha (dry).
According to (Adepetu ond Corey, 1975), it was reported thot phosphorus mineralized from organic sources is by for the
most importont foctor in determining P availobility for crop uptoke. The determined availoble P does not reflect the total
Ppresent in the soil but only on infinitesimal port of the totol P present in the soil which is availoble to the plont for uptoke
ot ony time (Ogunwale, 2003). Ebido et al., (2014) showed that moringa oleifera significontly increased soil available P.

Table 4: Effect of Soil Amendment on Availoble Phosphorus

Treatment Rate t/ha Available P
3 WAP 6 WAP 9 WAP 12WAP AVERAGE

Control 0 6.69 9.16 24.48 25.19 16.380
*Dry 2 9.51 8.63 23.96 22.37 16.118
Dry 4 12.51 11.44 26.95 33.99 21.223
Dry 6 17.79 13.92 22.89 34.52 22.280
**Fresh 2 4.57 5.81 21.49 22.72 13.648
Fresh 4 11.27 11.63 22.55 32.76 19.555
Fresh 6 6.34 4.4 24.31 28.54 15.898
SE + 1.70 1.27 0.66 1.99 1.20
*Moringo Dry Leof Powder

**Moringa Whole Fresh Leaves
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Effect of Amendment on Soil Calcium

Toble 5 shows the exchangeoble calcium ot 3, 6,9 and 12 weeks after plonting, respectively. On average, there was 0.0 —
18% increose in the Co content of the soil ocross all levels of opplied omendment. Application of moringo as dry leof
powder resulted in a 0% —50 % increose in soil P content while applicotion as whole fresh leaves resulted in obout 0% —
50% increose.

It con also be seen from Table 5 that there wos no difference between the amount of Caiin the soil for both the control
to which nothing wos opplied and to the pots to which amendment was opplied ot various levels of application ot 3 WAP
ond 6 WAP respectively. At 9 WAP there was an increase in soil Co.content to about (50 %) at 2 t/ha, 4 /ho.ond 6 t/ha.of
DLP and olso ot 2 ond 6 t/harate of opplication for WFL. Utietiong et al., (2013) reported thot Moringa oleifera leaves
showed high concentration of Co.

Table 5: Effect of soil amendment on soil colcium

Treatment Rate t/ha Ca cmol/kg

3 WAP 6 WAP 9 WAP 12 WAP AVERAGE

(*107) (* 107) (*10%) (*107) (*10%)
Control 0 0.25 0.25 0.25 0.5 0.31
*Dry 2 0.25 0.25 0.25 0.5 0.31
Dry 4 0.25 0.25 0.25 0.5 0.31
Dry 6 0.25 0.25 0.5 0.5 0.38
**Fresh 2 0.25 0.25 0.5 0.5 0.38
Fresh 4 0.25 0.25 0.5 0.25 0.31
Fresh 6 0.25 0.25 0.5 0.5 0.38
SE + 0.00 0.00 0.051 0.035 0.014
*Moringo Dry Leof Powder

**Moringa Whole Fresh Leaves

Effect of Amendment on Exchangeable Potassium

Table 6 reveoals the effect of soil amendment on the soil exchangeable potassium (K) content at 3, 6,9 and 12 weeks after
plonting, respectively. On averoge, there wos a 0 —45% increose in the exchongeoble K content of the soil across all
levels of opplied omendment. Application of moringa os dry leaf powder resulted in 20% —57 % increose in soil K
content while opplication as whole fresh leaves resulted in obout 0% —68% increase. The highest percentoge increase
(68%) wos recorded ot 6 WAP opplied ot the rate of 6t/ha( WFL). This may be because Moringa oleiferaleaves have high
concentrotion of K as reported by Utietiong et al., (2013).

Table 6: Effect of soil amendment on soil potassium

Treatment Rate t/ha K cmol/kg
3WAP 6WAP IWAP 12WAP AVERAGE
Control 0 0.059 0.056 0.066 0.056 0.059
*Dry 2 0.077 0.077 0.082 0.072 0.077
Dry 4 0.100 0.082 0.089 0.087 0.089
Dry 6 0.138 0.1 0.105 0.087 0.107
**Fresh 2 0.064 0.054 0.061 0.056 0.059
Fresh 4 0.069 0.056 0.066 0.064 0.064
Fresh 6 0.072 0.174 0.079 0.064 0.097
SE + 0.010 0.016 0.001 0.004 0.007
*Moringo Dry Leof Powder

**Moringa Whole Fresh Leaves
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Effect of Amendment on Soil Exchangeable Sodium

As shown on Toble 7, the application of moringa.as dry leaf powder resulted in 0% —23 % increose in soil Na.content ond
application os whole fresh leaves also resulted in about 0% —23% increase. The highest percentage increose (23%) wos
recorded in ot 6 ond 9 WAP opplied ot the rate 0f 2,4 and 6 t/ha(Dry ond WFL).

Table 7: Effect of soil omendment on soil sodium

Treatment Rate t/ha Na cmol/kg
3WAP 6WAP IWAP 12WAP AVERAGE
Control 0 0.026 0.026 0.017 0.017 0.022
Dry 2 0.017 0.022 0.021 0.017 0.019
Dry 4 0.017 0.017 0.021 0.022 0.019
Dry 6 0.022 0.017 0.013 0.022 0.018
Fresh 2 0.013 0.022 0.022 0.022 0.018
Fresh 4 0.013 0.022 0.022 0.017 0.019
Fresh 6 0.013 0.017 0.022 0.017 0.017
SE + 0.002 0.001 0.001 0.011 0.000
*Moringo Dry Leof Powder

**Moringo Whole Fresh Leaves

Effect of Amendment on Cation Exchange Capacity

Toble 8 shows the result obtoined for soil CEC ot 3, 6,9 and 12 weeks ofter plonting, respectively. On averoge, there wos
0.8 21% increose in the CEC content of the soil across all levels of applied omendment. Application of moringoos dry
leaf powder resulted in 12% —47 % increose in soil K content while application as whole fresh leaves resulted in obout
3% —37% increase. The highest percentoge increase (47%) wos recorded ot 9 WAP opplied ot the rote of 6t/ha (Dry).
Ebidoetal.,(2014) showed thot moringa oleifera significantly increosed cation exchonge capocity (CEC).

Table 8: Effect of soil omendment on Cotion Exchangeoble Copocity

Treatment Rate t/ha CEC cmol/kg

3 WAP 6 WAP 9 WAP 12 WAP AVERAGE
Control 0 4.04 9.36 3.85 4.82 5.518
*Dry 2 6.45 7.78 4.96 3.27 5.615
Dry 4 3.65 7.85 4.38 5.45 5.333
Dry 6 6.76 8.47 7.25 5.56 7.01
**Fresh 2 5.13 6.68 4.8 4.19 5.2
Fresh 4 4.43 7.23 5.28 5.31 5.563
Fresh 6 6.76 3.42 6.12 5.16 5.365
SE + 0.504 0.716 0.429 0.312 0.231
*Moringo Dry Leof Powder

**Moringa Whole Fresh Leaves

Effect of Soil Amendment on Exchangeable Acidity

Table 9 shows the result obtained for soil total ocidity ot 3, 6,9 ond 12 weeks after plonting, respectively ot 3, 6,9 and 12
weeks ofter plonting, respectively. Application of moringa os dry leaf powder resulted in 0.0% —38 % increose in soil
total acidity content while opplicotion as whole fresh leaves resulted in obout 0% —25% increase. The highest percentoge
increase (38%) wos recorded ot 6 WAP applied ot the rate of 6t/ha(Dry).
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Table 9: Effect of soil amendment on total Acidity

Treatment Rate t/ha E.A cmol/kg
3 WAP 6 WAP 9 WAP 12 WAP

Control 0 0.26 0.042 0.09 0.13
*Dry 2 0.19 0.058 0.1 0.14
Dry 4 0.24 0.061 0.12 0.11
Dry 6 0.24 0.068 0.08 0.12
**Fresh 2 0.23 0.038 0.07 0.13
Fresh 4 0.14 0.048 0.12 0.13
Fresh 6 0.21 0.043 0.07 0.11

SE + 0.015 0.004 0.008 0.004

Effect of Amendment on Maize Number of Leaves and Plant Height

Toble 10 below shows the result obtained for moize height ond number of leaves ot 3 WAP and 6 WAP. Although there
were differences in plant height obtained at 3WAP and 6 WAP respectively the differences were not significont except ot
3 WAP when 2 t/ho. The application of Moringa oleifera leaves significontly increased number of fruits per plont
(Utietiong et al., 2013). This also agrees with the findings of some other reseorchers. Moringaleaf extroct significontly
improves maize plont height (Mvumi et al 2013, Biswas et al, 2016). The higher volues of plont height ond leaf number
obtained could be os aresult of adequate amount of nutrients released into the soil for optimum growth of the plont.
Moishonuet al.,2017 showed that moringaextroct increosed the number of leaves of plont becouse it is rich with growth
hormones. Moringaleaves increased the growth parameters of moize significantly (Yusufetol, 2018). Moringaoleifera
addition os soil amendment focilitoted plont nutrients releose for optimum production of crops (Ayubaet al., 2014).

Table 10: Effect of soil amendment on moize number of leaves ond plont height

Treatment Rate t/ha Number of leaves Plant Height

3 WAP 6 WAP 3 WAP 6 WAP
Control 0 4.000. 5.33a 5.33 ob 8.600
*Dry 2 4.000. 4.67a 4.86b 10.260.
Dry 4 4.67a 5.33a 5.90 ob 11.50a
Dry 6 4.000. 5.33a 5.80 ob 11.50a
**Fresh 2 4.000. 5.00a 5.70 ab 9.90a
Fresh 4 4.33a 5.660 5.23 ob 10.57a
Fresh 6 4.660. 4.660 6.56 a 10.000

(P =0.05)

*Moringo Dry Leof Powder

**Moringa Whole Fresh Leaves

Conclusion

In conclusion both Moringa Dried Leave Powder (DLP) and Whole Fresh Leaves (WFL)have potentiol to be used as
soil amendments for nutrient supplements (orgenic fertilizer). The Moringa Dry Leof Powder releoses more nutrient
thon Whole Fresh Leave.

To improve soil orgenic motter ond exchongeoble potassium(K) moringa is better opplied as Whole Fresh Leave
(WFL) ot 6t/ha.of soil while application of Dry Leave Powder (DLP) ot 6t/hawill be best for the improvement of N, P.
CEC ond increased total ocidity. However, for the purpose of improving exchongeoble Na either Dry Leof Powder
(DLP)or Whole Fresh Leave (WFL) will do quite well ot both 2,4 ond 6t/ho.
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Abstract

The use of Green Nonoparticles synthesized in the monogement proctices of
field crops hos been ossessed as on olternative to synthetic insecticides. This
field experiment wos conducted to examine the effects of silver nonoparticle
synthesized from Petiveria alliacea root and leaf on the yield ond nutritional
contents of the harvested cowpea grain. In addition to P. alliacea root and leaf,
Chlorpyrifos and control were included in the treatments for comporison. The
treatments were orronged in oo Rondomized Complete Block design ond each
treatment wos replicoted thrice. Dato were collected on root noodles, grain
yield, proximate content, ond minerol contents of the harvested cowpea. groins.
The result showed that oll the applied treatments did not offect the root noodles.
The cowpeaplonts treated with Nono P, alliacea leof ot 20% v/v had the highest
significont cowpea grain yield (0.51 t/ho). However, the harvested cowpea
groins from plonts treated with Nono P. alliacea root had the highest protein ond
fibre contents while Nono P. alliacea leof had highest osh content. The plonts
treated with Nono P, alliacealeof had the same significont corbohydrate content
(28%) with Chlorpyrifos while the highest colcium content (2.98 mg/kg) wos
observed from the cowpea plonts treated with Nono P.alliacea leof and root.
However, Nono Palliacea root significontly improved the Potossium ond
Mognesium contents of the harvested cowpea groins coupled with highest iron
content from the cowpea plonts sprayed with Nono P. alliacea root. Therefore,
the biosynthesized Nono P. alliacea leaf and root con be used os nutritionol
enhancement of the harvested cowpeagroins.

Evaluation surle Terrain des Nanoparticles d'argent Biosynthésiques
Provenant D'extraits de Petiveria alliacea surle Yied etles Teneurs
Nutritionnelles des Grains de Cowpea (Vigna Unguiculata L. Walp) Graines

Résumé

L'utilisation de nonoparticules vertes synthétisées dons les protiques de gestion
des cultures de plein chomp o été évaluée comme une olternotive oux
insecticides synthétiques. Cette expérience de terroin o été menée pour
exominer les effets des nonoporticules d'orgent synthétisées a portir de laracine
et de lo feuille de Petiveria olliacea sur le rendement et les contenus
nutritionnels du groin de niébé récolté. En plus de laracine et de la feuille de P.
alliocea, le chlorpyrifos et le contrdle ont été inclus dons les traitements a des
fins de comporcison. Les traitements ont été orgonisés en blocs complets
aléatoires et chaque troitement o été répété trois fois. Les données ont été
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collectées sur les nouilles des racines, le rendement des grains, le contenu
proximal et le contenu minérol des groins de niébé récoltés. Les résultots ont
montré que tous les traitements appliqués n'ont pas offecté les nouilles rocinaires.
Les plonts de niébé traités avec la feuille de Nono P. allioceaa 20% v/v ont eu le
rendement en groins de niébé le plus élevé (0,51 t/ha). Cependont, les groins de
niébé récoltés des plontes traitées avec larocine de Nono P. alliocea avaient les
teneurs en protéines et en fibres les plus élevées tondis que la feuille de Nono P.
alliocea avait lo teneur en cendres lo plus élevée. Les plontes traitées avec lo
feuille de Nono P. alliocea avoient lo méme teneur significotive en hydrotes de
carbone (28%) que le Chlorpyrifos tondis que lateneur laplus élevée en colcium
(2,98 mg/kg) a.été observée doms les plontes de niébé traitées avec la feuille et la
racine de Nono P. alliocea. Cependont, laracine de Nono P.olliocea o.omélioré de
moniére significative les teneurs en potassium et en mognésium des grains de

Mots clés : g g oy o o,
Nano vert synthétisé, niébé récoltés, associées a la teneur en fer la plus élevée des plonts de niébé
niébé, Petiveria alliacea, pulvérisés avec larocine de Nono P. alliocea. Por conséquent, lafeuille et laracine
contenu nutritionnel, de Nono P. alliacea biosynthétisées peuvent étre utilisées comme amélioration
chlorpyrifos. nutritionnelle des groins de niébé récoltés.

Introduction

Cowpea (Vigna unquiculata L. wolp) os one of the legumes belongs to the fomily Fobaceoe (Ibrohim et al., 2017). This
crop waos reported to have originated from West and Centrol Africo (Ano ef al., 2008). In Nigerio, cowpea is grown
mainly for humon os well as onimal food. According to Jefferso (2005), cowpeahas 23% protein, 1.3% fots, 1.8% fibre, 67%
Carbohydrate and 8 — 9% water, ond Legume seeds have an averoge of twice as much protein as cereals. (Vijoyokumori
etal., 1998). Several researchers reported the presence of proximote compositions such os: ash, moisture, carbohydrote,
protein, crude fot and fibre; ond minerals like sodium, potossium, colcium, phosphorus, mognesium, iron and zine ot
voried concentrations in cowpea(Asonte et al., 2007, Uduok,2018.)

One of the major challenges influencing against cowpea production in Africais the regulor susceptibility to insect
pest's infestation which offect their growth ond loter the nutritionol volues of the horvested groins. Dzemo et ol., (2010)
reported thot insect pest control insecticide sprays led to increosed number of cowpea pods per plont, pod weight,
number of seeds per pod, seed weight, and grain yield. To protect this crop from insect pest attack, formers usually rely
on quick pest monagement options, moinly synthetic chemicols (Aloo ond Adebayo, 2011). However, synthetic compounds
are associated with problems such os phytotoxicity, pest resurgence ond resistonce, widespread environmentol hozords
ond high cost (Koltin et ol., 2006; Bloch, 2012; Grzywoacz and Leavett, 2012). Sniper (2,3-dichlorovinyl dimethyl
phosphate) significontly offected the quality of proximate ond mineral compositions of cowpea(Tizhe et al., 2021).

Due to the aforementioned problems coused by synthetic chemicals, there is o tremendous scope for the
development of novel bio-oriented notural pesticides from a.combinotion of Nano particles ond plont-bosed chemicaols
which is highly environmentally sofe, biodegrodoble ond effective (He ef al., 2019). Nanotechnology is placed with
high hopes to achieve sustainoble green development. With the development of nanotechnology ond the wide application of
nonomateriols, the emergence of Nono-egricultural products such os, Nono—pesticides, has improved the problems in
traditional ogriculture ond improved the nutritional quolity of crops. For example, mesoporous silica nonoporticles
(MSNPs) con improve the nutrient delivery speed ond growth speed of Z. japonica (Adams et al., 2019). Nono—pesticides
enhonce the efficacy by controlling releose to reduce the threat of pests ond diseases ond ensure the nutritional quolity of
ogriculturol products, while paying ottention to the phytotoxicity of nonomateriols. Therefore, this experiment wos
conducted to evaluate the effects of biosynthesized silver Nonoporticles from Petiveria allaicea extrocts on the nutritionol
contents of harvested cowpeagroins.
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Materials and Methods

Study Site

The study was carried out ot LAUTECH Teaching ond Research Form (longitude 40 301E ond latitude 10051N). The
region climate could be described os hot humid tropical folls in Southern Guineo Soavona Nigerio with o meon
temperature of 27°C ond onnual roinfodl of 1400 mm. It is marked with dry and wet seasons, characterized by abi-modal
rainfall pattern with peoks in July ond September.

Experimental Design and Management

The experimental lond was ploughed ond harrowed once, ond 24 plots were demorcated and arronged in Rondomized
Complete Block Design. Eoch treatment wos replicated three times. The plot size wos 4 m by 4 m ond plonting wos done
ot 1 mby 1 mwith 1 m within the plonting roles. The totol number of plonts stond per plot wos 25 stonds. Cowpeavariety
(Ife Brown) wos plonted, ond three seeds were dropped per plonting hole. Thinning wos done two weeks after plonting to
one plont per stond. Weeding was done monually of two weeks intervols.

Nano Formulation

P. alliacea roots and leaves were collected fresh then P. alliacea root were chopped into pieces with the use of cutloss.
Petiveria alliacea roots ond leaves were air dried ot room temperoture for three weeks. Grinding of the leaves ond roots
waos done separately using mortal and pestles. Powdered roots and leaves of P, alliacea were meosured separotely with
electronic sensitive scale ond was token to Nono-technology laboratory ot the Microbiology Department, LAUTECH
where Nono formulation of P, alliacea was done by following the already established procedures by (Loteefezal., 2018)
by measuring out 1 gofthe leaf and root powder of dried P, alliacea seporately which was dissolved in 100 ml of distilled
water. Incubate in the water bath ot 60°C for an hour. The solution was filtered using afilter paper ond then centrifuge the
filtrote ot 4000 RPM (Revolutions per minute) for 20 mins. The cleor supernotont wos used for the synthesis. The supernatont
reacted with 40 ml of 1 mm Sliver nitrate solution. It wos ploced under sunlight for photo activation, observed for colour
chongetill the colour wos stobilized.

Treatment Application
Application of the treatments commenced three weeks after plonting. Nono P. alliacea extracts wos opplied ot three
different concentrates (5, 10, ond 20%). Untreated plots were included in the treatments for comparison. Eoch of the
extrocts wos diluted with 1000 ml of water to ochieve the same spraying volume, while Synthetic insecticide (Chlorpyrifos)
waos opplied at the monufocturer’s recommended rate. The application was done with hand sproyer of 2 litre copocity.

Chlorpyrifos 1m/ 1litre v/v

Control Unsprayed plots

Nono Petiveriaalliacealeof  (5,100nd20%) v/v.

Nono Petiveriaalllicearoot (5,10 0nd20%) v/v.

Data Collection

Datawere collected on insect population density, and this wos done aday after the application of the treatments for four
weeks. This was done early in the morning when the insects were relotively inactive ond visual sampling of the population
density was used. Dotawas collected on the Number of Root Noodles, ond Yields. Weight of groin wos token with sensitive
scale ond converted to yield (t/ha).

Sample Preparation

The cowpeaseed samples were air-dried at room temperoture. The dried moteriol obtained was ground to a.fine powder
ond finally packed into airtight polyethylene plostic bottles ond stored in the desiccators until required for onalysis. The
dried somples were analyzed for proximate composition, ond minerols (Ca, Mg, Fe ond K). Preporation wos corried out
induplicates. The results were expressed as mg/k.
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Moisture, ash, crude fot, crude fot, ond crude fiber were determined in accordonce with the official methods of the
Association of Official Analytical Chemists (AOAC, 2005), while nitrogen wos determined by the MicroXKjeldohl
Method (Pearson, 1976) ond the percentage of nitrogen wos converted to crude protein by multiplying by 6.25.

The mineroals in the horvested grains were anolyzed from o solution obtained when 2.0 g of the samples which was
digested with concentrated nitric acid ond concentrated perchloric acid inrotios 5:3. The mixtures were placed in awater
bath for three hours ot 80C. The resultont solution was cooled ond filtered into 100 ml stondord flask ond mode to mork
with distilled water (Asaolu, 1995). Atomic obsorption spectrophotometer (Buck scientific model 200A) wos used.

Data collected were subjected to onalysis of varionce (ANOVA) and meons were separated using Duncon multiple
Ronge Text (DMRT) at 5% probability level.

Results

Toble 1 shows the effect of Insecticide on yield, ond number of root noodles. Nono P. alliacea leof hod the highest

significont effect on the yield parometers of the tested plonts. With respect to number of root noodles, no significont
difference wos detected between the treated plants ond untreoted plonts.

Table 1: Effect of Insecticides on Cowpea Grain Yield

Yield Components

Treatments Rate % Undamaged pod Root noodles Yield (t/ha)
Nano P.alliacae root 5 28.67¢ 333 0.31¢

10 52.00% 3.33° 0.25¢

20 75.002 4.00° 0.44°
Nano P.alliacea leaf 5 38.33¢ 3.33¢ 0.11¢

10 62.33 3.00* 0.37¢

20 81.002 3.33¢ 0.518
Chlorpyrifos L 713 333 0.37¢
Control 43.33¢ 4330 0.09°

Means with the same superscript(s) are not significantly different

Table 2 shows effect of insecticides on the proximate contents of V. unguiculata. Horvested cowpea grains from plonts
treated with nono P. alliacea root hod the highest protein content (36.8%) ond fibre content (24.2%) while cowpea
grains from plonts treated with Chlorpyrifos and untreated plonts had the some significont fot content compored to
cowpeagrains from cowpeaplonts treated with the nono-insecticide formulations with the leost fot content. The Nono P
alliacea root ond Chlorpyrifos had the same significont effect on the moisture content of the harvested grains whereas,
Nono P, alliacea leaf significantly improved the ash content of the harvested groins compared to other treatments.
However, the cowpea grains treated with Nono P. alliacea leof had the same significont carbohydrote content with
Chlorpyrifos while the untreated cowpeagrains from cowpeaplonts hod the highest corbohydrote content (30.2%).

150



0. 0. ADEOLUWA; 0. M. OLOGUNDUDU; J. KAZUNGU; T. T. PAUL MARTIAL; G. RAHMANN(EdS) (2023) Scientific Track Proceedings of the 5" African Organic Conference
“Strengthening Resilient and Sustainable Food Systems in Africa through Organic Agriculture”. December 12 — 15, 2023 in Marriott Hotel, Kigali-Rwanda

Table 2: Effect of Insecticides on the Proximate Contents of Vunguiculata

Proximate content (%)

Treatment Protein  Fibre Fat Moisture Ash carbohydrate
Chlorpyrifos 33.16° 2243 12.03° 6.03 4.06° 28.08"
Control 34.39° 20.06¢  12.06° 5.13° 2.36¢ 30.16°
Nano P. alliacealeaf  33.34° 2207 7.33¢ 5.300 6.10" 28.2°
Nano P. alliacearoot 36.83 24.23% 9.13 6.10° 4.40° 25.86¢

Means with the same superscript(s) are not significantly different

Table 3 shows the effect of insecticide on the mineral content of cowpea. Cowpea grains from plonts treoted with Nomo
P. alliacea leaf ond root hod the highest Colcium content (300 mg/ha) meonwhile, harvested cowpea grains from plonts
treated with Nomo P. alliacea root had the highest potossium ond mognesium content whereos, cowpea grains from
untreated ond chlorpyrifos treoted cowpeaplants resulted into the highest sodium content among the treated plonts.

Table 3: Effect of Insecticides on the Mineral Contents of Vunguiculata

Mineral Contents (mg/kg)

Treatment Calcium Potassium Magnesium Sodium
Chlorpyrifos 200° 300° 160° 100°
Control 190¢ 210° 100° 100°
Nano P.alliacea leaf 300° 216" 80°¢ 70°¢
Nano P.alliacea root 300¢° 130¢ 50¢ 1802

Means with the same superscript(s) are not significantly different
Discussion

This experiment proved that the tested nono-insecticides from P. alliacea effectively prevented post-flowering insect
pests from cousing economic damage to the cowpea pods, this is due to the highest number of undomoged pods from
treated cowpea plants. Consequently, asignificontly higher yield was obtained from nono-insecticide-treated cowpea
plonts. This observation concurs with eorlier research work by Mervat (2019) who reported that application of Silver
nonoporticles resulted in ahigh yield of fenugreek plont. Also, ZnO nonopoarticles were observed to have contributed
positively to the growth of cowpea.ond okraunder solt stress conditions. The applied treatments did not exhibit negotive
effects on root nodules of the target crop; however, this goes controry to what was observed by Pollavi, (2016) who
discovered thot application of silver nonoparticles on cowpea significontly increased growth porometers ond root
nodulation.

The observed colcium content (1.9-2.99 mg/kg) from the harvested cowpeagrains wos within the ronge of colcium
content reported by (Momiro et al., 2011). However, nono P. alliacea leof ond root significantly improved the colcium
content of the horvested cowpea groins when compored with other treatments. The mognesium content of harvested cowpea
grains ronged from 1.0 to 1.8 mg/kg which was below the ronge reported by (Peter et al., 2020). However, it wos
discovered thot harvested cowpeagrains from cowpeaplonts treated with P. alliacea leof had no magnesium content.
The moisture content of harvested cowpea groins ronged from 5.13 to 6.1% which was below the moisture content
reported by Peter et al.; (2020) and this is on indicotion thot the opplied treatments will prevent cowpeo. from been
domaged due to low moisture content. The protein contents of the harvested cowpea grains ronged from 33.2 to 36.8%
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these were higher thon the protein contents reported by Therese et al.; (2019). Harvested cowpea groins from plonts
treated with nono P. alliacea root hod the highest protein content (36.8%) when compared with other treatments, this
implies that opplication of nono P, alliacearoot con serve os protein enhancement. However, the fiber content of cowpea
grains ronged from 20.1 to 26% which wos higher thon the observed fiber content by Peter ez al.; (2020). Application of
harvested cowpeagroins from plonts treated with P, alliacea leof extroct had higher fibre content 26%. This implies that
application of P. alliacea leof extract improved the fiber content of the harvested cowpea grains. The observed fot
content of the harvested cowpeagrains ronged from (7.3 to 12%) which wos higher thon the value obtoined by Kholid ez
al.;(2012). The carbohydrate content (24.8 to 30.2%) from the harvested cowpea grains were below the carbohydrate
value reported by Usmon ez al.; (2022). The ash content of horvested cowpeagrains ronged from (2.36 to 6.1%) with the
highest ash content (6.1%) from the cowpea plonts treoted with nono P, alliacea leof. This suggests thot nono P. alliacea
leaf could be the major source of improving the ash contents of cowpeagrains.

The effects on the nutritionol contents of the harvested cowpeapointed to the foct thot the applied nono P, alliacea
were absorbed either through the leaf stomoto or plant roots, consequently influenced the biochemicoal constituents of
the treoted plonts. This observation is in line with the eorlier research work by Rogovon et al., (2017) who reported that
selenium nonoporticles influenced biochemical constituents of cluster bean (Zhong et al., (2001).

Conclusion
The result from this study shows that Nono formulations had significont effects on the nutritional contents of the tested

harvested cowpea grains. However, further field studies should be conducted on the use of Nono insecticides of
different concentrations for their use in preventing insects ond improving plonts'nutritionol contents.
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Abstract

The study ossessed the effects of adoption of recommended cocoyom production
technologies on the output of formers in Enugu Stote, Nigerio. Five-stoge sampling
procedure wos used to select 245 cocoyom formers. Structured questionnaire
wos used to collect primary dota which were onalyzed using descriptive
statistics ond multiple regression onalysis. The results obtained revealed that
meon oge of the formers wos 56 years ond mojority (84.1%) of them hod formol
education. Most of the formers adopted all the recommended cocoyom
technologies namely; opplication Orgonic fertilizer ofter plonting (99.6%),
timely plonting between Moay—June (99.2%), planting method using internodes
ot 1-2cm thickness (98.8%) and harvesting by digging around cocoyom plont at
about30cm (98.8%). Regression estimates revealed thot almost all the technologies
had positive and significont effects except fertilizer which wos negative but
significont (P<0.01) probability level. Thus, it wos concluded thot the recommended
cocoyom technologies hod significant effects on the formers® output. The study
recommends thot more sensitization should be carried out by reseorch institutions
in order to scale-up the adoption of recommended cocoyom technologies in the
region ond beyond.

Effets des Technologies de Production de Cocoyam Recommandées sur la
Production des Agriculteurs dansL'état D'enugu, Nigeria

Résumé

L'étude aévalué les effets de 'adoption des technologies recommandées pour lo
production de cocoyom sur loproduction des ogriculteurs de I'Etot d'Enugu, ou
Nigério. Une procédure d'échontillonnoge en cing étopes a été utilisée pour
sélectionner 245 producteurs de noix de coco. Un questionnaire structuré o été
utilisé pour recueillir des données primaires qui ont été onalysées a l'aide de
statistiques descriptives et d'une onalyse de régression multiple. Les résultats
obtenus ont révélé que 1'age moyen des agriculteurs étoit de 56 ons et que la
majorité d'entre eux (84,1 %) avaient recu une éducation formelle. La pluport
des ogriculteurs ont adopté toutes les technologies recommondées pour le
cocoyoume, a savoir l'opplication d’engrois orgonique opres laplontation (99,6
%), la. plontation a temps entre mai et juin (99,2 %), lo méthode de plontation
utilisont des entre-nceuds d'une épaisseur de 1 a2 cm (98,8 %) et larécolte en
creusont outour du plont de cocoyoume a environ 30 cm (98,8 %). Les
estimations de régression ont révélé que presque toutes les technologies avaient
des effets positifs et significoatifs, a I'exception de 1'engrois qui avoit un effet
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négotif mois significatif (P< 0,01) ou niveou de la probabilité. Ainsi, il o été
conclu que les technologies recommondées pour le cocoyom ovaient des effets

Mots clés :

Adoption significatifs sur la production des ogriculteurs. L'étude recommonde que les
technologies recommandées, institutions de recherche fossent davontoge de sensibilisation ofin d’occroitre
production de cocoyam, l'adoption des technologies recommondées pour le cocoyoume dons larégion et
agriculteurs ou-dela.

Introduction

Agriculture remains substontiolly o family business in Nigerio. Inadequote use of modern ogricultural technologies in
oddition to low resource stotus of the formers have made Nigeria's ogriculture to remain unimproved (Adeniji, 2002;
Ajoyietal., 2017). However, the chollenges of inadequate food production and shortages in row materials supply hos led
to development of improved technologies to enhance food production ond living stondord of formers. Despite the
various food crop production progrommes embarked upon by Federal Government of Nigeria (FGN), there has been
concern obout the copobility of Nigeria's ogriculture to meet the food requirement of her fost-growing population
(Internationol Institute for Tropical Agriculture (II'TA), 2013; Muhommed et al., 2019).

In recent years, emphosis have been placed on production of root ond tuber crops like cocoyom, which hos the
potentiols of alleviating poverty by improving the income earning copocity ond food security of formers in Nigeria
(Ephraim et al., 2021). According to Oloniyon et al. (2013), tuber crops are among the most importont stople food crops
inmony tropical Africon countries ond constitute one of the lorgest sources of colories in the case of Nigerio. The averoge
production figure in Nigeriais 5.4 metric tonnes which accounts for about 37% oftotal world's output of cocoyom (Food
ond Agriculture Orgonizotion (FAO), 2014). Chukwu et al. (2012) posited thot cocoyom is nutritionolly superior to yom
interms ofits digestibility, crude protein contents ond some importont minerals like phosphorus, Colcium ond Mognesium.

However, there has been decline in the yields of cocoyom which could be ottributed to the use of low-impact
technologies avoailable to the formers, inadequate improved plonting moteriols, weed problems ond poor soil conditions
which resulted into reduced cocoyom productivity (National Agricultural Extension and Research Liaison Services
(NAERLS), 2011; Nwoakor et al.,2015). The National Root Crops Reseorch Institute (NRCRI), Umudike os aresearch
ogency saddled with the responsibility of providing research-bosed information on improved or recommended
cocoyom production technologies for adoption hos developed ond extended frontier through various extension teoching
methods to educate formers (NRCRI, 2013).

Therefore, it becomes imperative to examine the extent to which the recommended cocoyom technologies hove
been adopted ond their effects on formers’ output. It was ogainst the backdrop of aforementioned this study wos
conceived ond the following reseorch objectives were put forword to describe the socio—economic background of
cocoyom formers; examine the adoption level of recommended cocoyom production technologies and determine the
effects of recommended cocoyom technologies adoption on output of the formers in the study oreo.

Methodology

Study Area

The study wos conducted in Enugu Stote of Nigeria. The State lies between Latitude 7°29' ond 8° 55’ North of the equotor
ond Longitude 6°26' ond 7° 28’ Eost of the Greenwich meridion. It has 17 Local Government Areos (LGAs) divided into
three Agricultural zones (Enugu-North, EnuguEost ond Enugu-West) ond covers on estimoted lond oreo of
7,161kilometre square (Enugu State Ministry of Information (ESMI), 2019). Enugu State hos apopulation 03,267,837
(Nationol Population Commission (NPC), 2006) but the projected population os 0f 2020 using 3.2% growth rate (World
Bonk, 2019) wos 5,078,975. The State experiences onnuol roinfoll of between 1500mm — 2100mm ond meon
temperature of 30.6°C (ESMI, 2019). The rural people of Enugu State are predominontly formers.
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Sampling Procedure and Sample Size

A five-stage sompling technique wos used to select respondents for the study. In the first stoge, the Enugu—~North
ogriculturol zone was purposively selected due to the presence of mony cocoyam formers in the zone. There are six
LGAs ond eight extension blocks in the zone. In the second stage, four LGAs were rondomly selected. The third stoge
involved the selection of one extension block from each of the LGAs selected. The fourth stoge was the rondom
selection of two extension cells from each of the extension blocks to get eight extension cells. The fifth stoge was the
proportionate selection of two hundred ond forty-five (245) cocoyom formers using the Toro Yomone (1967) formula
based on the list of registered cocoyom formers obtained from Enugu Stote Agriculturol Development Progromme
(ENADEP).

