
Okori et al. Agriculture & Food Security           (2022) 11:38  
https://doi.org/10.1186/s40066-022-00375-4

RESEARCH

Improving efficiency of knowledge 
and technology diffusion using community 
seed banks and farmer‑to‑farmer extension: 
experiences from Malawi
Patrick Okori1*   , Wills Munthali1, Harry Msere1, Harvey Charlie1, Soka Chitaya1, Felix Sichali1, Ethel Chilumpha1, 
Teddie Chirwa1, Anitha Seetha3, Betty Chinyamuyamu4, Emmanuel Monyo2, Moses Siambi1,5 and 
Rowland Chirwa6 

Abstract 

Background:  Agri-innovations are mostly delivered to farmers through private and public sector-led institutions 
around the world, with various degrees of success in Malawi. These distribution systems, on the other hand, do not 
meet everyone’s production and productivity needs, particularly those of smallholder farmers. Alternative gap-filling 
systems are therefore required. Over the course of 7 years, we performed two studies in Malawi to assess the effi-
ciency of integrated farmer led agri-innovation delivery mechanisms, in order to advise programming and delivery 
improvements. The first study looked at the impact of farmer-led technology delivery on agricultural output and pro-
ductivity. It was split into two phases: learning (2010–2015) and scaling-out (2016–2019). The second study looked at 
how smallholder farmers changed their behaviour, after receiving instruction during the scaling-out phase. A farmer-
led social network, community seed banks, was used as the research platform.

Results:  The number of farmers who had access to improved seed increased by 35-fold from 2.4% in the baseline 
year. Groundnut, the major study crop, had a 1.8-fold increase in productivity. In sorghum, and common bean, the 
difference in grain yield between beneficiaries and control populations was 19% and 30%, respectively. The low-
est aflatoxin contamination was found in groundnut grain samples from trained farmers, showing that learning had 
occurred, with three training sessions sufficient for initiating and sustaining adoption of agri-innovations.

Conclusions:  Many developing country economies have limited investments in agricultural extension and advisory 
services, and as well as inefficient agri-input delivery systems, limiting access to science solutions needed to boost 
productivity. The farmer-led technology and knowledge dissemination systems examined in this research, are appro-
priate for a variety farming contexts, especially for crops underinvested by private sector, and where public extension 
and advisory services are poorly funded.
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Introduction
The goal of many sub-Saharan African (SSA) countries 
is to catalyse agriculture productivity growth in order 
to ensure food, nutrition and income security of their 
populations. This ambition, however, is hampered by 
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the restricted availability and use of innovative agricul-
tural inputs [1–3]. Smallholder farmers, particularly 
marginalized groups of women and youth [4, 5], account 
for 52% of the workforce in Malawi [6]. These marginal-
ized groups’ gender-differentiated rights, have an impact 
on their long-term land productivity investments [7], 
and should be handled in an inclusive manner, to secure 
livelihoods and expand economies [8]. Farming systems 
supporting such marginalized populations, often involve 
crop species that have limited propriety control, and 
therefore, are not attractive for private sector investment 
[9].

Legumes and cereals, (with exception of maize), are 
essential components of Malawi’s and many SSA agri-
food systems, whose seed systems are underinvested 
by the private sector, [10, 11]. Only 2.4–17% of legume 
and other self-pollinated crop certified seed is delivered 
to smallholders in developing countries by private sec-
tor [9]. Where governments use subsidies to increase 
technology access, such as Malawi’s Affordable Inputs 
Programme, the focus is on inorganic fertilizers and 
main staples like maize, crowding out several food and 
nutrition security crops [12, 13]. Crop diversification 
by smallholder farmers in Malawi, however, is based on 
underinvested crops to meet to food, income and nutri-
tion needs [14–16]. Examples of underinvested crops 
produced by smallholder farmers of Malawi and many 
SSA countries include: groundnut (Arachis hypogea), 
pigeon pea (Cajanus cajan), common bean (Phaseolus 
vulgaris), sorghum (Sorghum bicolor), finger millet (Eleu-
sine coracana) and pearl millet (Pennisetum glaucum) 
[17–19].

Many underinvested crops have lower adoption rates 
in SSA than in Asia and South America [9, 17, 20]. 
Improved groundnut adoption rates in Tanzania is 19% 
[17], about half of what is observed in Malawi, particu-
larly for modern varieties [21]. Farmers who want to 
obtain improved varieties, are even more limited in 
options, due to the limited variety portfolio supported by 
agricultural input delivery agencies. Improved ground-
nut varieties such as Chitala, Kakoma, Baka and Chal-
imbana 2005, collectively occupy less than 10% of total 
area planted to groundnut in Malawi. This is three to five 
times less than the area under the relatively more popu-
lar groundnut varieties, Nsingiro and CG7, which occupy 
31.4 and 54.2%, respectively, of area under improved vari-
eties [21, 22]. The underinvested groundnut varieties, 
on the other hand, have unique production and market 
qualities such as: early maturity (90–110 days), multiple 
cropping ability, have good consumption characteristics, 
which are the foundations for robust agri-food systems. 
Smallholders who grow underinvested crops, commonly 
use farm-saved seed, which they replant for several 

generations, resulting in significantly lower yields of 
between 50 and 70% and poor quality [23–25]. Given the 
importance of smallholder farmers for Africa’s food secu-
rity [3], and the fact that they are already progressively 
intensifying their production, particularly of cereals [12], 
it is critical to strengthen their seed security by exploring 
alternative but inclusive seed delivery methods.

In this article, we also looked at farmer-led inclu-
sive ways for expanding smallholder farmers’ access to 
knowledge because of its pivotal role in growing farm 
productivity. While smallholder farmers appreciate the 
importance of technology and knowledge in increas-
ing productivity, their aspirations are hampered by poor 
and dysfunctional delivery systems [26, 27]. Ethiopia’s 
Agriculture Growth Programme, probably one of SSA’s 
productive investments, demonstrates how effective 
technology and knowledge delivery can empower small-
holder farmers to progressively expand their farming 
operations [28]. Malawi’s agriculture extension and advi-
sory services, have a limited scope and scale of opera-
tions, which is exacerbated by underfunding [29], and 
bias toward maize, the staple food, and tobacco the main 
cash crop [29, 30]. Such a system, disempowers small-
holder farmers [31]. Underpinned by social networks 
or farmer-to-farmer systems [32], inclusive technology 
and knowledge delivery, can improve the reach-out to 
under-resourced farming communities [33]. Using two 
integrated studies, this article assessed the effectiveness 
of farmer-led technology and knowledge delivery sys-
tems among Malawi’s smallholder farming communities, 
in order to influence future programming. The research 
focused on smallholders farming the legumes: ground-
nut, pigeon pea, common bean, and the cereals: pearl 
millet and rice (Oryza sativa), in 12 districts across the 
country. To leverage their collective capacities, farmers 
were organized via social networks. The study findings 
are examined in relation to the design of technology and 
knowledge scaling-out investments to under-resourced 
farmers in rural communities of Malawi.

Methodology
Conceptual framework
The effectiveness of farmer-led systems for boosting 
access to productivity-enhancing technology, and knowl-
edge by smallholder farmers, in order to unlock value 
from agriculture for their livelihood needs, is presented 
and discussed in this article. The effectiveness of farmer-
led technology and knowledge delivery systems among 
smallholder farmers of Malawi was investigated using 
two integrated studies that focused on two important 
segments of agricultural value chains. The first study, 
looked into the effectiveness of farmer-led technology 
delivery systems on the production segment of crop 
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value chains. This research was split into two parts: a 
learning phase that lasted five cropping seasons (2010–
2011 to 2014–2015), and a scaling-out phase that lasted 
three cropping seasons (2016–2017 to 2018–2019). The 
second study looked at how farmer-led knowledge deliv-
ery systems affected behavioural changes in smallholder 
farming techniques. Both studies used Community Seed 
Banks (CSBs), an informal farmer led social network 
mechanism, that improveds access to seed by leverag-
ing collective operations in rural communities. The CSBs 
help under-resourced rural farmers produce, store and 
deliver/access planting material [34, 35]. The treatment 
cohort consisted of CSB members who received research 
interventions, while the control cohort consisted of non-
CSB members, who had not interacted with the research. 
Farmer-led agriculture extension and advisory service 
access were also supported by the CSBs, which used 
trained lead-farmers1 to implement farmer-to-farmer 
extension. Professionals instructed and gave learning 
materials to lead-farmers, for training fellow farmers. 
Farmer-led methods are appropriate for low-cost agri-
cultural extension and advisory services [36]. Learning 
was measured by looking at how people changed their 
behaviour after being exposed to good agronomic prac-
tices, the detrimental impacts of aflatoxins2 and effective 
solutions for mitigating aflatoxin contamination of grain 
and food. Adoption and learning variables also revealed 
information on farming system long-term viability and 
productivity, as well as integration into the monetary 
economy. A brief description of each study approach is 
provided below.