Method of Data Collection and Analysis

Primary dotoused for the study were collected using semi-structured questionnoire complemented with on interview
schedule to obtain informoation on socio-economic charocteristics of the formers, the recommended cocoyom production
technologies adopted ond effects of recommended cocoyom production technologies on output of the cocoyom
formers. Data collected were onalyzed using descriptive stotistics (such as the meon, stondord deviation, frequency
distribution count ond percentoge) ond multiple regression cnolysis.

Results and Discussion

Socio-Economic Characteristics of the Respondents

Asrevealed inthe Toble 1, obout holf(49.8%) of the respondents were within the age brocket of 51-70 years with ameon
age of 56 yeoars. This implies that most of the cocoyom formers were oged but still able to undertake forming octivities.
This finding is in controst with the work of Uwandu et al., (2018) who reported that mojority of formers in their study
areawere within the youthful ond middle oge. More so, more thon holf (55.1%) of the respondents were males, while
44.9% of them were femoles implying that males were more involved in cocoyom forming thon female which could be
due to the tedious noture of forming. Mojority (82.4%) of the respondents were married which implies thot cocoyom
production in the study orea wos mainly undertoke by morried individuols this could be attributed to the need to pro—
create ond provide cheop fomily lobour required for forming octivities. This finding agrees with Odoemekun ond Anyim
(2019) who reported that majority of formers morried purposely for pro-ereation of young ones. More thon holf(56.3%)
ofthe respondents had household size between 5—10 people with ameon of 6 persons. This implies thot the formers hod
lorge household size which is on advontoge in terms of form labour supply.
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Table 1: Distribution of respondents bosed on their socio-economic background (n = 245)

Variables Frequency Percentages (%) Mean
Age (years)

<31 9 3.7 56
31-50 84 342

51-170 122 49.8

>170 30 12.3

Sex

Maole 135 55.1

Femole 110 44.9

Morital stotus

Moarried 202 82.4

Widowed 32 13.1

Single 4 1.6

Divorced 7 2.9

Household size

<5 98 40.0 6
5-7 87 355

8-10 51 20.8

>10 9 3.7

Educational status

Primory 102 41.6 9
Secondary 79 32.2

Tertiory 25 10.3

Non-formal 39 15.9

Experience (years)

<11 55 22.4 24
11-20 66 26.9

21-30 54 22.0

31-40 48 19.6

> 40 22 9.1

Farm size (hectares)

<1.1 217 88.6 0.82
1.1-2.0 28 11.4

Access to credit

Yes 50 20.4

No 195 79.6

Extension contacts

Yes 119 48.6

No 126 51.4

Cooperative membership

Yes 64 26.1

No 181 73.9

Source: Field Survey, 2022
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Toble 1 further revealed that majority (84.1%) acquired formal education (primory, secondory ond tertiory) with omeon
of 9 years of formal schooling. This implies thot the formers were literate which could help them to moke better
decisions as regords adoption of technologies. Most (68.5%) of the respondents had forming experience between 11 —
40 yeors with ameon of 24 yeors of forming. This implies that the formers had been into forming for long period of time
which could enhonce their favouroble perception obout adopting recommended cocoyam technologies. This ogrees
with Olaosebikon ez al. (2019) who reported thot mojority of the respondents in their study oreahod long yeors of forming
experience which help them to moke informed decisions about their forms. Mojority (88.6%) of the respondents had
form size of less thon one hectore with ameon of 0.82 hectare. This implies thot mojority of the cocoyom formers were
operating on asmall-scole which could be attributed to competitive noture of formlond in the study areo.

Just afew (20.4%) had access to credit. This implies thot mojority of the formers had no occess to credit which could
negatively affect their adoption of recommended technologies. About holf (48.6%) of the respondents had contoct with
extension ogents, while 51.4% hod no contoct. This implies that some of the respondents had contoct with extension
agents which could influence their decision to adopt recommended cocoyom technologies. More so, mojority (73.9%)
of the respondents were not members of cooperatives, while only 26.1% were members. This implies that there wos
poor porticipation of the formers in cooperotive societies which could play asignificont role in adoption of recommended
cocoyom technologies in the study area.

Adoption of recommended cocoyam technologies by the respondents

The result in Toble 2 presents the recommended cocoyam technologies adopted by the respondents in the study areo. It
revealed thot there wos higher adoption of all the recommended cocoyam technologies by mojority of the formers. The
topmost recommended technologies adopted omong others ore manure opplicotion after plonting (99.6%), timely
plonting between May — June (99.2%), plonting method using heop ond ridge top (98.8%) and harvesting by digging
around cocoyom plont ot about 30cm (98.8%). This implies thot the former adopted oll the recommended cocoyoam
technologies in the study areo. This corroboroate the report of National Root Crops Research Institute (NRCRI) (2013)
that formers adopted recommended cocoyom technologies developed ond tronsferred to them to boost production.

Table 2: Distribution of respondents bosed on recommended cocoyom technologies adopted

Recommended cocoyam technologies* Adopted (%) Not Adopted (%)
Monure opplication ofter weeding 244 (99.6) 1(0.4)
Timely plonting between May — June 243 (99.2) 2 (0.8)
Plonting method using heop ond ridge top 242 (98.8) 3(1.2)
Horvesting by digging round Cocoyom Plont ot about 30cm 242 (98.8) 3(1.2)
Biological pest control 240 (98.0) 5(2.0)
Weed control (monuol) 240 (98.0) 5(2.0)
Cocoyoam intercropping technique 228 (93.1) 17 (6.9)
Use of Cocoyom mini-sets of about 25¢g 224 (91.4) 21 (8.6)
Mulching using crop residues 222 (90.6) 23 (9.4)
Plont spocing of Im x Im 204 (83.3) 41 (16.7)

Source: Field Survey, 2022
Note: * Multiple Responses ond numbers in poarentheses ore the percentoges

Recommended Cocoyam Technologies Adoption on Respondents' Output

The result of regression estimate os presented in Toble 3 revealed coefficients of determination (R’) value of 0.7728
which implies that 77% variation in the output of the respondents were exploined by the independent variobles included
in the model, while the remaining 23% unoccounted could be due to error or other variobles not coptured in the model.
The F—statistic value of 16.84 was significont ot 0.01 probobility level implying perfect fit of the model and goodness ot
predicting the observed data. The result also revealed that out of sixteen (16) variobles included in the model, thirteen
(13) voriables were significont ot 0.01 and 0.05 probobility levels, respectively. Twelve variobles such os form size,
lobour usage, timely planting, monure opplication, plonting method, cocoyoam inter-eropping, cocoyom mini-sett, weed
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control, mulching, extension contact, membership of cooperative oand access to credit were positive and significant,
therefore had direct influence on the output of cocoyam formers, while biological pest control was negative ond significont,
thus hod inverse influence on the output of cocoyom formers.

The coefficient for form size (0.1150) was positive ond statistically significont (P<0.05) probability level. This
implies that o unit increase in form size becouse of adoption of recommended cocoyam production technologies will
lead to 11.5% increoses in the output of cocoyam formers. This meet the apriori expectation because it is anticipated thot
complete adoption of the cocoyam recommended production technologies packoge will boost formers’ returns which
will invariobly lead to the exponsion of formlond ond thus increose in the output of formers.

The coefficient for labour usage (0.0020) was positive and significont (P<0.05) probobility level. This implies thot
aunit increose in lobour usage becouse of the adoption of recommended cocoyom production technologies will lead to
about 0.2% increoses in the output of cocoyom formers. This meets the opriori expectation. As aresult of the adoption of
recommended cocoyom production technologies, it is envisaged thot formers may likely increose the size of formlond to
accommodoate increase in returns. This will necessitate more lobour, which if properly utilized, will increose formers
output.

The coefficient for manure opplication (0.0644) was positive ond significant (P<0.01) probability level. This
implies that aunit increose in the use monure will leod to 1% increose in the output of cocoyom formers. This meet the
apriori expectation as monure opplication con help in enhoncing the performonce ond yield ofthe crop.

The coefficient for timely plonting (0.7086) was positive ond significont (P<0.01) probobility level. This implies
that o unit increose in timely plonting will lead to obout o 71% increose in the output of cocoyam formers. Timely of
plonting is a cruciol cultural forming proctice thot con significontly affect crop performonce ond yield. This meet the o
priori expectation becouse timely plonting is expected to improve cocoyom'’s strong estoblishment, giving them ample
time to grow to their full potentiol ond lessen other environmental stress.

Table 3: Regression estimates on effects of recommended cocoyom technologies on output

Variables Coefficient Standard error t-values
Form size 0.1150 0.0560 2.05%*
Lobour usage 0.0020 0.0009 2.39%*
Seed rote 3.15¢-07 5.99¢-07 0.53
Monure opplication 0.0644 0.0206 3. 13%%*
Timely plonting 0.7086 0.1015 6.98%**
Plonting spocing Imx1m -0.1393 0.0576 2.42%*
Plonting method 0.2943 0.1399 2.10%%*
Cocoyom inter-eropping 0.1300 0.0610 2.13%%*
Cocoyom mini-sett 25¢g 0.1209 0.0592 2.04%*
Weed control 0.2874 0.0717 4.01%*
Mulching 0.2129 0.0643 3.31%*
Pest control 0.0249 0.1356 0.18
Horvesting method 0.1466 0.1022 1.44
Extension contocts 0.2158 0.0541 3.99%*%*
Cooperative membership 0.1527 0.0697 2.19%*
Access to credit 0.1601 0.0761 2.10%*
Constont 5.0223 0.2242 22.40%**
R-squared 0.7728

Adj R-squared 0.7388

F-stotistics 16.84%**

Source: Field survey, 2022
Note ***, ** and * implies significant at 1%, 5% and 10% probability level, respectively
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The coefficient for the cocoyom mini-set (0.1209) wos positive ond significont (P<0.01) probobility level. This implies
that acunit increose in cocoyom mini set odoption will lead to about o 12% increase in the output of cocoyom formers.
This meets the a priori expectation becouse adopting the recommended cocoyom mini-sett techniques will help the
farmer to produce lorge quontities of plonting moterials in the shortest possible time, which lessens the competition for
cocoyam corms os food ond plonting materiols. This is expected to improve their productivity.

The coefticient for cocoyam inter-eropping (0.1300) wos positive and significont (p<0.01) probobility level. This
implies thot o unit increose in cocoyoam inter-cropping adoption will lead to obout a o 13% increose in the output of
cocoyom formers. Adoption of recommended intercropping practices will help the formers to diversify their sources of
income while maintaining the some level of output per hectare.

The coefficient for weed control (0.2874) was positive ond statistically significont ot 0.01 probobility level. This
implies thot o unit increase in weed control will leod to about 0 29% increase in the output of cocoyam formers. This
meets the o priori expectation becouse weed competes with planted crops for nutrients, soil air, ond woter as well as
harbouring pests. Therefore, the adoption of recommended weed control strategies by cocoyam formers is expected to
improve sonitory conditions towords pests and diseases thereby improving the productivity of the formers.

The coefficient for mulching (0.2129) wos positive and significont (P<0.01) probobility level. This implies that o
unit increase in mulching will lead to obout a21% increose in the output of cocoyom formers. Mulch on cocoyom is
expected to enhonce the activity of soil orgenisms ond reduce evoporation of water from the soil. Thus, the result is in
line with the expected a priori, because adoption of recommended mulching proctices is expected to create fovourable
condition for cocoyom optimal growth.

The coefficient for extension contocts (0.2158) wos positive ond significont (P<0.01) probobility level. This implies
that o unit increose in extension contoct will leads to on increase of about 22% in formers’ output. Extension agent
focilitotes the dissemination of recent innovation in agriculture to former to improve their productivity. As expected,
increose in extension contact con bring the result or method demonstration of cocoyom production technologies to
former is expected to enhonce the adoption of the technology which will invariobly improve the output of formers.

The coefficient for membership of cooperative (0.1527) was positive ond significont (P<0.01) probobility level.
This implies that o unit increose in membership of cooperative will leads to obout 15% increases in the output of
cocoyom farmers. This shows that cooperative membership could positively influence adoption decisions of a.former in
relation to improved technologies dissemination. Cooperotive society is on instrument thot facilitates access to credit
ond extension linkages that could help in adoption of recommended cocoyoam production technologies.

The coefficient for occess to credit (0.1601) was positive ond significont (P<0.01) probobility level. This implies
that crunit increase in occess to credit will leads to obout 16% increoses in the output of cocoyam formers. It is o.generol
fact that occess to credit by formers is one of the most importont meons of improving form productivity. Credit provides
the meons for innovoation adoption, thus the higher aformer hos access to credit, the higher the copocity to adopt recommended
cocoyom production technologies for increose output.

Conclusion and Recommendations

Bosed on the findings of the study, it was concluded that the cocoyom formers were aged but still active in production,
morried ond educated with ot leost secondory educotion. However, there was poor access to credit, foir contoct with
extension ogents and poor cooperative membership. The formers adopted all the recommended cocoyom production
technologies with little variotion. Thus, adoption level was high. There were significont effects of the recommended
cocoyom production technologies on output of the formers. It wos recommended that drostic sensitisation should be
carried out by relevont reseorch institutes ond extension ogencies to scole-tup adoption of recommended cocoyom
technologies for increosed output in Enugu stote ond Nigeria ot large. The formers should orgonize themselves into
cooperative societies to harness the benefits accrued from cooperative poarticipotion such as access to credit, extension
services ond training in relotion to cocoyom production.
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Digital Mapping of Toxic Metals in Malete and Oke-Daaba Soils using Remote
Sensing and Ancillary Data

'Alabi, K.O., Abstract
Afe, Al and

Balogun, OE. The use of remote sensing techniques to detect sources of pollution is a.good tool

to prevent possible environmental offections. After decades of cultivotion/ogriculturol

Department of Crop Production, . o A
use of Moalete Teaching ond Reseorch form ond mining activities in Oke-Daoba

Faculty of Agriculture,
Kwara State University, Malete, community, it is importont to estimate their impoct on soil pollution with toxic
Iorin. Nigeria. metols. Routine soil physio—chemical porameters were determined. The texturol
closses of the soil area ore Loomy sond, sondy loom ond sond. The pH (H,O)
ronged from 6.0-7.1. The totol orgonic corbon ronges from 0.14-.54%. Totol
nitrogen ronges from 0.41-0.73. The study utilized 170 top-soil (0-30 cm) samples,
multi-spectral images (Londsat 8 OLI imogery of 2022), spatiol modelling
indexes ond environmental variobles to model ond map the spatial distribution
of Arsenic (As), Copper (Cu), Lead (Pb), Zinc (Zn) ond Codmium (Cd) in
*Corresponding Author E-mail: Maolete ond Oke-Doaobo.community soils. Topsoil mops of the five toxic metols
alabioyebisi@gmail.com were generated with the use of Soil-Adjusted Vegetation Index (SAVI), Weighted
+2348055741813 Difference Vegetotion Index (WDVI), NDVI and Enhonced Vegetation Index
(EVI), for leod, cadmium, Zinc ond arsenic concentration respectively. The
mops con be used to prioritize the choice of remediation meosures ond con be
K ds: applied to other areos of similor environmental conditions ond pollution couses.

eywords:

Toxic metals, Ifthe source of heavy metal is detected by remote sensing, the practices opplied
Spatial Modelling Indexes, to the soil can be done occording to those pollutonts and avoiding the
Soil Pollution, mobilizotion ond tronsfer of heavy metol to other environmental comportments.
Remote sensing, The study therefore recommends that Continuous monitoring of soil pollution

Soil Parameter. by heavy metols is desiroble to ensure the sustainability of ecosystems.

Cartographie numérique des métaux toxiques dans les sols de Malete et
d'Oke-Daabaal'aide delatélédétection et de données auxiliaires

Résumé
L'utilisation des techniques de télédétection pour détecter les sources de
Access online at: pollution est un bon outil pour prévenir d'éventuelles otteintes a
www.africanorganicconference.net l'environnement. Aprés des décennies de culture/utilisotion agricole de la
www.noara.bio ferme d'enseignement et de recherche de Malete et d'activités minicres dons lo
communouté d'Oke-Daoba, il est importont d'estimer leur impoct sur la
pollution du sol por les métoux toxiques. Les poaramétres physio—chimiques
Published by: habituels du sol ont été déterminés. Les classes texturales de la.zone de sol sont
le soble loomeux, le loom sobleux et le sable. Le pH (H20) est compris entre 6,0
, et 7,1. Le corbone organique total vorie de 0,14 a 1,54 %. L'ozote totol est
Voot Ui A Resasers nArce compris entre 0,41 et 0,73. L'é¢tude autilisé 170 échontillons de sol (0-30 cm),
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des images multispectrales (imoges Londsat 8 OLI de 2022), des indices de
modélisation spatiole et des variobles environnementoles pour modéliser et
cartographier la.distribution spatiole de l'arsenic (As), du cuivre (Cu), du plomb
(Pb), du zinc (Zn) et du caodmium (Cd) dons les sols des communoutés de Molete
et d'OkeDoaoba. Des cartes de lacouche arable pour les cing métoux toxiques ont
été générées a l'aide de l'indice de végétation ajusté o sol (SAVI), de I'indice de
végétation por différence pondérée (WDVI), du NDVI et de l'indice de
végétation amélioré (EVI), pour les concentrations de plomb, de cadmium, de
zinc et d'orsenic, respectivement. Les cortes peuvent étre utilisées pour
hiérarchiser le choix des mesures d'ossainissement et peuvent étre oppliquées a
d'outres zones présentont des conditions environnementoles et des couses de
pollution similaires. Silasource de métoux lourds est détectée por télédétection,

Mots clés : . . A o -
les pratiques oppliquées au sol peuvent étre adaptées a ces polluonts et éviter la

Métaux toxiques,

indices de modélisation spatiale, =~ mobilisation et le tronsfert des métoux lourds vers d'autres comportiments de
pollution du sol, I'environnement. L'étude recommonde donc qu'une surveillance continue de la
télédétection, pollution des sols par les métaux lourds soit souhoitable pour assurer lodurabilité
parametres du sol. des écosystémes.

Toxic metal contaminotion of soil occurs worldwide due to a variety of foctors, including industrializotion, fost
urbonizotion, ond militory operotions in certoin regions (Alloway, 2013). Massive levels of toxic metal exposure in urbon
ond industrial areos, porticularly for arsenic (As), chromium (Cr), nickel (Ni), copper (Cu), lead (Pb), ond zinc (Zn), con
lead to anumber of serious health disorders, including disruption of the nervous ond digestive systems (e.g., ocne, allergies,
onemia, onorexio, orthritis, sciatica, schizophrenia), domage to the circulotory system (e.g., asthmaond chronic bronchitis),
obnormol blood composition, ond mony other unfavourable outcomes (Arfstenetal., 2001).

The prediction of toxic metols accumulotion in soils has been estoblished for humon ond ecological risk ossessment
utilizing aronge of geostatistical techniques ond environmental dota of different scales (Guo et al., 2012). Lodo ef al.
(2008) modeled and mapped the distribution of eight toxic metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) for the topsoil across
Europe using regressionkriging with o large number of cuxiliory voriobles (1-km resolution) as predictors (e.g., lond
cover, geology, nightdights pictures). The cross-validation results demonstrated how inaccurate these maps were
generolly. Additionally, they offered two potential justifications for the poor accurocy: (1) Mony hotspots (sporadic high
volues) connot be hondled by regression—kriging or regulor kriging; (2) asomewhat narrow resolution.

Xie et al. (2011) mopped the spatiol distribution of three toxic metols (Cd, Cu, ond Pb) in soil in alimited area (605
km®) in Beijing using four different interpolation methods: inverse distonce weighting, local polynomiol, ordinory kriging,
ond rodiol bosis functions. Bosed on cross—validation, the outcomes demonstroted thot every interpolation technique
offered ahigh level of occuracy.

Inthe lost ten years, the potentiol of using remote sensing (RS) techniques (oeriol or sotellite dota) for mapping toxic
metols in soils has received more ottention. Melendez—Postor ef al. (2011) comprehensively reviewed the role of RS in
soil toxic metols’ detection ond found it to be on efficient tool for detecting sources of toxic metols’ contomination in
soils. This is despite the foct that toxic metols in soils appeor in low or moderate concentrotions (e.g., Cr ond Cu <4000
mg-kg ") ond are spectrally featureless, although they can eosily bind to minerals and orgonic motter (Shi ez al., 2014).

Becouse the spectral designations of minerols con fluctuate with their chemical composition ond surfoce octivity,
the reflectonce spectrol information of minerals in soils, in particulor, is cruciol for forecosting dongerous metols (Wu et
al., 2011). Since the informotion of Fe-oxides, clays, ond orgenic motter in soils or vegetation cover con be retrieved
from the RS spectro, this indirect process makes it possible to infer the correlations between spectral information end
soil hozordous metals (Grunwold et al., 2015).
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Some plant species, like peoch trees, cotton, citrus, ond soybeons, may have slower growth and finolly die os aresult of
heavy metols in the soil reducing their ability to sprout seeds and grow roots (Foy et al., 1978). Furthermore, some crop
plonts have the ability to absorb ond concentrote dongerous pollutonts in their edible sections, which could domage
people by way of food chains (Khon ef al., 2008). A thorough understonding of the heavy metal concentrotions in soils
con be used to protect the environment, reduce pollution, ond ensure public health. Thus, this study aims to estimate
heavy metal concentrations in soils using multispectral satellite imogery.

Materials and Methods

Experimental site
The study wos conducted at Kwara Stote University (KWASU) Teoching ond Research form ond Mining site, (OKE—
DAABA) Molete. The form lies between Latitude 8.71329; longitude 4.447263 while Oke-Daoba is located within
Latitude 948 54" N and longitude 5° 37 51" E, both in Moro local government areos of Kwarastate ot 360 m obove seo—
level andreliefis very gentle located in Southern Guinea.Savonnch ecologicol region of Nigerio.

The climate is charocterized by the tropical wet ond dry climate in the roinforest ecological region. The meon
onnuol temperature of the areatypically varies from 18°C to 35°C, rarely below 14°C or above 30°C. Relotive humidity
over the areavoaries from45%t0 95%.

Field Survey and Sampling Techniques

The form was divided into four blocks based on Lond-use in Teaching ond Research Form, Moalete. The soil sompling of
both Teaching ond Research Form ond Oke—daobadepth was ot top surfoce (0—30cm) using the soil auger. For each main
sompling point, One Kilogram (1 kg) of arepresentative soil sample were collected ond logged into properly labeled
somple bog for onalysis. These samples were used to determine physicol ond chemical properties of the study oreos, the
porameters onalyzed include: Particle size onalysis, pH, Orgonic carbon, %Nitrogen, Avoilable Phosphorus, Potassium,
Exchongeoble bases, Base Saturation ond heavy metol concentrations like As, Cu, Pb, Cd in soils wos estimoated using
multispectrol satellite imogery. The totol sampling points for the Teaching ond research form (KWASU) wos 170 points
from 4 blocks; Block-2A, Block-3 A, Block—4A, Block—OFY2 ond for Mining site (OKE-DAABA) sampling points
wos MS- ,MS-2, MS-3, MS+4 . Field data collection ond soil sampling were corried out by using GPS by navigoting
those points.

LaboratoryProcedure

The collected soil samples were oir dried, crushed ond passed through 2 mm diometer sieves. Prepored soil somples
were token to the Laboratory for soil routine analysis. Then, Londsot 8 imogery, adigital elevation model, were used in
estimating the concentrations of heavy metols like Cu, Pb, Zn, As, Cd, etc. in the topsoil.

Data acquisition
The dota used for this research ore tobulated below:
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Table 1: Dato ond their sources

S/N Data Type Description Range Scale/Resolution

1. Form Boundory Coategorical Extraction from o - 1:1000
high resolution
satellite imogery with
the help of the field
locational
observations

2. Soil Type Mop Cotegoricol Produced from the - 1:25,000
integrotion of
avoiloble topsoil data
ond existing soil map
of the area

3. Elevation (m) Continuous Generoted from the - 10m
avoiloble 12.5m
resolution AlosPals 2,
from which slope ond
aspect were generoted
os one of the

environmentol
voriables

4. LondSot 8, 2022 Continuous Satellite Imagery of Bond 2 — 30m
30m resolution Bond 7

The form boundary wos used to delineate the form os the main site of study and wos used to clip other dota for the study.
The soil type map generated from the soil dota.ond existing soil mop wos used to delineate various soil types within the form.

Elevoation generated from digital elevotion model of ALOS PALSA 2 of 10 m resolution wos used to produce slope
ond ospect through interpolation using triongulotion.

Atmospherically-corrected LondSot 8 Object Lond Imoging 0f 2022 (from U.S Geological Survey Agency) which
represent lond reflectonce wos used; it was believed that the presence of toxic (heavy metals) in soil con be predicted
using vegetation cover. To provide this importont information for soil toxic metols’ spatiol modelling, indexes like
Enhanced Vegetation Index EVI, Lond Surfoce Water Index LSWI, Normalized Differential Vegetation Index NDVI,
Soil-Adjusted Vegetation Index SAVI, Tronsformed Vegetation Index TVI, Weighted Difference Vegetation Index
WDVI ond tasseled cap tronsformotion include brightness, greenness ond wetness were oll the spectral indices derived
from the LondSot 8 OLI imagery 02022 ond the volues of predicotors wos extrocted at sample locations using ArcGIS
10.8. All the imoges are of 30 mresolution.

Table 2: Description of LondSat Images

S/N LandSat 8 OLI Bands Description
l. Bond 2 Blue (450-510nm)
2. Bond 3 Green (530-590nm)
3. Bond 4 Red (640-670nm)
4, Bond 5 Neor Infrored (NIR) (850-880nm)
5. Bond 6 SWIRT (1570-1650nm)
6. Bond 7 SWIRTI (2110-2290nm)
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The Indices
The indices for this research to detect the presence of heavy mental on the soil are given below

Table 3: Description of indices used

Indices Description
Brightness 0.3561*B2+0.3972*B3+0.3904*B4+0.6966*B5+0.2286*B6+0.1596*B7
Greenness -0.334*B2-0.354*B3-0.456*B4+0.6966*B5-0.024*B6-0.263*B7
Wetness 0.2626*B2+0.2141*B3+0.0926*B4+0.0656*B5-0.763*B6-0.539*B7
EVI G 55— b1 1+1L
'BS—C184-—C25’2+L{ )
B5— B6
LSWI B5 + B6
B5— B4
NDVI B5 + B4
B6 — B4 L2 B7
(0 _ P et
SATVI B6+ B4 2
B6—B4*(1+1)
SAVI® B6+B4+1L
(BS ~58 n 5)1/2 +100
TVI B5+B4
WDVI B5-s*B4

EVI, enhanced vegetation index; LSWI, land surface water index; NDVI, normalized differential vegetation index; SATVI, soil
adjusted total vegetation index; SAVI, soil-adjusted vegetation index; TVI, transformed vegetation index; WDVI, weighted
difference vegetationindex; bC1 =6,C2=7.5;G=2.5;L=1,s=1.

Results and Discussion

Physical and Chemical Properties of the Study Area

Routine soil physio—chemical parameters, nomely, texture, orgonic motter, pH and cation exchonge capocity (C.E.C.)
contents, bose soturation, %silt, %clay, %sond, available phosphorous, exchongeoble potassium, exchangeoble calcium,
exchongeoble sodium, nitrogen were determined on the < 2.0 mm soil froctions. Some relevont soil Physio—chemical
properties ore presented in Toble 4. The textural closses of the soil in this study area ore Loamy sond, sondy loom ond
sond. The pH (H,O) ranged from 6.0-7.1 indicating slightly ocidic to neutrol. The pH (KCL) ronged from 4.75 to 5.30,
indicating strongly ocidic properties. The total orgonic carbon ronges from 0.14-1.54% indicating thot it is very low. The
totol nitrogen ronges from 0.41-0.73% indicating that it is very low.
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Table 4: Physical ond chemical properties of the study area

Parameters Sample Sample Sample Sample
CM - OFY2 CM-2A CM -3A CM -4A
pH (H,O) 7.10 6.85 6.15 6.00
pH (Kcl) 5.30 4.80 5.10 4.75
Electrical Conductivity (uS/cm) 29.2 12.47 34.30 13.07
Orgonic Carbon (%) 1.54 0.14 0.34 0.34
Orgonic Matter (%) 2.65 0.24 0.59 0.59
Sond (%) 88 90 90 80
Silt (%) 4 2 2 6
Clay (%) 8 8 8 14
Texturol Closs Loomy sond Sand Sond Sandy loom
Nitrogen (%) 0.041 0.060 0.073 0.049
Available Phosphorus (ppm) 11.08 11.76 9.95 9.04
Exchongeable Potassium (cmol/Kg) 0.20 0.25 0.33 0.28
Exchongeable Mognesium (cmol/Kg)  0.03 0.09 0.05 0.06
Exchongeable Calcium (cmol/Kg) 0.08 0.10 0.13 0.11
Exchongeable Sodium (cmol/Kg) 0.27 0.27 0.56 0.27
Exchongeable Acidity (cmol/Kg) 2.48 1.44 1.28 1.04
Cation Exchonge Capocity (cmol/Kg)  3.06 2.15 2.35 1.76
Bose Soturation (%) 18.95 33.02 45.53 40.91

Estimation of Heavy metals in Malete Teaching and Research farm soils

This predictive copacity of heavy metol was improved using multispectral sotellite imoges from lond 8 OLI. Five
variobles were present within the top 10 variobles, which were colculoted using different bonds from LondSoat 8, the unit
of the measurement is in mg.kg". In prediction of leod, Soil-Adjusted Vegetation Index (SAVI) was the dominont
among the top ten variobles used the map below predict the concentration of lead (pb) on the form. It con be seen that the
high concentration is found to the southern part of the form (Figure 1). For cadmium, the most used indices are the
Weighted Difference Vegetation Index (WDVI). This concentration of cadmium is high in west-most and some in
eastern the port of the form. The prediction map is show in Figure 2. NDVIwaos used for Zinc Concentration but it wos in
reverse version os there is o negative relation between plant heolth ond presence of zinc becouse Zinc inhibits plont
growth. The Zinc is more in areo.of low NDVI (Figure 3). Enhonced Vegetation Index (EVI), is the index used for the
concentration of arsenic within the form (Figure 4). From oll the maps presented below, it is evident thot the present of
one element as plant growth inhibitor is confirmed by others.

The type of interpolated spatial of, As, Cd, Pb, Cu and Zn in the topsoil of the study areos presented variety of
concentrations as shown in Figures/predicted maps. In prediction of lead, Soil-Adjusted Vegetation Index (SAVI) wos
used ond it con be seen that the high concentration is found in the southern port of the Teoching ond research form.
Maolete, While the concentration of cadmium is high in west-most ond some in eostern the port of the form. NDVI wos
used for Zinc Concentration but it was in reverse version os there is o negative relation between plont health ond
presence of zinc because Zinc inhibits plont growth. The Zinc is more in area.of low NDVI. Enhanced Vegetotion Index
(EVI), is the index used for the concentrotion of arsenic within the form. High lead concentration is found in the eostern
part of Oke—daoba location, and high concentration of Zinc occupied lorger areas in the site. Based on these maps, we
can easily specify relationships between agricultural soil ond mining area ond soil accumulation of toxic metols, as
confirmed too in other studies. The importont variobility in toxic metols is reloted to different intensity levels of
ogriculture, urbonizotion ond industrialization in different locations of both teaching ond research form Moalete ond
OkeDaoba.
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Figure 1: Concentrotion of Lead

Figure 2: Concentrotion of Cadmium
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It is clear from the maps obove that other elements confirm the presence of one element os o plont growth inhibitor.
Becouse of their functions in the movement of minerals ond soil porticles through isostotic movement by ogents of
erosion, terrain models were chosen for this study over alternative models thot have been shown to have on impoct on the
distribution of heavy metals. For example, asteep slope encouroges heavy metoals in the surrounding soil of amining site
to flow downword on higher ground. Additionally, by preventing heavy metols from flowing off mountoinsides in runoff,
the aspect of the slope influences the growth conditions of flora. The mops of the form's aspect, slope, ond soil are shown
below.
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Figure 10: Concentration of Zinc
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Figure 13: Slope

Discussion

The accumulation of potentially toxic metols (PTMs) in the humon body through various pothways hos been shown to
be ossociated with toxicity ond soil contamination, which have developed into significont environmentol ond health
issues (Jorup, 2003; Chokraborty et al.,2017; Hogner et al., 2018). Studies have focused more on the spatial distribution
of PTMs to evoluate their regional risks to the environment ond humon health. Anthropogenic activities, o significant
source of PTMs, con be divided into four categories: industrial, ogricultural, tronsportational, ond others (Zhong et al.,
2011). As seen in the Figures and projected mops, the interpolated spatial dotafor Pb, As, Cd, Cu, and Zn in the topsoil of
the research sites revealed aronge of concentrations. Becouse zinc slows plont growth, there is a.negative correlotion
between plont health ond zinc concentration, which is why the NDVI was utilized in reverse for zinc concentration. Zinc
is concentroted in locations with low NDVI in the Malete form, while higher concentrotions of zinc inhobited greoter
areos in the Oke-Doaoba mining site. Given that zinc shortoge tends to be the most frequent micronutrient deficiency in
crop plonts end is more common in high-pH soils, the high zinc concentration ot both sites may be explained by the low
pH in these soils. Although the weathering of rocks is the moin woy thot humons add zinc to the soil, other methods
include burning fossil fuels, mining woste, phosphate fertilizers, pesticides (such zinc phosphide), monure, sewoge sludge,
ond porticles from golvonized surfoces. Plonts ore poisonous to excess zine, while zinc poisoning is for less common
(Broadley etal., 2007).
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In prediction of lead, Soil-Adjusted Vegetation Index (SAVI) wos used ond it con be seen that the high concentrotion is
found in the southern part of the Teaching ond research form, Malete ond High lead concentration is found in the eostern
part of Oke-Daaba locotion. Around ten million tonnes of lead were produced onnually worldwide in 2014, with more
thon holf coming from recycling. Leod is a tremendously toxic metal that con domoge proctically every orgon ond
system in the humon body when consumed or inhaled. When 100 mg/m’ is released into the air, it becomes immediately
harmful to humon life ond health. The mojority of lead thot is consumed enters the bloodstream. Its propensity to
obstruct enzyme octivity is the moin foctor contributing to its toxicity. It accomplishes this by either imitating ond
dislodging other metals thot function as cofactors in numerous enzymotic reoctions or by attoching to the sulthydryl
groups present on o variety of enzymes. Lead interocts with colcium, iron, ond zinc, among other importont elements
(Kharokwal, 2006). While low levels increase vulnerobility to lead poisoning, high levels of calcium ond iron tend to
offer some protection ogoinst it.

Enhonced Vegetotion Index (EVI), is the index used for the concentration of arsenic within the form. The solubility
of arsenic ond Soil pH have on impoct on its toxicity. Arsenite (AsO’—3) is more poisonous ond more soluble thon
arsenate (AsO3—4); at a lower pH, arsenate becomes more mobile. Arsenic phytotoxicity has been found to be
significantly reduced by adding sulfur, phosphorus, ond iron oxides to high arsenite soils. A variety of agriculturol
poisons ond insecticides were olso made with arsenic. Lead hydrogen arsenate, for instonce, wos c.common insecticide
used on fruittrees, but workers operating sproyers occasionally suffered broin damoge from contoct with the compound.
In the latter half of the 20th century, less toxic orgonic forms of arsenic called monosodium methyl arsenate (MSMA)
ond disodium methyl arsenate (DSMA) replaced lead arsenate in ogriculture; by 2013, oll agricultural proctices except
cotton forming had been phosed out.

Conclusion and Recommendation

Pollutonts known os heavy metols are crucial to ecosystem heolth ond humon heolth. The use of remote sensing
techniques to determine the presence of these pollutonts in soils is a.good tool for this purpose. However, not too mony
research ond studies are done. To know the level of heavy metal pollution in soils is vitol for most of the humon octivities
inthe Earth surface, thus the improvement of remote sensing techniques to study soil pollution ore needed.

In order to ensure the sustainability of ecosystems, this study therefore, recommends thot continuous monitoring of
soil pollution by heavy metols be done. Additionally, the development of new sensors and the advencement of imaging
anolysis are critical components thot enoble us to locate heavy metols in lorge oreos ond support the moking of the best
decisions for lond monagement and pollution control.
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Abstract

Agriculture production now foces the chollenge of reducing soil fertility ond
biodiversity components as o result of climate chonge ond the use of lorge
amounts of chemical inputs per unit of production. In order to reduce the
negoative consequences of using chemicols on humon beings ond ecosystems,
formers eco-innovate through ogricultural proctices, recycling residues ond
waste, ond producing orgonic fertilizers ond bio-pesticides. This study assesses
the contribution of locolly made orgonic fertilizer and biopesticides through
recycling ond eco-innovation to orgenic formers ond ogribusiness in Wokiso,
Mossoka, ond Jinjo regions of Ugondo. A multiple-stoge stratified rondom
sompling procedure was used to gother dota from 150 orgonic formers. The
selected formers had porticipated in orgonic former training ond were moking
ond using orgomic fertilizer ond biopesticides. The results reveoled that orgonic
formers moke orgonic fertilizers ond biopesticides from locally available wood
ash, rice, milk, ond plont leaves. It wos observed that the formers were able to
recycle crop residues ond waste for use as orgonic fertilizer. In the local morket,
asmoall proportion of formers had established individuol enterprises for selling
orgonic fertilizers ond biopesticides. This study underscores the importonce of
sustainoble orgonic forming through recycling, eco-innovations, ond circulor
economy.

Engrais organiques etbiopesticides: recyclage, éco-innovations, économie
circulaire, agro-industrie développée par des agriculteurs biologiques en
Ouganda

Résumé

Laproduction agricole est aujourd'hui confrontée ou défi de laréduction de la
fertilité des sols et des composontes de labiodiversité en raison du chongement
climotique et de l'utilisation de grondes quontités d'intronts chimiques por unité
de production. Afin de réduire les conséquences négotives de l'utilisation de
produits chimiques sur les étres humains et les écosystémes, les ogriculteurs
éco-innovent por le biois de pratiques ogricoles, en recyclont les résidus et les
déchets, et en produisont des engrais orgoniques et des bio—pesticides. Cette
étude évalue lo contribution des engrois orgoniques et des biopesticides produits
locolement grace ou recycloge et a 1'éco-innovotion pour les ogriculteurs
biologiques et l'ogro-industrie dons les régions de Wokiso, Mossoka et Jinjo.en
Ougondo. Une procédure d'échontillonnage oléotoire stratifié a plusieurs degrés o
été utilisée pour recueillir des données cupres de 150 agriculteurs biologiques.



BIENVENU A. DAGOUDO, CHARLES SSEKYEWA, SILVERE D. TOVIGNAN, LATIFOU IDRISSOU, JOSEPH SSEKANDI & NEVER MUJERE: Organic Fertilizers and Biopesticides:
Recycling, Eco-innovations, Circular Economy, Agribusiness Developed by Organic Farmers in Uganda

Les ogriculteurs sélectionnés avaient participé a une formation sur l'ogriculture
biologique et fobriquaient et utilisaient des engrois et des biopesticides
biologiques. Les résultats ont révélé que les agriculteurs biologiques fobriquent
des engrais biologiques et des biopesticides a partir de cendres de bois, de riz, de
loit et de feuilles de plontes disponibles localement. 11 o été observé que les
Mots cl('zs.: ogriculteurs étaient capables de recycler les résidus de culture et les déchets pour
],31opest1F1d§s, . les utiliser comme engrois orgoniques. Sur le marché local, une petite proportion
économie circulaire, o . e :
d'ogriculteurs a créé des entreprises individuelles pour vendre des engrois

engrais organiques, . . .. , . B , .
éco-innovations, orgomiques et des biopesticides. Cette étude souligne I'importonce dune agriculture

agriculture biologique, biologique duroble grace ou recycloge, oux éco-innovotions et a I'économie
recyclage, Ouganda circulaire.
Introduction

Foced with the challenges of soil fertility reduction, soil ond food contoamination by chemicals, end environmentol
destruction, the formers turned to the monogement of woste ond residues in ogriculturol production os on eco-innovation.
These eco-innovotions hove been along time center for the conservation of agrobiodiversity in agriculturcl londscopes.
Orgonic agricultural production is considered essentiol for restoring forming ecosystem losses. Do these eco—
innovotions porticipote in recycling waoste ond residues ond circulor economy in orgonic forming” How are these eco—
innovotions (orgonic fertilizers ond biopesticides) morketed ot the local ond nationol levels”

Eco-innovation refers to new ideas, behaviors, products, or processes that, intentionolly or not, reduce environmental
impocts or resource use (Kemp ond Pearson, 2007; Rennings, 2000). Eco-innovation refers to innovative octivities that
promote a sustainable environment by improving ecology (Shih et a/., 2018). Due to increosed moss production, eco—
innovotion must drow on ospects of the economy, ecology, ond society to impose limitotions on the present stote of
environmental resource use (Xavier et al., 2017). However, orgonic ogriculture hos been recognized os one of the
proctices thot con improve the health ond sustainobility of agroecosystems (Giovennucci& Ponte, 2005; Pretty, 2008).
As a holistic proctice, orgonic ogriculture reflects logical association ond/or synchronization of systemic elements
(Scofield, 1986), such os water, soils, crops, ond livestock. Orgonic ogriculture oims to creote vioble sociolly, environmentally,
ond economically integrated ogroecosystems (Lompkin, 1994). Orgonic agricultural production bons synthetic
agrochemicals to achieve sustoinobility in ogricultural systems in generol ond biodiversity conservotion. The dynamics
of plont nutrient uptoke ore influenced by soil properties, which are conserved by orgenic formers using orgonic inputs.
As a result, the use of orgomic fertilizers and biopesticides is advontogeous for socioeconomic ond ecologicol
improvements, particularly in soil quality amendments, which will contribute significantly to humon heolth ond sofety,
food quality, ond environmental preservation. (Alfa et al.,2014). The opplication of these orgemic fertilizers ond
biopesticides is very promising to increose food production ond soil fertility while minimizing environmentol domaoge
(Silva et al.,, 2016). Orgonic fertilization and biopesticides would improve crop yields ond decrease the effects of
groundwater contaminotion, which would otherwise be caused by using mineral fertilizers (Guo et al., 2019). Organic
ogriculturol production focuses on adding orgonic motter to the soil ond, essentiolly, using locally available resources
such os orgonic fertilizers ond biopesticides. Orgonic formers, on the other hond, combine ogriculture production,
agroforestry, ond livestock for orgonic production using endogenous knowledge ond experience from colleagues. This
integration reflects the notural systems embedded; humans, plonts, ond enimals contribute to safeguarding biodiversity.
The wostes from onimals or other elements of this notural system were recycled and served as orgonic fertilizers,
biopesticides, or natural control pests. According to Uysal et al., (2014), orgonic woste for utilization os agricultural
fertilizers con be clossified into several categories, nomely: Animol-bosed orgonic woste (monure), compost (plont
sources ond food woste), ond urbon woste (sewoge sludge ond household woste). Thus, the reuse of ogriculturol products
ond woste os orgonic fertilizers, biopesticides, or notural pest control ogents creoted a.cycle in which ogriculturol woste
is used to feed onimals, ond onimol woste is used os monure, compost, ond so on. The concept of circularity wos
elaboroted within the context of noturol resource use in productive processes denoting the reduction or avoidonce of
waste ond trade-offs (Fidelis et al., 2019; Sochs et al., 2019). The circularity of reusing woste contributes to the
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independence of orgonic formers from external inputs ond reduces the cost of production. Orgonic production generotes
a.circulor economy that porticipates conservotion of soil fertility ond biodiversity restoration. For Geissdoerfer et al.,
(2017), the circulor economy is aregenerative system in which the use ond woste of resources, emission of gases, ond
leakoge of energy are minimized through the deceleration, closing, and norrowing of materiol ond energy loops (see also
Geissdoerfer et ol., 2018). Murray et a/. (2007) odd o humon dimension to the definition of circulor economy,
emphosizing that tronsformations in production systems must consider both the resilience of ecosystems ond humon
well-being. However, the circulor economy through orgonic inputs emphaosizes ogriculture resilience ond biodiversity
restoration by generating business ond economic opportunities for formers and providing environmentol ond societal
benefits. The objective of this paper is to onalyse orgonic fertilizers ond biopesticides as eco-innovations for orgonic
formers to improve income ond contribute to biodiversity restoration through recycling, circulor economy, ond ogribusiness
inorgonic production.

Methodology

Study area

The study areais constituted of five districts: Wokiso, Masaka, ondJinjo. In the study areo, the climote is tropical with o
meon onnuol rainfall of 1614 mm, bimodal, ond two seasons. The first season is from Morch to May, with apeok in April,
ond the second season is from October to December, with a peok in November. The temperoture averaged between
18.14°C and 26.53°C; however, the years 2015 to 2020 registered on onnual overoge of o minimum of 18.5°C and a
moximum of28.1°C (Mojaliwaetol.,2015; UBOS, 2020).

Data collection

The dota collection was done through field research. The field research focuses on on on-site visit for each form ond ot
least one semi-structured interview with one or several members of the institutions. The selection of the orgonic formers
followed the multiple-stage stratified sampling procedure ond wos conducted to obtain o final sample of 150 orgemic
formers. In the first stoge, three institutions (Agency for Integrated Rural Development ond St. Jude Family Project,
KSM Form Limited) were purposively selected os on orgonizotion committed to orgonic ogriculture ot leost 5 years ogo,
recognized by one Ugonda notional orgonic orgonizotion. Three institutions trained the formers in moking orgomic
fertilizer, biopesticide, ond orgemic proctices following the agroecological approaches. In the second stoge, the
institutions, through some orgonic projects implemented, select rondomly from a list of county beneficiories of the
orgonic fertilizer, biopesticide, and orgonic proctices troining. The visit ond individual interviews were conducted with
150 orgonic formers (Toble 1). The dota from these field visits, mostly in the form of photos or notes, were discussed
after the visits by the authors and provided additionol insights, especiolly regarding the residues ond waste volorized,
the innovativeness of orgonic fertilizer and biopesticide.

Table 1: Number of orgonic formers interviewed

Institution District County Number of Organic Farmers
Agency For Integrated Rural Development Wokiso Busiro 50

St. Jude Family Project Maosoko Bukoto 50

KSAM Form Limited Jinjo (Buikwe) Kizigo 50

Total 150

Results

Recycling waste in organic production

Orgonic production in the study areo.combines ogricultural production (ogro-production), agroforestry, ond livestock.
The system of production, which integrates agro-production, agroforestry, ond livestock, provides crops, vegetobles,
fruits, species, herbs, meat, milk, ond eggs for consumption, demand, ond diets. The residues ond woste from the
integrated system of production ore recycled for monure, orgonic fertilizer, and biopesticides for orgonic production.
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These orgonic fertilizers ond biopesticides were sold ot the form level ond ot the locol market for added volue for orgonic
production s on agribusiness. Figure 1 below depicts the interrelationship between oll components of orgonic production
ond local markets os a.circulor economy.

Organic production

Crops, Vegetables Consumption
Fruits, species, Herbs, 3 Demond
meot, milk, eggs Diets

Agro-production
Agroforestry
Livestock

Local
markets

Residues, waste

Orgonic fertilizer, biopesticide

Figure 1: Orgonic production through recycling, circular economy, ond agribusiness

Sample description

According to the findings of the study, orgonic forming proctices were used by both men (36%) and women (64%). This
meons that women are overwhelmingly involved in orgonic production in Ugondo. In orgonic forming, the householders
are composed of on average 6 persons (minimum 1 person ond moximum 20 persons) (Toble 2). It is noticed thot the
averoge oge of orgonic formers is 53 years old, ronging between 20 and 90 yeors. This meons that youth don't stoy out of
orgomic production despite focing more challenges thon old formers. In Ugondo, on average, 2 male orgonic formers ond
2 femoale orgonic formers were octive in orgonic forming proctices in the respondents’ households. Meonwhile, orgonic
production s charocterized by small holdings, with on averoge holding size 0of 0.79 ha(£0.67).

Table 2: Descriptive anolysis of orgonic formers

Variable Frequency Percentage (%)
Sex Femole 96 64
Male 54 36
Mean Std. Dev. Min Max
Age 53.1 14.16 20 90
Fomily size 6.34 2.96 1 20
Male octives 1.97 1.22 1 9
Female actives 2.36 1.54 1 14

Organic fertilizers and biopesticides used by organic farmers

Orgonic formers benefit from the training provided by colleagues knowledgeable in moking orgonic fertilizers or
biopesticides by using local moterials. Orgenic fertilizers or biopesticides such as Ash NPK, native, IMO, Lacto, green
tea, ond ash biopesticides are common orgonic inputs cited by orgonic former respondents. The photo shows some materials
for orgonic fertilizers or biopesticides in the areastudied.
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Photo 1: Vermicompost from Coffee husk and maize corns

Photo 2: Orgonic fertilizer NKP from wood osh

Recycling of residues and waste for agriculture production

The smoll size of orgonic forms in the areastudied (0.79 ho; +0.67) provides smallquolity residues ond waste. In order to
optimize the recycling of residues ond woste, orgonic formers used on innovation colled "urbon forming". Urbon
forming innovation contributes to optimizing the smoall size of orgonic forms by intercropping ond increasing the yield
of production. The picture below is on example of urbon forming innovation.

Photo 3: Urbon forming innovation through the recycling of residues ond woste
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Agribusiness of organic fertilizer and biopesticide in local markets

With endogenous knowledge ond troining ot the notional level, some formers were oble to create smoll enterprises for
orgonic fertilizer ond biopesticide. In the majority of coses, the enterprise for orgonic fertilizer and biopesticide is on
individual enterprise in which the products ore availoble ot the locol morket. Some orgonic fertilizers ond biopesticides
are still in the process of certificotion ot the nationol level in order to get the right of property for their innovations. The
photo presents some orgonic fertilizers ond biopesticides sold in the locol market.

E SR & he SN
Bt % - B

Photo 4: Biopesticide Photo 5: Orgonic fertilizer Photo 6: Orgonic fertilizer

Discussion

Orgonic production in Ugondais bosed on internol input utilizotion in the system of production. This system of production
integrated ogricultural production, livestock, agroforestry, silvopostoral, etc. However, orgonic formers through experience
ondlocal training, eco-innovoted by reusing the residues or woste combined with some plonts to creote orgonic fertilizers or
biopesticides. For ITham ond Soktyonu (1999) end Posaribu, (2006), formers have experience in integroted forming
systems hos been proven to give synergy effect between crops, between food and horticultural crops, ond livestock
which has been mutually providing benefit to them os regord o circulor economy. Recycle-reduce-reuse ollows used
resources ond used moteriols to be part of the production ond consumption process for alonger time, that is, until they
are physicolly degraded (Shih et al,, 2018). acirculor-bosed economy aimed ot resource utilization, especiolly with the
insertion of woste in the volue chain, con help to reduce environmental pressure ond mitigate dependence on non—
renewoble sources (Awosthi et al., 2022; Ugwu et al., 2022). Orgonic production through eco-innovation ond circulor
economy presents the opportunity for organic fertilizers and biopesticides. Face this opportunity, some orgonic formers
lounched Small ond Medium Enterprises (SMEs) in order to satisfy the demond for orgonic fertilizers ond biopesticides
inthe local market. However, ogribusiness for orgonic fertilizers and biopesticides in Ugondohos been promoted by the
Ministry of Agriculture, Animals, Industry, ond Fisheries (MAAIF), which defined the procedure for certification of
orgonic fertilizers ond biopesticides. At the morket, the orgonic fertilizer "Blackoff” wos certified by MAAIF. The
orgonic fertilizers "Jimusa'" ond " Wonders" ond biopesticide "Kilika" were in the process of certification. The interview
with these entrepreneurs of orgonic fertilizer and biopesticides revealed thot the row materiol stems from local plonts
ond herbs. Furthermore, vermicompost, ash biopesticide, Indigenous Micro-Orgonisms (IMO), Locto produced from
rice, green monure ore the common orgonic fertilizers ond biopesticides producedby individual orgenic formers from
ogriculturol ond food residues ond wostes. The nurturing of earthworms in orgonic woste hos the potentiol to tronsform
wostewoter sludge, food woste, onimol woste, municipol waste, ond other wostes into valuoble fertilizer (Yodav ond
Gorg,2019; Mohalyetal.,2018; Soobhany, 2018).
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Conclusion

This paper highlights orgonic production as an integroted system of production that combines ogricultural production,
agroforestry, ond livestock. Orgonic formers recycle the residues ond woste to moke orgenic fertilizers ond biopesticides.
Orgonic forming produces not only orgenic products (crops, vegetables, fruits, species, herbs, meat, milk, ond eggs) but
also orgonic fertilizers and biopesticides. The reuse of orgonic residues and woste contributes to a circulor economy
through the integrotion of production, livestock, ond agroforestry. The circulor economy in orgonic production reduces
the cost of inputs (fertilizer ond pesticide), which con positively affect the revenue of the formers. Eco-innovotion
promotes locol moteriols in orgonic ogriculture production, which entails the opportunity for business. Orgonic
fertilizers ond biopesticides seen in the locol morket reflect orgonic formers' agribusiness, which is based in lorge port on
experience ond local training. However, it is importont for oll stokeholders in on orgonic system to promote orgonic
products by reducing the cost of orgonic product certification. This is essentiol for creating stondords for orgonic input in
orderto reverse the conventional ogriculture tendency.
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Résumé

L'objectif de cette recherche est d'onalyser I'impact que lo vulgorisation d'une
choine de voleur de l'ogriculture biologique peut avoir sur la sécurité
olimentaire des comerounois. Plus spécifiquement, elle o pour objectifs de
recenser et coroctériser les différentes choines de voleur de l'ogriculture
biologique qui apportent une sécurité alimentoire outrement dit de qualité. Pour
réaliser ces objectifs, un guide d'entretien et un questionnaire ont été
odministrés a 16 ogriculteurs qui font dons l'ogriculture biologique. Les
informations collectées ont été analysées a 'oide du tableur Excel 2013. Les
résultats indiquent que plus la vulgarisotion est menée dons lo.chaine de valeur
de l'ogriculture biologique. Plus, il y'a des consommoteurs supplémentoaires,
plus il y'ades biens de qualité qui assurent la sécurité olimentaire. Le role joué
por larecherche ogricole, les formations des producteurs, 'encadrement est un
atout. Ces enquétes ont égolement permis de mettre en lumiére les bonnes
Protiques Agricoles de production biologique pour permettre oux producteurs
d’'améliorer laquoalité.

Introduction

"Lavulgarisation agricole consiste a partager les résultots de larecherche et les
savoir-faire avec les ogriculteurs, mais oussi a les aider a exploiter une plus
lorge port de la choine des valeurs." Michael Hailu, Directeur du Centre
technique de coopération ogricole et rurale ACP-UE (CTA), PaysBas sur le
milliord de personnes les plus pouvres de loplonéte, les trois quarts vivent dons
des zones rurales et une lorge mojorité d'entre eux sont tributoires de
l'agriculture pour leur subsistonce et leur survie. Encourager la croissonce du
secteur ogricole est donc 1'un des moyens les plus efficaces de lutter contre la
pouvreté et de réduire lo.foim et lamolnutrition. Les petits exploitonts ogricoles,
les pécheurs et les éleveurs produisent 50 a 80 % des denrées de base
consommées dons les poys en développement, mois nombre d’entre eux ne sont
pos aidés de moniere adéquate por les services de recherche, de vulgarisation et
de conseil. Ces producteurs ruroux doivent étre soutenus pour pouvoir
améliorer leurs connaissonces et leurs compétences, et ainsi tirer profit des
nouvelles technologies, politiques et opportunités de morché. Larevitalisation
des services de vulgarisation et de conseil étoit le théme centrol de la
Conférence internationale sur les innovations dons les services de vulgorisation
et de conseil, qui s'est tenue a Nairobi, en novembre 2011, et aréuni plus de 450
délégués (ogriculteurs, ogents de vulgarisation, chercheurs, responsobles
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politiques et représentants d'orgonisations de développement) en provenance de 85 pays. Les porticiponts ont pu
poartoger leurs connaissonces et leurs expériences, et identifier les moyens de réformer les services de vulgorisation et de
conseil ou profit des petits exploitonts ogricoles. «Lune des causes profondes de la.foible productivité en Afrique est le
mongque de performance des services de vulgarisation et de conseil agricoles, ainsi que le soutien finoncier limité qu'ils
recoivent.» Les cotostrophes humonitoires ottirent l'ottention du monde entier mais les défis permonents ouxquels les
agriculteurs et les consommateurs sont confrontés revétent une importonce toute oussi gronde pour notre bien—étre futur.
Pour ne citer qu'un seul exemple, les prix des denrées alimentoires ont connu des cugmentations spectaculoires en 2010.
Divers focteurs en sont lacause. De toute évidence, les mouvaises récoltes dues a losécheresse, oux inondations et oux
imprévus météorologiques dons les pays exportateurs de céréales ont entroiné une réduction de I'offre, et lo focture des
importotions de denrées alimentoires des pays a faible revenu et a déficit alimentoire o por conséquent cugmenté de 20
%. Des dizaines de millions de personnes se sont ajoutées ou milliord d'individus souftront déja de lo. foim. Un on plus
tard, les prix mondioux des denrées olimentaires dépossaient de 19 % ceux enregistrés a lo méme période l'onnée
précédente. Conséquence : une oggrovotion de la foim et de la malnutrition dons de nombreux pays en voie de
développement. Lacroissance de lopopulation rend le défi de lalutte contre lo foim plus difficile a relever. Aujourd’hui
forte de 7 milliords d'individus, lo. population mondiale fronchira le seuil des 9 milliords en 2050. Pour répondre a la.
croissonce démographique, lo production olimentoire mondiole devra ougmenter d'ou moins 70 % ou cours des quatre
prochoines décennies. D'outres défis restent cependont a relever : le chongement climatique, qui menace de diminuer le
rendement des cultures, les pertes post-técolte élevées, la dégrodation de I'environnement et le chomoge golopont en
milieu rural. Aprés des décennies de sous-investissement dons l'ogriculture, les gouvernements et les donoteurs
s'occordent désormuais a reconnaitre lanécessité d'établir des politiques et institutions adéquates, d'accroitre le soutien
finoncier, d'oméliorer I'acces oux nouvelles connoissonces, oux compétences et oux morchés. Laréforme des services de
vulgarisation devroit foire portie intégronte d'une série de mesures pour aider les petits exploitonts agricoles a oméliorer
leur productivité, accroitre leurs revenus et contribuer a lasécurité olimentaire. «I1 s'ogit de chonger lomoniére dont ils
travoillent et de s'assurer que les réformes engagées sont rentobles et durablesy. Il y'alieu de se poser la question : La
vulgarisation de la choine de voleur de l'ogriculture biologique peut-elle contribuer a lo sécurité olimentoire ou
Comeroun”

Revue delalittérature

Pour (Somson et Clark, 1988), la vulgarisation ogricole est ossimilée a une démarche éducative qui vise a donner la
possibilité aux ruraux d’oméliorer leurs codres et conditions de vie, celui de leurs proches a travers des savoirs et savoirs
foires mis a leur disposition.

Celarappelle le vieil adoge qui dit : « aider les gens a s'aider eux-mémes » et en longue onglaise : « help people to help
themselves ». 11 fout donc comprendre la tout simplement qu'cider des personnes a se démerder eux-mémes pour s'en
sortir et se forger un avenir soit lamission du vulgorisateur. Pour en orriver a entroiner, permettre ou fovoriser les ruroux
a cela, le vulgorisateur devra ou préaloble bien les comprendre dons leurs situotions réelles et effectives. Le
développement socioéconomique des poys sous—développés pourroit ainsi se foire d'une port importonte por lo
vulgarisation ogricole en possont por des résultots encourageonts obtenus de 1'ougmentotion des revenus a court,
moyens et longs termes foisont suite a une progression notoble de laproduction ogropastorale.

Vu sur cet angle ou sur cet ospect, 1'acquisition por des ruroux des savoirs et savoirs foires issus des progres
scientifiques et techniques pourront se foire ou moyen de la vulgarisation. Dons le méme sens, il en est pareil pour
I'abandon subséquent des techniques et pratiques moins oppropriées, voire archoiques et c'est pourquoi l'expression de
systéme intégré est trés souvent utilisé¢ pour désigner ou caroctériser la vulgarisotion ogricole. Lo vulgarisotion est a
l'origine normalement d'un chongement de comportement du sujet. Le champ d'investigation de la vulgorisation
s'élargit donc comme nous le disions tout a 1'heure, cor si I'on veut que le sujet modifie son comportement, il fout
connoitre:

- son milieu ou son «écologie», on sens lorge du terme; ce qui nous permet d'expliquer en partie le comportement du
sujetet les contraintes que celui—ci induit,

—son aptitude a accepter l'innovation qui est sous l'influence des focteurs endogenes (le milieu) et exogeénes ('action de
vulgarisation, entre outres).
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En ogriculture de subsistonce por exemple, lapratique de lo.culture associée est liée ou principe de sécurité olimentaire

qui en est le fondement. L'optitude a occepter 1'innovotion sera, dons ce cos, étroitement corrélée a 'évoluation por

l'ogriculteur des risques que comporte 'innovation en terme de gorontie a lasécurité olimentaire.

Les systémes de vulgarisation ogricole existonts sont nombreux et variés. Il n'est pos toujours évident d'en étoblir une

classification rationnelle. On peut néonmoins opposer:

—Lavulgarisation individuelle et la vulgarisation de masse.

Lapremiere implique une relation individuelle entre le vulgorisateur et l'ogriculteur.

Lavulgarisation de mosse s’odresse, de moniére unique, a un public qui, dons certains cos, doit étre le plus vaste possible.

On peut y ranger: 'onimotion rurale, lo vulgorisation ou moyen des supports médiatiques (revues, livres, émissions

radiophoniques ettélévisées...).

—Lavulgarisation basée surune spéculation ou celle qui intégre l'ensemble de l'exploitation agricole.

Dons la premiere cotégorie, on rencontre souvent les systémes de vulgarisation ogricole des entreprises ogro—
industrielles (tobac, coton,...) alors que dons laseconde, il s'ogit trés souvent des systémes mis en place dons le codre de

programmes intégrés de développement ogricole.

—Lavulgarisation publique ou privée.

On pourrait ropprocher cette différenciation de laprécédente dons lamesure ou, bien souvent, lavulgarisation bosée sur

une spéculation est de coractere privé alors que lavulgarisation intégront I'ensemble de I'exploitation agricole bénéficie

lo.pluport du temps d'un finoncement public. Il peut également exister des systémes mixtes tels que ceux mis en ploce

dons des pays producteurs de coton ofricains ou lavulgarisation o.élorgi son chomp d'oction oux cultures vivrieres de lo
rotation et bénéficie, a ce titre, d'un soutien finoncier des pouvoirs publics.

Lavulgarisation agricole ou Comeroun a.connu plusieurs orientotions et dispositifs qui peuvent étre motériolisés en
trois grondes phoses depuis l'accession du pays a son indépendonce en 1960. 11 s’ogit:

—du systéme d'encadrement descendont et normotif dons les onnées 19601986, avec des plons quinquennoux décidés
"d’enhout" por 1'Etot ;

—des programmes d'gjustement structurel des onnées 80 et surtout 90, avec le désengagement de I’Etat, une Nouvelle
politique ogricole et un occent particulier sur le développement des orgonisations de producteurs ;

—de larévision de laNouvelle politique agricole et de nouveaux défis depuis 1999, avec lacomplexification du poysoge
d'acteurs et des initiotives menées dans le cadre de politiques ogricoles plus reconnaissontes de laploce des producteurs
et leurs orgonisations, et le développement d'opproches se voulont plus porticipotives et orientées vers du conseil
agricole oux exploitations fomiliales.

Entre la fin des onnées 60 et le début des années 80, les pouvoirs publics, a travers les plons quinquennoux de
développement, ont eu a concevoir et définir les politiques agricoles nationales sons impliquer les outres octeurs. Le
secteur agricole était alors tributaire de 'économie administrée en vigueur. L'interventionnisme de I'Etot était supposé
permettre le possoge de l'ogriculture de subsistance a 1'ogriculture moderne. Les orientotions étoient olors : maintien et
consolidation de 'outosuffisonce alimentoire ; développement des cultures d'exportation ; amélioration du niveou et des
conditions de vieenmilieu rural.

Par le biais de divers méconismes et sociétés (Coopmut, Sodécoo, Zapi...), I'Etat assuroit de nombreux services oux
producteurs : fourniture d'intronts, crédits, production de semences et plonts, encadrement, etc.

Les sociétés de développement étaient olors congues et mises en ceuvre pour étre les principoux instruments du
développement local et de 'omélioration de la. compétitivité des filicres basées pour l'essentiel sur des cultures
industrielles et d’exportotion (polmier a huile, hévéa, cocao, café...). Les plons étoient soutenus par des subventions en
faveur du secteur ogricole (notamment sur les intronts agricoles). Mais des blocoges certains ont vite pointé oux
différents niveoux : systéme d’encodrement peu performont —sur le terroin, pour lamajorité des paysons, les agents de
contact étaient peu nombreux et insuffisamment formés ; accés insuffisont des poysons oux intronts et omtres focteurs de
production ; stagnation de laproductivité des exploitations; vieillissement des exploitations et des producteurs; retord
accumulé por larecherche agricole en motiére de cultures vivrieres.

Aucours du 5™ plan (1981-85), les orientations affichées ont évoluées avec notamment :

+'¢établissement de relations « d'un type nouveou » entre l'administration et les paysons (plonteurs plus responsabilisés a
travers le renforcement du mouvement coopérotif) ;

o prise en compte des revenus des producteurs (et non plus des seuls intéréts des consommoteurs urbains) dons la
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fixation des prix ogricoles ;

“omaitrise (por I'Etat) de loproduction et de lotronsformation des produits ogricoles ;

-a création d'une structure de développement dotée d'une autonomie administrotive et financiére dons choque zone
agricole;

'intensification de laformation des ogents de développement ruroux ;

—un encodrement des poysons opérationnel dons les zones couvertes par des sociétés de développement ;

Jasubvention de l'occes a certoins facteurs de production (notomment les intronts ogricoles), dons le but de promouvoir
l'outosuffisonce alimentaire (engrois depuis 73 a 45-60 % ; pesticides a 100 %). Néonmoins, les orientations de ce
dernier plon quinquennal ne seront pas suffisontes pour foire foce a lacrise économique ou début des onnées 80.

Lo sécurité alimentoire” dons les pays en développement est loin d'étre garontie, en dépit de la multiplicité et de la
diversité des progrommes mis en ploce dons le cadre des politiques ogricoles notionales. Ces pays, qui ne produisent
quune portie des denrées alimentoires de gronde consommation, sont toujours tributoires de 1'étronger pour ossurer
l'approvisionnement de leurs populations en aliments de base. Des focteurs multiples et interdépendonts sont a I'origine
de ce probléme de lasécurité olimentaire dons les poys du Sud.

En 2021, selon la. FAO, sur le continent ofricain, 1 personne sur 5 étoit touchée por lo foim soit 278 millions de
personnes. 425 millions de personnes en Asie soit 9 % de lapopulation. L’Amérique du Sud et les Carcibes 56 millions
s0it 8.6 %. Autrement dit 80 % des personnes souffront de lofoim vivent dons les zones ruroles et le phénomene touche
principolement les petites exploitotions fomilioles qui fournissent pourtont lo plus gronde portie de 'olimentation
mondiale. Le lien entre sécurité olimentoire, développement ogricole et prospérité dons les zones rurales est donc
porticulierement fort. Por cilleurs selon Antonio Guterres secrétaire générol des Nations unies, laguerre en Ukroine
menace de déclencher une vague sons précédent de foim et de misere. Les difficultés pour des millions de personnes
d’accéder a une olimentation soine ou quotidien ne sont pos une nouveouté. Elles ont été décuplées por les effets de la
guerre et, avont celo, ceux de lo pondémie de COVID-9 ébranlont les piliers d'un systeme olimentoire mondial déja
précaire. Il fout foire preuve de vigilonce et bien séparer les effets conjoncturels, dromoatiques ou demeuront, du conflit
en Ukraine, et les caractéristiques structurelles de 1'insécurité olimentaire.

A cet effet, lo souveraineté olimentoire pourrait étre olors le pilier d'une politique publique globole de sécurité
olimentaire. Elle repose sur lareconnaissonce, pour chaque population, chaque Etot, chaque groupe d’Etats, du droita se
donner les moyens de produire, pour eux-mémes, leur propre nourriture oux conditions qu'ils choisissent en toute
autonomie, et ce a travers les politiques agricoles qui leur semblent les mieux adoptées pour gorontir lo sécurité
alimentaire.

Selon une estimotion de la FAO, le nombre de personnes sous-olimentées dons le monde s'éléve a 852 millions pour
la.période 2000-2002, soit 815 millions de personnes dons les poys en développement, 28 millions dons les pays en
tromsition et 9 millions dons les pays industriolisés (FAO, 2004). Si 1'on considere I’Afrique Subschorienne dons son
ensemble, 37% d'africoins n‘ont pas assez & monger, comporé a 17% de la population dons le reste du monde en
développement. Cette méme proportion s'¢léve a55% enAfrique centrale [FAO (2004) cité por Oxfom, 2006)]

Pormi de nombreux focteurs qui déterminent lasécurité alimentaire de ces millions de personnes, Madeley (2002)
cite lapouvreté, 'oppouvrissement dessols, ladésertification, laméconnaissance duréle des femmes ogricultrices, les
catastrophes naturelles, le sous financement de l'ogriculture, ladette extérieure, les guerres, l'obsence de démocrotie, les
chongements climatiques, la croissance démographique et les difficultés d'occes aux terres, le monque d'eon, lo
réduction des services médicoux, les pécheries locales prises d'assout.