Description of the study sites
During the learning phase, studies were carried out in 
Malawi’s major groundnut producing districts of Nkho-
takota, Mchinji, Kasungu and Mzimba. For compari-
sons, farmers from Dowa, a non-project intervention 
site, were used as the control population (Fig. 1). Studies 
were undertaken in the districts of Chikhwawa, Nsanje, 
Karonga, Mchinji, Mzimba, Lilongwe and Dedza during 
the scaling-out phase, with farmers from Balaka serving 
as the control population for comparisons (Fig. 1). These 
districts are illustrative of Malawi’s three agroecologies: 
low altitude (200–700 m above sea level), with ≤ 600 mm 
of annual rainfall; mid-altitude (650–1300  m above sea 
level), with ≤ 800 mm of annual rainfall; and high altitude 

(> 1300  m above sea level), with ≤ 1000  mm of yearly 
rainfall [38]. The districts of Nkhotakota, Chikhwawa, 
Nsanje, Karonga and Balaka occur in the low-land agro-
ecology, while Mchinji, Kasungu and Dowa occur in the 
mid-altitude agroecology, and Mzimba, Chitipa, Rumphi 
are occur in the highland agroecology. All these agroecol-
ogies experience tropical dry and semi-humid weather, 
which favours Aspergillus fungal infection of developing 
groundnut pods, subsequently producing aflatoxins as 
they mature [38, 39]. Previous research in Malawi found 
an inverse association between annual precipitation and 
aflatoxin contamination of groundnut grain, with low-
land crop, contamination being higher than mid- and 
high-altitude crop contamination [38]. Farming com-
munities were mobilized through collaborations between 
civil society and farmers.

Study 1: Technology access through community 
seed banks
The learning phase
CSB formation
The initial task in this phase, was to establish CSBs in the 
study districts. Project partners held consultative meet-
ings with agricultural communities in each district to: (a) 
choose a crop enterprise that was profitable and crucial 
for their livelihoods and, (b) to identify the major prob-
lems restricting its production to marketing. In every 
district, groundnut was the most preferred crop. Under 
the guidance of local leaders and extension staff, an aver-
age of 16 farm-families were constituted into each CSB. 
Members of each CSB were mostly from the same com-
munity, and or Malawian public extension management 
system. A CBS management committee was formed, to 
oversee CSB operations, consisting of a chair, secretary, 
treasurer and three committee members, one of whom 
was in charge of seed production quality assurance. 
Training, production quality assurance, seed storage, and 
engagement with other actors such as researchers, exten-
sion staff and or traders were all regular CSB operations. 
Men and women were encouraged to serve on manage-
ment committees at each CSB. The CSBs were either 
hosted by farmer organizations like the National Small-
holder Farmers’ Association of Malawi (NASFAM) and 
Ekwendeni Mission Hospital’s Malawi Farmer-to-Farmer 
Agroecology initiative (MaFFA), or formed from inde-
pendent farmer clubs created by the public agriculture 
extension service. Basic storage infrastructure and exten-
sion support was provided by hosting organizations, 
while farmer clubs identified a trusted member with 
enough and suitable storage facilities to store their seed. 
Typically, such a farmer was a trusted and well-known 
community leader. ICRISAT trained the lead-farmers on 
good agronomic practices for grain and seed production, 

1  Lead-farmers are usually people, who may be retired local community lead-
ers and or active civil servants of both gender, most of whom are literate, who 
disseminate knowledge in their communities by training fellow farmers and 
hosting result-demonstrations.
2  Aflatoxins are mycotoxins with known human and livestock health risks, 
produced by some types of fungi following their colonisation of grain [37].
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leadership and group dynamics, informal seed system 
management, and aflatoxin mitigation. Public and part-
ner extension personnel stationed at the research sites, 
received similar training to the lead-farmers, and were in 
addition given training materials to support lead-farmer 
training sessions. To demonstrate their dedication to 
the group, every CSB member paid 500 Malawi Kwacha 
(equal to US $3 at 2011 exchange rates), to contribute to 
the cost of storage facility maintenance. In total, 45 CSBs 
were established in four study districts from 2010–2011 
to 2014–2015 cropping seasons.

CSB operations
Each CSB got start-up seed from ICRISAT and each 
beneficiary farmer received 10  kg of basic (foundation) 
seed3 of improved groundnut, which was utilized to pro-
duce the initial volume of quality-declared seed based on 
accepted management regulations set by the CBS (Fig. 2). 

Fig. 1  Map of Malawi showing study the sites in different agroecologies of the country. The designations of the districts indicate where the farmers 
who took part in the study live. Agroecologies have been shaded differently. The large bright-blue body on the right-hand side of the figure is lake 
Malawi

3  A class of seed used to produce certified seed. Certified seed is the grade 
sown by farmers for grain production. In this study, a high-grade seed class 
was used to guarantee production of at least four generations of high-quality 
seed, when production prerequisites are met.
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Standard seed production guidelines were used to raise 
the seed -crop that was supervised to maturity by a lead-
farmer who also served on the management committee. 
The lead-farmers were supported by ICRISAT and field 
extension professionals. The CSB management took note 
of any production issues which would inform future 
decisions on a members performance, especially if he/
she failed to pay the seed -loan. The crop was harvested 
at maturity, and the principal benefactor repaid the bor-
rowed seed, with interest (i.e., twice as much or 20 kg). 
Members who knowingly failed to repay seed, were de-
registered and barred from participating in any future 
CSB activities (training, access to markets, etc.). If a 
member’s loan payback failure was due to circumstances 
beyond his/her control, he or she was given a second 
seed -loan and the production -to -repayment process 
was repeated. Partial loan repayment was rolled over 
to the next cropping season. All repaid seed was stored 
centrally at the CSB, and distributed to a new group of 
beneficiaries the next cropping season. As a result, the 
number of beneficiaries doubled with each new cropping 
season, as new farmers got seed and then repeated the 
cycle. Beneficiaries were encouraged to sell excess seed 
to other farmers within their communities, extending the 
reach of technology even further, while still maintain-
ing enough seed for themselves to expand crop acreage. 
After 4  years of implementation, adoption of improved 
groundnut varieties by CSB members was investigated 
in Mchinji, Nkhotakota and Mzimba districts. Mzimba 
is a vast district that is administratively separated into 
two management units: North and Mzimba manage-
ment units. Three CSBs were randomly selected in each 

district, and 25–28 were randomly selected farmers to 
participate in the study (Table 1). Each participant filled 
out a basic questionnaire about the amount of seed they 
got, the sources of seed they utilized for planting the 
following crop, and how they used harvested seed after 
repaying the seed -loan. This information was then com-
pared to the research baseline data.

The scaling‑out phase study
The CSB approach used in the learning phase and its 
modified version, were utilized to scale-out seed of 

Partners 
establish CSB

Start-up seed
Train lead farmers

Members get seed
Trained by lead farmers

Farmer raises a crop and pays back 
twice the quan�ty of seed received

New cohort of farmers loaned seed 
from CSB

Farmers sell excess seed and or use it 
to pay for other livelihood needs

345

6

21

Fig. 2  Processes of a community seed bank are depicted in this conceptual diagram. Seed banks are established by partnering with beneficiary 
communities and training lead-farmers and extension staff, who then train additional farmers to produce seed on loan from the seed bank. Farmers 
may collaboratively train and control their seed crop this way

Table 1  The study population from communities engaged 
between 2010 and 2015, the research learning phase

a Farmers from Kasungu supplied grain samples for Aflatoxin B1 contamination 
assay. They had been trained separately, and earlier than the main study 
population
b Mzimba is Malawi’s largest district. It is sub-divided into two administrative 
units of Mzimba North and Mzimba South. Three CSBs, per administrative unit, 
were engaged for the study
c Farmers from Dowa are not beneficiaries of the project and provided research 
control samples for Aflatoxin B1 assay

District Number of community 
seed banks/farmer 
groups

Number of respondents

Beneficiary 
households

Non-
beneficiary 
households

Kasungua 5 55

Mchinji 3 58

Mzimbab 6 73

Nkhotakota 3 40

Dowac – 0 77

Total 17 226 77
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underinvested crops in the 2016–2017, 2017–2018 and 
2018–2019 cropping seasons. Seed storage, recruitment 
of a new tier of beneficiaries, and subsequent training, 
were all done on an individual basis using the modified 
CSB approach. This approach is ideal for small-seeded 
crops since it avoids the requirement for big storage 
facilities, which we found to be a prevalent restriction in 
some rural areas. New crops such as pigeon pea, com-
mon bean, sorghum, pearl millet and rice were intro-
duced during this phase in addition to groundnut. The 
CSB approach described in the learning phase was used 
to promote groundnut and common bean; whereas, 
the  modified approach was used to promote sorghum, 
pearl millet and pigeon pea. The second group of benefi-
ciary farmers, once trained and technically supported by 
the nucleus farmer, produced high-quality seed and like-
wise, recruited two new beneficiaries, thereby expanding 
the beneficiary population. After three-to-four genera-
tions of implementation, seed may be refreshed to main-
tain high productivity. Beneficiary farmers at that point 
in time would also graduate to efficient seed and grain 
producers ready to participate in the monetary economy.