Comme réponse a cette question complexe d'insécurité olimentoire, le libre échonge est lo. « baguette mogique »
proposée por lo communouté internationale. En effet 1'ouverture des marchés est ou centre de la controverse de la
question olimentaire et suscite actuellement becucoup de débats, tont plusieurs voix s'élévent pour encenser le
processuset d'outres pour le stigmatiser.

En théorie, permettre a chacun d’avoir un revenu décent suffiroit a garontir son alimentotion puisque le probléme
n'est pos causé por le monque physique d’oliments (Guihéneufet Pisoni, 1996). Pour ces auteurs, le revenu est I'élément
clé de la sécurité olimentaire et ce revenu pouvont étre amélioré par la libéralisotion des échanges, il va de soi, et en
restont dons lalogique de cette analyse, que lalibéralisation commerciale peut avoir un impoct globalement positif'sur la
sécurité olimentaire. Lalutte contrelapouvreté devient ainsile slogon fort de larecherche de lasécurité alimentaire cor,
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comme le souligne la FAO (19960) dons la décloration du sommet mondial de I'olimentation, « L'éradication de lo
pouvreté est essentielle a 'omélioration de 'acces a lanourriture. Lagronde mojorité des personnes sous-elimentées ne
sont pas en mesure de produire ou d'acheter des quontités suffisontes d’oliments. Elles ont un accés inodéquat oux
moyens de production tels que la terre, I'ecu, les intronts, les semences et végétoux améliorés, les technologies
appropriées et le crédit ogricole.

La FAO (19960) reléve égolement le poradoxe qui existe dons un contexte d'occroissement de la production
alimentaire et 'ougmentation du nombre de personnes prises au pi¢ge de lo foim. Elle note que « Les disponibilités
alimentaires ont considérablement cugmenté, mais les difficultés d'accés a lonourriture, l'insuffisonce chronique des
revenus fomilioux et notionoux pour l'achot d'oliments, 'instobilité de l'offre et de la. demande, cinsi que les
cotastrophes noturelles ou causées por 'homme, empéchent lasatisfaction des besoins alimentaires essentiels. Lo foim
et l'insécurité alimentaire sont des problémes oux dimensions plonétaires qui risquent fort de persister, voire de
s'oaggraver de fogon dramatique dons certaines régions, si des mesures énergiques et concertées ne sont pos prises de
toute urgence, compte tenu de l'accroissement prévu de lo. population mondiale et de la pression exercée sur les
ressources noturelles. »

Lo sécurité olimentoire se repose sur les rocines de la pouvreté. Une croissonce économique globale et duroble
constitue des lors lapremiere fondation qui garontisse un occroissement des revenus et un occes a lanourriture (Viotte,
1996). Les problémes de sécurité olimentoires ne découlent pos obligatoirement d‘une insuffisonce des
approvisionnements. IlIs résultent plutdét d'un monque de pouvoir d'achat om niveou des pays ou des ménoges. A long
terme, lo sécurité olimentoire posse por le relévement du revenu réel des ménoges, qui leur permet d'ocheter ossez a
monger (Bonque Mondiale, 1986).

Deméme Le Roy (1994) note que la.couse de lafoim n'est pos I'insuffisonce de laproduction, mois lapouvreté et lo
précarité. Cet outeur pense égolement que laproduction ogricole mondiole pourroit encore cugmenter ropidement si les
nécessiteux ¢taient solvables. Pour lui, lo foim n'est pas un probléme ogricole om sens strict du terme, ce n'est pas un
probléme de production. Pour venir about de la.foim conclut-il, il ne s'ogit pos nécessairement d'occroitre les volumes de
production agricole, il fout mettre en ceuvre des politiques de développement.

Lo pouvreté étont diognostiquée por tous comme la couse mojeure de l'insécurité alimentoire, les politiques de
développement que propose Le Roy, seraient-elles des politiques commercioles qui favoriseraient un plus grond
acces des pouvres ou morché " Seraient-elles des politiques de 'emploi qui omélioreraient leur revenu afin de leur
permettre de produire ou olors de se procurer des denrées alimentoires ”

En effet pour les théoriciens de la doctrine néo-ibérale, les lois du morché ossurent une meilleure allocation des
ressources, fovorisent lo croissonce tout en omélioront les revenus des plus démunis. Lo libéralisation des échonges a
travers le commerce des denrées ogricoles constitue donc pour eux lavoie de sortie de cette imposse alimentoire.

Le PNUD (2005) foit remorquer qu'un commerce développé offre des possibilités incommensurobles en terme de
développement humain. Protiqué dons les conditions adéquotes, cette octivité présente un potentiel non négligeable de
réduction de lo pouvreté, de restriction des inégalités et de victoire sur les injustices économiques. Oxfom (2002)
observe égolement que le commerce peut constituer un puissont moteur pour lo croissonce économique et pour lo
réduction de lo.pauvreté mois a laseule condition que les pays pouvres aient accés oaux marchés des pays riches. Cette
observation d'Oxfom est corroborée por [t CNUCED (2004) qui dons son rapport 2004 sur les Pays les Moins Avoncés
(PMA) note que le commerce internotional peut fortement contribuer a réduire lapouvreté dons les PMA ainsi que dons
d'outre Pays En Développement (PED). Toutefois, pour que cette contribution soit efficace, « les politiques notionales et
internotionoles qui peuvent fociliter cette contribution doivent s'appuyer sur une opproche du commerce inspirée por le
développement plutdt que surune opproche du développement dominée por le commerce » CNUCED (2004 : 69)

Le commerce des produits ogricoles peut donc contribuer de monicre efficoce a la lutte contre l'insécurité
alimentaire. La FAO (1998) affirme a cet effet que sons commerce, les pays ne pourraient compter que sur leur propre
production ; cela diminuerait considérablement leur revenu global, réduirait le choix des denrées ogricoles et
ougmenteroit le nombre d'offomés. Il s'ogit donc pour cette orgonisation en chorge des questions d'olimentations «
d’encouroger la création d'emplois et de revenus, de favoriser un occés équitoble oux ressources productives et
financieres, de poursuivre des politiques commerciales, dons tous les domaines et dons celui des denrées olimentoires,
qui encourogeront les producteurs et les consommoteurs a utiliser les ressources disponibles de fagon économiquement
rationnelle et duroble »
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L'engagement quotre (4) de la.décloration de Rome sur le Sommet mondial de I'olimentotion illustre a suffisonce le role
que doivent jouer les politiques commerciales. Il stipule : « Nous nous efforcerons de foire en sorte que les politiques
concernont le commerce des denrées alimentaires et ogricoles et les échonges en général contribuent a renforcer la
sécurité olimentaire pour tous grace a un systéme commerciol mondiol a lafois juste et oxé sur le morché. »

Unpays qui occroit sesrevenus grace au commerce athéoriquement plus de ressources pour combottre lopouvreté
(Modeley, 2002) et par voie de corollaire plus de ressources pour combottre I'insécurité alimentoire. Bien que le rapport
entre le commerce et la sécurité alimentaire souléve des questions complexes et que 'occroissement du volume des
échonges commercioux s'est occompogné d'une détérioration des termes de I"échange pour les Pays en voie de
Développement (PVD) et réduit leur gain potentiel, la libéralisation est un élément fondomentol dons les troins de
mesures qui favorisent lacroissance (FAO, 1996b).

L'accés ou morché a travers l'ouverture des échonges permet d'ougmenter les recettes d’exportotions qui
permettront oux populations d'acheter moins cher de lanourriture qu'elles n'ont pos pu produire elles méme sur ploce.
Ainsi les exportations revétent un coroctére importont, non seulement —ou méme principolement —porce qu'elles sont un
moyen de finoncer les importations des nouvelles technologies nécessaires a locréotion de croissonce, de productivité et
d'emploi, et 'omélioration des niveoux de vie et ou maintien de locompétitivité ou sein des morchés mondioux (PNUD,
2005). Faisont laméme onolyse, Oxfom (2006) remorque que le commerce internotional des produits ogricoles peuta lo
fois améliorer et dégrader la sécurité olimentaire. Du coté positif, elle note que « les importations peuvent permettre a
des pays qui ont un déficit alimentoire de couvrir les besoins de leurs populations, alors que les exportotions comme le
coton et le café peuvent fournir oux ogriculteurs un revenu en liquide trés précieux pour compléter leur production
alimentaire ».

Méthodologie et résultats

Pour réaliser cette ¢tude, nous avons foit recours a un guide d’entretien et un questionnoire ont ét¢ administrés a 16
agriculteurs qui font dons l'agriculture biologique. Les informations collectées ont été anolysées a l'aide du tobleur
Excel 2013. Ilressortde ces résultats que depuis le début du XXI siécle, le commerce mondial des produits ogricoles et
alimentaires (ogroalimentoires) asingulierement évolué. Il aplus que doublé en valeur réelle sur lapériode 19952018,
passont de 680 milliords a 1 500 milliords d'USD (mesuré cux prix de 2015. Sur cette période, la port des échonges
agroolimentaires dons le totol du commerce de morchondises aété de 7,5 pour cent en moyenne. Latendonce oscendonte
a otteint son point culminont lors de la crise des prix des denrées alimentaires de 20072008, avont d'étre brutolement
interrompue por la.crise finonciére de 2008 et larécession mondicle qui asuivi. Molgré le rétablissement du commerce
en2010et2011 etlenouvel envol des prix des produits de bose, le ralentissement de I'économie mondiale, en porticulier
dons les pays émergents tels que la République populaire de Chine, a.eu des répercussions importontes, a la fois sur les
échonges et sur les prix des produits de bose. Depuis 2014, le recul en valeur du commerce ogroolimentaire s'explique
principalement por labaisse des prix des produits de bose et les fluctuotions des toux de chonge, les toux de croissonce
ayontrecommencé a cugmenter en portie entre 2016 et 2018 (Figurel).
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FIGURE 1.1
EVOLUTION DES ECHANGES AGROALIMENTAIRES, 1995-2018
(PAYS CLASSES PAR CATEGORIE DE REVENU)

A EXPORTATIONS AGROALIMENTAIRES (EN MILLLARDS BUSD)
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Les pays a revenu élevé réalisent lo. mojeure portie du commerce ogroolimentoire en voleur, mais les économies
émergentes et les pays en développement prennent une port croissonce oux morchés mondioux. Depuis le début du
nouveou millénaire, les poys a revenu intermédiaire des tronches inférieure et supérieure ont accru leur port des
exportotions ogroolimentoires mondiales, de 25 pour cent environ en 2001 a 36 pour cent en 2018. Duront lo méme
période, lapoart des pays a foible revenu dons les échanges ogroolimentaires mondioux est demeurée presque inchongée,
outourde 1,1 pour cent.

A portir de 2008, compte tenu du rolentissement de I'économie mondiole, les exportations et les importations
ogroolimentaires ont connu une croissonce poussive, comporée a celle de lapériode 19952007, et ce en particulier dons
les pays a revenu élevé, dont 'économie o été plus durement touchée por la crise finonciére. Les pays a faible revenu,
qui, pour beaucoup, exportent vers les morchés des pays a revenu élevé, ont égolement pati du ralentissement de la
demonde sur ces marchés et de lobaisse des prix des produits de base. Les exportotions et les importations des pays a
revenu intermédiaire des tronches inférieure et supérieure ont continué de croitre ropidement entre 2009 et 2011, et ce
n'est qu'ensuite qu'elles ont morqué le pos.
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Duront toute la période 1995-2018, les importations ogroolimentoires du groupe des poays a revenu élevé ont été
supérieures oux exportations, tondis que le groupe des pays a revenu intermédicire des deux tranches offichait une
position d’exportateur net.

Les importations du groupe des pays a faible revenu sont restées 1égérement supérieures oux exportotions entre
1995 et 2000, avent d'augmenter nettement jusqu'en 2011, puis de se stabiliser. A I'échelle mondiale, lamojeure partie
des produits alimentaires sont échangés por des poys a revenu élevé. En moyenne, tous les groupes de pays, quelle que
soitleur catégorie de revenu, importent davontoge de produits alimentoires que de produits ogricoles de base. Les pays a
revenu intermédiaire des deux tranches exportent plus de produits olimentaires qu'ils n'en importent, ce qui témoigne,
enmoyenne la encore, d'une industrie de tronsformaotion bien développée et tournée vers I'exportation. Les exportotions
des pays a faible revenu se coractérisent par une plus lorge port de produits agricoles de bose, cor ces poys sont
spécialisés dons lo production de matiéres premicres et leur secteur olimentoire est relotivement moins
développé(Figure2 et 3).

L'orientation vers 1'exportotion varie nettement selon les pays. Alors que les pays des régions Europe et Asie
centrale et Asie de I'Est et Pocifique commercent généralement avec d'outres poys de laméme région, ceux des régions
Asie du Sud, Amérique latine et Carcibes, Afrique subsoharienne, Amérique du Nord, et Moyen-Orient et Afrique du
Nord sont plus tournés vers des échonges mondioux.

Prévalence de I'insuffisance Nombre de personnes Ampleur du déficit alimentaire
alimentaire (%) sous-alimentées (millions) (Kcal/personne/jour)
Cameroun 16,6 2,0 64
Congo-Brazzaville 40,2 1,3 196
Ethiopie 424 31,9 244
Haiti 59,1 i) 530
Kenya 32,4 98 136
Maroc 83 - 33
Népal 13,3 22 49
Niger 14,6 1,8 58
Nigéria 11,3 11,9 40
Philippines 21,2 139 96
Sri Lanka 30,1 49 200
Tchad 436 438 276
Togo 194 12,9 85
Zambie 55,1 73 411
Yémen 35,7 6,5 180

Figure 2 : L’insécurité alimentoire ou prisme de lo. sous—elimentotion (2013-2022)
Source : (FAO, 2022)

1890 2000 202 203 2014
Afrique du Sud 846 1254 7448 6777 6272
Algérie 2306 2578 g 998 10 467 11784
Chili Jog 1228 5911 6076 6114
Colombie 395 1405 5872 5 842 5969
Egypte 2903 3518 15 666 11674 14 898
Indonésie 1104 3336 15828 16385 17.028
Jordanie 672 #51 4 598 3681 4 042
Kenya 199 403 1861 1820 1895
Koweit 561 1249 3 676 4435 4917
Malaisie 2021 3526 16518 15610 16537
Maroc 677 1585 5581 4872 5619
Mexique 4326 B 485 22859 26113 2581
PFhilippines 1348 2 598 6819 6723 8243
Sénegal 350 382 1554 1588 1481
Thalande 1672 2677 121638 12 851 12590

Figure 3: Evolution du cotit des importations alimentaires (en millions de dollars)
Source: (WTO,2015)
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De focon générale, le commerce est influencé por les revenus, mais il peut oussi étre 1'un des déterminonts de lo
croissonce économique dons lamesure ou il favorise les gains d'efficience et les retombées technologiques. Larelation
entre commerce et revenus est loin néonmoins de foire I'unonimité. Entre 1995 et 2018, c’est-a-dire une période
caroctérisée por une ouverture croissonte des morchés et une intensification des échonges, la croissonce des revenus
dons les différents pays tend a montrer que lomondialisation ne sert que partiellement lo.convergence. Dans les pays a
revenu intermédiaire des deux tronches, les toux de croissonce des revenus ont été bien plus élevés que dons les pays a
revenu élevé, ce qui indique que, sur lapériode 19952018, les premiers ont comblé une portie de leur retord sur les
seconds. En revanche, les revenus n'ont crii que lentement dons les pays a faible revenu, ce qui suggere un défout de
convergence etun creusement des écarts.

La crise finonciére de 2008 oussi o eu des effets sur la croissonce des revenus. Les pays a revenu ¢levé, ou les
systémes finonciers étoient plus endettés et I'expansion du crédit plus forte, ont été froppés de fogon disproportionnée
par lo crise finonciére et ont subi de plus fortes révisions a la baisse de leur activité économique. Les pays a revenu
intermédiaire de latronche supérieure aussi ont enregistré un ralentissement de lo.croissonce des revenus entre 2008 et
2018, mais dons une nettement moindre mesure. En revanche, un ensemble plus lorge de pays en développement, des
pays a faible revenu et a revenu intermédicire de la tronche inférieure peu intégrés dons les marchés finonciers
mondioux, o.été moins touché par la.crise de 2008. Pour I'essentiel, ces évolutions des revenus se retrouvent oussi dons
les échonges ogroalimentoires

Les gronds chongements socioéconomiques ossociés a lo croissonce des revenus s‘accompognent de
tronsformations notobles des modes de consommation olimentoire un processus décrit sous l'oppellation de «tronsition
nutritionnelle». Aux premiers stodes de cette tronsition, lacroissonce des revenus vade poir avec des niveoux d'opport
alimentaire plus élevés et une moindre incidence de 'insécurité alimentaire. Les régimes olimentaires sont olors peu
diversifiés et comportent une proportion relativement importonte de féculents. Suit un stade de croissonce accélérée de
loconsommation colorique, qui s'accompogne d'une ougmentoation de l'opport en protéines et en vitomines et minéroux,
I'ensemble pouvont se troduire por une améliorotion de lo nutrition et des résultots en motiére de sonté. Bien souvent,
toutefois, cette évolution se fait en paralléle, ou est ropidement suivie, d'un changement de régime alimentaire qui foit
une plus large ploce aux graisses, ou sucre et aux aliments tronsformés (Figure 4).
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FIGURE 1.8
DYNAMIQUE ET CROISS?N(E DES REVENUS ET DE LA CONSOMMATION ALIMENTAIRE

(PAYS CLASSES PAR CATEGORIE DE REVENU)

A. TAUX DE CROISSANCE DU PIB, 1995-2018 (TAUX MOYENS ANNUELS DE CROISSANCE)
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on féveior 2020; los dorniéres donnéos disponibles sont collos do 2017).

voire hautement transformés. Au dernier stade
de la transition nutritionnelle, et tandis que les
revenus progressent encore, la croissance de la
consommation calorique par habitant ralentit

et les régimes alimentaires évoluent vers des
graisses de meilleure qualité, une part plus large
faite aux fruits et Iégumes, et une augmentation
de la consommation de céréales complites.
Pendant toute la transition nutritionnelle, la part
de lalimentation dans les dépenses des ménages
décroit & mesure que les revenus augmentent
(conformément a la loi d’Engel)s,

< Lla relation entre la part de l'alimentation dans le total des dépenses
ot lo revenu porte le nom du slatisticien Ernst Engel (1821-1896)

Conclusion
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La transition nutritionnelle se retrouve également
dans la loi de Bennett, qui établit qu’a mesure que
les gens s‘enrichissent, ils délaissent les régimes
ol préedominent des féculents de base et adoptent
une alimentation plus vari¢e dans laquelle entre
une gamme plus large de fruits, de légumes et de
protéines d'origine animale®.

Les données agrégées font clairement écho aux
stades de la transition nutritionnelle (figure 1.8,
panneau B). Dans les pays a faible revenu, la
hausse des revenus par habitant est associée a
une hausse de la consommation calorique par
habitant, Lorsque la croissance des revenus
s‘accélire, cet effet se renforce dans les pays

L'objectif de cette étude étoit d'onalyser le lien entre laprotique de vulgorisation de lo.choine de valeur de 'ogriculture
biologique et lasécurité alimentaire ou Comeroun. Celadit, les caractéristiques de lacible, de son niveou d'implication,
de samotivation a entrer en apprentissoge ont une influence considérable dons le choix des méthodes et des techniques a
déployer. Une oction de groupe dont ladynoamique se veut a tout moment présente est indispensable pour lamise sur pied
des ressources. Ainsi, exercice de terroin, de contoct avec les ruraux, et non exercice de bureou, 1a sont les moitres mots
qui caractérisent le métier de vulgarisateur ogricole. Le vulgorisateur devra sons préjugés ou jugements de valeurs
étudier d'obord les populations et les apprécier a leur juste titre avont d'amorcer sa tache. Les toux d'adoption des
innovotions, l'engouement monifesté por les ruraux pendont des séances d'opprentissoge, les capacités de ces derniers a
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reproduire les enseignements regus oux outres sont 1a quelques poromeétres qui pourront permettre de tester le niveou
d'efficocité d'un vulgorisateur. Le développement de lavulgarisotion de lo.choine de voleur de l'ogriculture biologique
est de toute évidence une condition de la sécurité alimentoire. Il passe por 1'¢loboration d'une politique ogricole forte,
efficace et adoptée a chaque pays. Les politiques ogricoles doivent par ailleurs cesser d'étre I'aponoge des entreprises
privées, des sociétés tronsnotionoles ou des institutions internationoles, et devenir l'affoire des populations et de
I'Etat. 11 s'ogit 1a de réoffirmer l'importance de 1'Etat, dont les marges de monceuvre se sont vues significativement
réduite, en tant qu'octeur numéro un des domaines de l'agriculture et de l'olimentation. Lavolorisation du role de I'Etot
peut lui permettre d'ossurer lo mobilisation des ressources ogricoles existontes, et gorontir un opprovisionnement
alimentaire duroble des populations.
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Abstract

The study examined the profitobility ond determinonts of profit efficiency
among small-scale orgonic vegetable (spinach) formers in Niger State, Nigerio.
Descriptive stotistics, form budgeting technique, perception index ond stochostic
frontier profit function were used to analyze the doto. A multi-stoge sompling
procedure wos employed in selecting 148 orgonic vegetable formers. Results
show that most (82%) of the formers were male ond with meon of40years.It wos
revealed that 70% of the formers had one form of education or the other with
primary education constituting 57.3%. The formers were experienced with
meon of 5 years ond 76.67 percent of them had not more than a.hectare of form
size. The profitability result revealed that orgonic vegetoble production was
profitoble with on estimated net form income ond Gross maorgin of N67,808.31
ond N 70,273.56 per hectore respectively and the return on investment of N1.53
wos reolized as profit for every one naira invested in production of orgonic
vegetable (spinach). The gross rotio of 0.46 ond the operating rotio of 0.44 are
indicators that orgonic vegetoble production was profitoble in the study areo.
The Tronlog Stochastic function result revealed thot plonting material, orgomic
monure, lobour, depreciation on equipment, form size, age, household size,
forming experience, awareness of orgomic forming ond access to information on
orgemic forming had significont effects on the profit efficiency of orgonic
vegetable formers in the study. The study recommended that efforts should be
made by encouraging formers to adopt orgonic vegetoble forming in order to
increose their output.

Rentabilité et Déterminants de L'efficacité des Profits Chezles Petits
Producteurs de Légumes Biologiques (Epinards) dans L'état de Niger, Nigeria

Résumé

L'étude o examiné lo rentabilité et les déterminonts de l'efficacité des profits
chez les petits producteurs de légumes biologiques (épinords) dans 1'Etot de
Niger, om Nigerio. Les statistiques descriptives, la technique de budgétisation
ogricole, I'indice de perception et la fonction de profit a frontiére stochostique
ont été utilisés pour anolyser les données. Une procédure d'échontillonnoge a
plusieurs degrés a été utilisée pour sélectionner 148 producteurs de légumes
biologiques. Les résultats montrent que laplupart (82 %) des ogriculteurs sont
des hommes, 4gés en moyenne de 40 ons, et que 70 % d'entre eux ont suivi une
forme d’enseignement ou une outre, l'enseignement primoire représentont 57,3
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%. Les agriculteurs étoient expérimentés, avec une moyenne de 5 ons, et 76,67 %
d'entre eux n'avoient pos plus d'un hectore d'exploitation. Le résultot de la
rentobilité arévélé que laproduction de Iégumes biologiques était rentoble avec
un revenu ogricole net estimé et une marge brute de 67 808,31 N et 70 273,56 N
por hectare respectivement et le retour sur investissement de 1,53 N a.été réalisé
comme bénéfice pour choque noira investi dons la production de l1égumes
biologiques (épinords). Le rotio brut de 0,46 et le rotio d'exploitation de 0,44
indiquent que la production de légumes biologiques est rentoble dons lo zone
d’é¢tude. Les résultats de la fonction stochastique Tronlog ont révélé que le
motériel de plontation, le fumier orgonique, lomain-d’ceuvre, l'omortissement de
I'équipement, la taille de 1'exploitation, 1'age, lo taille du ménage, I'expérience

M'ots dlés:: L agricole, lasensibilisation a I'agriculture biologique et l'accés a I'information sur
11“:5; Iélielft(lé),lologlques, l'ogriculture biologique ovaient des effets significatifs sur la rentobilité des
production, producteurs de légumes biologiques de I'étude. L'étude recommonde que des
agriculteur, efforts soient faits pour encouroger les ogriculteurs a adopter l'ogriculture
facteurs d'inefficacité biologique afin d'ougmenter leur production.

Introduction

Research shows thot more thon 75% of forming community in Africo, procticed subsistence ond/or traditionaol agriculture.

This is as aresult of low skills, knowledge ond osset bose, ogricultural productivity hos declined over the years and is 2-3

times lower thon the world average (FAO, 2009). There is, therefore, o growing need to provide food to on increosing

population through innovative ond adopted sustainoble forming systems like orgonic forming. The United States

Department of Agriculture (USDA) defines orgonic forming as o forming system which avoids or lorgely excludes the

use of syntheticolly compounded fertilizers, pesticides, growth regulotors ond livestock feed additives to the moximum

extent feosible, or the forming system thot relies on crop rototions, residues, onimol monure, legumes, green monure,

off-form orgonic wostes, ond the aspects of biological pest control meosures, soil productivity and tilt, to supply plont

nutrients ond to control insects, weeds ond other pests (Alvares et al., 1999). Orgonic ogriculturol production system is

gaining populority os one of the options which can enhance production of healthy food in a sustoinoble woy (NEP—
UNCTAD-CBTEF, 2008). It contributes to the achievement of MDG (Millennium Development Goal) on eliminating

Poverty ond hunger; ond enhoncing environmentol sustainability, respectively. Over time, it wos realized thaot the effects

of'the chemicals used in the course of forming have lots of negative effects on both the environment and health of mon,

hence the need to discouroge such proctice and encouroge the other olternative thot is, orgonic forming (Kutamaet al.,

2013). The vigorous growth of orgenic agriculture in the country is portiolly hampered by the perceived high economic

risk leading to low adoption (UNEP-UNCTAD, 2007). This is contributed by limited empirical documentation of its

economic benefits which also limits support by government and development partners. In order to support approisol of
orgonic ogriculture os avioble alternotive production system which contributes to livelihood there is need to evoluote its

impoct on profitability especially for smollholder formers.

Sustainable ogricultural system is crucial to ensuring food security, poverty alleviotion, economic ond environmentol
tronsformation of mony developing countries Nigeriainclusive. This is based on the premise thot smoall scale formers,
researchers ond Non-Governmental Orgonizations (NGOs) have increasingly sought to identify, validote ond implement
proctical forming technologies ond methods which meets sustainability criterio, although the chollenges of doing so
having been enormous (Lumpkin, 2005).

Despite this advontoge, the use of orgonic fertilizer is being advocated for because of its soil conservation property
ond its eco-friendliness over the inorgonic fertilizer. It is o sustainoble foming system that produces heolthy crops ond
livestock without domoging the environment. It avoids the use of artificial chemical fertilizers ond pesticides. It is
mainly the cheapest sources adopted by vegetoble formers to supply nutrients for their vegetables to enhonce growth
ond yield (Verenaet al.,2012; Fawzy et al., 2016). It is on these bases that, this study tends to examine the profitobility
ond determinonts of profit efficiency of orgonic vegetable production in Niger State, Nigerio.
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The objectives of this paper are to describe the socio—charocteristics of orgonic vegetable formers, examine the formers’
perception on orgonic vegetable production, estimate the cost and returns of orgonic vegetable production and onolyzed
the determinants of profit efficiency among orgonic vegetoble formers in the study areo. The hypothesis wos formulated
for further empirical volidation. Ho,: The explanotory variobles included in the inefficiency model do not significantly
exploin the profit efficiency of orgonic vegetable formers.

Methodology

The Study Area

The study was conducted in Niger Stote which is located in the Guinea Savonna vegetation zone in the North Centrol
part of Nigeria which lies between Latitudes 3°20' and 7°40'N and Longitudes 8’ and 11°3'E (NAMDA, 2013). The
State is bordered by Zamfora Stote, Kebbi Stote, Kogi State, Kwora Stote, Koduna State ond the Federal Capitol
Territory (FCT) Abuja respectively. The State shares o common boundory with the Republic of Benin along Borgu
Local Government Area (LGA). This gives rise to common cross border trade with the State. Niger Stote is primorily
colled the "Power State" of Nigeria by virtue of the location of the three hydro-electricity doams in the State, namely, the
Koinji, Shiroro ond Jebba Dams. The State experience two distinct climatic seasons in o yeor (roiny ond dry seoson).
Roinfall (1,100mm — 1,600mm per onnum) is steady ond is evenly distributed folling usually between Mid-April ond
November, peaking in August. Average monthly temperoture ranges from 23°C to 37°C (NAMDA, 2012).

The vegetation consists moinly of short grosses, shrubs ond scattered trees, soils are predominontly light ond well
drained (NAMDA, 2013). According to National Population Commission, NPC (2006) Niger State hos apopulotion of
about 3,950,249. Farming is the primary occupoation of 85 percent of the State's population, which 15% ore engoged in
industriol ond other businesses or vocational jobs like craft ond orts. However, ogriculture in Niger Stote is
predominontly in the honds of rural dwellers. The major crops grown include rice, sugor cane, maize, millet, melon,
yam, groundnut, sorghum ond cowpeo. Livestock reared include cottle, sheep, goats ond poultry (NAMDA,2013).

Sampling Procedure and sample size

Multi-stoge sompling wos used to select formers for the study. In the first stoge, one local government areo.(Chonchago)
wos rondomly selected. In the second stoge, four communities were purposively selected (Borkin sole, Mechanic
villoge, Mondellaond Chanchoga) which are located ot the river boundary chonnel ocross the LGA. These communities
were selected becouse of the high concentrotion of orgonic vegetable formers in the areo. In the third stoge, thirty-seven
(37) orgonic vegetable formers were selected from the selected communities because of the homogenous noture of the
communities using simple rondom sompling techniques. A totol of one hundred ond forty-eight (148) orgomic vegetoble
formers were selected ond interviewed with the aid of structured questionnaire.

Analytical Techniques and Model Specification
Descriptive statistics such as frequency distribution, percentoges, meon ond Likert type scole wos used to describe the
socio-economic characteristics of the formers ond examine the formers’ perception on orgonic vegetoble production.
The formers’ perception towards orgenic vegetable production was determine using o 5-Likert scole os follows.
Strongly Agree (SA) =5, Agree (A) =4, Undecided (U) = 3, Disagree (D) = 2 ond Strongly Disagree (SD) = 1. The
weighted meon score value of 3.0 or higher, meons respondents Agree thot orgonic vegetable production contributed to
the statement while ony weighted meon score value of less thon 3.0 was regarded os respondents Disagree orgonic
vegetable production not contributing to the stotement.

Form budgeting techniques was used to estimate the cost ond returns of orgonic vegetable production. The model is
specified in equations (1) ond (2). Gross morgin is the difference between the Gross Form Income (GFI) and Totol
Vaorioble Cost (TVC) as depicted in equation (1) following Olukosi et al. (2006).

GM=GFI-TVC (1
Where: GM = Gross Morgin, GFI1=Gross Form Income, TVC =Total Varioble Cost.
Thenet form income is defined os: NFI=GM-TFC )
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Where: NFI=Net Form Income, GM = Gross Margin, TFC=Total Fixed Cost.

The profitability of orgonic vegetable production was onalyzed ond compared using the vorious finonciol rotio os
specified in equations (3), (4) ond (5). Gross Ratio: This is a profitobility ratio that measures the overall success of the
form. The lower the ratio, the higher the return per nairo.

GR = TrE 3)

GI
Where: GR =Gross Ratio, TFE =Total Form Expenses ond GI=Gross Income.
Operating Ratio: The operating rotio is directly related to the form variable input usage. The lower the ratio, the higher
the profitability of the form business. OR = T0C 4)

Gl

Where: OR =Operating Rotio, TOC =Totol Operating Cost aond GI=Gross Income.
Return on Copital Invested: Is aprofitobility index defined os ameosure of the amount thot accrues to the enterprise os
netincome for every noirainvested. GM

The higher the return to investment, the more profitoble the enterprise. RI= Ve (5)

Where: RI=Return on Capital Invested, GM = Gross Margin, ond TVC =Total Voriable Cost.

TronsHog Stochaostic Frontier Profit Function wos used to analyze the determinont of profit efficiency among orgonic
vegetable formers. Form profit equals the difference between the Totol Revenue (TR) ond Total Cost (TC). Thot is,

GM (n)=X(TR-TVC)=X(PQ-WX) (6)

To normalize the profit function, form 7 is divided by P which is the market price of the output (vegetable). It is

represented os t(pz) | D(PO-WX) (7)
P B P

_o- WX

o é @®)

~ f(Xi, 7) - X PiXi ?

Where: TR represents total revenue, TC represents totol cost, P represents price of output (Q), X represents the quontity
of optimized input used, Z represents price of fixed inputs used, pi = W/P which represents normalized price of input Xi,
while f(Xi, Z) represents the production function.

The Cobb-Douglos profit function in implicit form which specifies production efficiency of the formers is expressed os
follows: m, = f(p,,z)exp(V; —=U,),i =L2,......... n (10)

Where: 7, p, and z is os defined obove. The Vs are assumed to be independent ond identically distributed random errors,
having normal N (0, 6° v) distribution, independent of the U;s. The Us are profit inefficiency effects, which are assumed

to be non-negotive truncotion of the half-normal distribution N (1, 5° u). The profit efficiency is expressed os the ratio of
predicted octual profit to the predicted moximum profit for a best-procticed orgonic vegetoble former ond this is
represented os follows: Profit Efficiency (En) =n /n ™ (11)

_ exp[n (p,z)]exp(InV)exp(—InU) -0 (12)
exp[n (p,z)]exp(InV) -0
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Firms specific profit efficiency is ogoin the meon of the conditional distribution of U, given by Erand isdefinedas: E,_E
[exp (U)/E] (13)

E, takes the value 0 ond 1. If U,_0, this meons thot form is on the frontier, obtaining potentiol moximum profit given the
price it faces and the level of fixed foctors. If U,> 0, the form is inefficient ond losses profit. The Cobb-Douglos Trons1og
function model wos estimated by a combination of the production and inefficiency foctor in o single stoge moximum
likelihood estimation procedure to identify the determinonts of profit efficiency. It is specified explicitly os:

InY =B, +B,InX, + B,InX, + B, InX, + B, InX, + B InX, + % B, InX; +%B22[nX22 + % B, InX; +
%BM]an + % By InX? + B, InX InX, + By InX, InX, + B, InX InX , + B, InX,InX; + By InX,InX, +

BouInX,InX , + B, InX, InX s + B, InX InX , + By InX InX s + B, InX InX + Vi —Ul................... (14)

Where:

n=Netprofit(N)

X,=Unitprice of plonting moteriol (N)

X,=Unitprice of waste (orgonic monure) (N)

X,=Unitprice of labour (N)

X,=Depreciation on form equipment (N)

X,=Farmsize (ho)

X,—X;are foctors assumed to affect the level of profit efficiency of the orgonic vegetoble formers ond ,=constont,
B, B,s=are moximum likelihood estimates to be measured, In is notural Logorithm, v, ond u,= composite errors

The inefficiency model (u) for the stochastic profit frontier is expresses in equation (15)
U=6,+0,z,+6,z,+8,z,+8,z,+ 8,2, + (v —u,) (15)

Where:

Z,=Age ofthe formers (years),

Z,=Household size (number of persons),

Z,=Educational level meosured in number of yeors Spend in formal school,
Z,=Extension contact (Number),

Z,=orgonic forming experience (yeors)

Z,=Awareness of organic forming (Dummy voriobles; Yes=1, No=0)
Z,=Access to Informotion on orgonic forming (Dummy voriobles; Yes=1, No=0)
§,=constonts

6,—9,=coefficientto be measured

Results and Discussion

Socio Economic Characteristics of Organic Vegetable Farmers

The socio—economic choracteristics variobles of the orgonic vegetoble formers in the study oreaare presented in Toble 1.
The results reveoled thot mojority (95%) of the orgonic vegetoble formers were moale. This is a cleor indication of
complete dominonce of male gender in vegetable production. This result affirms the popular beliefin the study areathot
agriculturol octivities ore dominated by mole folks. This result is supported by Amos et al., (2006), Ahmadu ond
Alufohai (2012) who in their separate study reported that crop production in Nigeria is dominated by male. More so,
62% of the sampled formers were 50 years ond below with ameon of 40 yeors. This reveals that mojority of the formers
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were still in their economically octive age ond are likely to be productive in forming ond improving their income eorning
capocities through adoption new technologies. Becouse oge is on importont foctor to be considered in determining the
quality oflobour employed ond it's prevolent in any given enterprise. This result is in ogreement with thot of Lawal et al.,
(2014) who offirmed thot os the age of formers’ increases, the adoption of agricultural technology will likely decreose
while sensitivity to risk will increose os older formers ore more risk averse.

Table 1 further revealed that 58% of the orgonic vegetoble formers had some level of education to ot least primory
school. The implication is that, formers with no formal education which constituted 30% might not be oble to efficiently
adopt new agricultural innovoation ond technology in orgonic vegetoble forming. The meon forming experience wos 5
yeors with over47% of the formers hoving more thon 6 yeors of experience in orgonic vegetoble forming. The implication is
that longer yeors of orgonic vegetoble forming experience moy enoble them to have adequate knowledge thot will enable
them moke sound decisions thot probobly would increase their form income as well os monoge risk. Which might offect
their level of adoption of improved technologies. This finding is corroboroted by those of Tanko et al., (2011) who
observed that formers with more years of forming experience con cope with the complexity of adoption of new
technology. It enables the former set realistic time and cost torgets by identifying production risks ond constraints with
greater ease. The result in Table 1 also showed that majority (81%) of the formers were married ond had household size
of between 4 to 10 members (84%) as well as on average household size of 8§ members. The result could be explained by
the foct thot most vegetoble formers in the region used the proceeds from the orgonic vegetoble production to cugment
fomily income ond employed relatively lorge ond cheap fomily labor in vegetoble production. These have o positive
implication on formers’ welfare, sustainobility of organic vegetoble production ond cost minimization objective of
vegetoble forms in the study areo. This is in agreement with Olonipekun ond kuponiyi (2009) who observed thot a.lorge
fomily may serve os incentive for engoging in livelihood diversification in order to meet the obligations of the fomily.
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Table 1: Socio—economic Characteristics of Orgonic Vegetoble Formers

Variables Frequency (n=148) Percentage Mean
Sex

Male 142 95.95

Female 6 4.05

Age

Less 31 38 25.68

3140 46 31.08

41-50 47 31.76

Above 50 17 11.48 40
Marital status

Single 27 18.24

Morried 121 81.76

Level of education

No formol education 45 30.41

Primory educotion 86 58.11

Secondary education 9 6.08

Tertiory education 2 1.35

Adult education 6 4.05 9.0
Farming experience

<5 77 52.03

610 55 37.16

1145 12 8.11 5
Above 15 4 2.70

House hold size

440 125 84.46

1145 18 12.16

1620 5 3.38 8
Farm size(ha)

0.4 —1.00 113 76.35

1.1 - 2.00 30 20.27

Above 2.00 5 3.38

Number of extension visit

No Visit 43 29.05

12 Visit 75 50.68

3-4 Visit 30 20.27

Member of association

Yes 91 61.49

No 57 38.51

Monthly Income (&)

<10,000 11 7.43

10,001 —20,000 88 59.46

20,001 —30,000 31 20.95

30,001 —40,000 6 4.05

40,001 — 50,000 5 3.38

Above 50,000 7 4.73

Source: Field survey, 2020.
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Furthermore, mojority (76%) of the formers hod not more thon 1 hectore of form lond for cultivotion of orgonic vegetable.
Theresult could be ottributed to the continuous subsistence noture of cultivotion of orgonic vegetoble crop in Niger Stote
imposed by increasing lond fragmentation ond urbonization. This meons that the form size possessed by a particulor
form fomily is believed to determine the extent to which other resources (copital, labour etc.) will be utilized for
optimum productivity. This Finding is in consononce with those of Akpon et al., (2007), Abdullohi (2012).ond
Abdullohi ond Mohammed (2012) who opined thot form size offects adoption of technology ond that determines
whether o former will use improved seed or not. It was also found thot most (61%) of the formers belong to ot least one
former's associotion. These formers’ associations ore sources/chonnels of communicoting information thot will increose
formers’ knowledge ond skills on orgomic forming. This is supported by the finding of Amos et al., (2014) thot
membership of associotion is of immense benefits to members, it gives opportunity for bulk purchased of inputs ot
discounted rotes, encouroges collective bargoining.

The result in Toble 1 further shows that, half (50%) of the sampled formers had between 1-2 extension visits in o
year, while over 29% of the sampled formers in the study areachod no occess to extension ogents ot oll. This implies thot,
some of the organic vegetable formers hove no proper linkages with the extension services ond this situotion con result to
little or no access to informotion by the formers which will go along way to affect their production skills in the study
areo. This accretion is in consononce with thot of Oladele ond Adu (2003) who are of the view that poor extension
services may hinder former occess to necessory information on production activities which decreose their profit morgin.
In oddition, mojority (87%) of the sompled formers earned not more thon N30,000 os monthly income.

Toble 2 presents the distribution of formers occording to their perception on orgonic vegetoble production in the
areo. The result shows thot all the perception statements have their weighted meon of equal to or greoter thon 3 which is
the meon cut. The result reveals a high positive and favourable perception of formers toword orgonic vegetable
production. This meons thot orgonic vegetoble (O V) os contributed to strengthens the use of indigenous knowledge
having ronked first with a meon of (4.57), followed by O V reduces inputs cost of production (4.30), then O V has no
long-term effect on ecologicol health (4.16). Other responses were O V increose formers income with low cost (4.06), 0
V provides social compatibility with its proctices (3.96), O V reduces formers exposure to heolth hozords (3.87), O V
reduces all forms of environmental pollution (3.71), O V is prone to soil erosion (3.70), O V improve soil fertility ond
structure (3.68), O V is efficient in reducing pest ond diseoses infestation (3.64), O V is efficient in mitigating Climote
Change effects (3.63), O V product enjoys poorer taste to conventional products (3.62) ond O V ensures biodiversity
(3.57). This suggests thot the potentiol of orgonic vegetable practice in the mointenance of environmental biodiversity,
mitigation of climate chonge effect ond degrodation, system stability ond reduction of people exposure to health hozord
which may be because of the consumers of orgonic vegetoble product who want to reduce health core cost, increose their
intoke of minerols ond vitomins void of pesticides ond ogro—chemicals grown. This finding corroborates the assertion of
Giiessmon (2005) who reported thot former procticing orgonic ogriculture have heolthier soil which con sustoin plont growth
higher nutrient content ond it enobles them to grow crops for longer period with higheryields ond the conditions ore morginal.

Table 2: Perception of the formers towords orgonic vegetable production (n=148)

Perception Statements SA A U D SD Weighted Weighted Ranking
sum mean

Orgonic vegetable (O V) is prone to soil erosion 21 55 18 10 5 404 3.70* gt
O V increose formers income with low cost 40 52 6 6 5 443 4.06* 4
O V is efficient in reducing pest ond diseases infestotion 20 54 13 20 2 397 3.64% 10®
O V hos no long-term effect on ecologicol health 52 40 6 5 6 454 4.16* 31
O V is efficient in mitigating Climote Chonge effects 15 55 26 10 3 396 3.63* 1"
O V reduces inputs cost of production 51 46 7 4 1 469 4.30% 2n
O V product enjoys poorer taste to conventionol products 12 65 18 7 7 395 3.62% 120
O V provides social compatibility with its proctices 34 51 11 11 2 431 3.95% 5t
O V ensures biodiversity 22 50 9 25 3 390 3.57* 13"
O V strengthens the use of indigenous knowledge 66 42 0 0 1 499 4.57* 1
O V reduces oll forms of environmental pollution 18 58 19 11 3 404 3.71* 7
O V improve soil fertility ond structure 13 63 21 10 2 402 3.68* ot
O V reduces formers exposure to health hazords 13 79 9 6 2 422 387* 6M

SD= Strongly disogree, D= Disogree, U= Undecided, A= Agree, SA= Strongly agree
*Significont
Source: Field survey, 2020
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Profitability of Organic Vegetable (spinach) Production.

Toble 3 presents the costs and returns of orgonic vegetable formers in the study oreo. The result reveals that orgonic
vegetable production is quite profitable oand it wos olso shown that labour cost occounted for almost 37 per cent of cost of
production. This implies thot high omount of lobour is required for production of vegetoble crops. This is in ogreement
with the findings of Abdullohi ef al., (2010), who reported that lobour constitutes o lorge per cent of the cost of
production. Per production cycle, anet form income of N77,537.35 with on averoge gross morgin of N89,371.58 was
realized. The positive net form income ond gross morgin show thot returns exceeded the cost and olso the gross ond
operating ratios of 0.60 ond 0.39 were obtoined respectively with returns on investment of N1.53 which indicates thot
orgomic vegetable production is profitoble in the study areo. This result is in line with those of Abdullohi ez al. (2010),
Abdullohi ond Mohammed (2012) ond Abdullohi (2012).

Table 3: Profitability onalysis of orgonic vegetoble (spinoch) production

Cost Item & Revenue Cost (¥ /production cycle) n=148 % of Total cost
Variable cost

Fomily lobour (opportunity cost) 17,573.43 25.05
Hired lobour 8,327.07 11.87
Orgonic monure cost 11,945.30 17.04
Seed/plonting moteriols 6,553.50 9.34
Fuel (for pump) 5,875.00 8.38
Pump Maintenonce/repoirs 4,234.43 6.03
Morketing/tronsportation cost 3,793.00 5.40
Total variable cost(a) 58,301.73 83.13
Fixed cost

Depreciation on form tools 5,223.50

Depreciation on pump 6,620,73 7.45
Total fixed cost(b) 11,844.23 9.43
Total cost (a and b) 70,145.96

Returns

Gross farm income 147,673.31

Gross margin 89,371.58

Net farm income 717,537.35

Return on investment 1.53

Gross ratio 0.60

Operating ratio 0.39

Source: Field survey, 2020.

Measurement of the Profit Efficiency of the Respondents Using the Stochastic Frontier Profit Model.

The moximum likelihood estimates of the stochostic frontier profit function are presented in Toble 4 olong with the
interocting terms. The results reveal that the sigma-square (5°) was 0.3229 in the study area and significant (P<0.01),
indicating a good fitand the correctness of the specified assumptions of the distribution of the composite error term. The
estimated gamma parameter (y) 0f0.96 in Toble 4 wos highly significant ot 1 percent level of significance. This implies
thot one-sided rondom inefficiency component strongly dominates the meosurements error ond other rondom disturbonce
indicating thot obout 96 percent of the variation in actual profit from moximum profit (profit frontier) between forms
moinly arose from differences in formers’ proctices rother thon rondom voriobility. Two out five estimated coefficients
ofthe parometers of the normalized profit function bosed on the assumption of competitive market are positive.

The coefficient of plonting materiol waos negotive ond statisticolly significont ot (P<0.01), indicoting on increose in
the foctor price of plonting moterial will bring obout amarginal decreose in profit efficiency of orgenic vegetoble formers.
This implies thot on increose in cost of plonting materiol could reduce profit efficiency of the formers, suggesting that
good use of improved plonting materiols moy increase the profit of orgonic vegetable production. The coefficient of
orgonic waste (monure) wos negotive ond stotisticolly significant ot (P<0.01), which show thot the orgonic monure hod o
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negative correlation with form profit. This meons thot increose in the foctor price of orgonic monure holding other
variobles constont will bring about amarginol decreose in profit efficiency of orgonic vegetable production by 0.31% in
the study area. The reason would likely be that monure being a critical input in orgonic vegetoble production, formers
were spending more on the purchase of this commodity from the open market os aresult increase the level of patronoge
ond usoge of the commodity. This result corroborates Poul (2011) who reported that cost of orgonic moterial pose
negoative ond significont effect on formers'profitlevel.

The coefficient of lobour was negative ond statisticolly significont ot (P<<0.01), indicating on increase in the foctor
price of labour will bring about a.marginal decreose in profit efficiency of orgonic vegetoble formers. This meons thot
since most family lobour is unpoid for, formers were using it to the extent of what is coll economical visible point (over
utilization of lobour) ond get to apoint where returns to labour become negotive. So, increasing price of labour above the
present levels will decrease profit efficiency significontly. Similor finding wos observed by Olowaez al. (2016) thot cost
oflobour and cost of tronsportation were negatively ottached to the profit of orgomic vegetoble

The coefficient of depreciation on equipment was positive ond stotisticolly significont at (P<0.01). Implying c.one
present increose in the factor price of equipment will bring about amarginal increose in profit efficiency by 0.37%. The
coefficient of form size was positive ond significant at (P<0.05), indicating that on increose in form size will lead to on
increase in profit efficiency. This also implies that formers with large form size ore likely to generate more output ond
probobly make more profit that those with smoll form size. The result agrees with the report of UNCTAD (2008) and
FAO (2012) thot form size is one of the major determinonts of profitobility and efficiency of vegetoble production end
that form size was positively correlated with former profit.
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Table 4: Moximum likelihood Estimates of Tronslog Profit Frontier Function

Variables Parameters Coefficient T- Value
Constont Bo 3.8769 24.24%**
Plonting moterial By -0.3529 3.01%%*
Orgonic Monure B -0.3116 —2.32%%*
Lobour Bs -0.2053 3.31k**
Dep. on Form Equipment B4 0.3739 2.59%*
Form size Bs 0.5214 6.28%**
Squared Terms

Plonting moterial x Plonting moteriol B 0.0052 0.73"
Orgonic Monure x Orgonic Monure B2z 0.0089 2.49%*
labour xlabour i -0.0049 .22
Dep. on form Equipt X Dep. on form Equipt. Bas 0.1963 1.37N
Form size xform size Bss 0.2016 2.34%*

Interaction Terms

Plonting materiol x Orgonic Monure Bz -0.1731 3.67%**
Plonting moterial X lobour Bis -0.0022 -9.58"8
Plonting moterial x Dep. on form Equipt. Bra 0.0010 031
Plonting moterial % form size Bis 0.1611 2.46%*
Orgonic Monure r X lobour Bos 0.4148 5.12%%**
Orgonic Monure x Dep. on form Equipt. B2 -0.0052 -0.62"°
Orgonic Monure x form size Bas 0.0055 3. 14k
lobouur x Dep. on form Equipt. B3a -0.3668 —3.49%%*
lobour x form size Bss -0.2543 4 .38%**
Dep. on form Equipt .x form size Bas -0.0027 .36
Diagnostic Statistics
SigmorSquared 0.3229 2.94 %%
Gommoa. 0.96 48.6395%**
Log likelihood LIf 37.014919

LRT 18.2146344
Inefficiency effects
Constont 8o 2.2483 1.23%
Age d -0.0038 4 43%%*
Household Size 5, -0.1316 2.11%*
Educotion 83 0.0067 0.33"
Extension Contact 04 0.3272 2.09%*
Experience Os -0.1138 —3.34%%*
Awareness of orgonic forming O -0.4724 -2.96%**
Access to information on orgenic forming &7 -0.3179 -2.58%*

Note *** ** *ond NS implies stotisticolly significont ot (P<0.01), (P<0.05), (P<01) ond Not Significont, respectively.
Figures in parentheses ore t-rotio
Source: Computed from Field survey, 2020.

The result of the inefficiency foctors as shown in Table 4 further reveols thot oge wos negotive ond stotisticolly
significant (P<0.01). The negative coefficient implying thot on increose in age would reduce profit inefficiency in the
study oreo. This is becouse oge hos asignificont influence on the decision—-moking process of formers with respect to risk
aversion, odoption of organic agricultural technologies, and production-related decisions thot could reduce formers’
profitinefficiency. This resultis in ogreement with the authors of Tonko ez al. (2010) ond NISR (2017) who found anegotive
coefficient of age and profit inefficiency ond thot older or aged formers embroced orgonic forming technology readily
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ond obtained o higher gross margin. Furthermore, the coefficients of the household size were negative and stotisticolly
significant (P<0.01), meoning on increose in household size will result in the reduction in profit inefficiency. The reason
could be that household with mony productive members could benefit from the use of fomily lobour ot the right time
when labour is needed. The result agrees with the finding of Tanko ez al. (2010) which stotes that household size could
reduce labour constroints, thereby leading to increase in productivity ond increose in profit efficiency.

The estimoted coefficient associated with experience, corries the expected negotive sign ond is stotisticolly significont

(P<0.01). The result implies that those with experience ore better performers thon those without. In other words, orgonic
vegetoble formers with more years of experience tend to operate of significontly higher level of profit efficiency.
Experience in orgonic vegetoble production could improve formers’ skills in form operations, thereby reducing their
profit inefficiency. The estimated coefficient associated with the extension contact is positive ond significont (P<0.01).
The positive sign does not conform to aprior expectation; the reason is that formers in the study orechad limited access to
extension services which reduces their profit efficiency. This meons that limited extension contact with formers hinders
acquisition of new knowledge, skill and practices on improved technology by the formers os well os their innovativeness.
This result is also consistent with findings obtoined by Ajibefun et al. (2002) who reported positive coefficient of
extension contoct.
The estimoated coefficient aworeness of orgonic forming is negative and significont (P<0.01) indicoting reduction in
profit inefficiency. This meons formers’ aworeness of orgonic forming increoses the tendency of farmer procticing ond
adopting the technology availoble to them which could go along way to increose their vegetoble productivity ond this
could have positive effect on profit efficiency. Agoin, the coefficient of access to information on orgenic forming is
negoative ond statistically significont (P<0.01). This meons reduction in profit inefficiency. Which implied thot formers’
access to informotion on orgonic forming is likely to enhonce their probobility to procticing it, hence adopt new
technologies which translotes to high orgonic vegetoble output thereby leading to reduction in profit inefficiency in the
study areo.

The formuloted hypothesis was subjected to empiricol volidation. Toble 4 presents the result of moximum likelihood
estimotes from the inefficiency model for the stochastic frontier profit function for hypothesis. The result of moximum
likelihood estimates from the inefficiency model for the stochastic frontier profit function revealed thot explonatory
variobles included in the inefficiency model significontly explain the profit efficiency of orgonic vegetoble formers with
estimated coefficients. The null hypothesis wos therefore rejected while the alternative hypothesis is accepted and the
study concludes that explonotory variobles included in the inefficiency model significontly exploin the profit efficiency
oforgonic vegetoble formers.

Conclusion

The study revealed thot in spite of the obundont potentials of orgonic vegetoble production in Chonchoga Local
Government Area of Niger Stote, available resources were not fully tapped. The formers in the area were generally
smoll-scole formers that depended on smoll but scattered plots they acquire through rent/inheritonce. It con be
concluded that formers had positive perception towords orgonic vegetable production to be more beneficial to the
environment ond for humon consumption. The study further concludes that the area hos great potentiols to increose
orgonic vegetoble (spinach) production ond former’s income. This meons thot orgenic vegetable production is profitable
withreturns on investment of N 1.53 in the study areo.

The estimated porometers of the Trons-og profit frontier indicate thot only few inputs have positive sign on the
profitobility of orgonic vegetoble forming in area. The negative sign of prices of these inputs may be due to wrong or
excessive opplication of such inputs by the formers, thus leoding to extra cost incurred on the part of the formers.
However, the study concluded thot orgonic manure, lobour, plonting moteriol, form size, age, household size, education,
forming experience, awareness of orgonic forming ond access to orgonic vegetoble information hod significont effects
on the profit efficiency of orgonic vegetoble formers in the study areo. The policy implication of these findings is that
inefficiency in orgomic vegetable production con be reduced significantly by improving the level of education omong
the formers ond oworeness by extension ogents. Most importont ore the extension services ond the existing
technological packoges that need to be critically exomined. The study therefore recommended that formers in the study
areashould be encouroged by extension ogents to form co-operotive associations to enable them share their knowledge
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ond experience to facilitate their occess to information on production technologies ond credit focilities thot will enable
them to expond their orgonic vegetable (spinach) production. Since the study orea hos o greot potentiol to increose
orgonic vegetoble production ond formers’ income, government need to step out to beef-up the awareness level of the
formers by intensive utilizotion of oppropriote technology this con be achieved through extension ogents, mass media,
town/villoge cry, ogricultural show, symposium ond the likes. This con be seen os o policy option for combating the
endemic menace of unemployment omong youths in study orec.ond the country at large especially now that the present
administrotion chonge montra is geored towords ogriculture. Extension agents ond other relevont stokeholders should
also orgonized sensitization progrommes on heolth and environmentol benefit of orgonic vegetoble production.
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Abstract

This Triol was conducted ot Sugor Research Institute-Kibos, which is in LM2
zone in June 2019. The objective was to assess the potential of sweet sorghum
(Sorghum bicolor (L) Moench) os on olternative crop source of sugor in Kenyo.
The treatment included six sweet sorghum varieties nomely, KM 1, Kakamega
white, Sila, Tabat, Gadam and smile orronged in arondomized complete block
design ond replicated three times. Plots were 3 by 4.0 m plonted ot spocing of
0.75 by 0.2 m. The net plot wos 1.5 by 4.0m. Twelve stems were sampled from
the net plot at horvest of each experimentol plot ond token to the loboratory for
juice extraction ond onolysis. Pol percentage juice, brix percentage, glucose
content, total sugar content and purity were determined. As a result of the
analyses by ANOVA, KM 1 ond Kokoamega white showed the highest Brix value
of 16.427% that differed significontly with Smile 9.02%, Kokomegohad highest
total sugar content 4,271 kg ha' which differed significontly with Smile 573
kgha' (P<0.05). Tabat indicoted the best sucrose content of 10.16% thot differed
significontly (P<0.05) with Godom 8.94%, KM1 6.21%, ond Smile 4.25%.
However, Silashowed the best glucose content of 3.28% thot differed significontly
(P<0.05) with kakemega white 3.13%, Tabat 2.39%, Gadom 2.17% ond Smile
2.31%. There were significont differences noticed in purity percentoge among
the vorieties with Tobat 70.63% being the best. Therefore, Sweet sorghum could
be on alternative crop to sugarcone ond con bridge sugar shortoge gop in Kenyo.

Le Potentiel du Sorghum Doux (Sorghum bicolor (L) Moench) Comme Source
Alternative de Sucre: Une Etude de Cas a Kibos, Kenya

Résumé

Cet essai a.été mené a I'Institut de recherche sur le sucre de Kibos, qui se trouve
dons lazone LM2 en juin 2019. L'objectif était d'évoluer le potentiel du sorgho
sucré (Sorghum bicolor (L) Moench) en tont que culture olternotive pour la
production de sucre ou Kenyo. Le troitement comprenait six voriétés de sorgho
sucré, a savoir KM 1, Kokamega white, Sila, Tobat, Gadom et smile, disposées
selon un plon en blocs complets aléatoires et répétées trois fois. Les parcelles
mesuraient 3 x 4,0 m et étaient espocées de 0,75 x 0,2 m. La parcelle de filet
mesurait 1,5 x 4,0 m. Douze tiges ont été échontillonnées dons la parcelle de
filet. Douze tiges ont été prélevées dans laparcelle en filet lors de larécolte de
choque parcelle expérimentoale et tronsportées ou loboratoire pour I'extroction
et l'onolyse du jus. Le pourcentage de jus Pol, le pourcentoge de brix, lateneur
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en glucose, la teneur en sucre totol et la pureté ont été déterminés. Suite oux
onolyses ANOVA, KM1 et Kokomega white ont montré la valeur Brix la plus
élevée de 16,427% qui differe significativement de Smile 9,02%, Kokomego o
eu lo teneur en sucre total la plus élevée 4,271 kg hod qui differe
significativement de Smile 573 kgha (P<0,05). Tobat o indiqué lo meilleure
teneur en soccharose de 10,16% qui différe significativement (P<0,05) de
Godom 8,94%, KM1 6,21%, et Smile 4,25%. Cependont, Silo. o montré lo
meilleure teneur en glucose de 3,28% qui différe significativement (P<0,05)
Mots clés: avec kakomega white 3,13%, Tobot 2,39%, Gadam 2,17% et Smile 2,31%. Des
Sorgho sucre, différences significatives ont été observées dans le pourcentage de pureté entre

teneur totale en sucre, i , . . ,
teneur en saccharose les variétés, Tobat 70,63% étont la meilleure. Por conséquent, le sorgho sucré

teneur en glucose et pourroit étre une culture olternative a la conne a sucre et pourrcit combler la
pourcentage de pureté. pénurie de sucre ou Kenyo.
Introduction

The sugor industry traditionolly depends on sugarcone os the primory row materiol for processing into sugor ond allied
products. However, the industry hos been focing myriod of chollenges, key among them is the sugar deficit. There is a
shortage of sugar; Kenyoproduces 700,000 mt of sugor ogainst a.consumption of 1000,000 mt (AFA-Sugar Directorate,
2022)which leaves adeficit of over 200,000 mt that is currently imported, from the Common market of East ond South
Africa(COMESA) sugor producing countries, moking the country anet sugor importer. The recovery of sugor from the
milling foctories has been reported to be very low and the cost of sugar production in Kenya is currently higher thon
those of other sugor producing countries within the COMESA troding bloc. In response to this problem, there exist on
opportunity to venture into olternative sugar crop such os sweet sorghum among others.

Sweet sorghum [Sorghum bicolor (L.) Moench] is speciol purpose sorghum with o sugor—rich stalk, almost like
sugarcone. Besides having rapid growth, high sugor occumulation, ond biomass production potentiol, sweet sorghum
has wider adaptobility (Reddy et al, 2005). Given that woter, avoilobility is poised to become o mojor constraint to
ogriculturol production in coming yeors cultivation of sugoarcone becomes difficult.

In Kenya, sugor is moinly produced from sugorcone. However, sorghum, a close relative of sugarcone hos the
potential to serve os on olternative source of sugar. Two types of sorghum ore grown in the world — sweet ond groin
sorghum. Groin sorghum is grown for the seeds which are milled ond used unleavened bread, ugali. Sweet sorghum is
grown forits sugor-rich stalks. Sweetsorghum accumulates lorge amounts of sugor in their stems. Neor the time of grain
moturity sweet sorghums have 10 to 25% sugor in stolk juice, with sucrose being the predominont disaccharide. The
sugor in the stolk juice of sorghum con be used to produce crystal sugor.

The sugor content in the juice extrocted from sweet sorghum vories from 16-23% Brix. Sweet sorghum is resistont
to drought ond flooding. Sugars in sweet sorghum hos 85 % sucrose (Smith et al, 1987). Sweet sorghum sugor yields
range between 1.6 and 13.2 tons ha ', with significont variotions observed between different years ond regions. The juice
sugor content is depended on the plont stage of development. At the early development stoge, fructose is more ebundont
ond sucrose is dominont after heading. At moturity, the sweet sorghum juice sugor content con ronge from 10 to 25 brix
(Reddy et al., 2005). At the global level, more thon 35% of the sorghum produced is directly used for humon
consumption with the rest used for onimal feed, production of alcohol and industriol products. The high demond for
waoter coupled with climate change is limiting exponsion of sugarcone production zones in mony countries of sub—
Sahoron Africa. Near physiological moturity, sweet sorghums are distinct due to higher sugor content in the stalks (Brix
10— 18%) from flowering to maturity thon thot of grain sorghum (Brix 9—11%) during the same period (Roo et al. 2013).

Sorghum has lower nutritional ond moisture requirements for growth thon sugorcone, o traditional source of sugor
ond allied products. Sorghum'’s water requirement during o growing period of obout 4 months is obout 1,000 m® per
month, obout one-third that of sugarcone's requirement of 36,000 m’ per crop that requires 12-16 months ( Almodores
ond Hodi, 2009). While sugorcone is propogoted from stem cuttings, sweet sorghum is sown with seed, thot is. just4.5 kg
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is enough for o hectore of lond, compared to 4,500-6,000 kg of sugarcane cuttings. The cost of cultivotion of sweet
sorghum is estimated to be one-third thot of sugor cone.

Sweet sorghum could therefore be used os an olternotive crop to sugarcone in drier londs for the production of sugor.
Yet the exploitation of this voluoble crop is limited by few occessions. The limited supply and increasing demond for
sugor therefore indicates on urgent need to seek olternative sources of sucrose for industriol ond domestic uses. Sweet
sorghum con bridge thot gap, especially in the Kenyasugor industry

Objective of the Study
To assess the potential of sweet sorghum as on alternotive crop source of sugar in Kenyo.

Materials and Methods

The experiment wos plonted in June 2019at, Kenyo Agricultural and Livestock Research Orgonization (KALRO)—
Sugar Research Institute in Kibos, Kisumu County. Kibos site represents Nyondo sugor zone, which includes Miwani,
Chemelil, Muhoroni and Noandi. The areais categorized as agro ecological zone lower midlond two (LM2) which is sub—
humid. It lies ot on dltitude of 1200-1500m above sealevel, latitude 0°04'S ond longitude 34°48°E. It receives o-meon
onnuoal rainfoll of 1200-1400mm with o meon onnual temperature of 20.9°C-22.3°C. Soils include vertisols, nitosols
plonosols and combisols (Jaetzold etal., 2011).

Soil analysis
Chemical onolysis of experimental soil wos conducted before plonting (Table 1). The soil onalysis indicoted thot the soil
wos adequote in P,O,, low to medium in totol nitrogen, medium in K,0, CaO, MgO ond good in cation exchonge

capacity.

Table 1: Soil chemical properties onalysis before plonting the crop during June 2019

Site: SRI-Kibos P" (H,0) Pppm Total N Ca m.e Mgm.e Km.e CEC m.e
F 10 6.05 15.3 0.20 21.3 20.9 1.3 10.2

Planting Material and Treatments

The six sorghum varieties Tabot, Godom, Smile, KM1, Kokamega white ond Sila were grown in field plots in o
rondomized complete block experimentol design with three replications. Plots were plonted in June 2019 on loamy fine
sond (Nitosols) ot the seed rate of 2kg/acre. Plots were 3 by 4.0 m plonted ot spacing of 0.75 by 0.2 m. The net plot wos
1.5 by 4.0m. 50kg of P,O, kg ha'was opplied ot planting ond75kgNha ' fertilizer as o top dress ot one month after
plonting. Weeds were monuolly controlled.

Horvesting wos done in October 2019 when plonts were in the hord-dough stage. 12 stems were sampled from the
netplotof 1.5 by 4.0 m and token from each experimental plot to the loborotory for juice extraction ond onalysis. The cut
stems were crushed to determine, brix% juice, pol% juice by Saccharimeter. Sugor yield wos determined by the
equation: sugor yield=fresh stem yield x Brix/100x 0.90.

Dotawaos subjected to onalysis of varionce (ANOVA) using SAS vs 9.2 ond meons separoted by Least Significont
Difference (LSD) ot 5% probobility level.

Results and Discussion
Stem Juiceyield
The juice stem yields varied between 38,217 Lha'ond 208,500 Lha'. However, significont differences were noticed

between the vorieties ot (P<0.05). The minimum stem juice yield wos obtained from smile variety (38,217); the highest
stem juice yield wos obtoined from Kokomega white variety (208,500) thot differed significontly (P<0.05). (Toble 2).
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Other studies conducted on sweet sorghum stem juice; Rao et al.; (2013) in India found the stem juice yield as between
1554 and 2084 1da’. Dovillo-gomezet al (2011) in Texadetermined the stem juice os between 1500 ond 2830 do.'. These
differences could be attributed to varieties traits.

Brix

Brix percentoge of varieties differed significantly ot (P<0.05). Smile variety (9.02) showed the lowest value ond KM 1
ond Kokomega white (16.43) that were at por showed the highest brix % value (Toble 2). The brix volues determined
were between 9.02 and 16.43%. Atokple et a/ (2014) in Ghono found the brix volues between 11.1 and 17.3%. These
differences could be probably due to varietal charocteristics ond temperoture effect ofter flowering period.

Pol percentage (Sucrose) and Glucose values

Significont differences were noticed between the pol percentoge ond glucose of varieties ot (P<0.05). The pol
percentoge values voried between 4.25 and 10.16% while glucose values were between 2.16 ond 3.280 %. The highest
Pol %value was determined in Tobat (10.16) and lowest in Smile (4.25) (Toble 2). Sila.showed highest value (3.28%)
while Godam the lowest (2.17) (Toble 2). The results reveal thot sucrose is a dominont component in the stem of sweet
sorghum. This is in agreement with (Almodares ond Hadi, 2009).

Total sugarkgha’

Total sugar kg ho 'between the varieties showed significont differences (P< 0.05). The volues ronged between 577 and
4271 kg ha' (Table 2). Smile (573kg ha') showed the lowest content while Kakamega white (4271kg ha') had the
highest value. This difference is becouse of geneticolly structure that is effective firstly in sugor content of sorghum os
reported by otherresearchers.

Purity Percentage

Significonce differences were noticed between the varieties (P<0.05). Tobat variety showed the best volue (70.63%)
ond Silavariety the lowest (37.44%) (Toble 2).