To investigate results of CSBs during the scaling-out 
phase, productivity changes among beneficiaries in 
seven districts, was assessed. In the 2016–2017 crop-
ping season, 21 CSBs were chosen and followed up  in 
the 2017–2018 and 2018–2019 cropping seasons. In each 
CSB, an average of 15 members were randomly selected 
from membership lists kept by CSB leaders, generating 
at least 300 respondents per cropping season. The con-
trol population for comparison was 200 non-beneficiary 
farmers per cropping season, from the same districts, as 
the CSBs. These control farmers were identified by local 
extension officers in the research focus districts. Farm-
ers who had not interacted with the research were asked 
to fill out a brief questionnaire by extension officers and 
the information generated was subsequently used by the 
project team to identify the control population. Control 
farmers on the whole had not received training or seed 
and were not affiliated with CSBs. The explanatory vari-
able of the number of training received, was used to iden-
tify non-beneficiaries. Over the three cropping seasons, 
917 beneficiary households and 653 non-beneficiary 
households were interviewed (Table 2).

Data management and analytical framework
Learning phase
Districts within the same agroecology were treated as 
replicates, with all farmers receiving the same train-
ing and crop varieties. In each district, three CSBs were 
randomly selected for data collection. Assembled data 
were subjected to analysis of variance using GenStat 19th 

Edition and means compared, using Fisher’s protected 
least significance difference test at P ≤ 0.05.

Scaling‑out phase
Crop production and productivity data collected from 
CSB members during the scaling-out phase were analysed 
with descriptive statistics and a generalized linear model 
using Stata 14.2.1 statistical package. The generalized lin-
ear model was preferred to ordinary least square regres-
sion model, because the distribution of residuals was not 
normally distributed. Secondly, because yield is a function 
of a number of independent and linked explanatory varia-
bles, the generalized linear model was the most appropri-
ate framework for statistical analysis. Linked explanatory 
variables, for instance, district of groundnut production, 
is linked to agroecology, market access and access to 
extension and advisory services. We did not apply inor-
ganic fertilizers, a commonly used variable in yield regres-
sion modelling, because it is not a common practice for 
groundnut production in Malawi. The independent vari-
ables were: district of crop production, number of train-
ing sessions received during the study period, gender and 
age of farmer, level of education and crop variety grown. 
There variables were converted into dummy variables 
during the analysis. The model used was:

where β0 = Constant; X1…Xn = independent variables, 
Y = grain yield in kg/ha

(1)g{E(Y )} = β0+ f1(x1)+ f2(x2)+ · · · + fn(xn),

(2)

gE(Y) = β0 + f(age) + f(education) + f(district)

+ f(sex of farmer)

+ f(number of training on groundnut productivity received)

+ f(groundnut variety grown).

Table 2  The study population from communities engaged 
between 2016 and 2019, the research scaling-out phase

District Number of 
community seed 
banks

Number of respondents

Beneficiary 
households

Non-
beneficiary 
households

Nsanje 2 113 81

Chikwawa 2 123 87

Dedza 4 201 89

Mzimba 4 135 156

Mchinji 4 135 91

Karonga 3 111 78

Balaka 2 99 71

Lilongwe 3 144 84

Total 24 1016 737
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Study 2: Knowledge access 
through farmer‑to‑farmer approach
Good agronomic practices
The efficiency of the farmer-to-farmer knowledge dis-
semination approach was investigated for 3 and 4 years, 
in Kasungu and Mchinji, respectively, by leveraging social 
networks of CSBs. The research was carried out in three 
stages. In the first stage, the research team trained pub-
lic and or civil society extension staff, on good agronomic 
practices for groundnut grain and seed production, as 
well as aflatoxin mitigation (food safety). Theoretical 
knowledge was presented over the course of three days, 
with three follow-up sessions, spaced out over impor-
tant stages of crop development. Hands-on training 
sessions was done at learning sites in  fields that hosted 
result demonstrations, as described for the theory train-
ing sessions. In the second stage, lead-farmers were iden-
tified from the beneficiary population, and subsequently 
trained by the extension staff. Lead-farmers received 
the same training as the extension staff, with the excep-
tion that they were required to attend multiple follow-up 
sessions throughout the cropping season as determined 
by their extension staff trainers. In the third stage, lead-
farmers trained other farmers in their communities on 
crop production and food safety at various stages of crop 
growth. Farmer-field-schools were used to train all three 
learner-types, as this approach allows for interactive, 
problem solving and discovery based hands-on learning. 
Beneficiary farmers, met once a week in groups of 25–30 
people at a farmer-field-school site, where they were 
trained by a lead-farmer on production-through-post-
harvest management of the priority crops, using a curric-
ulum developed by the research team. This process was 
used in 50 and 30 farmer-field-schools in Kasungu and in 
Mchinji, respectively.

Food safety
Training of different learner-types on aflatoxin contami-
nation and its effects on food safety and trade, as well 
as the mitigation technologies, was done as described 
for good agronomic practices. In May 2014, the end 
of the cropping season, 715 groundnut grain samples 
were collected from 143 groundnut fields belonging to 
lead-farmers and their student farmers, in Mchinji and 
Kasungu (mid-altitude agroecology) and Mzimba (high-
altitude agroecology). Samples were collected in May, 
to facilitate assay for aflatoxin contamination of grain 
immediately after harvest. Previously, we found that low 
aflatoxin contamination is expected in freshly harvested 
grain if mitigation measures are applied [40]. Addition-
ally, with the help of local leaders, samples were collected 
from groundnut producers in Dowa, a mid-altitude 

agroecology district. Dowa was a non-research inter-
vention site that provided groundnut grain samples for 
comparisons. In Mchini and Kasungu, lead-farmer and 
beneficiary lists were utilized to choose participants at 
random for sample collection, whereas in Dowa, ran-
domly identified farmers provided grain samples. In each 
field, at least five grain samples were collected, dried 
to 7–10% moisture content, and 20 g of the dried grain 
tested for Aflatoxin B1 (AFB1) contamination using 
enzyme linked immune sorbent assay (ELISA) [40].

Data management and analytical framework
Data from the two studies conducted during this period 
were all subjected to analysis of variance as described for 
the learning phase. To assess learning by the target popu-
lation, adoption of aflatoxin mitigation methods based on 
the level of aflatoxin contamination in their groundnut 
grain, post-training was used. As appropriate, the gener-
alized linear analysis was performed.

Results
Access to new technologies through community seed 
banks and the benefits
Seed and allied agri-innovations were delivered using 
CSBs. The proportion of farmers accessing seed from 
CSBs increased by 35-fold, from 2.4% in the baseline 
cropping season (2010–2011), to 84.3% at the end-line 
(2014–2015) cropping season. The number of CSBs 
increased by 7 fold from 45, in 2010 to 314 in 2015, serv-
ing over 15,000 individual farmers directly, with women 
accounting for 47% of the total population. During the 
same period, the proportion of farmers utilizing own-
saved seed, declined from 76% in 2010, to 1% in 2015 
(Table  3). In cropping seasons when rainfall was ade-
quate, seed -loan repayment was up to 80%, but never 

Table 3  Changes in sources of improved variety seed sown by 
farmers during the learning phase

a These farmers obtained seed from fellow farmers in their communities as a gift 
or as payment for services offered
b These farmers planted seed bought from local grain dealers in their 
communities and or open markets
c These farmers planted own-saved seed to produce the next crop. Usually such 
seed is recycled for many generations

Seed source Baseline 2010–2011 
cropping season (%)

2014–2015 
cropping 
season (%)

Community seed bank 2.4 84.3

Fellow farmersa 0.9 11.5

Local marketsb 20.6 3.2

Own seedc 76.1 1.0

Total 100 100
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below 50%, even in years when the weather was unfa-
vourable. Seed -loan repayment was relatively higher 
among men at 80%, compared to women at 67%.

Analysis of variance revealed significant differences 
between seed sources at the baseline and end-line, respec-
tively (Table  4). At the end-line (2014–2015 cropping 
season), whereas most farmers used improved seed from 
CSBs, farmers in Mzimba-North and Nkhotakota districts 

proportionately had fewer farmers doing so, compared to 
farmers in Mchinji and Mzimba-South (Table 4).

Analysis of variance showed new technologies have a 
beneficial impact on community livelihoods, with 92.6% 
of farm-households selling surplus grain to earn revenue 
to meet their basic needs (Table 5). Only 16% of ground-
nut grain harvested was given as a gift, indicating a greater 
focus on monetized transactions or payment for services 
such as labour. Overall, 77% of households said they were 
more food secure because they could buy maize, the sta-
ple grain, during lean periods, before the next harvest, and 
diversify their diets using groundnut crop sales revenue.

Farmers who adopted improved groundnut varieties, 
had a 1.83 fold increase in grain yield, compared to those 
who grew Chalimbana, a local land race, used as the con-
trol check during the scaling-out phase (Table  6). This 
increased yield, allowed households to expand the crop 
area under improved varieties to 1.8 ha, from an average 
of 0.11  ha, further securing their livelihoods (data not 
shown). Although there were differences even within the 
same botanical group, short duration (Spanish groundnut 
varieties) Kakoma and Chitala, were better adapted, than 
mid-duration (Virginia varieties) Chalimbana, CG7 and 
Nsinjiro. Nsinjiro the best performing Virginia variety, 
had lower productivity of 64.7 kg/ha and 83.7 kg/ha, than 
the Spanish varieties, Kakoma and Chitala, respectively. 

Table 4  Changes in access to quality seed by rural farmers of Malawi during the learning phase

a Improved seed but non-certified, usually of grain quality
b Certified seed of the quality-declared class

District Sources of seed at baseline—2010–2011 (%) Sources of seed at end-line—2014–2015 (%)

Seed banka Fellow farmersa Local marketsa Own seed Seed bankb Fellow 
membersb

Local marketsa Own seed

Mchinji 0.00 1.20 35.00 63.80 92.00 2.00 5.00 1.00

Nkhotakota 0.00 0.50 1.00 98.50 82.50 9.25 6.50 1.75

Mzimba North 10.00 1.00 15.00 74.00 73.70 24.40 1.20 0.70

Mzimba South 0.00 0.92 30.00 69.08 90.00 10.00 0.00 0.00

LSD (p ≤ 5%) 2.49 0.79 13.31 36.79 12.70 4.74 1.17 1.02

Table 5  Different uses of harvested groundnut grain by CSB 
beneficiary farmer in four districts of Malawi during the learning 
phase.

*** Highly significant, p ≤ 0.001

n = 104

District Proportionate (%) utilization of excess groundnut 
grain produced by beneficiaries

Sold to grain 
off-takers

Used as gift Payment for labour

Mchinji 90.0 5.3 75.0

Nkhotakota 94.8 2.0 32.7

Mzimba North 90.7 15.6 55.0

Mzimba South 95.0 10.0 64.7

Mean 92.63 8.23 56.85

F-value 0.63 88.10*** 138.90***

Table 6  Mean groundnut productivity (kg/ha), among beneficiary farmers during the scaling-out phase

F-value = 4.807 p ≤ 0.001

Variety Botanical group Crop duration 
(days)

Respondents Yield (kg/ha) Yield difference 
over local check 
(fold)

Chalimbana (local 
check)

Virginia 150 104 697.2

Kakoma Spanish 90 135 1258.0 1.81

Chitala Spanish 110 133 1276.7 1.83

Nsinjiro Virginia 120 133 1193.3 1.72

CG 7 Virginia 120 135 1124.4 1.61
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The productivity disparities between CG7 and the two 
Spanish varieties were considerably greater with Kakoma 
and Chitala producing 133.7  kg/ha and 152.3  kg/ha, 
respectively.

All new varieties matured earlier by over 30 days, com-
pared to the local land race Chalimbana, giving farm-
ers more time to engage in other profitable activities 
(Table 6). With exception of rice, grain yield was signifi-
cantly higher (p ≤ 0.05) among CSB beneficiaries than 
among non-beneficiary farmers (Table  7). Grain yields 
varied seasonally for most crops across the 3-year study 
period, but with 2016–2017 cropping season, having the 
highest grain yields. Using the 2016–2017 cropping sea-
son as an example, the difference in productivity between 
beneficiary and non-beneficiary farmers was 19, 30 and 
32% for sorghum, common bean and groundnut, respec-
tively, and was highest in pearl millet (95%) and pigeon 
pea (113%). The difference in grain yield of rice between 
beneficiary and non-beneficiary farmers was 1% and it 
was not statistically significant.

Knowledge access through farmer‑led systems
Good agronomic practices
Analysis of variance on adoption of new varieties and 
the utilization of aflatoxin mitigation measures by CSB 
beneficiary farmers in the three study districts, during 
the learning phase, was statistically significant (p ≤ 0.05) 
(Table 8). Many farmers deployed yield-enhancing tech-
nologies such as groundnut rosette disease-resistant 
varieties, compared to aflatoxin contamination mitiga-
tion measures. Relatively more farmers in Mchinji and 
Nkhotakota adopted aflatoxin mitigation measures, com-
pared to farmers in Mzimba. Up to 78.7% of respondents 
used at least one of the three improved varieties: 80.2% 
of farmers planted their crop early, in the right plant 

population, and kept them weed-free to control ground-
nut rosette disease and support vigorous crop growth, 
while 68.2% of the respondents used in  situ water har-
vesting techniques for harvesting and retaining water 
between plant rows, a technique, that minimizes end-of-
season drought, a contributing factor to aflatoxin con-
tamination in groundnut (Table 8).

When compared to the commonly cultivated land race, 
Chalimbana, the adoption of improved varieties, Kakoma 
and Chitala, and their production agronomy, enhanced 
grain yield by 502 and 504  kg/ha, respectively. Other 
popular improved varieties had a substantial yield advan-
tage, such as Nsinjiro (414  kg/ha) and CG7 (366  kg/ha) 
(Table 9). During the study period, Dedza district expe-
rienced unfavourable groundnut production conditions, 
with farmers experiencing yield losses of up to 212  kg, 
compared to farmers from Balaka, a drought-prone 

Table 7  Changes in productivity of six crops during the scaling-out phase in seven districts of Malawi

n = 917 for the beneficiary farmer population and n = 653 for non-beneficiary farmer population
*** p ≤ 0.001, **p ≤ 0.05, *p ≤ 0.1
a Rice farmers obtained seed from researchers and not from CSBs. Non-beneficiary rice farmers either planted own-saved seed or obtained it from civil society and or 
commercial retail agro-dealerships

Crop species 2016/2017 2017/2018 2018/2019

Yield (kg/ha) Yield (kg/ha) Yield (kg/ha)

Beneficiary Non-beneficiary Beneficiary Non-beneficiary Beneficiary Non-beneficiary

Groundnut 1065** 809** 808 744 848* 668*

Common bean 1019*** 784*** 750* 601* 672* 504*

Pigeon pea 737*** 346*** 765** 504** 872** 526**

Sorghum 1196 1008 856* 677* 1275** 989**

Pearl millet 1014*** 521*** 564* 322* 658** 389**

Ricea 1405 1388 2311 2105 1971 1881

Table 8  Adoption of groundnut productivity and food safety-
enhancing technologies in three districts of Malawi. n = 161

a This includes use of  in situ water harvesting, a technique that involves 
blocking of adjacent ridges to prevent water run-off, increasing water seepage 
in the ground. Increased soil moisture minimizes end-of-season drought, a 
contributing factor to fungal infection of developing groundnut pods and 
subsequent aflatoxin contamination of grain
b Groundnut rosette disease is the most devastating disease of the crop that can 
cause up to 100% yield loss

District Frequency of technologies/knowledge utilization

Improved 
varieties

Aflatoxin 
mitigationa

Groundnut rosette 
disease mitigationb

Mchinji 80.00 72.00 92.00

Mzimba 68.00 68.00 72.00

Nkhotakota 88.20 64.70 76.50

Means 78.73 68.23 80.17

LSD (p ≤ 5%) 30.72 3.73 3.34
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district. The study also found no influence of gender, on 
access to training, as women and men benefited equally.

Food safety
Aflatoxin contamination in grain samples from ben-
eficiary and control non-beneficiary farmers was sig-
nificantly different (P < 0.05), indicating that learning 
occurred, through changes in mitigation management 
behaviour (Table  10). Compared to grain samples from 
non-beneficiary farmers in Dowa, the comparator dis-
trict, grain samples got from Mchinji and Kasungu ben-
eficiary farmers, had a higher frequency of staying within 
the Government of Malawi’s permissible aflatoxin level 
in food products of 20 parts per billion (ppb), indicating 
that learning had occurred. Despite the fact that Mzimba 
farmers had received aflatoxin mitigation training, their 
grain was more contaminated than of trained farmers 
from Kasungu and Mchinji (Table  10). These findings 
also support the use of farmer training, with a threshold 
of three training sessions, serving as the minimal num-
ber required to initiate and maintain learning (Table 10). 
Overall, farmer training, when combined with the use of 

improved varieties, grown in an appropriate agroecology, 
increases productivity, allowing farmers to meet their 
livelihood needs easily.