Table 2: Sugor quality of the six sweet sorghum varieties in the study ot SRIKibos

Brix% Pol% Purity% Glucose%  Total Stem juice Totalsugar Protein
sugar yield Lha™ kgha

KM1 16.43¢ 6.21" 39.64° 2,520 8.73"  162,887.00™ 2265.00™ 226"
KAK_WHIT  16.43° 9.83¢ 59.74™ 3.13"™ 12.96° 208,500.00° 4271.00% 2.89°
SILA 15.33% 5.75™ 37.44° 3.28% 9.03™ 112,700.00" 3328.00" 2.34¢
TABAT 14.36" 10.16" 70.63° 2.39™ 12.55“  121,167.00° 2312.00™ 3.61°
GADAM 14.09¢ 8.94™ 58.04"™ 2.17° 11.11%  162,983.00* 4099.00" 2.44"
SMILE 9.02° 425° 46.22™ 231° 6.55" 38,217.00° 573.00° 2.91¢
Mean 14.28 0.52 51.95 2.63 10.15 134,409.00 2808.07 2.74
LSDy05 470 5.42 28.96 0.79 5.36 55.16 2512.70 2.10
P-value 0.05 0.16 0.17 0.05 0.15 0.03 0.06 0.72
CV% 18.10 39.63 30.64 16.55 29.01 37.60 49.19 42.15
R-sq 0.64 0.52 0.52 0.63 0.53 0.73 0.63 0.78
RMS 2.58 2.98 15.92 0.44 2.95 30.32 1381.18 1.16

Conclusion

In Kenya, sugar production hos been from cultivation and processing of sugarcone since the 1920's to date. Currently
trends in sugoar production and consumption have olso been chonging ond now onnuol locol consumption hos surpassed
local production by over 200,000 metric tons. Therefore, the potential for sweet sorghum os on alternative source of
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sugor is huge in thot it is eosy to estoblish through seed, matures in 4 months (two crops ayeor), ond produces high sugor,
toleront to occasional moisture stress as is common in mony zones of sugorcone cultivotion

In the six sweet sorghum varieties tested, Kokomegowhite variety showed the highest totol sugar 4,271 kgho' followed
by Gadam 4,099 kgho'while smile variety 573 kgha 'had the lowest.

Recommendations

1. Sorghumacloserelative of sugorcone hos the potential to serve as on alternative source of sugor

2. Morestudiesto be conducted in different agro—ecological areas to ossess the effect of environment and vorieties on
sugor accumulotion
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Comparative Evaluation of Modified Pressurized Hot Water Extraction as a
Green Extractant with other Conventional Phosphorus Extraction Techniques

'Adewumi E Odeniran*, Abstract
’Olugbenga 0. AdeOluwa and

2,
Samuel Oyekunle Recent extraction trends have focused on finding solutions that minimize

chemical usoge, especially in phosphorus (P) determinotion. Thishos led to growing
Researchers in Africa interest in using Pressurized Hot Water Extroction os o green ond sustainoble
“Department of Soil Resources extroction meons of soil-evailoble phosphorus. Hence, o.comparotive evaluation
Management, Faculty of Agriculture of olfisol ond inceptisol with Modified Pressurized Hot Water Extroction
and Forestry, University of Ibadan, (MPHWE) with other conventional methods of phosphorus cnalysis using
Ibadan, Nigeria Maize (Zea Mays L.) os atest crop wos corried out. The experiment's first phose
wos on incubation study conducted in the loboratory to determine the releose of
avoiloble phosphorus. In contrast, the second phose was ascreenhouse study to
determine the phosphorus uptoke by maize. This study revealed a highly
significant correlation between extracted phosphorus ond the nutrient uptoke in
maize plonts for MPHWE (r=0.61 ond r = 0.54, p = 0.05) for both Alfisol ond
Inceptisol, respectively. This was, however, lower thon the conventionol Mehlich
IIT extractont (r = 0.88, r = 0.66, p = 0.05) for both Alfisol and Inceptisol,
respectively. The result olso demonstrated that the pH level of on extractont
could determine the level of phosphorus that would be extracted. When
Pressurized Hot Water Extraction is modified with citric ocid (pH 2.5), higher
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Keywords: levels of extractable phosphorus con be obtained compared to when PHWE
Green extraction, (water ot pH 7) wos used. This indicotes thot the Modified Pressurized Hot
Maize, PHWE,

Waoter Extraction method could be considered asuitoble, sustoinoble, eco—friendly

Alfisol, Inceptisol extractont for availoble phosphorus determination.

Evaluation comparative del'extractional'eau chaude sous pression
modifiée en tant qu'extracteur vert avec d'autres techniques
conventionnelles d'extraction du phosphore

Résumé

Les tendonces récentes en motiére d'extroction se sont concentrées sur lo
Access onlineat: recherche de solutions qui minimisent 1'utilisation de produits chimiques, en
www.africanorganicconference.net porticulier pour la détermination du phosphore (P). Cela o conduit a un intérét

www.noara.bio
croissont pour l'utilisation de 1'extraction a 'eoau choude sous pression comme
moyen d'extroction écologique et durable du phosphore disponible dons le sol.
Published by: Une évoaluation comparative de l'alfisol et de l'inceptisol avec 'extroction
modifiée a l'eom choude sous pression (MPHWE) et d'autres méthodes
/Nﬂm conventionnelles d'onolyse du phosphore, en utilisont le mois (Zea Mays L.)
comme culture d'essai, o donc été réalisée. La premicre phase de 1'expérience
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du phosphore disponible. Enrevanche, ladeuxiéme phase étoit une étude en serre
pour déterminer l'obsorption du phosphore por le mais. Cette étude arévélé une
corrélation homtement significative entre le phosphore extroit et I'absorption des
nutriments par les plonts de mois pour MPHWE (r = 0,61 et r = 0,54, p = 0,05)
pour I'Alfisol et1'Inceptisol, respectivement. Ce résultot étoit toutefois inférieur a
celui de l'extrocteur Mehlich II1 conventionnel (r= 0,88, r= 0,66, p = 0,05) pour
I'Alfisol et I'Inceptisol, respectivement. Le résultot a égolement démontré que le
niveou de pH d'un ogent d’extraction pouvoit déterminer le niveou de phosphore
qui seroit extrait. Lorsque I'extraction a I'eau chaude sous pression est modifiée
avec de l'ocide citrique (pH 2,5), des niveoux plus élevés de phosphore
extroctible peuvent étre obtenus por ropport a l'utilisotion de I'extroction a I'ecu
choude sous pression (PHWE) (eom @ pH 7). Cela indique que la méthode

Mots clés :

Extraction verte, d’extroction modifiée a I'eoqu choude sous pression peut étre considérée comme
mais, PHWE, un extracteur opproprié, duroble et écologique pour la détermination du
Alfisol, Inceptisol phosphore disponible.

Introduction

Soil testing helps in the estimation of plont-awvailoble nutrients for fertilizer recommendotions (Meille et al. 2012).
Extraction techniques combine analytical procedure with chemicals or other substonces which serve os extroctonts,
thereby determining the level of certain element in the soil. Proper extroction method provides o good correlation
between the amounts of nutrient that it extrocts to the uptoke rote of the nutrient by the crop ond each method con extract o
different omount of nutrient from agiven sample Smort (2017).

Loboratory soil tests including phosphorus (P) extroction, often involve the use of chemicals thot could be toxic to
the environment. However, recent trends in soil nutrient extraction techniques have largely focused on finding solutions
that minimize the use of chemicals (Turner, 2010). This hos necessitoted the need to evaluate cheaper, eosy to dispose of
ond environmentolly safe extroctonts for effective soil nutrient extractions, while conducting soil tests for agronomic
purposes. The most conventional methods of extracting phosphorus are Mehlich 111, Broy 1 and Olsen (Wien, 2013).
However, Hanks (1997) devised the use of Pressurized Hot Water Extroction (PHWE) method by using on espresso
mochine.

Pressurized Hot Water Extroction (PHWE) method is one of the most promising modern extraction techniques
(Chemat et al. 2012). The PHWE is widely used in the preparation of samples for the analysis of soil ond sediments
(Kronholm ez al. 2007). It is on extraction method which is fost becoming awell-known green chemistry method for the
extraction of different classes of compounds that are availoble in mony kinds of motrices like foods, plonts or in the
environments. It was reported that desired compounds from both foods and plont samples con be extracted in higher
quontities when PHWE is scaled up with some modifications (Teo ez al. (2009).

The amount of phosphorus extracted by water could be small for most soils, ond may not reflect all forms of labile P.
But, Mehlich IIT hos been estoblished to be the most acidic extroctont (pH 2.5) of all extroctonts ond it con portly remove
woter-insoluble CoP ond Mg—P compounds by desorption process Vonderleen (2002). This has informed the modification
of Pressurized Hot Water Extroction method with citric acid to pH 2.5 as in Mehlich III so os to see the correlotion
between both extroctonts. Citric ocid, having been reported to be o good modifying ogent, is oble to increose extroction
fluid solvation power, ond as an orgonic ocid, could protect the user ond environment (Zheng et al. 2009; Wenrich et al.
2000). Thus, it's used os amodifying ogent for this study.

Maize (Zea mays), the test crop is the third importont cereal food crop in the world being exceeded by wheat and
rice. FAO (2002). Hence, the aim of this study wos to find out correlotion of the Modified Pressurized Hot Water
Extraction ot (pH 2.5) os a.green chemistry extroction technique which con oid sustainoble environment with phosphorus
uptoke by moize ond with other phosphorus extroction methods.
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Material and Methods

Experimental Site
The experiment wos conducted ot the soil fertility loboratory ond the screen house, Department of Agronomy,

University of Ibadon, Ibadon Nigerio which is located in on orea with coordinates 7° 24'N ond longitude 3° 54’ and
latitude 0f234 m obove sealevel. The experiment was in two phoses. The incubation study was focused on the release of
avoiloble phosphorus into the incuboated soil over aduration of 6 weeks while the screen house study was focused on the
nutrient uptoke using moize os atest crop.

Soil Sample Collection
The two soil types (Alfisol and Inceptisol) that were used for this study were collected from the formlond of the Procticol

Year Training Programme and Parry Rood respectively, with coordinates lotitude 7° 27'N and longitude 3° 53" ot 321.5
m above sea level, University of Ibadon, Nigerio. The soil samples collected were subjected to routine anolysis ot the
Consultancy Loboratory in the department of Agronomy, University of Ibadon, Nigerio.

Experimental Designs, Treatment and Layout

i. A commercial citric acid wos used to modify the distilled water used for the determination of soil
avoiloble phosphorus.

ii.  Extroctonts used to determine soil availoble phosphorus were Bray 1, Mehlich 111, pressurized hot water
extroction (PHWE) ond modified pressurized hot woter extraction (MPHWE).

iii.  The Espresso machine used for pressurized hot water ond modified pressurized hot water procedures.

iv.  Experiment A involves the rote of release of phosphorus os determined by different extroctonts through
incubotion studies. Forty grams of soil were weighed into each of the 20 incubation cups ond kept under
dork condition in cupboord of the loboratory. The soil received N: P: K 15: 15:15 fertilizer ot the rote of
60kg P,O./ ha ond was kept moist. The experimental design used was completely rondomized design
(CRD), with 4 treatments (methods of Phosphorus extroction), two soil types and two replicates. The soil
avoiloble phosphorus of the incuboted soils wos determined at week 2, 3,4, 5 ond 6.

v.  Experiment B involves the determinotion of phosphorus uptoke by maize over a period of time in the

Screen-house. A pot experiment with aplonting durotion of 6 weeks wos conducted ot the screen house of
the Deportment of Agronomy, University of Ibadon. Eoch of the thirty polythene bogs was filled with the
two-soil type's alfisol and inceptisol of 4 kg. Then, N: P: K 15:15:15 fertilizer was opplied to the soil at the
rate of 60 kg P205, the pots were kept moist, and the soil was left to equilibrate for about 4 days before
moize wos Sown.
The polythene bogs were arronged in completely rondomized design (CRD) of two replicates. Two maize
seeds were planted into each of the polythene bogs ot adepth of 3cm. The treoted soil wos constontly kept
ot 60% field capacity throughout the experimentol period thot losted for 6 weeks. The plonts were
terminated for destructive onalysis ot weeks 2, 3,4 5 and 6 to coincide with the laboratory incubation port
ofthe experiment.

Soilroutine analysis

Particle size distribution was determined using the hydrometer method os described by Gee and Bouder (1986). The
total nitrogen wos determined using micro — Kjedohl opparatus (Bremner ond Mulvoney, 1982). Availoble phosphorus
was determined by the Bray 1 method using colorimetric ossessment according to (AOAC, 1990). The determination of
Co, Mg, KM, Na and CEC wos done using aommonium ocetote method (Thomas, 1982). Percentoge orgonic corbon
content wos determined by wet dichromote ocid oxidation method (Nelson and Sommers, 1996) while the percentoge
organic motter (OM) wos obtoined by multiplying the % carbon (C) by 1.724, i.e % OM = % C x 1.724. The
exchongeable ocidity (EA) was determined using the conventional Von Bernmellermethod,i.e., leaching the soil with
IM KCl ond titrating with 0.01M sodium hydroxide. The exchangeable aluminum was determined by adding one drop
of 0.01M HCI to make the soil solution colorless, then 10 ml of 4 % sodium fluoride wos added to return the pinkish
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colour, and titroting with 0.01M HCL till the solution became colorless ogoin. Micronutrients (Zn, Fe, Mn and Cu) were
extracted using Mehlich I1T solution (Aubert ond Pinta, 1977).

Laboratory Analysis

Availoble phosphorus was determined using the following extractonts Bray 1 (0.025M HCl, 0.03M NH,F), Mehlich 111
(0.2N acetic acid, 0.25N NH, NO, 0.015N NH4F, 0.013N HNO,, 0.00M EDTA), Pressurized hot water (PHW) ond
Modified Pressurized hot water (Citric acid ot pH 2.5). The ratio of soil to extroctont in each cose wos 1:10.

Pressurized Hot Water Procedure

An espresso machine was calibrated by running two runs of distilled woter without soil sample. The espresso machine
hos 2.5 bars pressure and 93°C temperature. The procedure involves weighing 5g of 2mm sieved soil into Whatmon's 42
filter poper ond plocing in the espresso mochine filter bosket. Distilled water of 100ml wos poured in the espresso’s
waoter reservoir ot the top of the mochine ond the lid was tightened ond ollowed to heat for 2 minutes. The heated water
wos then released and possed through the soil somple until the boiler was empty. Extroction aliquots were allowed to
cool. Aliquots of 10 ml from the extrocted samples were analysed for phosphorus. Modified pressurized hot woter was
derived by acidifying the distilled water with citric acid until the desired pH of 2.5 was arrived ot. Aroutine procedure for
the above pressurized hot water was followed i.e., Espresso machine waos still used for the extroction to ensure the
temperoature ond pressure of the distilled water used is influenced.

Statistical Analysis
The data.obtained were subjected to Correlotion ond Regression anolysis ot 5% level of probobility.

Result and Discussion

Pre-planting chemical and physical properties of the two soil types

The volues of the physical ond chemical properties of the pre-plonting soil samples are os shown in Toble 1. The texturol
closs of the untreoted soils according to USDA was determined to be Loomy Sond (on Alfisol from Parry Rood,
University of Ibadon) ond Sondy Loom (on Inceptisol from Volley Bottom University of Ibadon) respectively. The pH of
the Alfisol in distilled water ond potossium chloride wos 6.21 ond 5.87 respectively while for Inceptisol the pH in
distilled water ond potassium chloride wos 6.17 ond 5.89 respectively. Both soils were close to being neutral soils. The
two soils used differ relotively in pH clthough they are close in volue (6.21 and 6.17). The soils have exchangeoble
acidity 0.20 ond 0.30 respectively (1).

Table 2 showed that Mehlich I, MPHWE ond PHWE extracted low level of P in both Alfisol and Inceptisol used
for the studies thon Broy 1. Mehlich 111 hod the highest correlation with plont uptoke (r=0.88, p=0.05), while MPHWE
also followed closely in high correlotion with plont uptoke (r=0.61, p=0.05) and Bray I had amoderate correlotion with
plontuptoke (r=0.58, p=0.05) while PHWE had the lowest correlation with plont uptoke (r=0.37, p=0.05) for Alfisol.

In Toble 3 for the Inceptisol Bray 1 had the highest correlation with plont uptoke (r=0.77, p=0.05), while Mehlich
IIT also followed closely in high correlation with plont uptoke (r = 0.66, p = 0.05) ond MPHWE hos a moderote
correlation with plont uptoke (r=0.54, p=0.05) while PHWE has the lowest correlation with plont uptoke (r=0.42,p=
0.05) for Inceptisol.
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Table 1: Chemical and Particle—size Properties of the Experimental soil

Parameters Alfisol Inceptisol
pH (1:1) H,0 6.21 6.17
pH (1:1) CoCl, 5.87 5.89
Orgonic Matter (mg/ kg) 5.34 7.42
Total Nitrogen (g/ kg) 0.7 24
Avail P (mg/kg) 62 112
Exchangeable cations Cmol/kg

Ca 34 4.7
Mg 0.3 1.1
K 0.6 0.7
Na 0.4 0.5
Exchangeable ocidity (Al ond H) 0.15 0.35
Extractable micronutrients (mg/kg)

Fe 1 6
Mn 14 2
Cu 1 1
Zn 2 6
Particle size distribution (g/kg)

Sond 774 832
Silt 140 80
Clay 86 98
Textural class (USDA) Loomy Sond Sondy Loom

Table 2: Correlation values of Availoble P extracted by the four Methods
ond nutrient Uptoke for Alfisol

Extraction Methods R

MEHLICH-III 0.88%*
MPHWE (pH 2.5) 0.61*
BRAY 1 0.58™
PHWE 0.37™

ns = not significont,
* = significont ot 5 % n=10
r = Correlation

Table 3: Correlation values of Availoble P extracted by the 4 Methods ond
Nutrient Uptoke for Inceptisol

Extraction Methods R
BRAY- 0.77*
MEHLICH I 0.66*
MPHWE (pH 2.5) 0.54*
PHWE 0.42ns

ns = not significont,

* =significont at 5 % n =10,

r = correlation

Relationship among the Extractonts used.
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The MPHWEhad the highest correlation with Mehlich I1I with a.correlation value of (r=0.53, p=0.05) ond its lowest
correlation with PHWE extraction (r = 0.20, p =0.05) Mehlich IIT also hod the highest correlation with MPHWE (r =
0.53,p=0.05) while it lowest wos with bray 1 (r=0.20, p =0.05) in the Alfisol used for the study. Bray1 hod its highest
correlation with PHWE (r=0.93, p =0.05) ond its lowest correlation MPHWE (r = 0.47, p =0.05). The PHWE hod its
highest correlation with Mehlich III (r = 0.67, p =0.05). While its lowest correlation wos with MPHWE (r = 0.20, p
=0.05) os seenin Table 4 forthe Alfisol.

The MPHWE had the highest correlation with PHWE with a.correlation value of (r=0.77, p=0.05) ond its lowest
correlation with Bray 1 extroctont (r=0.25, p=0.05) Mehlich II1 also had the highest correlation with PHWE (r=0.92, p
=0.05) while it lowest was with bray 1 (r=0.32, p =0.05) in the Inceptisol used for the study. Bray 1 had it highest
correlation with PHWE (r=0.93, p=0.05) and its lowest correlation MPHWE (r=0.26, p=0.05). PHWE had it highest
correlation with Bray (r=0.69, p=0.05). While its lowest correlation wos with MPHWE (r=0.53, p=0.05) os seen in
Toble 5 for the Inceptisol.

Comparativerate ofrelease of Pmeasured by the extractants for the two soils across the week of incubation.
Comparoative rate of release of P across the 6 weeks of incubotion is shown in Fig 1 for Alfisol, the result showed thot
Bray 1 extracted most value of P ot 5 weeks of incubotion time among the extroactonts ond it extrocted it lowest ot 4 weeks
ofincubotion time. While Mehlich follow closely after Broy 1 in the amount of P it extracted, ond it hod lowest level of P
extroction ot week 6 of incubation duration. The MPHWE had the lowest values of P omong all the extroctonts from
week 1toweek 6. The PHWE dlso extracted low levels of P throughout the incubation period.

Compoarative rate of release of P across the 6 weeks of incubation for Inceptisol in Fig 2 showed thot Bray 1 ond
Mehlich IIT both extracted the highest amount of P ot 2 weeks of incubation respectively ond olso consistently extrocted
the some omount of Pat 2,4, 5 and 6 weeks of incubotion. The MPHWE extrocted its highest amount of P ot the 6th week
ofincubation with its lowest amount of P ot 4 weeks of incubation.

Table 4: The relotionship between MPHWE and other extroctants used for Alfisol

Extractants MPHWE MEHLICH III BRAY 1 PHWE
MPHWE 1 0.53 0.47 0.20
MEHLICH IIT 0.53 1 0.20 0.37
BRAY 1 0.47 0.53 1 0.93*
PHWE 0.20 0.67* 0.46 1

ns = not significant, * = significant at 5%, n =10

Table 5: The relationship between MPHWE ond other extractonts used for Inceptisol

Extractants MPHWE MEHLICH III BRAY 1 PHWE
MPHWE 1 0.55 0.25 0.77*
MEHLICH III 0.55 1 0.32 0.92%*
BRAY 1 0.26 0.53 1 0.93*
PHWE 0.68% 0.55 0.69%* 1

ns = not significant, * = significant at 5%, n = 10,
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Figure 1: Avoilable phosphorus release by extractonts across weeks of incubation for Alfisol.
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Figure 2: Availoble phosphorus releose by extroctonts across weeks of incubation for Inceptisol.
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Discussion

The results that wos obtained from the analysis of the pre — treated soil shows that the pH of the soil is slightly acidic
(6.17 and 6.21) for both Alfisol ond Inceptisol respectively. Which is very suitoble for the production of maize in the
study area becouse the soil pH level for corn should be close to neutral or slightly acidic. According to the Nationol
Gordening Association, the recommended pH level for maize production is between 5.8 and 6.8. At pH below 5.6, the
deficiencies of phosphorus, colcium, potassium, mognesium or molybdenum may occurifsoil is too ocidic (Brewboker,
2003).Although, pH 6 and 6.5 will provide the best conditions for growth (Shorter et al., 2018). The textural classes of
the untreated Alfisol and Inceptisol was determined to be Loomy Sand ond Sondy Loom respectively.

The orgonic matter content of the Alfisol (5.34) ond Inceptisol (7.42) was generally low becouse they were below
the critical level of 10 — 14 g/kg according to FFD, (2012) ond it is considered low for good soil manogement and crop
production (Landon, 1991). The total nitrogen (N) content of the olfisol (0.7 g/kg) was lower thon the criticol level of
1.5 g/kgrecommended for tropical soils by Enzenwor et al., (1979). These low contents of Total Nitrogen (TN) ond Orgonic
Carbon (OC) could be ottributed to the effect of intensive oand continous cultivation thot aggravated OC oxidation.
Reports revealed that cultivation of the lond results in reduction of orgonic carbon ond total nitrogen (Negosso ond
Gebrekidon, 2003). It as been reported that the total nitrogen (N) for the Inceptisol (2.4 g/kg) is higher thon the criticol
level (1.5 g/kg). The potosssium (K) stotus of the Alfisol (0.6 cmol/kg soil) and Inceptisol (0.7 cmol/kg soil) was higher
thon the criticol level of 0.2 cmol/kg soil reported by (FFD, 2012 ) for the soils of the Nigerion south-west.

Althogh, phosphorus was reported by Patel ef al, (1997) os the most importont nutrient thot offects moize
proudction. But most Soils in the Tropics ond Sub — tropics thot account for over 97 % of the world maize production,
shows awide spread of P deficiency and high sorption copacity Rao ef al., (2004), hence, the need for good soil test ond
also asuitoble extroctont that would extract the avoilable Pin the experimentol soil for accurate fertilizer recommendation.

The extrocted P differe with the soil test methods used becouse extractont types removes different portions of
inorgonic P. Mehlich 111 end Braoy 1 extrocted more P from the incubated soil with fertilizer and the soil that wos not
treated with fertilizer, with Bray 1 extrocting the most from both Alfisol ond Inceptisol. This may be due to the foct thot
Mebhlich IIT ond Bray 1 are acidic extractonts thot could portly remove water-insoluble CoP ond Mg—P compounds
through desorption process which Pressurized Hot Water Extraction method does not have the obility to do. Mehlich ITT
is on extroctont thot is highly buffered ond more relioble in estimoting ovailoble P in awider ronge of soil pH according to
Moallorino (2003).

Mehliich IIT is on extroctont that hos acidic constituents (ocetic [HOAc] ond nitric [HNO3]), solts (ommonium
fluoride [NH4F]ond aommonium nitrate [NH4NO3]), ond the cheloting ogent ethylenedionetetraocetic acid (EDTA)
(Mehlich, 1984). This may be the reason why Mehlich III extrocted more P thon PHWE ond MPHWE. Bray 1 is a
combination of HCL ond NH4F thot con eosily remove soluble P forms, lorgely Al ond Fe-phosphates os suggested by
Bray ond Kurtz (1945). Non—lobile form of P may be solubilized by these chemical extractonts overestimating the level
of'soil aviloble P for plont absorption.Pressurized Hot Woter Extraction was modified to the pH of Mehlich 111 which hos
apH of2.5 using citric acid. For the Alfisol Mehlich I1I (r=0.88, p=0.05) happens to have the highest correlation with
plont uptoke and this wos closely followed by Modified Pressurized Hot woter extraction ond the lowest being Pressurized
Hot Water Extraction which has o neutral pH of 7 as on extroctont. This maybe due to the foct thot the dissolution of
opotite is very sensitive to the pH of the extrocting solution with on exponentiol increase os pH decreases below 3
(Benbi et al., 1988) and since MPHWE was modified to the same pH os Mehlich with citric ocid, it is expected that it
would have abetter correlation with plontuptoke unlike Prssurized Hot Woter Extraction (PHWE).

Phosphorus extroction tests often use chemicals thot are toxic to the environment, which is why Pressurized Hot
Water Extroction techniques is agreen technique that is being used now because it involves the use of universol solvent
which is woter os on extraction fluid. Water being o non — toxic extroctont with o neutral pH of 7 is ecofriendly, cost
effective, eosy to dispose of ond environmentolly sofe extrocting fluid thot con protect both the laboratory users ond the
environment.

Among the four extroctonts that were used in the determination of availoble P in this experiment, correlation
between extracted P ond the nutrient uptoke in moize plont showed that Modified Pressurized Hot Water Extroction (pH
2.5)hod high significont correlotion with nutrient uptoke but lower thon the conventional Mehlich I1I extractont.
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Expectedly, the findings in these experiments show that citric acid Modified Pressurized Hot Woter extroction hos o
high correlation with plont uptoke in both Alfisol ond Inceptisol than Pressurized Hot Woter extroction in both soils.
Both PHWE ond MPHWE extracted low levels of P compared to the conventional methods, but MPHWE has ahigher
correlation with plont uptoke thon PHWE. Water is auniversol extroctont thot con extroct P from both acid ond calcerous
soils although it con only extroct low level of phosphorus. However, when distilled water is ocidified or modified it tends
to extroct higher levels of phosphorus.

Conclusion

This study revealed a highly significont correlation between extracted phosphorus ond the nutrient uptoke in moize
plonts for MPHWE (r = 0.61 and r = 0.54, p = 0.05) for both Alfisol and Inceptisol, respectively. This wos, however,
lower thon the conventionol Mehlich III extroctont (r = 0.88, r = 0.66, p = 0.05) for both Alfisol and Inceptisol,
respectively. The result also demonstroted thot the pH level of on extractont could determine the level of phosphorus thot
would be extroacted. When Pressurized Hot Woter Extraction is modified with citric acid (pH 2.5), higher levels of
extroctable phosphorus con be obtained compared to when PHWE (water ot pH 7) was used. This indicates thot the
Modified Pressurized Hot Water Extroction method could be considered asuitoble, sustoinoble, eco—friendly extroctont
for avoiloble phosphorus determination.

We envision thot future studies be corried out in the following areos:
—  The pH ot which PHWE was modified with citric acid should be varied ot different levels so as estoblish this
method os asuitoble extractont for soil phosphorus analysis.
— On Modification of Pressurized Hot Woter Extroction (pH 2.5) method of availoble phosphorus and
calibration on the field for fertilizer recommendotion should be done.
—  Thereis aneed for development of this PHWE technology so thot scaled-up equipment con be monufactured to
allow for extroction of lorge volume of samples ot relatively short time period.
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Effect of Poultry Manure on Growth, Yield and Nutritional Composition of
Crassocephalum biafrae
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Depqnment of Crop Sc1e.!nce gnd Mony indigenous vegetables are highly nutritious contoining several micro—
Horticulture Federal University,

Oye- EKiti. nutrients. Their appropriateness to morginal soil ond low-input environments
offers opportunities for low greenhouse goses emissions from on ogro-ecosystem
os well os their climate adoptive copacity. These indigenous vegetables olso
signify a.brood gene pool for future vegetoble crop improvement. Despite the
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Field experiment wos conducted ot the Teaching ond Reseorch form, Federal
University Oye EKkiti to investigate the influence of poultry monure on growth,
yield ond nutritional composition of Crassocephalum biafrae. The levels of
poultry menure used were 0, 10, 20 tonnes/ho. The experimental design wos
rondomized complete block design, replicated three times. Datacollected were
number of leaves, number of branches, vine length, leaf yield ond proximote
composition. Data collected were subjected to onalysis of varionce (ANOVA)
ond significont meons were seporoted using Tukey Honestly significont
difference ot 5% probability level. The result indicated thot opplication rote of
20 tonnes/ha of poultry monure had the highest plont height followed by 10
tonnes/ho while 0 tonnes/ha hod the leost. The same trend was observed for

gg: : ;(}l)sh alum biafrae, number of leaves, number of bronches ond leaf yield. The nutritionol composition

poultry manure, of Crassocephalum biafrae plont harvested from plot treated with 20 tonnes/ha
proximate analysis, of poultry monure hod the highest carbohydrote, protein, crude fibre, osh ond fot
growth and yield content.

Effet du fumier de volaille surla croissance, lerendement et la composition
nutritionnelle de Crassocephalum biafrae

Résumé

De nombreux légumes indigénes sont trés nutritifs et contiennent plusieurs
micro—nutriments. Leur adoptation oux sols morginoux et oux environnements
a foible niveou d'intronts offre des possibilités de réduire les émissions de goz a
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effet de serre d'un agro—€cosystéme, oinsi que leur capocité d'adaptotion o
climot. Ces légumes indigénes représentent égolement un voste potrimoine
Published by: génétique pour l'omélioration future des cultures légumicres. Molgré les
nombreux ovontoges somitoires et économiques des légumes, la faible
/Nﬂm productivité dons les pays en développement reste un obstocle sérieux a lo
production de légumes. Une expérience de terrain o été menée a la ferme
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l'influence du fumier de volaille sur la.croissance, le rendement et lo.composition
nutritionnelle de Crossocepholum biofroe. Les niveoux de fumier de volaille
utilisés étaientde 0, 10 et 20 tonnes/ha. Le plon d’expérience était un plon en blocs
complets rondomisés, répliqué trois fois. Les données collectées étaient le
nombre de feuilles, le nombre de bronches, lalongueur de lavigne, le rendement
en feuilles et lacomposition proximole. Les données collectées ont été soumises
a une onolyse de varionce (ANOVA) et les moyennes significatives ont été
séporées en utilisont Tukey Honestly significont difference a un niveou de
probobilité de 5%. Les résultats indiquent que le toux d'opplicotion de 20
tonnes/hade fumier de volaille a donné lo-houteur de plonte laplus élevée, suivi
de 10 tonnes/ho, tondis que 0 tonne/ha.cdonné lahouteur la.plus foible. Laméme
tendance o été observée pour le nombre de feuilles, le nombre de branches et le
rendement foliaire. Lo composition nutritionnelle de la plonte Crassocephalum
biafroe récoltée dans la parcelle traitée avec 20 tonnes/ha de fumier de volaille

Mots clés :
Crassocephalum biaftae,
fumier de volaille,

analyse proximale, présentait les teneurs les plus élevées en glucides, protéines, fibres brutes,
croissance et rendement. cendres et maticres grasses.
Introduction

Vegetobles are grown worldwide ond play mojor ond multiple roles in humon life. They ore mostly grown for their
nutritious, medicinal ond economic importonce. In humon nutrition, they ore good sources of vitomins, minerols, fibre
ond phytochemicoals (Schreinemachers ez al., 2018). Consuming vegetobles gives toste, palotability, increoses oppetite
ond prevents constipotion. Currently mony ore conscious of their well-being; therefore, vegetable embellished diets ore
odvocated for heolth benefits. Including vegetables in the daily diet hos strongly improvement good vision, gostrointestinal
health, ond reduction in the risk of heort diseose, stroke, diobetes ond some forms of concer (Keatinge et al., 2010).
Vegetable production is good source of income thot is steady and regulor to meet the daily expenditure. Production of
vegetable is more lucrotive compored to field crops (Dias ond Ryder, 2011). Vegetobles are of very short production
cycle which focilitates multiple cropping round the yeor resulting in quick return on investment. It is olso on importont
source of raw materiols for mony industries. There are numerous heolth ond economic benefits of vegetables but low
productivity is a major constraint on developing country such os Nigeria (Adeoye,2020). Vegetables are sensitive to
adverse climatic condition (Abewoy, 2018), this is becouse most vegetobles are herbaceous plonts with short production
cycle ond any adverse condition during this short period con result into a.greot loss (Prasad ond Chokravorty, 2015; Naik
et al.,2017). A recent study of global vegetoble and legume production concluded thot if greenhouse goses emissions
continue on their current trajectory, vegetoble yields could fall by 35% by year 2100 due to high temperature, woter
scarcity ond increosed solinity ond ozone (Scheelbeeket al., 2018). Underutilized indigenous vegetables (UIVs) will
likely play a key role in climate—tesilient vegetables, olthough they currently constitute o small share of ogro—food
systems (Prosad ond Chokravorty, 2015; Scheelbeek et al., 2018; Nnomoni et al., 2009; Mobhoudhi ez al., 2016). Their
opproprioteness to morginal niche ond low-input environments offers opportunities for low greenhouse goses emissions
from on ogro-ecosystem, production, ond processing perspective, as well os their climate adoptive copocity. These
indigenous vegetobles also signify a broad gene pool for future vegetoble crop improvement (Kuoet al., 2020).
Unfortunately, there is limited quontitative ond qualitative information supporting the key role indigenous vegetables
play in climate resilient pathway (Podulosiez al., 2011; Pochouri et al., 2014; Chivenge et al., 2015). Senecio biafrae
(with locol nome: Yoruba, —worowo or Sierro. Leone —bologi) belong to this group of vegetobles that grow in lorge
quontity os undercover in tree crop plontation. Some of these leofy vegetobles are also considered for their high
medicinol volue as the juice extracted from the leaves (Viana, ef al., 2003; Gulliice et al., 2004; Okparo et al., 2006;
Doiro ond Adonlowo, 2007). The high edible muciloginous fibre, leaves ond stem ore used to treat indigestion or os
loxative and as purgative (Fowomolaond Akindohunsi, 2005).
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Moreover, fresh succulent leaves of Senecio biafrae are used as o leafy vegetable in Sierra, Leone, Ghanao, Benin,
Nigerio, Cameroon ond Gobon. They are especiolly popular in south-western Nigerio. They are usually cooked with
pepper, tomato ond onions.