Discussion
The purpose of this study was to see how effective 
farmer-led technology and knowledge delivery sys-
tems are at enhancing agri-innovation delivery to rural 
smallholder farmers of Malawi. Two integrated stud-
ies were carried out in two phases: a learning phase 
(from 2010–2011 to 2014–2015 cropping seasons), and 
a scaling-out phase (from 2016–2017 to 2018–2019 
cropping seasons). According to the studies, CSBs, an 
informal farmer led system for production-to-delivery 
of seed have shown a consistent improvement  in access 
to improved seed of underinvested crops. During the 
learning phase, access to improved seed grew 35-fold, 
from 2.4% to 84.3%, while farm-saved seed usage 
fell from 76 to 1%. This demonstrates learning by the 
farming communities, a change in behaviour through 
adoption of improved crop agronomy and or technol-
ogy use. It also suggests that rural households, many 
of whom are marginalized, are getting more access to 
improved seed and good production knowledge. In 
Bangladesh, a farmer led project increased access to 
improved wheat seed, enabling poor and ultra-poor 
farmers to earn more than half of the income required 
to break through the poverty line in their locations [41]. 
Similar reports on improved access by rural communi-
ties to improved varieties has been reported in India, 
[33]. Interestingly, seed -loan repayment was gener-
ally higher among men (up to 80%), compared to (67%) 

Table 9  Key factors influencing adoption of productivity-
enhancing agri-innovations in Malawi during the scaling-out 
phase

n = 917 for the beneficiary population and n = 653 for non-beneficiary 
population
* Significant at p ≤ 0.05

**Significant at p ≤ 0.001
a Districts represent three agroecologies of Malawi where studies were 
conducted. Crop productivity among non-beneficiary farmers in Balaka was 
646.03 kg/ha, n = 91
b The local check Chalimbana against which improved groundnut varieties were 
compared produced 697.2 kg/ha

Variable Coefficient Z value P >|Z|

Age 56.42 0.49 0.688

Education 91.73 0.86 0.496

Districts (agroecology)a

Dedza −220.82 −1.96 0.050*

Lilongwe 632.11 2.79 0.005**

Mchinji 72.56 −0.70 −0.487

Sex of farmer 11.60 0.36 0.716

Training sessions received

Two 89.12 0.80 0.425

Three 306.21 2.79 0.005**

Four 780.00 7.57 0.000**

Five 1120.51 11.06 0.000**

Variety grownb

Kakoma 502.00 6.23 0.000**

Chitala 504.05 6.27 0.000**

Nsinjiro 414.34 5.14 0.000**

CG 7 366.54 4.56 0.000**

Table 10  Changes in aflatoxin contamination of groundnut 
samples from trained farmers in Mzimba, Mchinji and Kasungu 
districts during the learning phase

a ppb = parts per billion. 20 ppb is the Government of Malawi and generally 
accepted international upper limit for aflatoxin contamination of grain and or 
food products [39, 40]
b Farmers from Dowa district did not benefit from research interventions and 
supplied control grain samples

n = 143

District AFB1 range Frequency of Aflatoxin B1 (AFB1) 
concentration (ppb) in grain samples

Grain containing 
less than 20 ppba

Grain containing 
more than 20 ppbb

Mzimba 0.4–633.9 31.00 69.00

Mchinji 0.0–42.9 74.00 26.00

Kasungu 0.6–138.9 72.00 28.00

††Dowa 0.0–191.4 50.00 50.00

Means 56.80 43.30

LSD (P < 0.05) 9.96 26.39
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among women farmers. The reason for this is because 
men took complete management control of their seed 
-crop, including loan payment, especially when the 
man was a CSB member. Women on the other hand, 
only had partial control over their seed -crop in some 
situations, especially, when their family hired farm-
land for production. Women also utilized some of their 
seed harvest for food, which had an impact on loan 
repayments, particularly if the harvest was poor. Fur-
thermore, these findings demonstrate that farmer led 
approaches can improve to access science solutions 
for rural farming households, that have been left out 
by private sector technology delivery services. Farm-
ers who used new groundnut varieties and improved 
agronomy, saw grain yields improve by up to 1.8-fold 
(Table  6). This grain yield, in the case of groundnut, 
is higher than that reported during the same period, 
namely 754 (± 186) kg/ha [42], and shows that small-
holder farmers are adopting improved agri-innovations 
(improved varieties and good agronomy). Overall, these 
findings support the effectiveness of CSBs in providing 
improved seed and other livelihood benefits, particu-
larly to marginalized rural farmers.

During the scaling-out phase, informal seed systems 
applied to several crops significantly increased grain yield 
(Table  7). While there were seasonal differences across 
production years, the trend was increasing. The differ-
ence in productivity between CSB beneficiary and non-
beneficiary farmers, in 2016–2017, the best cropping 
calendar year, ranged from 15% in sorghum, to 30 and 
32% in common bean and groundnut, respectively, with 
pigeon pea, at 113% being the highest. This demonstrates 
that informal seed systems can be tailored to a variety of 
crops, for which farmers can produce quality-declared 
seed. Quality declared seed is considered a lower class of 
seed than certified seed. However, the difference is usu-
ally small for self-pollinated crops, especially during the 
first three generations of a crop cultivated from basic/
foundation and or certified seed, as was the case in this 
study. Given the limited access to seed of improved vari-
eties in many developing economies [43], 44], we sug-
gest that CSBs offer an alternative route for effective last 
mile delivery of improved seed. For crops well supported 
by private sector and government investments, such 
as maize in Malawi, sowing of modern varieties, while 
improved [12], in general, crowds out other food security 
crops [13, 45]. As a result, in many developing countries, 
the use of CSBs is critical for unlocking agricultural pro-
ductivity. In fact, up to 90.2% of farmers in many rural 
communities of developing countries, obtain seed from 
informal sources [9], and this study, finds that across crop 
species, such systems are adaptable and scalable.

The excess grain generated by CSBs is also a strong 
boost to the economy, both rural and urban, with farm-
ers selling up to 90% of surplus grain to generate reve-
nue for their household needs, including food and farm 
labour (Table  5). The contribution to improved liveli-
hoods is evidently strong in this study, with up to 77% 
of households being more food secure. In another study, 
per capita groundnut consumption in these study dis-
tricts, increased from 4 to 9  kg across the study period 
[21], enhancing access to protein and other nutrients that 
are limited in diets of many Malawian farm-households 
[46, 47]. A vibrant groundnut-food processing industry, 
including therapeutic foods, has been fostered by the 
supply of low aflatoxin contaminated grain. Malawi now 
produces a ready-to-eat therapeutic food, developed by 
Valid Nutrition, a civil society initiative, for rehabilitating 
severely malnourished children, which is sold locally and 
or exported. Groundnut a key ingredient in the therapeu-
tic food product that provides energy, protein and a vari-
ety of essential nutrients [48].

Despite this, the relative impacts of these interventions 
particularly at the community level, are less in locations 
where markets for grain and agri-input supply systems 
are weak such as in Mzimba (Table  4). This indicates 
the need for strong market systems, as is the case for 
rice. Rice grain is in high demand in Malawi, with off-
takers offering competitive prices that catalyse farmer 
investment in productivity-enhancing innovations. This 
explains the non-significant differences in rice grain yield, 
between CSB members and non-beneficiary farmers 
(Table 7). Groundnut, a crop with a high elastic demand, 
responds to market forces in a similar way. Grain markets 
in large metropolis such as Lilongwe, Malawi’s capital, 
pay well for good quality attracting investments in afla-
toxin management. Because of the lack of conformity to 
trade sanitary and phytosanitary conditions, groundnut 
grain prices in Mzimba were comparatively lower, rang-
ing from 11 and 20% between 2015 and 2018, with no 
differential pricing for grain (Tables 8, 7). This study fur-
ther finds that rural farmers, like modern market driven 
farmers, place premium on technology that improve their 
livelihood opportunities. Farmers adopted more produc-
tion-input related innovations such as improved varieties 
and good crop agronomy, than aflatoxin mitigation meas-
ures, indicating that grain yield is the single most impor-
tant metric of return-on-investment, and for that reason 
farmers, are ready to invest in it. As a result, new crop 
varieties must have larger grain yield than older ones.

The high level of adoption of new agri-innovations, deliv-
ered though farmer led systems, provides strong support 
for their effectiveness. We find that a threshold of three 
training sessions, is sufficient for rural farming households 
to learn (Table  9). Participatory and inclusive training 
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approaches such as farmer-field-schools and result-demon-
strations, increased proximity of learners to trainers, a sys-
tem suitable for adult education [49]. Accordingly, farmer 
led knowledge dissemination systems should be structured 
to give at least three in-person training sessions, prefer-
ably, supported by result-demonstrations of new technolo-
gies in target communities. Taken together, this article has 
demonstrated the effectiveness of a twinned-approach for 
technology and knowledge delivery, employing farmer led 
systems, that empower farmers and produces positive out-
comes when integrated in local community and farmer 
organization operations. For economies with limited 
investments in agricultural extension and weak agri-input 
delivery systems, this study recommends these alternative 
low-cost, integrated but impactful approaches for support-
ing agricultural transformation and development.