In Congo Senecio biafrae is used to treat cough ond heoart troubles, os atonic and to relieve rheumotic poin, prurient
allergies ond localized oedemas (Stevels). In Congo it also has cultural uses in initiotion ond funeral rituals ond in
Yoruba culture it is associated with rituals to word off smoallpox (Adebooye, 2004).According to FAOSTAT, 2020,
averoge vegetoble yields across sub-Schoron Africa, Southeost Asioond South Asia are estimoted to be only 36%, 48%
ond 64%, respectively (Adeoye, 2020; Xoba ond Masuku, 20130; Udimal ef al., 2017; Xabo ond Mosuku, 2013b).
Environmental hazord through prolonged drought ond increosed insect infestations, increasing temperotures, chonging
precipitation potterns, ond greoter frequency of extreme weother events results in negotive impoct on vegetable
production. (Pareek ef al., 2017, Seneviratne ef al., 2012, Sojobi et al., 2016). In order to alleviate ond strengthen the
adoptive copacity of vegetables to the chonging climate odoptive practices such as the use of orgonic monure which
enhaonces the water holding capacity of the soil, increase octivities of micro-orgonism, ond moke soil nutrient avoiloble
to plont at a.slower rate is imperative (Raghuvonshi et al., 2001). The study aim ot evoluating the influence of poultry
manure on growth, yield ond nutritional composition of Crassocephalum biafrae.

Materials and Method

Experimental Site
The experiment wos corried out of teaching ond reseorch form of Federal University Oye—Ekiti during the 2021 growing
season. The arealies between lotitude7°48N ond longitude 005°29E.

Land Preparation
The lond wos prepored monually ond o vegetoble bed of 2.5 cm by 1.5cm waos prepared, seedlings were plonted ot o
spacing of S0cm by 50cm. A fter four weeks of plonting, poultry monure wos applied to each plot.

Staking of Crassocephalum biafrae: The Crassocephalum biafrae plonts were supported with astick through atwine
rope thot wos used to tie the Crassocephalum biafrae plont slightly to the stick.

Soil analysis
Pre-cropping soil sompling wos done rondomly ot the depth of 0-15 cm for the onalysis of physical and chemicol
properties of the soil.

Experimental design
The experiment wos loid out in arondomized complete block design, replicated three times. The treatment comprised of
three levels of poultry manure (0, 10,20tonnes/ha).

Data collection and analysis: The poroameters meosured were plont height (cm), Number of leaves, Number of
branches, plont yield ond nutritionol composition. Data.collected were subjected to onolysis of varionce (ANOVA) ond
significant meons were seporated using Tukey Honestly significont difference at 5% probability level.

Laboratory plant analysis

Plont onolysis was done occording to the procedure outlined in Selected Methods for Soil ond Plant Anolysis Monual of
Internotional Institute of Tropical Agriculture, Ibadan (IITA, 1979). Determination of Moisture Content was done
according to Gharezi et al., 2012) while Crude Fiber Determination wos determined occording to Adebooye et al.,
2006.Crude Protein Determination was done occording to AOAC, 1990.Determination of Ash Content wos according
to(Owusuetal., 2012).
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Results and Discussion

Physical and chemical properties of the soil before planting

Toble 1 showed the soil physical ond chemical properties before plonting. Percentoge of sond is high indicating a.sondy
looamy soil. The organic corbon before plonting wos 1.95g/kg. Phosphorus (1:2 water) 6.64mg/kg. Total nitrogen
contentwos 0.12g/kg.

Chemical composition of Poultry Manure

Table2 showed the chemical composition of the poultry monure used. The pH of the poultry monure wos 7.18 indicating
slightly alkoline condition. The orgonic carbon was 20.48% ond the colcium content wos 37.12cmol/kg. The mognesium
content of the poultry manure was 16.36cmol/kg while potossium wos 42.30cmol/kg, the nitrogen content was 2.58%
while total phosphorus waos 0.87%.

Influence of Poultry manure levels on number ofleaves of Crassocephalum biafrae

Toble 3 presented the influence of poultry monure on leaves of Crassocephalum biafrae. At two weeks after plonting,
there were significont difference in number of leaves of Crassocephalum biafrae for all the levels of fertilizer applied.
Atsixth, eight, 10th and twelve weeks after plonting, application rote of 20 tonnes per hectore had the highest number of
leaves of Crassocephalum biafrae.. this was followed by 10tons/ha while the control had the least. This supports the
result obtain by Modisone ond Duplooy, 2009, Oyeniyi and Agbede, 2009.

Table 1: Physical ond chemical properties of the soil before plonting

Parameters Soil
Orgonic Coarbon (%) 1.95
pH 1:2(woter) 6.64
Nitrogen (%) 0.12
Availoble Phosphorus (mg/kg) 10.92
Mognesium (Cmol/kg) 2.30
Potossium  (Cmol/kg) 0.26
Sodium  ( Cmol/kg) 0.02
Exchonged Acidity 0.70
Particle size analysis

Sond % 87.4
Silt % 7.0
Clay % 5.6
Textural closs Loomy Sond

Table 2: Chemical composition of poultry monure used

PARAMETERS
SAMPLE pH 0O.C. Ca Mg K TOTAL N
% cMol/kg cMol/kg cMol/kg P% %
POULTRY MANURE 7.18 20.48 37.12 16.36 42.30 0.87 2.58
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Influence of Poultry manure levels on number of branches of Crassocephalum biafrae

Toble 4 presented the influence of poultry manure on number of bronches of Crassocephalum biafrae. As from two
weeks ofter plonting, there were significont difference on number of bronches of Crassocephalum biafrae for dll the
levels of fertilizer applied. Application rote of 20 tonnes per hectare had the highest number of leaves of Crassocephalum
biafrae, followed by 10 tonnes per hectare while the control had the leost.

Influence of poultry manure levels on vine length of Crassocephalum biafrae

Toble 5 presented the influence of poultry monure on vine length of Crassocephalum biafrae. As from two weeks ofter
plonting, there were significont difference in plont height ofCrassocephalum biafrae for oll the levels of fertilizer
applied. Application rate of 20 tonnes per hectore had the highest number of leaves of Crassocephalum biafrae,
followed by 20 tonnes per hectare while the control had the leost.

Influence of Poultry manure levels on fresh plant weight of Crassocephalum biafrae

Toble 6 presented the influence of poultry monure on fresh plont weight of Crassocephalum biafrae. As from two weeks
after plonting, there were significont difference in fresh weight of Crassocephalum biafrae for oll the levels of fertilizer
applied. Application rote of 20 tonnes per hectore had the highest number of leaves of Crassocephalum biafrae,
followed by 20 tonnes per hectare while the control had the leost.

Table 3: Influenced of poultry manure on number of leaves of Crassocephalum biafrae

TREATMENT WAP 2 4 6 8 10 12

0 tonnes/ho 30b 70c 80c¢ 102b 123b 160b
10 tonnes/ha. 520 140b 196b 2150 2670 319a
20 tonnes/ha. 630 1730 2000 233a 2790 3270

Meon in o column with the some letter(s) are not significontly different according to Tukey Honestly Difference ot (P = 0.05)
WAP-Weeks ofter plonting

Table 4: Influence of poultry monure Levels on Number of branches of Crassocephalum biafrae

TREATMENT WAP 2 4 6 8 10 12

0 tonnes/ha 3¢ 14c 18¢ 28¢ 40c¢ 53¢
10 tonnes/ha 6b 19b 28b 460b 75b 111b
20 tonnes/ho 100 29a 360 530, 860 1120

Meon in o column with the same letter(s) are not significontly different occording to Tukey Honestly Difference ot (P = 0.05)
WAP-Weeks ofter plonting

Table 5: Influenced of poultry monure on plont vine lenght (cm) of Crassocephalum biafrae

TREATMENT WAP 2 4 6 8 10 12

0 tonnes/ha. 38¢c 47¢ 64c 69¢ 75¢ 78¢
10 tonnes/ha 40b 60b 80b 90b 98b 102b
20 tonnes/ha 420, 650 860, 970, 1120 1140

Meon in o column with the some letter(s) are not significontly different according to Tukey Honestly Difference at (P = 0.05)
WAP-Weeks ofter plonting

Table 6: Influence of Poultry monure levels on fresh weight of Crassocephalum biafrae

TREATMENT FRESH WEIGHT (kg)
0 tonnes/ha 0.27¢
10tonnes/ha 0.30b
20tonnes/ha. 0.350
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Table7: Influence of poultry monure Levels on Proximate composition of Crassocephalum biafrae

SAMPLE MOISTURE (%)  FAT (%) ASH (%) PROTEIN (%) CRUDEFIBER (%) CARBOHYDRATE (%)

20 tonnes 88.19a 0.220. 1.98a 2.88a 1.430 6.670
10 tonnes 87.52b 0.18b 1.93b 2.52b 1.33b 6.63b
Control 87.10c 0.14c 1.90c 2.34c 1.24c 5.80c

Influence of Poultry manure levels on proximate composition of Crassocephalum biafrae

Toble 7 presented the influence of poultry monure on proximote composition of Crassocephalum biafrae. The opplicotion
rate of poultry monure ot 20tons/ha gove the highest fot, protein ond corbohydrate levels. Application rote of 10tons/ha
had the highest moisture ond ash content. This implied that opplication rate of 20ton/hais more beneficiol on the nutrient
composition of Crassocephalum biafrae. The applicotion rote of poultry monure ot 20tons/ha gave the highest fot,
protein ond carbohydrate levels. Application rote of 10tons/hahad the highest moisture ond osh content. This implied
that application rote of 20ton/ha is more beneficiol on the nutrient composition of Crassocephalum biafrae. Adeniji
(2014). Vegetobles moke up amojor portion of humon diet in mony ports of the world and play significont role in humon
nutrition, especiolly os sources of Vitumins A, B, C, and E; minerals, dietory fibre ond phytochemicals. Vegetobles in the
daily diet have been strongly ossociated with overall good heolth ond improvement of gastro intestinol health, vision,
risk of some forms of cancer, diobetics, ond other chronic diseases (Jonick, 2011). Africons have olwoys used troditionol
vegetables to meet their nutritionol needs. These vegetobles are crops grown and consumed by local formers along with
the aroble crops to serve as meons of protein, minerols ond vitomins in the diet of most African countries, and
particularly in the Southwestern region of Nigerio. Salomi (2011) reveoled thot these vegetables con greatly reduce the
problem of malnutrition by providing adequate protein, minerals ond vitomins to the body. Some of these vegetobles are
also used to monoge diseoses like high blood pressure, diobetes, urinory ond stomoch disorders, bronchitis ond
diarrhoeo. Their medicinal efficacy con be guaranteed os they help in curing some minor sicknesses, thereby reducing
the cost of seeking medical treatment. Mony rural communities have developed sophisticated recipes bosed on the
consumption of adequate amount of vegetobles and fruits, which hos been reported to enhonce their immunity to
diseases (Thomos, 2000). They are generally sold in local markets for economic empowerment; hence they could offer
greot opportunities for nutrient security ond economic empowerment among the poor rurol populace, especially the
rural women. Unlike in the rural areos of Nigerio where most vegetoble crops are obtained in the wild, the urbon ond
semi-urbon settlers obtoin theirs from the open market ond these serve os sources of nutrient sufficiency ond income.
Ojeniyi (2002). Oladeji and Ayeye (2008) reported that vegetoble production forms o substontiol percentoge (25%) in
the major food crops cultivated in Nigeria, ond is a source of livelihood for a considerable section of the population,
mostly women. The indigenous vegetables have unique advontoges within the cropping systems. They grow quickly
ond ore harvested within ashort period of time. Adebooye et al. (2005) reported that some are usually gothered from the
wild (with great drudgery) ond indeed some of them are becoming scorce in the notural ecosystem of South-west
Nigerio. In some coses, these vegetables are found in follows, as under growth in tree crop plontations, watercourses,
disturbed fields, ond protected home gordens ond refuse hills. A research by Adebooye ond Opobode (2004), for
example, was porticulor obout the conservation of these indigenous crops in order to prevent them from going into
extinction, especiolly os the relionce on o hondful of major crops hos inherent agronomic, nutritionaol, ond economic
risks, which is not sustoinoble in the long run (Ebert, 2014). Ayonwale ef al. (2011), Aju et al. (2013) ond Tonimonure et
al. (2017) dlso studied the value addition ond morketing potentials of some of these UIVs, and sow good business
prospect in them, especiolly for women folks. It was equally found out thot they ore potentiol future crops for smallholder
formers, os sources of nutrition ond income, especiolly in this era of climote chonge. notural systems to the impacts of
climate chonge ond climotetelated risks, by maintaining or increosing adoptive copacity ond systems resilience
(OECD, 2011). As aresult of adoptation measures, formers ore able to increase their resilience to the negoative influence
of climate chonge. Hence, adaptation increases the coping range of fresh fruits ond vegetobles ploy asignificont role in
humon nutrition, especially as sources of vitamins (C, A, B6, thiomine, niocin), minerals, ond dietory fiber (Wargovich,
M.J.2000). Their contribution os a.group is estimated ot 91% of vitomin C, 48% of vitomin A, 27% of vitamin B6, 17%
ofthiomine, and 15% ofniocin.
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Conclusion

The benefits of using orgonic monure hove not been fully utilized, but this project showed positive Influence of Poultry
Monure on Growth, leof yield ond proximate Composition of Crassocephalum biafrae ot the opplication rote of 20ton/ha
which gave the highest fot, protein ond carbohydrate content.
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Influence of Planting Population of Onion and Soil Nutrient Mining on
Post Planting Soil Fertility Status (Allium cepa L.)

Olugbenga 0. AdeOluwa, Abstract
Jumoke Omoniyi* and

Ghemisola Adesina The nutrient requirement of onion (A4//ium cepa L.) lorgely depends on several

D . foctors, such os cultivor, plont population, crop environment, ond soil fertility
epartment of Soil Resources ) o h . R

Management, Faculty of Agriculture e.t.c. Nutrient mining generolly refers to ogriculturol proctices resulting in o
Sciences, University of Ibadan, negoative nutrient balonce: export (loss) of o nutrient is greoter thon import
Ibadan, Nigeria. (input). When the quontity of soil nutrient removed by crop from ogricultural
field exceeds the amount of nutrient that is recycled back and/or less mobile in
soil ond have higher potential of remaining in the soil. Soil degrodation due to
nutrient mining, erosion ond desertificotion is the mojor threot to food production
in Nigeria. Thus, this study is to evaluote the influence of onion on post planting
soil fertility stotus. The experiment was carried out of the Orgonic Agriculture
section of the Teoching ond Research form of the University of Ibadon, between
February to May, 2022. The treatments used were different population of onion
plonts ot 40 cmx 20 cm,30 cm x 20 cm, 30 cmx 15 em, ond 15 em x 10 cm. post
plonting soil fertility test wos corried out which wos subjected to Descriptive
Statistics doto on the porometers obtoined were subjected to Analysis of
Vorionce (ANOVA) using GENSTAT 8" Edition ond means were seporated

*Corresponding Author E-mail:
jummmyy1@gmail.com

Keywords: using Leost Significonce Difference (LSD).The study concluded thot there wos
N1.1t1.'ient, highest loss of micro—utrients such os mongenese, copper, ond zinc in the post
Mining, plonting soil. Therefore, onions at optimum production lead to o.consideroble

Treatment mining of soil nutrients which should be consistently reploced.

Influence delaPopulation D'oignons en Plantation et de L'exploitation des
Nutrients du sol surL'état de Fertilité du sol en Post-Plantation (Allium cepaL.)

Résumé

Lesbesoins en nutriments de l'oignon (Allium cepa L.) dépendent lorgement de
plusieurs focteurs, tels que le cultivar, la population végétale, I'environnement
de la culture et lo fertilité du sol, etc. L'extroction de nutriments foit
générolement référence a des protiques ogricoles entroinont un bilon négotif des
nutriments: 1'exportotion (perte) d'un nutriment est supérieure a l'importation

Access online at:
www.africanorganicconference.net

www.noara.bio
(apport). Lorsque loquontité d'éléments nutritifs du sol prélevés par les cultures
dons les chomps ogricoles dépasse la quontité d'éléments nutritifs qui sont
Published by: recyclés et/ou moins mobiles dons le sol et qui ont un potentiel plus élevé de
rester dons le sol. La dégradation des sols due a I'extroction de nutriments, a
/Nﬂm Iérosion et a lo désertification constitue la principole menoce pour la
production alimentaire ou Nigerio. Cette étude vise donc a évaluer 1'influence
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menée dons lasection d'agriculture biologique de la ferme d’enseignement et de
recherche de 1'Université d'Ibadon, entre février et mai 2022. Les traitements
utilisés étaient différentes populations de plonts d'oignons a 40 cm x 20 cm, 30
cmx 20 cm, 30 cm x 15 cm, et 15 cm x 10 cm. Des tests de fertilité du sol opres
plontotion ont été effectués et soumis a des statistiques descriptives. Les données
sur les poromeétres obtenus ont été soumises a une onolyse de varionce (ANOVA)
enutilisont GENSTAT 8¢me édition et les moyennes ont été séparées en utilisont
ladifférence de moindre importonce (LSD).L'étude a.conclu qu'il y avoit laplus

Mots clés : gronde perte d'oligo—¢léments tels que le mongonése, le cuivre et le zinc dons le
Eléments nutritifs, sol apres plontotion. Par conséquent, la production optimole d'oignons conduit a
extraction, une extroction considérable des nutriments du sol qui devraient étre remplocés de
traitement moniére cohérente.

Introduction

Nigeriais the largest onion producer in Africa ond the seventh-argest producer in the world, occounting for about 10%
of the global onion production. According to the Food and Agriculture Orgonizotion (FAO, 2021), Nigerio produced
about 1.4 million metric tonnes of onions in 2019, moking it the second-targest producer of onions in Africaafter Egypt.
Following all these focts, there are still few challenges focing the effective production of onion, one of them is plonting
population ond nutrient mining in the soil.

Onions (Allium cepa L.) belong to the genus Allium and ore closely reloted to goarlic, shollots, ond leeks. Onion
originoted from Southwest Asiabutitis cultivated all over the world today.

It is commonly known os "Queen of the kitchen" due to its highly valued flavor, aroma, unique toste ond the
medicinol properties of its flovor compounds (Griffiths et al., 2002). Onion is o bienniol crop propogoted either by
seeds, bulb or sets (smoall bulb) (Chokroborty, 2014). Most people consume roughly 20 pounds of this pungent vegetoble
per year, eating them raw, cooked, pickled, or powdered. There are mony varieties of onions to choose from, including
yellow, red, white, purple, Sponish, ond Vidalic.onions. Onions ore a.cool-season crop ond con stond temperotures well
below freezing. They may be plonted from seeds, from small bulbs called sets, or from tronsplonts.

There are mony plonting methods ond configurations of plont spacing used for onion production in North America
ond other continent ocross the globe. Onions con be direct-seeded, tronsplonted with field-grown or greenhouse-grown
tromsplonts, or plonted using onion sets, ond onions ore plonted on flot ground ond roised beds. The between—row ond
within—row plont spocings vary considerably depending on the region, soil type, type of onion, and torget market.
Within each of these systems, the plont density con be adjusted to manipulote the final bulb size, plont structure, time to
moturity, ond severity of folior diseoses.

Plont population refers to number of plants per square meter (plonts m-2) or hectare (plonts hal ) and is importont in
onion production since it hos on influence on growth, yield ond quality of onion bulbs (Brewster, 1994). Plont ond row
spacing are considered importont to the optimum plont population which may be reflected in higher yield ond quality.

Plont population or density is also on importont foctor determining onion yield ond quality. In crop production,
canopy development is very importont to optimize light interception, photosynthesis ond dry matter accumulation to
harvestable ports. So, crop conopy con be monoged by alternating row spacing and plont population; os the plont density
increoses, yield perunit area.olso increases (Silvertooth, 2001).

Generally, yield of onion increoses with on increase in plont population because plont densities ollowed the conopy
to close quickly reducing the ability of weeds to compete, but only up to on optimal limit ond yield will decrease beyond
this optimum. Appropriate spocing enobles the formers to keep oppropriote plont population in their field. Hence, o
former con avoid over ond less population in a.given plot of lond, which hos negative effect on yield. Therefore, to avoid
nutrient competition due to inoppropriate use of plont spocing ond N fertilizer, sufficient spocing between plonts ond
rows ond optimum amount N fertilizer application is vitol to get highest yield in agiven plot of lond (AVRDC, 2004).

Nigerio like ony other developing country is faced with rapid populotion growth ond exponding urbon population
which increose demaond on agricultural production (Nasiru, 2000). Therefore, it has witnessed increased populotion
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pressure, industrializotion ond intensive lond use cousing depletion of noturol resources, limiting the performonce of
lond with respect to its functions such as soil fertility and crop production. Continuous cultivation for crop production
often times resulted in poor monogement proctices, leaving soil in most tropical orea to become less fertile. This low
nutrient status of most tropical soils necessitates the use of fertilizers for intensive cultivation (Adetunji, 1991).

Healthy soils are the foundotion of the food system. Our soils are the baosis for ogriculture ond the medium in which
nearly oll food-producing plonts grow. Heolthy soils produce healthy crops that in turn nourish people oand onimals.
Indeed, soil quality is directly linked to food quality ond quantity. Soils supply the essential nutrients, water, oxygen ond
root support that our food-producing plonts need to grow and flourish. They olso serve as o buffer to protect delicate
plontroots from drostic fluctuations in temperature (FAO,2015).

The imbalonce in soil nutrient in ogriculturol sector hos drown aserious concern for soil fertility ossessment, these
con be traced bock to various couses such os; the opplication of fertilizer to soil by uneducated formers without moking
porticulor reference to the specific need of the soil or plont, uncontrolled continuous erosion, leaching, continuous
cultivotion on some piece of lond on yeorly bosis ond in the riverine areos, the issue of oil spilloge on lond, over grozing
etc. Fertile lond is defined os o lond that is capoble of producing consistently high yield in a wide range of crops (Esu,
1991) (Corbeels et.al., 2000). Scientific understonding of soil fertility is also perceived os the stotus of the soil in
relation to the quontity ond availobility of required nutrients needed by crops to enhance their growth life. Formers
usuolly understand fertility in a.given soil through their native understonding and long-term experiences in o physical
framework porticulorly color ond texture os determinonts. Aport from color ond texture, other importont salient
chorocteristics ore rebirths such os orgenic residues content in the soil, moisture retention copocity, drainoge, workobility
ond friability. The formers in tigray (Ethiopia) use o vorious observoble indicator to assess soil fertility. One of the
indicators used for fertility assessment in tigray includes the oppearonce of specific weed species like Echinips hispidus
in Ethiopia(Corbeels et.al.,2000).

Therefore, soil nutrient depletion hos grave implication leoding to widespread deficiency of mocro ond micro
nutrients of such os N, P, K, Ca, Zn, B, S, increosed soil pH levels as well os cation exchonge capocity (CEC); a
weokened foundation for high yielding sustainability forming, ond escoloting remedial cost on rebuilding depleted soil
fertility evaluation (analysis). The decline in soil fertility has imposed a.national problem on food insecurity (Umar et
al.,2018).

Thus, the objective of this study is to:
Evoaluote the influence of onion on post planting soil fertility stotus.

Materials and Methods

Experimental Sites Description

Seedlings were raised in the screenhouse, which were tronsplonted at eight (8) weeks to the orgonic section of the
Teoching ond Research Form, University of Ibadon, Ibadon, Oyo Stote (7°27'05"N, 3°53'46"E), field wos cleared
monuolly, weeding ond wetting was done. The research field is locoted in the derived savonnoh of Southwest Nigerio.
The areahos abimodal rainfall distribution which peoks in June/July and September. The early rain occurs between lote
Maoarch ond early April ond ends in July while late roin occurs from August/September to November.

The experimental design was arondomized complete block design (RCBD) with four replicotes. The size of eoch
plot was 1.5mx 2m, beds were roised to allow good bulb development and also prevent bulb rot. All the 20 plots hod
seedlings plonted ot aspocing of Treatment 1 (control)—No plont, Treatment 2—40 cm by 20 cm, Treatment 3 —30 cm by
20cm, Treatment4—30 cmby 15 cm, Treotment 5— 15 cm by 10 cm, inter-bed spocing wos 0.5 m.

Surface Soil Source for Seedling

Surface soil wos collected from Agronomy research site, Porry rood, University of Ibadon, Oyo Stote (7°27°07.3"N,
3°53'10.9"E) at 0— 15 cm depth using ashovel which was sieved using a Smm Sieve for tray experiment which wos later
tronsplonted into the orgonic form, Teaching ond Reseorch Form, University of Tbadon.
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Cultural Practices
Monuol weeding wos done by using hoe to remove weed in furrow ond by the side of the bed while weeds within the beds
were hondpicked. Plonts boase was always covered with soil to prevent exposure of the onion bulb.

Data Collection: Pre soil and Post soil analysis

Soil Analysis
Laboratory Analysis for Soil Samples

Soil pH: 10 gm of soil was weighed into on extroction cup ond 10mls of distilled water wos added ond shoken for 10
mins on the mechonicol shoker. After shoking, pH wos read using the Honnaelectricol pH meter.

Available Phosphorus in Soil: 2 gm of soil (2 mm sieve mesh) was weighed into on extroction cup, 20 mls of Broy P
solution was added ond placed on the Mechonicol shoker for 15 mins, after which, the solution was filtered through 90
mm whotmonn filter poper ond allow it to drain completely., Smls of filtrate wos meosured into a.cleon 50 mls volume
beoker, then 5 mls of Murphy and Riley solution (color reogent) wos added ond mode up to 25 mls with distilled woter.
the solution wos allowed to stond for about 10 mins for color to develop into blue. Using aSpectrophotometer ot 882 nm
wavelength, the obsorbonce of each solution wos determined.

Total Organic Carbon in Soil. 0.5 g of 0.5 mm sieved soil sample was weighed into a Conicol flask ond 10 mls of 1N
potossium dichromote (K,Cr,0,) with 20 mls of concentrated Sulphuric acid (H,S0,) wos added respectively. Then, the
mixture wos allowed to cool for about on hour for oxidation to occur. After on hour, the solution wos made up to 100 mls
with distilled woter ond then allowed to cool for another one hour.3 drops of ferroine indicotor (1-10 phenonthroline
mono hydrate) wos added and titrated with 2.5M Fe,SO, (ferrous sulphate) solution until amoroon brown color solution
was obtoined, titre volues wererecorded. ss

Total Nitrogen in Soil

Digestion: 0.5 gm of 0.5 mm sieved soil was weighed into a digestion tube and 5 mls of conc H,SO, with 1 toblet of
Selenium wos added. After which the tube was ploced in the digestion block and the content wos allowed to digest ot
360°c for obout 3hrs until alight yellowish solution was obtained in the tube. The digest wos allowed to cool ond poured
into a100ml volume beaker, the digest wos made up to 50mls using distilled woter.

Distillation: 5 mls of digest wos meosured into the distillation chamber, 5mls of 40% NoOH wos added ond distilled
into o 100 mls conical flosk containing Smls of Boric acid indicator until 50 mls of a greenish color solution wos
obtained.

Titration: The green color solution wos titrated with 0.01 N HCI until o pink color wos obtained, the final volue wos
recorded.

Particle size distribution wos onolyzed using the hydrometer method (Bouyoucos, 1951).

Exchongeoble bases (Potassium, Colcium, Mognesium ond Sodium) were determined by adding 20 ml of 0.1 N emmonium
acetate, stirred it for fifteen minutes ond filtered ond the reading token using Atomic Absorption Spectrophotometer.
The concentration of potassium and sodium in the filtrote wos read using o flome photometer.

Plant Analysis

Determination of total phosphorus in plont: Semple wos oven dried at 60-70°C and milled into apowder form. 0.5 g of
the milled sample wos weighed ond digested with 10 mls of acid mixture of Nitric acid and perchloric ocid on hot plate
placed under o film cupboard ot 60-70°C . A color chonge from brown to colorless was observed ond the digest wos
allowed to cool down ond made up to 25 mls with distilled woter.
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The digest wos meosured Smls, then 5 ml of yellow reogent solution was added ond made up to 50 ml with distilled
woter, giving a yellowish solution thot wos read on o U.V spectrophotometer ot 400 nonometer wavelengths, the
obsorbonce of mochine reading was recorded.

Exchongeable boses (Potossium, Colcium, Magnesium ond Sodium) were determined by adding 20 ml of 0.1N
ommonium ocetote, stirred it for fifteen minutes ond filtered ond the reading token using Atomic Absorption
Spectrophotometer. The concentration of potassium ond sodium in the filtrate wos reod using a.flame photometer.

Nitrogen: 0.20 g sample wos weighed into a digestion tube, selenium cotolyst tablet wos added ond 5 mls of conc
H,SO, wos also added. The tube wos placed on adigestion block under a film cupboord and ollowed to undergo heating
or digestion ot o regulated temperoture from 50°C to 250°C for obout two hours. There wos a color change from
brownish black to colorless ond it was allowed to cool after which it wos made up to 50 ml mork with distilled water. Sml
of digest wos titroted with 5 ml boric ocid indicotor ond 5 ml of normal sodium hydroxide. There was color change to
green ond it was titrated with normol HCI and the greenish color turned pick ond the titre volue was recorded.

Results

Pre- planting Soil Analysis of the Experimental Soils
The physical and chemical properties of the soil prior to plonting ore shown in Toble 1, the textural closs was sondy loom
according to United States Deportment of Agriculture (USDA). The soil hoed apH of 6.80 indicating near neutral soil
pH. The soil total nitrogen (0.35g/kg) and potossium (0.2 c¢/mol) are below critical level. The available phosphorus (9
m/kg) was moderate which was within criticol ronge.

PostHarvest Soil Analysis

Table 2 shows the descriptive statistics of chemicol parameters of the post plonting soil fertility. The result shows that
there was no significont difference in the following nutrients colcium, pH, sodium, potossium, iron, ond total phosphorus
while results obtoined from orgonic corbon, mognesium, mongonese, copper, zinc, ond totol nitrogen indicotes o
significont difference between the four treatments ond control.

Post Harvest Plant Analysis

Table 3 shows that the result obtained from post plont onalysis indicates thot there was no significont difference in the
following nutrients Colcium, Mognesium, Potossium, Mongonese, Totol nitrogen ond availoble phosphorus which meons
that plont spacing hod no significont effect on the treatment in terms of nutrients while;

There wos significont difference between the following nutrient sodium, iron, copper, and zinc in the treatments which
infers thot plont spacing hod asignificont effect on nutrients availobility in the treatments which con be soid thot onions
are micronutrient lovers.
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Table 1: Pre—plonting Soil Analysis of the Experimental Site

Parameters Values Critical value (FFD, 2012)

pH 6.8 Neutrol

Orgonic corbon (g/kg) 3.2 Very low

Av. Phosphorus (mg/kg) 9 Moderote

Totol nitrogen (g/kg) 0.35 Low

Colcium (cmol/kg) 0.1

Mognesium (cmol/kg) 0.1

Potassium (cmol/kg) 0.2 Very low

Sodium (cmol/kg) 0.2

Mongonese (mg/kg) 3

Iron (mg/kg) 1

Copper (mg/kg) 1

Zinc(mg/kg) 1 Medium

Sond (g/kg) 744

Silt (g/kg) 200

Cloy (g/kg) 56

Texturol closs Sondy Loom
Table 2: Post Harvest Soil Analysis

Trt C Mg Na K Ca Mn Fe (m Cu Zn pH Av.P T.N

(g’kg)  (c mol/kg) (cmol) (cmol) (cmol) (mg/kg) g/kg) (mg/kg)  (m g/kg) (mg/kg) (g/kg)

T1 32 0.07 0.27 0.18 0.19 0.3 0.9 0.1 0.9 5.6 2.4 0.36
T2 4.4 0.02 0.32 0.19 0 0.8 1.2 0.7 10.9 5.6 2.9 0.46
T3 3.9 0.07 0.27 0.17 0.03 11.2 10.4 20.6 0.5 5.5 3.1 0.46
T4 4.1 0.07 0.3 0.17 0 1.8 0.9 1 9.6 5.6 2.8 0.49
TS5 4.5 0.02 0.3 0.2 0 0.5 53 7 0.6 5.9 34 0.51
Mean 4.02 0.05 0.292 0.182 0.044 2.92 3.74 5.88 4.5 5.64 2.92 0.456
LSD 0.5 0.02 NS NS NS 0.9 NS 9 5.4 NS NS 0.06

Legend: NS —Not Significont LSD — Leost Significont Difference ot 5%, Trt —Treotment

Note:

T1 — Bare lond

T2 - 40CM X 20CM
T3 -30CM X 20CM
T4 -30CM X 15CM
T5-15CM X 10CM
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Table 3: Post Horvest Plont Analysis

Trt Ca Mg K Na Mn Fe Cu Zn T.N Av. P
(cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) (mg/kg) (mg/kg) (mg/kg) (mgkg) (g/kg) (mg/kg)
T2 022 0.13 0.9 0.23 6.9 304.8 3.5 17.6 1.92 0.017
T3 0.15 0.12 1.27 0.27 6.7 148.9 3.9 26.8 2 0.013
T4 0.18 0.17 1.28 0.31 8.9 4154 5.6 30.2 1.79 0.015
T5 0.23 0.12 0.99 0.26 13.6 337.2 52 53.5 1.81 0.012
LSD NS NS NS 0.03 NS 1241 1.5 11.3 NS NS

Legend: NS —Not Significont, LSD — Leost Significont Difference Trt —Treatment

Note:

T2 - 40CM X 20CM
T3 -30CM X 20CM
T4 -30CM X 15CM
T5-15CM X 10CM

Discussion

Oyedeji et al. (2014) and Purseglove (1972) noted thot onion is o heavy feeder plant and it gives good response to
orgonic monure. Hotridge—Esh and Bennet (1980). Reported that bulb diameter decreased as plant populotion increased,
this was coused by competition for nutrients ond insufficient spoce restricting bulb enlargement when plont population
increased in respect to 30 cm by 15 cm and 15 em by 10 em. The post plonting soil analysis shows thot micro-nutrients
were mined.

Balrgj et al. (1998) indicated that the spacing hos adirect effect on the quality ond production of onion. Appropriote
spacing enobles the formers to keep appropriate plont population in their field. Hence, o former con avoid over ond less
population in a given plot of lond, which haos negative effect on yield. Therefore, to avoid nutrient competition due to
inoppropriote use of plont spacing, sufficient spocing between plonts ond rows is vital to get highest yield in agiven plot
oflond (AVRDC,2004).