Conclusions
Private sector-led systems are limited in scope and scale 
of their business emphasis for under-resourced, difficult-
to-reach rural farming communities, preventing them 
from accessing advanced genetics and agronomy to solve 
their farming needs. Furthermore, this study recognizes 
the challenge rural smallholder farmers face in accessing 
advisory services. The research shows how an integrated 
farmer-led knowledge and technology delivery system may 
remarkably improve productivity from field to post-har-
vest, allowing rural farm-households to grow their agri-
cultural operations. It proposes a threshold on the number 
of training sessions required to initiate and sustain learn-
ing, as well as a tried-and-true informal seed system, the 
CSB, for increasing production, access and demand for 
improved seed, therefore opening up opportunities for 
private sector investment, as seed demand grows. These 
farmer-led technology and knowledge disseminations 
systems are scalable in a variety of farming contexts as 
precursors for leveraging science solutions for crops pro-
duction, where private sector is underinvested and public 
extension and advisory services are underfunded.

Abbreviations
CARE: CARE International; CIMMYT: International Maize and Wheat Improve-
ment Center; CSB: Community seed banks; EPA: Extension planning areas; 
FAO: Food and Agriculture Organization of the United Nations; FtF-MISST: 
Feed the Future Malawi Improved Seed Systems and Technologies; ICRISAT: 
International Crop Research Institute for the Semi-Arid Tropics; MaFFA: Malawi 
Farmer-to-Farmer Agroecology Project; MSIDP: Malawi Seed Industry Develop-
ment Project; NASFAM: National Smallholder Farmers’ Association of Malawi; 
TFP: Total Factor Productivity; USAID: United States Agency for International 
Development.

Acknowledgements
The authors acknowledge the support provided by all public extension 
officers in the Extension Planning Areas (EPAs) of: Kasungu EPAs—Chipala 
and Lisasadzi; Lilongwe EPAs—Chileka, Mitundu, Ukwe, Chitsime, Chigonthi 

and Malingunde; MchinjiEPAs—Mkanda, Mlonyeni, Zulu and Msitu; Mzimba 
EPA’s—Bwengu, Zombwe, Emfeni, Luwelezi, Mbawa and Mjinge and Nkhota-
kota EPA—Linga; Dowa EPA—Dzoole; Dedza EPAs—Linthipe Golomoti, Lobi 
and Mtakataka; Chikhwawa EPA- Dolo, Mitole and Kalamba; Nsanje EPA—
Nyachilenda and Makhanga; Chitipa EPAs—Misuku and Kameme; Rumphi 
EPAs—Bolere and Mhuju; Balaka EPAs—Phalula, Bazale and Rivirivi; Karonga 
EPAs Vinthutukutu and Lupembe We are also grateful for the leadership and 
technical services provided by field extension staff of NASFAM from the fol-
lowing Associations—Nkhotakota—Linga North and Linga South; Mzimba—
Elangeni, Luwasozi and Luwasozi and Mchinji —Kalulu and Mikundi. We thank 
the leadership of Ekwendeni Mission Hospital, “Malawi Farmer-to-Farmer 
Agroecology (MaFFA) project, especially Ms Lizzie Shumba, who supported 
research activities in Mzimba. Finally, we thank the following ICRISAT field 
officers: Christopher Kachusa, Napthali Mbale, Chisomo Ngombe and Sidney 
Kanyenda who supported the research. Analysis of aflatoxin was done by 
Nelson Kumwenda and Joseph Maruo both formerly of ICRISAT. The following 
research assistants supported data collection and the team is grateful for their 
work, i.e. Madalitso Chiphiko, Gift Twanje, Linda Chavula, Roselyn Kasunda 
and Emmanuel Mtambalika. The support by farmers who participated in the 
research is acknowledged. Graphics were prepared by Lawrence Lazarus 
formerly of ICRISAT.

Author contributions
PO is plant breeder and seed systems specialist who led the MSIDP Phases I 
and II teams, as well as the FtF-MISST project. He led the design and execu-
tion of the studies as well as data analysis and drafting of the manuscript. 
He is based at ICRISAT in LM. WM is a research associate with ICRISAT. He 
implemented activities during the learning phase, as well as data manage-
ment and manuscript drafting; EC, formerly of ICRISAT, was responsible for 
training activities during the learning and scaling-out phases. She is employed 
by FAO Malawi. TC, of ICRISAT, was responsible for training activities during 
scaling-out phase. HM formerly of ICRISAT, conducted the socio-economic 
surveys, data analyses and drafted the manuscript; HC is research associate 
with ICRISAT, who implemented activities during the learning phase and sup-
ported data management; SC formerly of ICRISAT, was a Project Manager for 
FtF-MISST, who oversaw activity implementation and data collection during 
the scaling-out phase. FS formerly of ICRISAT, was a Project Manager for MSIDP 
who oversaw activity design, implementation and data collection during the 
scaling-out phase in northern and southern regions of Malawi; AS is a Nutri-
tion Scientist with ICRISAT. She led the design and implementation of aflatoxin 
mitigation activities, as well as manuscript preparation; BC is an Economist 
leading NASFAM. She led project implementation and manuscript develop-
ment. EM is a plant breeder formerly with ICRISAT. He was involved in the 
design and implementation of some learning phase activities as well as review 
of this manuscript. MS is an agronomist and seed systems specialist, formerly 
with ICRISAT, who oversaw the design and implementation some activities 
during learning phase under MSIDP Phase I, and subsequently reviewed the 
manuscript. He is now based at CIMMYT, Nairobi. RC is a plant breeder and 
coordinator of Southern African Bean Research Network at Alliance Bioversity-
CIAT, Malawi who led the bean research activities of MSIDP. All authors read 
and approved the final manuscript.

Funding
Financial support for this work was provided by the MSIDP Phase I and II 
funded by Irish Aid, FtF-MISST funded by USAID (Grant Number AID-BFS-G-
II-00002-14 Amendments No. 8 & 9 Number MTO 069018), New varieties and 
management systems to improve productivity, food security and safety and 
market competitiveness Funded by McKnight Foundation (Grant No 14-320); 
MSIDP also covered the cost of publication for this article.

Availability of data and materials
The data supporting the results of this article are included within the article; 
detailed data are available from the corresponding author, and on reasonable 
request, will be made available from ICRISAT repository.

Declarations

Ethics approval and consent to participate
Ethical approval for the study regarding aflatoxins was obtained from the 
National Health and Science Research Committee of Malawi (Approval 



Page 13 of 14Okori et al. Agriculture & Food Security           (2022) 11:38 	

Number NHSRC 773). Additionally, consent to participate in the studies 
by farmers was sought prior to engagement by all participants in surveys, 
on-farm trialling and training. In the case of extension workers, approval was 
sought from their employer, through their nomination and or engagement in 
the research activities.

Consent for publication
We approve the publication of this manuscript.

Competing interests
All authors declare they have no competing interests.

Author details
1 International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
P.O. Box 1096, Lilongwe, Malawi. 2 International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT), P.O. Box 39063, Nairobi, Kenya. 3 Inter-
national Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Patancheru 502324, Telangana, India. 4 National Smallholder Farmers’ Associa-
tion of Malawi (NASFAM), P. O. Box 30716, Lilongwe 3, Malawi. 5 International 
Maize and Wheat Improvement Center (CIMMYT), Village Market Gigiri 
Nairobi, P.O. Box 1041‑00621, Nairobi, Kenya. 6 Alliance of Bioversity Interna-
tional and the International Center for Tropical Agriculture (CIAT), P.O.Box 158, 
Lilongwe, Malawi. 

Received: 6 September 2021   Accepted: 19 May 2022

References
	1.	 Goyal A, Nash J. Reaping richer returns: public spending priorities for 

african agriculture productivity growth africa development forum series. 
Washington, DC: World Bank; 2017.

	2.	 Wordofa MG, Hassen JY, Endris GS, et al. Adoption of improved agricul-
tural technology and its impact on household income: a propensity score 
matching estimation in eastern Ethiopia. Agri Food Secur. 2021;10:5. 
https://​doi.​org/​10.​1186/​s40066-​020-​00278-2.

	3.	 Giller KE, Delaune T, Silva JV, et al. The future of farming: who will pro-
duce our food? Food Secur. 2021;13:1073–99. https://​doi.​org/​10.​1007/​
s12571-​021-​01184-6.

	4.	 Galiè A, Mulema A, Mora Benard MA, et al. Exploring gender perceptions 
of resource ownership and their implications for food security among 
rural livestock owners in Tanzania, Ethiopia, and Nicaragua. Agri Food 
Secu. 2015. https://​doi.​org/​10.​1186/​s40066-​015-​0021-9.

	5.	 Kehinde MO, Shittu AM, Adeyonu AG, et al. Women empowerment, land 
tenure and property rights, and household food security among small-
holders in Nigeria. Agri Food Secur. 2021;10:25. https://​doi.​org/​10.​1186/​
s40066-​021-​00297-7.

	6.	 Palacios-Lopez A, Christiaensen L, Kilic T. How much of the labour in 
African agriculture is provided by women? Food Policy. 2017;67:52–63. 
https://​doi.​org/​10.​1016/j.​foodp​ol.​2016.​09.​017.

	7.	 Deininger K, Savastano S, Xia F. Smallholders’ land access in Sub-Saharan 
Africa: A new landscape? Food policy. 2017:67:78–92. https://​doi.​org/​10.​
1016/j.​foodp​ol.​2016.​09.​012.

	8.	 Giller KE. The food security conundrum of sub-Saharan Africa. Glob Food 
Secur. 2020;26: 100431. https://​doi.​org/​10.​1016/j.​gfs.​2020.​100431.

	9.	 McGuire S, Sperling L. Seed systems smallholder farmers use. Food Secur. 
2016;8:179–95. https://​doi.​org/​10.​1007/​s12571-​015-​0528-8.

	10.	 Mburu SW, Koskey G, Kimiti JM, et al. Agrobiodiversity conservation 
enhances food security in subsistence-based farming systems of Eastern 
Kenya. Agri Food Secur. 2016. https://​doi.​org/​10.​1186/​s40066-​016-​0068-2.

	11.	 Danso-Abbeam G, Dagunga G, Ehiakpor DS, et al. Crop–livestock diver-
sification in the mixed farming systems: implication on food security in 
Northern Ghana. Agri Food Secur. 2021;10:35. https://​doi.​org/​10.​1186/​
s40066-​021-​00319-4.

	12.	 Sheahan M, Barrett CB. Ten striking facts about agricultural input use in 
Sub-Saharan Africa. Food Policy. 2017;67:12–25. https://​doi.​org/​10.​1016/j.​
foodp​ol.​2016.​09.​010.

	13.	 Ricker-Gilbert J, Jayne TS, Chirwa E. Subsidies and crowding out: a 
double-hurdle model of fertilizer demand in Malawi. Am J Agri Econ. 
2011;93:26–42. https://​doi.​org/​10.​1093/​ajae/​aaq122.

	14.	 Kankwamba H, Kadzamira M, Pauw K. How diversified is cropping in 
Malawi? Patterns, determinants and policy implications. Food Secur. 
2018;10:323–38. https://​doi.​org/​10.​1007/​s12571-​018-​0771-x.

	15.	 Snapp SS, Fisher M. “Filling the maize basket” supports crop diversity and 
quality of household diet in Malawi. Food Secur. 2015;7:83–96. https://​
doi.​org/​10.​1007/​s12571-​014-​0410-0.

	16.	 Mango N, Makate C, Mapemba L, Sopo M. The role of crop diversification 
in improving household food security in Central Malawi. Agri Food Secur. 
2018. https://​doi.​org/​10.​1186/​s40066-​018-​0160-x.

	17.	 Varshney RK, Ojiewo C, Monyo E. A decade of Tropical Legumes 
projects: development and adoption of improved varieties, creation of 
market-demand to benefit smallholder farmers and empowerment of 
national programmes in sub-Saharan Africa and South Asia. Plant Breed. 
2019;138:379–88. https://​doi.​org/​10.​1111/​pbr.​12744.

	18.	 Mason S, Maman N, Palé S. Pearl millet production practices in semi-arid 
West Africa: a review. Exp Agri. 2015;51:501–21. https://​doi.​org/​10.​1017/​
S0014​47971​40004​41.

	19.	 Ndossi J, Akpo E, Ojiewo CO, et al. Delineating investment opportunities 
for stakeholders in sorghum seed systems: a logit model perspective. Agri 
Food Secur. 2021;10:43. https://​doi.​org/​10.​1186/​s40066-​021-​00306-9.

	20.	 Graaff J, Kessler A, Nibbering J. Agriculture and food security in selected 
countries in Sub-Saharan Africa: diversity in trends and opportunities. 
Food Secur. 2011;3:195–213. https://​doi.​org/​10.​1007/​s12571-​011-​0125-4.

	21.	 Tsusaka T, Harry W, Siambi M, Kizito M, Patrick O. Evolution and impacts 
of groundnut research and development in Malawi: an ex-post analysis. 
African J Agri Res. 2016;11:139–58. https://​doi.​org/​10.​5897/​AJAR2​015.​
10167.

	22.	 Kamanga B, Kanyama-Phiri G, Waddington S, Almekinders C, Giller K. 
The evaluation and adoption of annual legumes by smallholder maize 
farmers for soil fertility maintenance and food diversity in Central Malawi. 
Food Secur. 2014;6:45–59. https://​doi.​org/​10.​1007/​s12571-​013-​0315-3.

	23.	 Affholder F, Poedebat C, Corbeels M, Scopel E, Pablo T. The yield gap 
of major food crops in family agriculture in the tropics: assessment 
and analysis through field surveys and modelling. Field Crop Res. 
2013;143:106–18.

	24.	 Okori P, Charlie H, Mwololo J, Munthali W, Kachulu L, Monyo E, Muitia A, 
Mponda O, Kalule-Okello D, Makweti L, Siambi M. Genotype-by-environ-
ment interactions for grain yield of Valencia groundnut genotypes in East 
and Southern Africa. Aust J Crop Sci. 2019;13:2030–7. https://​doi.​org/​10.​
21475/​ajcs.​19.​13.​12.​p2039.

	25.	 Tittonel P, Giller K. When yield gaps are poverty traps: The paradigm of 
ecological intensification in African smallholder agriculture. Field Crop 
Res. 2013;143:76–90.

	26.	 Gondwe TM, Alamu EO, Musonda M, Geresomo N, Maziya-Dixon B. The 
relationship between training farmers in agronomic practices and diet 
diversification: a case study from an intervention under the scaling up 
nutrition programme in Zambia. Agri Food Secur. 2017. https://​doi.​org/​
10.​1186/​s40066-​017-​0151-3.

	27.	 Somanje AN, Mohan G, Saito O. Evaluating farmers’ perception toward 
the effectiveness of agricultural extension services in Ghana and Zambia. 
Agri Food Secur. 2021. https://​doi.​org/​10.​1186/​s40066-​021-​00325-.

	28.	 Teklewold H. How effective is Ethiopia’s agricultural growth program 
at improving the total factor productivity of smallholder farmers? Food 
Secur. 2021;13:895–912. https://​doi.​org/​10.​1007/​s12571-​021-​01175-7.

	29.	 C Ragasa and C Niu. The state of agricultural extension and advisory 
services provision in Malawi: Insights from household and community 
surveys. Washington, D.C: International Food Policy Research Institute 
(IFPRI). 2017 http://​ebrary.​ifpri.​org/​cdm/​ref/​colle​ction/​p1573​8coll2/​id/​
131093.

	30.	 Messina JP, Peter BG, Snapp SS. Re-evaluating the malawian farm input 
subsidy programme. Nat Plants. 2017;3(4):17013. https://​doi.​org/​10.​1038/​
nplan​ts.​2017.​13.

	31.	 Ricker-Gilbert J, Jayne T. Estimating the enduring effects of fertilizer 
subsidies on commercial fertilizer demand and maize production: panel 
data evidence from Malawi. J Agric Econ. 2016;68:70–97. https://​doi.​org/​
10.​1111/​1477-​9552.​12161.