Conclusion and Recommendation

Hence it can be concluded from the study that treatment 30 cm by 20cm mined the most nutrients from the soil, therefore
continuous plonting of onions on the some land could require fertilizer to supply. Soil test should be conducted before
plonting season so as to know nutrient level of the soil. It con be concluded that onions at optimum production leods to o
considerate mining of soil nutrients which should be consistently reploced.
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Abstract

Rwaonda, situated in Eost Africa, foces complex challenges in food security ond
ogricultural sustoinobility despite its breathtoking londscopes ond rich cultural
heritoge. Climote chonge impacts, soil degradation, limited resource access, ond o
rapidly growing population contribute to these challenges. Rwonda's ogriculturol
sector, pivotal to its economy, struggles with vulnerobility to climate chonge, soil
degrodation, ond restricted resource occess. Government initiatives like the
Notional Agriculture Policy (NAP) and the Crop Intensificotion Progrom (CIP) oim
to modernize ogriculture ond enhonce productivity. The overall purpose of study
waos to explore ond discuss how Ecological Agriculture (EA) proctices contributes
to food systems ond climate resilience in Rwondo. The study used both
quoentitotive ond quolitative approoches, triongulotion methods thot included
literoture review, administering questionnaire to 200 smallholder formers, 43 key
informonts from different ronges of stokeholders in four mojor agro-ecologicol
zones of Rwondo. This study explores the role of Ecological Agriculture (EA)
proctices in promoting sustoinoble food systems ond climote resilience in
Rwondo. By omnolyzing existing chollenges, opportunities, ond policy
implications, the study aims to inform evidence-based strotegies for enhoncing
agricultural. However, gops persist in policy implementotion, ond smollholder
formers encounter difficulties occessing seeds, lond, ond morkets. Agroecologicol
approaches offer promise in addressing these chollenges but foce borriers to
widespreod adoption. The study reveoled thot the majority of formers highlighted
that to adhere to ecological orgonic agriculture is to reduce the cost of inputs,
sustoin the productivity of their soils. Furthermore, this study identified EA
proctices which should be promoted so os to contribute to household nutrition ond
food security such os intercropping, agroforestry ond fruit trees), push pull
technology. The study recommend that EA proctices would plays acriticol role in
building resilience in the foce of climate chonge, improving the sustoinability of
food systems, improving soil heolth, conserving biodiversity, enhoncing climate
resilience, boosting the economy, ensuring food security.

Contribution de L'agriculture Ecologique (AE) aux Systémes Alimentaires
Durables et alaRésilience Climatique au Rwanda

Résumé

Le Rwonda, situé en Afrique de 1'Est, est confronté a des défis complexes en
matiére de sécurité olimentoire et de durobilité ogricole, molgré ses poysoges a
couper le souffle et son riche potrimoine culturel. Les impacts du chongement
climatique, la dégradation des sols, l'acces limité oux ressources et lo.croissonce
rapide de lapopulation contribuent a ces défis. Le secteur ogricole du Rwonda, qui
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joue un role central dons 1"économie du pays, est vulnéroble om chongement
climatique, a la dégradation des sols et a l'accés limité oux ressources. Les
initiotives gouvernementoles telles que la Politique agricole notionale (PAN) et le
Progromme d'intensification des cultures (PIC) visent a moderniser 'ogriculture et
aaméliorer laproductivité. L'objectif global de 1'étude étoit d’explorer et de discuter
de lo. moniere dont les pratiques d'ogriculture écologique (AE) contribuent oux
systémes olimentoires et a larésilience climatique ou Rwondo. L'étude autilisé des
approches a la fois quontitatives et qualitatives, des méthodes de triongulotion
comprenont une revue de la littéroture, I'administrotion d'un questionnaire a 200
petits exploitonts ogricoles, 43 informoteurs clés issus de différentes cotégories de
porties prenontes doms quotre zones ogro—¢cologiques mojeures du Rwonda. Cette
étude explore le role des pratiques d'ogriculture écologique (AE) dons lapromotion
de systemes olimentoires durobles et de la résilience climotique o Rwondo. En
analysont les défis existonts, les opportunités et les implications politiques, 1'étude
vise a informer des strotégies bosées sur des preuves pour oméliorer l'ogriculture
écologique. Cependont, des locunes persistent dons lamise en ceuvre des politiques,
et les petits exploitonts agricoles rencontrent des difficultés pour accéder oux
semences, a lo terre et oux morchés. Les approches ogroécologiques sont
prometteuses pour relever ces défis, mois leur adoption a gronde échelle se heurte a
des obstacles. L'étude a révélé que la mojorité des ogriculteurs ont souligné que
l'adhésion a l'ogriculture biologique écologique permet de réduire le colt des
intronts et de maintenir laproductivité de leurs sols. En outre, cette étude aidentifié
des pratiques d'EA qui devroient étre encourogées ofin de contribuer a lonutrition
des ménoges et a la sécurité olimentaire, telles que les cultures intercoloires,
l'ogroforesterie et les arbres fruitiers, ainsi que lo technologie « push pull »
(pousser-tirer). L'étude recommonde que les pratiques d'EA jouent un role essentiel

Mots clés :

Rwanda doms le renforcement de larésilience face ou changement climatique, l'omélioration
agriculture écologique, de la durabilité des systémes olimentaires, I'omélioration de la sonté des sols, la
résilience, conservation de la biodiversité, l'omélioration de la résilience climotique, lo
systémes alimentaires stimulation de I'économie et lagorontie de lasécurité alimentoire.

Introduction

Background of the Study

The ogricultural sector is contributing to food security is reflected in its prioritization in the global development agendo.
The Ecological Agriculture (EA) proctices contributes directly to multiple SDGs targets through integrated proctices
including os: SDG 1 (put on end to extreme poverty); SDG 2 (zero hunger, improved nutrition ond sustainable
ogriculture), SDG 8 (decent work ond economic growth); SDG 13 (climate action) ond SDG 15 (terrestriol ecosystems,
forests ond lond). One of the Africon frameworks for Agenda 2063 is the Comprehensive Africon Agricultural
Development Programme (CAADP), is an integrol port of the New Partnership for Africa’s Development (NEPAD ond
the Africon Development Bank (AFDB) with torgets of lowering poverty ond molnutrition, increosing productivity,
form incomes, ond enhoncing the sustainobility of agricultural production [1].

Rwondo, situated in Eost Africa, is renowned for its breothtoking londscopes ond rich culturol heritoge. However,
omidst its natural beouty lies acomplex topestry of chollenges, particulorly in the realm of food security and ogriculturol
sustainability. The country foces multifoceted issues such os climote change impacts, soil degradation, limited occess to
resources, and o ropidly growing population. Against this backdrop, the need for tronsformative interventions in the
ogriculturol sector becomes increosingly urgent.

Over the lost decade, the government of Rwonda hos intensively embarked on investments in conservation and
sustainable ogriculture such as lond husbondry, water harvesting ond hillside irrigotion to increase resilience to climote
chonge, reduce water erosion ond soil loss, halt lond degradation, ond increose lond productivity. Several policies ond
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strategies of the Government of Rwonda have been adopted that encourage orgonic production proctices such os

Notional Agriculture Policy (NAP, 2017 to 2030, MINAGRI, 2017 [2] ond Strategic Plon for the Tronsformotion of
Agriculture in Rwondo (PSTA4, MINAGRI, 2018 [3] mokes it clear that developing resilient agriculture will require

the agro—ecological knowledge of smallholder formers to cope with progressive lond degrodation ond climote chonge,

while maintaining agricultural growth. According to Giusseppe (2018), Rwondon government'’s focus on export—
oriented crops and the drive to increase overall productivity, risks neglecting the food security need of the population

pushing the poorest rural households out oltogether of the ogricultural sector in the obsence of credible offform

employment opportunities. Moreover, the government push to implement monoculture, the increosed use of chemicol

fertilizers ond the mounting scorcity of orgomic fertilizers risk endongering Rwondons' most importont productive osset,

nomely the country’s laond. However, amidst its noturol beouty lies o.complex topestry of challenges, porticulorly in the

realm of food security ond ogricultural sustainability. The country foces multifoceted issues such os climate change

impacts, soil degradation, limited occess to resources, ond aropidly growing population. Rwondo's ogriculturol sector

forms the backbone of its economy, providing livelihoods for the majority of'its population, particulorly in rurol oreos.

However, the sector gropples with various challenges that hinder its potential to contribute effectively to food security

ond sustainoble development. One of the primory concerns is the vulnerability of Rwondon ogriculture to the adverse

effects of climote chonge. Against this bockdrop, the need for tronsformative interventions in the ogricultural sector
becomes increasingly urgent. Access to resources such os seeds, lond, ond markets olso presents aformidoble chollenge

for smallholder formers in Rwondo. Limited access to quality seeds ond plonting moterials restricts formers’ ability to

adopt improved ogricultural proctices and diversify their crops. Additionally, lond scarcity, coupled with insecure lond
tenure systems, undermines formers'lond rights ond inhibits investments in sustainoble lond monogement.

Furthermore, Rwonda has embroced agroecological approaches as part of its commitment to sustainoble ogriculture
ond environmentol conservotion. Agroecology, which emphaosizes the integrotion of ecological principles into ogriculturol
systems, offers promising solutions to address the challenges focing Rwondon agriculture. However, despite these
efforts, gops ond chollenges persist in the implementation of existing policies ond initiatives. Coordination omong
various stokeholders involved in agroecological interventions remains frogmented, hindering effective collaborotion
ond knowledge sharing. Limited awareness ond copocity omong formers regording ogroecological proctices also
impede adoption ond scaling-up efforts. Moreover, institutional borriers, bureoucrotic hurdles, ond inodequote finonciol
resources constrain the effective implementation of ogroecological initiotives ot the grassroots level.

Food ond nutrition ore the most importont ond high priorities for a humon being to survive in the world. The recent
report releosed by World Food Programme (2022) reveoled that globally obout 828 million people go to bed hungry
every night. Since 2019, the number of people experiencing severe food insecurity has increased from 135 million to
345 million. A totol of 49 million people in 49 different nations are on the edge of famine [4]. Rwonda like other sub—
Sahoron countries is focing chollenges ond issues inherent to food policy and the reloted food system. The issues include
environmental degrodation, malnutrition, the rise in Non-Communicoble Diseases (NCDs), ond loss of biodiversity. In
addition, people's ability to feed themselves is vulneroble not only to weather-telated shocks such as periodic droughts
ond floods. Poverty declined from 77% in 2001 to 55% in 2017, while life expectoncy ot birth improved from 29 in the
mid—990s to 69 in 2019[5]. Malnutrition is also exocerbated by eorly childbearing, onemia ond obesity. The issue of
poor nutrition is olso mognified by household food insecurity due to low ogricultural productivity. While the status of
nutrition made consideroble progress between 2010 ond 2015, rotes of chronic malnutrition omong children under 5
years is still high (33%). The Comprehensive Food Security ond Vulnerobility ond Nutrition Analysis Survey (CFSVA,
2021, shows that 20.6 percent of the Rwondon population is food insecure, with 18.8 percent moderately food insecure
ond 1.8 percent severely food insecure.

In light of these challenges, there is apressing need for comprehensive research ond interventions thot address the
underlying drivers of food insecurity ond ogricultural sustainobility in Rwonda. This study seeks to contribute to this
endeavour by examining the role of Ecological Agriculture (EA) proctices in promoting sustainoble food systems ond
climote resilience in Rwondo. By exploring the existing challenges, opportunities, and policy implicotions, the study
aims to inform evidence-bosed strategies for enhoncing ogricultural sustainability and improving food security for oll
Rwondans.
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Objectives of the study

The aim of this study wos to contribute voluoble insights into the role of Ecological Orgonic Agriculture in enhancing
both the sustoinobility of food systems and the resilience of agriculture to the challenges posed by climote change in the
specific context of Rwando. Specifically, document the specific EA proctices that are being implemented in Rwanda,
provide recommendations for policy adjustments or support mechonisms thot could further promote EA proctices ond
onolyse how EA proctices contribute to the overoll food systems in Rwondo.

Methodology

In order to achieve the intended objectives and deliverables of the assignment, extensive interactions ond consultations
with different stokeholders from public, private, producers ond local ond Internotionol NGOs were on integrol
component in the plonning ond implementation of the current study. The research used different qualitative ond
quontitative research methods in order to deliver acomprehensive cnolysis of primary ond secondory dotoregording the
EAin Rwondawith aspecial attention for youth in rural areos.

Study area

Rwondawos subdivided into 12 Agro—Ecological Zones (AEZs) (Verdoodt and Von Ronst, 2003. To ensure on extensive
onolysis ot the national level with representotion of different key agro-ecological zones (Congo—Nile Watershed Divide,
Volconic Highlonds, Central Ploteou, ond Eostern Savonnoh) we selected one district per ogro—ecological zone for the
study sample. These districts were chosen due to the high engogement of rural households in forming ond related
activities, including the proctice of ecological ogriculture. This selection ensures a.comprehensive understonding of the
adoption ond impoct of ecological agriculture proctices ocross different agroecological contexts within Rwondo. The
districtmop is olso presented in Figure 1.
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Data collection, sampling procedures and sample size

The rondom sompling wos used while selecting respondents for households’ questionnaire ond torgeted primory
producers. For the totol population wos 269,503, for aconfidence level 95%, amorgin of error of 6.94%, the colculoted
somple size wos 200 smollholder former as shows in the Toble 1. The study monoged to interview 200 smollholder
farmers. A structured questionnoire designed to generate quontitative dotato copture the current situotion on the subject
muotter, youth engagement ond orgonic morket opportunities in the four districts nomely Kirehe, Nyobihu, Kamonyi,
ond Karongi.

Table 1: Sample size in two group cotegories
No AEZs Province District Total Weight Sample (n)

1 Eoastern Savonnot+ Eastern Eost Kirehe 91,754 34 68
Ploteou zones

2 Volconic + Buberuko+ Congo North Nyobihu 45,083 17 33
Nile Watershed Divide

3 Central Ploteou South Komonyi 63,893 24 47

4 Kivu Loke Borders + Congo West Korongi 68,773 26 51
Nile Watershed Divide
Total 269,503 100 200

Source: Primary dota, 2021

Qualitative survey

We collected qualitotive data through Key Informonts Interviews (KIIs) ond Focus Group Discussions (FGDs). In—
depth interviews with 43 key informants from avariety of stakeholders who support the development of EA. A 10 Focus
Groups Discussions (FGDs) wos orgonized in the 4 districts.

Data Analysis and reporting

After dota collection, data wos extrocted into o statistical softwore in on onolysoble formot. The dota wos cleoned for
errors ond inconsistency. STATA software was used for tabulation based on statistical analysis ond onticipated doto
interpretotion, ond thereafter the results were presented in forms of tables ond figures.

Study Findings

Potential EA practices that contribute to Household Nutrition and Food Security

The study identifies several mojor challenges hindering household nutrition ond food security in Rwondo. Limited
access to quality inputs such os seeds ond fertilizers impedes smollholder formers’ obility to ochieve optimal yields.
Moreover, formers often lack knowledge of effective forming techniques, compromising productivity ond economic
well-being. The lock of dietary diversity ond access to nutrient-rich foods contributes to high rotes of molnutrition,
porticulorly omong young children, impocting both ogricultural productivity ond nutritionol outcomes negatively.
Economically, formers vulnerobility to notural hozords like floods ond adverse weather conditions leods to significont
agriculturol production losses, impeding their obility to increase production ond improve livelihoods. This underscores
the need forresilience-building measures in the foce of climate chonge ond environmentol risks.

Additionally, the study highlights adeficiency in comprehensive nutrition education, porticulorly omong women,
exacerbating prevolent heolth issues reloted to malnutrition ond food insecurity. Existing communication efforts may
fail to engage the target oudience effectively or address their specific needs, complicating efforts to improve nutrition
outcomes. Furthermore, cultural borriers ond limited access to educotional resources pose significont challenges to
disseminating vital nutrition informotion, hindering efforts to promote healthier dietary practices ond ochieve sustainable
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improvements in food security ond nutrition outcomes. Addressing these challenges is crucial to enhoncing household
nutrition ond food security, requiring comprehensive interventions thot address knowledge gops, improve occess to
resources, ond promote culturolly appropriate dietory proctices.

To overcome the above challenges. This study identifies several ecological ogriculture (EA) proctices thot have the
potential to contribute significontly to household nutrition ond food security in Rwonda. These proctices are categorized
into themaotic areos, including conservation ogriculture, ogriculture woter monogement, agroforestry, sustainoble pest
ond disease monogement, ond the promotion of nutrient-rich crops.

Conservation agriculture practices, such os intercropping, crop rotation, ond mixed cropping, are highlighted as
effective strategies for improving soil fertility, reducing erosion, ond enhancing crop diversity. Additionally, agriculture
woter monogement proctices, such as rainwoter horvesting ond irrigotion, are cruciol for ensuring odequate water supply
for crops, especially during periods of drought. By copturing ond efficiently utilizing rainfoll, formers con mitigote the
impacts of water scarcity ond improve crop yields, thereby enhoncing food security.

Agroforestry emerges os onother importont EA proctice, offering multiple benefits such as soil conservation,
biodiversity enhoncement, ond the provision of nutritious fruit trees. By integroting trees into ogricultural londscopes,
formers con improve soil structure, provide shoade and shelter for crops, and diversify their sources of food end income.
Sustainoble monogement of pests and diseases, exemplified by technologies like push-pull, is olso recognized os
essentiol for reducing crop losses and increasing ogricultural productivity. By utilizing natural pest predotors ond
repellents, formers con minimize the need for chemical pesticides, thus promoting environmentol sustainobility ond
humon health.

Furthermore, the promotion of limited crops and varieties, coupled with biofortification efforts, emerges os a
strategy to address the chollenge of reduced diet diversity. By focusing on nutrient-rich indigenous crops ond
biofortified vorieties, such os Ferich beons and vitamin A-rich sweet potatoes, formers con improve the nutritionol
quality of their diets and enhance household food security. Additionally, crop diversification ond the provision of seeds
ond plonting moteriols for biofortified food crops are highlighted as importont interventions for improving dietory
diversity ond nutritional outcomes.

Additionally, the study suggests promoting indigenous or traditional gene bank systems for access and
sustainability of seeds, along with the promotion of push ond pull technologies for cereal crops. High-evel dialogues
on orgomic inputs ond creating space for EA in former field schools are also proposed os avenues for promoting and
implementing these proctices effectively. By addressing these challenges ond implementing these strotegies, Rwonda
con harness the potential of EA proctices to improve household nutrition ond food security, contributing to the overall
well-being ond resilience of its population.

Enabling environment for EAin Rwanda

A quick review of Rwondon policies ond strategies for EA show that the following policies and strotegies play oomojor
role in guiding the subsector. Key policies ond strategies are summarized in the Table 2.
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Table 2: Key ospects of EA in the current policy ond strategies framework in Rwonda

Policies

EA Aspects

i. Rwanda Vision 2050

ii. National Strategy for Transformation (NST1), 2018

iii. National Agriculture Policy (NAP), 2017

iv. Strategic Plan for Agriculture Transformation
(PSTA4), 2018

v. National Environment and Climate change Policy, 2019

vi. Rwanda Green Growth & Climate Resilience Strategy
(GGRS), 2020

vii. National Determined Contributions (NDCs) updated
2020

viii. National Gender Policy, 2021

ix. National Youth Policy (2015)

x. Gender and Youth Mainstreaming Strategy (2019)

Considers promoting sustoinoble ogricultural proctices
ond resilient volue chains.

Prioritizes integroted woter resources monogement,
erosion control, ond ogroforestry

Mentions priorities related to bio—fertilizer technologies,
orgonic fertilizers, ond climate smort ogriculture.
Mentions importonce of EA knowledge, erosion control,

& biological soil conservation proctices

Promotes erosion control, sustainoble forming, climote
resilient proctices,& ecosystem-bosed approach

Reduce dependence on inorgonic fertilizers,
conservation agriculture, ond resource re-use and
recovery

Agroforestry, climate resilient proctices, integroted
woter resources monogement

Calls for gender moinstreoming in ogriculture

Addresses issues of youth unemployment through
empowerment in ogri-business

Enobles MINAGRI to moinstream gender ond youth into
ogriculture prograommes

Source: Primory doto, 2021

It should be noted, that Crop Intensificotion Progrom (CIP) moinly drives the current agriculture proctices in Rwonda
progrom introduced in 2007 with the objective to respond to a.growing demond on food security (IRDP, 2018). Since the
introduction of CIP, much focus has been on lond use consolidation, promotion of the intensive use of agricultural
inputs such os chemical fertilizers, pesticides, access to improved seeds through provision of financial subsidies os well
os bulking marketing. However, the government of Rwanda hos recently been shifting the focus to more sustoinoble
production systems to safeguard the environment ond noturol resources in the face of the challenges induced by climate
chonge such as high erosion in the west ond frequent droughts in the East. The study olso assessed the SWOT foctors for

EApolicies in Rwondaos reported by key informonts.
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-Decentralized extension
structures

-Lack of scientific evidences
(e.g. contribution to GDP)

-Good political will (policies,
strategies, & conventions)

- Lack of strategy fo
acquire organic inputs

Strengths

Availability of
implementing partners

Weaknesses

-Limited knowledge and
technologies

Dynamics towards home
grown solutions

-Limited market
information systems

Government gives financial

= 4D asting s & goals
and technical capacity Coutrasting policies: & goak

(e.g. higher fertilizer goals)

-Support companies/ coops

for certification -Overpopulation requiring

urgent intensification

Opportunities

-Open market for organic -Competing land uses

products

-Higher trade-offs for on
farm organic materials

-Good governance and
farmers’ collaboration

Figure 2: SWOT onalysis for the EA policies implementation

Stakeholders Anolysis for EA in Rwondo. Wide ronge of stokeholders is involved in the governonce of the EA system in
Rwonda, with various stokes ond interests as show in the Table 3. A brief summoary of key stokeholders is presented in the
toble below categorized according to their interests ond influences os perceived by the K1ls in this study.

Table 3: Stokeholders’ interests and influence os perceived by key informants Interviews

Low interest Medium Interest High interest
g ENVIROMGREEN HOLDING AFRICA, MINALOC, RDB, AEBR, MINAGRI, RAB, NAEB,
2 o YALTA, RICA, REALMS, Ikirezi ROAM, ACORD, Greencore
E RWAS_HOSCCO’ SORWATHE + Hillside Notural products, Rwonda Rwaonda Ltd, MoE, Districts,
5  Organic Tea Cooperotive Mountoin Tea-RUTSIRO Teq MINECOFIN
= ADECOR factory
g % NISR, RBS, PSF, MINALOC, UR CCOAIB, SINA General CAPCN, HORECO, YEAN
3 =2 Urwibutso
=
§ IPRC, AGRIRESEARCH, Local Morket RYAF, FAO, IFAD, WB Finonce institutions (Equity bonk,
. g (Marriot). BK, or KCB)
Q
=3 5

Source: Primory doto
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Knowledge and practice of EA among farmers

The study compared the EA knowledge that formers have to the proctices they applied in the lost three years ond to the
proctices, they are still applying. It wos estoblished thot formers practice the EA proctices they know ond thot drop out is
not common. On averoge, 34.2% of households hove some knowledge in EA, 29.2% of households opplied that
knowledge in the lost three yeoars, while 27.5% still opply some EA proctices. Nevertheless, the benefits of the proctices
interms of production costreduction or soil fertility improvement still need to be quontified os indicated in the Toble 4.

Table 4: Knowledge and proctice of EA

EA practices EA practices applied EA practices

knowledge in last 3 years still applying
Types of EA Freq. % Freq. % Freq. %
Orgonic fertilizers/compost 200 98 200 98 200 98
Crop rotation 193  94.6 193  94.6 192 94.1
Cover crops/mulches 165 80.9 149 73 144 70.6
Intercropping 162 794 125 61.3 110  53.9
agroforestry (Fruits) trees 136 66.7 127 623 120 58.&
Conservation ogriculture/minimum till 114 559 105 515 101 49.5
Terrocing 109 534 43 21.1 35 17.2.
Small scole irrigotion 104 51 66 324 61 29.9
Contour plonting 101 495 86 422 76 37.%
Cultural control 64 314 41 20.1 32 15.7
Green monure plonts 54 26.5 51 25 48 23.5
Biological soil conservation proctices 38 18.6 23 11.3 19 9.3
Use of weather ond climote information 34 16.7 31 15.2 30 14.7
Eco friendly chemical pesticides 34 16.7 29 14.2 24 11.8
Notural pesticides and onti—weeds such os push ond pull 34 16.7 25 12.3 26 12.7
Recycled harvested rain water 33 16.2 19 9.3 18 8.8
Valley tonk/dom 30 14.7 13 6.4 14 6.9
Mixed crop (Beans or Soyo beoans) 24 11.8 22 10.8 19 9.3
Integrated soil fertility monogement 15 7.4 14 6.9 13 6.4
Form ponds 11 54 1 0.5 1 0.5
Mechanical ond physical control 8 3.9 3 1.5 4 2
Crop insuronce 6 2.9 2 1 2 1
Climate smart post-horvest volue addition 4 2 2 1
Use of SST Equipment’s 1 0.5 1 0.5
Average 70 34.2 60 29.2 56 27.5

Source: Primory doto

Challenges ond Stresses to Agriculture Production in the Study Area. The greatest challenges ond stresses reported by
formers in Kirehe district which is locoted in the Eastern Savonnoh ogro ecology ond which is the driest ogro ecology of
the country were mainly insufficient roinfoll ond drought (combined they account for 50%). Karongi olso follows in
terms of stresses coused by insufficient rainfoll ond drought. For such case, solor powered drip irrigation ore recommended.
However, the districts in the Western Province (Karongi ond Nyobihu) predominontly in the Congo-Nile Wotershed
divide agro ecology did not experience drought reloted stresses mainly due to the abundonce of rainfoll in that agroecology.
Nevertheless, all districts renked high the stress due to diseoses ond pests and the infertile soils. EA con potentiolly
provide mony solutions to these highlighted challenges ond stresses os indicated in the Toble 5.
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Table 5: Challenges ond stresses affecting agricultural production in the study area.

Factors Kamonyi Karongi Kirehe Nyabihu Total
Freq. % Freq. % Freq. % Freq. % Freq. %

Diseases and pests 33 234 40 22.5 23 23.0 11 27.5 107 233
Insufficient rainfall 35 24.8 24 13.5 30 300 2 5.0 91 19.8
Drought 22 15.6 29 16.3 20 20.0 3 7.5 74 16.1
Infertile soil 11 7.8 24 13.5 0 0.0 6 15.0 41 8.9
Inadequote fertilizer 21 14.9 14 7.9 0 0.0 2 5.0 37 8.1
Heavy roinfoll 2 1.4 14 7.9 13 13.0 6 15.0 35 7.6
Crops destroyed by onimols (grozed) 7 5.0 13 7.3 8 8.0 1 2.5 29 6.3
Flood 8 5.7 3 1.7 4 4.0 1 2.5 16 35
Londslide 1 0.7 10 5.6 0 0.0 0 0.0 11 2.4
Other reoson 1 0.7 4 22 1 1.0 5 12.5 11 24
Inoppropriote seeds 0.0 1 0.6 1 1.0 3 7.5 5 1.1
Lote sowing 0 0.0 2 1.1 0 0.0 0 0.0 2 0.4

The root causes of food shortoge in the study area were identified os poor roinfoll, poor soil fertility, lack of forming
inputs, and lock of financial resources/alternative meons to ocquire food. Some EA practices that help in soil moisture
conservation (e.g. mulching, increased soil orgonic matter through composts ond monure) could help in sustaining
ogriculturol production in Kirehe, Korongo and Komonyi. Potentiol solutions proposed by KlIs include Identification
ond mobilization of more formers/ cooperatives to engoge in local seed productionusing EA opprooch; improving post—
harvest hondling through use of drying grounds, threshers, reopers ond storage focilities; Promote a stronger reseorch
colloboration for seed volue chain, with links to EA proctices in Rwonda. Other potentiol solutions include: Improving
the copocities of formers along the specific volue choins (e.g. inputs, production, processing, storoge ond marketing,
consumption); Improving owareness, knowledge ond informotion on the benefits of EA for environment such os soil
protection, reducing pollution ond biodiversity ond Troining extension workers in IPM, pesticide sellers, collectors ond
wholesoler on pesticide or others chemicals on proper pesticide opplication techniques and safe use of pesticides.

Proposed new EA indicators for Ministry of Agriculture ond Animal Resources (MINAGRI). Given that there ore
few indicotors on EA in MINAGRI and NISR Seosonal Agriculture Survey (SAS), the study proposed the need to
strength existing EA indicotors that need improvement for efficiency as well os the proposed new EA proctices,
torgeting ochievement of food security, improved nutrition ond promoting sustoinoble ogriculture. The indicotors ore
orronged per the respective EA practices thematic areo. The indicators mainly cover (i) the conservation agriculture, (ii)
soil-related fertility monagement, (iii) ogroforestry, (iv) sustainoble monogement of pests ond diseases, and (v) nutrition
sensitive ogriculture indicotors.

Youth and Women in Agriculture Sector in Rwanda. The Notional Agriculture Policy (NAP, 2018-2030) promotes
skills development for formers, youth ond women os astrotegy to increose economic opportunities ond contribute to the
goals of poverty reduction. The Notional Youth Policy (2021) reiterates Rwondo's commitment to undertoke systematic
youth progromming through amulti-sectorial strategy involving partnerships between the GoR, development partners,
the private sector, civil society orgonisotions, ond communities to join the efforts in terms of the creation of decent/productive
jobs, entrepreneurship ond innovation. Despite key policies ond strategies thot support women ond youth in ogriculture
ond other sectors in Rwondo, key inequality areas ond implementation borriers including culturol norms, proctices ond
ottitudes reduce opportunities for equitoble ond inclusive growth ond development in the ogricultural sector.

Discussions
Rwondo, like mony other countries, gropples with the complex chollenge of achieving sustoinoble food systems and
climote resilience amidst a.backdrop of environmental degradotion, limited resources, ond climate chonge impocts. In

response to these challenges, there is o.growing recognition of the potential of Ecological Agriculture (EA) proctices to
address food security ond climate resilience issues. This discussion explores the role of EA in Rwanda, focusing on its
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contribution to sustoinoble food systems ond climate resilience, os well os the challenges ond opportunities for its
implementation.

Recentresearch in Rwondasuggests thot current policies under—represent social ond political couses of poverty ond
food insecurity[9], ond that the benefits of this tronsformation ore not aclways equolly shared by women ond girls[10]
and smollholder producers™Moreover, household weolth, focus of agricultural production, and livelihood strategies are
observed to constroin the obility of formers to access support under current policies ond progroms ond reolize their
benefits; smallholder formers in particulor ore likely to experience adverse outcomes of current policies[11].

Ecological Agriculture encompasses o ronge of proctices that prioritize ecological sustainability, biodiversity
conservotion, ond environmentol stewardship. In Rwonda, EA practices have shown significont potential in promoting
sustainoble food systems through various mechonisms. One of the key contributions of EA to sustainable food systems
is its emphosis on biodiversity conservation. By promoting crop diversity, intercropping, ond ogroforestry, EA
enhances ecosystem resilience and reduces vulnerobility to pests, diseoses, ond climate variobility. Initiatives such os
the promotion of nutritious indigenous food crops ond agroforestry in Rwondahave demonstroted promising results in
improving food security ond nutrition.

Furthermore, EA proctices contribute to soil health and fertility, crucial for sustainoble ogriculture. Practices such
os crop rototion, orgenic soil amendments, ond minimal tilloge improve soil structure, water retention, ond nutrient
cycling, thereby enhoncing long-term productivity ond susteinebility. Given the significont challenge of soil degradation in
Rwondo, the adoption of EA proactices con ploy a critical role in restoring soil health ond fertility. Moreover, EA
promotes climoateresilient crop production by building adaptive capocity ond reducing vulnerobility to climate chonge
impocts. Proctices such os rainwater harvesting, conservotion agriculture, ond integrated pest monogement contribute
to enhoncing resilience to droughts, floods, ond extreme weather events. Overall, the contribution of EA to sustoinoble
food systems in Rwondalies in its obility to enhonce biodiversity, soil health, and climate resilience, thereby improving
ogricultural productivity, food security, ond nutrition outcomes.

Despite the promise of EA, severol challenges hinder its widespread adoption in Rwondo. Limited finonciol
resources, infrastructure constraints, ond lack of access to credit ond inputs pose significant borriers to smallholder
formers. Mony formers continue to rely on conventional faorming methods due to alack of technical skills, knowledge,
ond troining. Addressing these barriers requires torgeted education, extension services, and copocity-building progroms
to promote the odoption of EA practices among formers. Additionolly, environmental foctors such os londslides,
deforestation, and soil erosion undermine the sustoinobility of agricultural systems. Unsustainoble lond use proctices
exocerbate soil degradation, necessitoting o multi-sectoral approach involving lond use plonning and conservation
meosures. Smallholder formers, olready vulnerable due to historical power imbalances, are now groppling with the
impoacts of climate chonge. Form-evel climate resilience is criticol for food security ond livelihood protection®.
Adoption of ecological ogriculture ond increased londscope forest cover have been shown to enhance the obundonce
ond diversity of pollinators in key commodity crops, while supporting notural pest control services by providing
habitats for beneficial insects ond birds, ond reducing the relionce on pesticides.

However, there are olso opportunities for promoting EA in Rwondo. The integration of EA into national policies
ond strategies provides o policy framework for promoting sustainable ogriculture. Moinstreaming EA principles into
policy formulation ond implementation con create on enobling environment for the adoption of sustoinoble forming
proctices. Moreover, there is increosing recognition of the importonce of sustoinoble ogriculture for achieving food
security ond climate resilience gools. With growing awareness of the environmentol ond sociol benefits of EA, there is
on opportunity to mobilize political support ond investment for its promotion.

Conclusions and Recommendations

In conclusion, this study highlights the significont contribution of Ecological Agriculture (EA) to sustoinoble food
systems ond climate resilience in Rwonda. EA practices have shown positive impocts on biodiversity, soil heoalth,
climateresilient crop production, livelihoods, ond environmental sustoinobility, demonstrating their tronsformative
potentiol. Promoting nutrition-sensitive EA, including proctices like intercropping, crop rotation, mixed cropping,
rainwoter harvesting ond irrigation, agroforestry, sustainable pest ond disease monogement, aflotoxin control meosures,
ond biofortificotion, con further enhonce these benefits.
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However, despite a considerable portion of households in Rwonda having knowledge of EA proctices, the actuol
opplication of this knowledge remains moderate. Key chollenges in integrating EA into policies for sustoinoble food
systems and climate chonge include limited financial resources, infrostructure constraints, ond low adoption of modern
technologies.

To address these chollenges and capitalize on the potential of EA, severol recommendotions are proposed. Enhonce
coordination omong stokeholders to ensure effective implementation of agricultural policies and progroms, fostering
collaboration ond knowledge sharing omong government ogencies, NGOs, reseorch institutions, ond other stokeholders.
Increase oworeness ond build capocity omong formers regording agroecological practices through education, training,
ond extension services, empowering them to adopt sustoinoble forming methods. Foster stronger research collaboration
for the seed value choin with links to EA proctices, promoting context-specific agroecological solutions toilored to
Rwondd’s ogricultural londscope. Strengthen policy implementotion by monitoring ond evoluoting progress, estoblishing
mechonisms to trock the impoct of interventions aimed ot promoting ogricultural sustoinobility ond food security.
Improve resource occess for smallholder formers by focilitating their access to quality seeds, lond, ond morkets through
torgeted interventions ond support mechonisms. Foster portnerships with internationol orgonizotions ond donor agencies to
access technical expertise, finoncial resources, and best practices in sustoinoble ogriculture. Ensure alignment ond
coherence between ogricultural policies, environmental conservation efforts, ond broader development gools to
moximize synergies ond minimize trode-offs. Prioritize investments in resilience-building measures, including EA
proctices such os soil conservation ond water monagement, to enhonce Rwondo's adaptive copacity to climote chonge
impocts.
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