	32.	 Takahashi K, Muraoka R, Otsuka K. Technology adoption, impact, and 
extension in developing countries agriculture: a review of the recent 
literature. Agric Econ. 2020;51(1):31–45. https://​doi.​org/​10.​1111/​agec.​
12539.

https://doi.org/10.1186/s40066-020-00278-2
https://doi.org/10.1007/s12571-021-01184-6
https://doi.org/10.1007/s12571-021-01184-6
https://doi.org/10.1186/s40066-015-0021-9
https://doi.org/10.1186/s40066-021-00297-7
https://doi.org/10.1186/s40066-021-00297-7
https://doi.org/10.1016/j.foodpol.2016.09.017
https://doi.org/10.1016/j.foodpol.2016.09.012
https://doi.org/10.1016/j.foodpol.2016.09.012
https://doi.org/10.1016/j.gfs.2020.100431
https://doi.org/10.1007/s12571-015-0528-8
https://doi.org/10.1186/s40066-016-0068-2
https://doi.org/10.1186/s40066-021-00319-4
https://doi.org/10.1186/s40066-021-00319-4
https://doi.org/10.1016/j.foodpol.2016.09.010
https://doi.org/10.1016/j.foodpol.2016.09.010
https://doi.org/10.1093/ajae/aaq122
https://doi.org/10.1007/s12571-018-0771-x
https://doi.org/10.1007/s12571-014-0410-0
https://doi.org/10.1007/s12571-014-0410-0
https://doi.org/10.1186/s40066-018-0160-x
https://doi.org/10.1111/pbr.12744
https://doi.org/10.1017/S0014479714000441
https://doi.org/10.1017/S0014479714000441
https://doi.org/10.1186/s40066-021-00306-9
https://doi.org/10.1007/s12571-011-0125-4
https://doi.org/10.5897/AJAR2015.10167
https://doi.org/10.5897/AJAR2015.10167
https://doi.org/10.1007/s12571-013-0315-3
https://doi.org/10.21475/ajcs.19.13.12.p2039
https://doi.org/10.21475/ajcs.19.13.12.p2039
https://doi.org/10.1186/s40066-017-0151-3
https://doi.org/10.1186/s40066-017-0151-3
https://doi.org/10.1186/s40066-021-00325-
https://doi.org/10.1007/s12571-021-01175-7
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/131093
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/131093
https://doi.org/10.1038/nplants.2017.13
https://doi.org/10.1038/nplants.2017.13
https://doi.org/10.1111/1477-9552.12161
https://doi.org/10.1111/1477-9552.12161
https://doi.org/10.1111/agec.12539
https://doi.org/10.1111/agec.12539


Page 14 of 14Okori et al. Agriculture & Food Security           (2022) 11:38 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	33.	 Vernooy R, Mulesa TH, Gupta A, et al. The role of community seed banks 
in achieving farmers rights. Dev Pract. 2020;30:561–74. https://​doi.​org/​10.​
1080/​09614​524.​2020.​17274​15.

	34.	 Vernooy R, Shrestha P, Sthapit B. Community seed banks origins, evolu-
tion and prospects. Issues in agricultural biodiversity. Taylor and Francis 
Group London and New York: Routledge; 2015.

	35.	 Kusena K, Wynberg R, Mujaju C. Do smallholder farmer-led seed systems 
have the capacity to supply good-quality, fungal-free sorghum seed? 
Agri Secur. 2017. https://​doi.​org/​10.​1186/​s40066-​017-​0131-7.

	36.	 Franzel S, Kiptot E, Degrande A. Farmer-to-farmer extension: a low-cost 
approach for promoting climate-smart agriculture. In: Rosenstock T, 
Nowak A, Girvetz E, editors. The climate-smart agriculture papers. Cham: 
Springer; 2019.

	37.	 Pandey MK, Kumar R, Pandey AK, Soni P, Gangurde SS, Hari K, Sudini HK, 
et al. Mitigating aflatoxin contamination in groundnut through a com-
bination of genetic resistance and post-harvest management practices. 
Toxins. 2019. https://​doi.​org/​10.​3390/​toxin​s1106​0315.

	38.	 Monyo ES, Njoroge SMC, Coe R, Osiru M, Madinda F, Waliyar F, Thakur RP, 
Chilinjika T, Anitha S. Occurrence and distribution of aflatoxin contami-
nation in groundnuts (Arachis hypogaea L) and population density of 
Aflatoxigenic Aspergilli in Malawi. Crop Prot. 2012;42:149–55.

	39.	 Anitha S, Tsusaka TW, Njoroge SMC, Kumwenda N, Kachulu L, Maruwo 
J, Machinjiri N, Botha R, Msere HW, Masumba J, Tavares A, Heinrich GM, 
Siambi M, Okori P. Knowledge, attitude and practice of Malawian farmers 
on pre-and post-harvest crop management to mitigate aflatoxin contam-
ination in groundnut, maize and sorghum—implication for behavioral 
change. Toxins. 2019;11:716. https://​doi.​org/​10.​3390/​toxin​s1112​0716.

	40.	 Seetha A, Munthali W, Msere HW, Swai E, Muzanila Y, Sichone E, Tsusaka 
WT, Rathore A, Okori P, et al. Occurrence of aflatoxins and its manage-
ment in diverse cropping systems of central Tanzania. Mycotoxin Res. 
2017;33:323–31. https://​doi.​org/​10.​1007/​s12550-​017-​0286-x.

	41.	 Page SLJ, Baksh ME, Duveiller E, et al. Putting the poorest farmers in 
control of disseminating improved wheat seed: a strategy to accelerate 
technology adoption and alleviate poverty in Bangladesh. Food Secur. 
2009;1:99–109. https://​doi.​org/​10.​1007/​s12571-​008-​0006-7.

	42.	 Kabambe VH, Ngwira AR, Aune JB, Sitaula BK, Chilongo T. Productivity and 
profitability on groundnut (Arachis hypogaea L) and maize (Zea mays L) in 
a semi-arid area of southern Malawi. Afr J Agric Res. 2018;3(43):2399–407. 
https://​doi.​org/​10.​5897/​AJAR2​018.​13331.

	43.	 Abate T, Fisher M, Abdoulaye T, Kassie GT, Lunduka R, Marenya P, Asnake 
W. Characteristics of maize cultivars in Africa: How modern are they and 
how many do smallholder farmers grow? Agri Food Secur. 2017. https://​
doi.​org/​10.​1186/​s40066-​017-​0108-6.

	44.	 Akpo E, Ojiewo CO, Omoigui LO, Rubyogo JC, Varshney RK. A Brief 
Overview of Smallholder Farmers Access to Seed of Improved Legume 
Varieties. In: Akpo E, Ojiewo CO, Omoigui LO, Rubyogo JC, Varshney RK, 
editors. Sowing legume seeds, reaping cash. Singapore: Springer; 2020.

	45.	 Ragasa C, Chapoto A. Moving in the right direction? The role of price 
subsidies in fertilizer use and maize productivity in Ghana. Food Secur. 
2017;9:329–53. https://​doi.​org/​10.​1007/​s12571-​017-​0661-7.

	46.	 Fitzsimons E, Malde B, Mesnard A, Vera-Hernández M. Nutrition, informa-
tion and household behavior: experimental evidence from Malawi. J Dev 
Econ. 2016;122:113–26. https://​doi.​org/​10.​1016/j.​jdeve​co.​2016.​05.​002.

	47.	 NAO. National Statistical Office. Malawi MDG Endline Survey 2014. 
Zomba, Malawi: National Statistical Office. http://​www.​nsoma​lawi.​mw/​
index.​php. Accessed 21 Apr 2021.

	48.	 Ciliberto MA, Sandige H, Ndekha MJ, Ashorn P, Briend A, Ciliberto HM, 
Manary MJ. Comparison of home-based therapy with ready-to-use 
therapeutic food with standard therapy in the treatment of malnourished 
Malawian children: a controlled, clinical effectiveness trial. Am J Clin Nutr. 
2005;81:864–70. https://​doi.​org/​10.​3329/​jhpn.​v23i4.​352.

	49.	 Jhannel T, Kevon R. Experiential learning as a tool for farmer engagement 
and empowerment in a changing regional climate. Caribbean Quarterly. 
2018;64:114–35. https://​doi.​org/​10.​1080/​00086​495.​2018.​14353​42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/09614524.2020.1727415
https://doi.org/10.1080/09614524.2020.1727415
https://doi.org/10.1186/s40066-017-0131-7
https://doi.org/10.3390/toxins11060315
https://doi.org/10.3390/toxins11120716
https://doi.org/10.1007/s12550-017-0286-x
https://doi.org/10.1007/s12571-008-0006-7
https://doi.org/10.5897/AJAR2018.13331
https://doi.org/10.1186/s40066-017-0108-6
https://doi.org/10.1186/s40066-017-0108-6
https://doi.org/10.1007/s12571-017-0661-7
https://doi.org/10.1016/j.jdeveco.2016.05.002
http://www.nsomalawi.mw/index.php
http://www.nsomalawi.mw/index.php
https://doi.org/10.3329/jhpn.v23i4.352
https://doi.org/10.1080/00086495.2018.1435342

	Improving efficiency of knowledge and technology diffusion using community seed banks and farmer-to-farmer extension: experiences from Malawi
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Methodology
	Conceptual framework

	Description of the study sites
	Study 1: Technology access through community seed banks
	The learning phase
	CSB formation
	CSB operations
	The scaling-out phase study

	Data management and analytical framework
	Learning phase
	Scaling-out phase


	Study 2: Knowledge access through farmer-to-farmer approach
	Good agronomic practices
	Food safety
	Data management and analytical framework

	Results
	Access to new technologies through community seed banks and the benefits
	Knowledge access through farmer-led systems
	Good agronomic practices
	Food safety


	Discussion
	Conclusions
	Acknowledgements
	References




