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Abstract  
 
Value-chain linkages are imperative for collective learning, risk sharing, and the heightening of efficiency. The study 
assessed the functional linkages among the cassava value-chain actors. A multi-stage sampling procedure was 
employed for selecting a total of 353 respondents from recognised bodies of farmers, processors, input dealers, 
marketers, extension agents and researchers. Data were collected using validated questionnaires and Focus Group 
Discussions. Data were analysed using descriptive statistics, Analysis of Variance and content analysis of FGDs. 
Findings show that the farmers (96.3% and 82%) had active linkages with cassava processors through commodity and 
service exchanges, but had weak linkages with extension agents (x  ̅= 1.2±0.70) and industrial users of cassava (x  ̅= 
1.1±0.76). The processors had a strong linkage with product marketers (x ̅ = 3.6±0.5). Linkages’ intensities were found 
to differ significantly among the actors (F = 69.9 at P≤0.01). FGD excerpts reveal that transporters were logistically 
connecting farmers with processors. Hence, the structural organization of the cassava value chain relies on localized 
linkages amidst transient institutional extension support. The state’s ADP should be empowered and repositioned to 
revive producers’ linkages upstream, especially to industries. 
 
Key words: actors, cassava industry, commodity exchanges, linkages intensity, value chain efficiency. 
 
INTRODUCTION  
 
The potentials of the cassava industry in 
Nigeria cannot be over emphasised as it 
represents the most important crop to producers 
and portend huge investment opportunity 
through its industrial derivatives (Otekunrin & 
Sawicka, 2019). This had prompted recurrent 
national government interests in it as one of the 
strategic crops for development. Building on 
the previous national initiative in the year 2002 
which significantly led to massive cultivation 
of cassava all over the country and consequent 
glut, cassava transformation was embarked 
upon under the 2012-2014 Agricultural 
Transformation program of President Goodluck 
Jonathan. Strategically, the cassava 
transformation targeted supporting the 
development of viable product-based 
enterprises such as starch, sweeteners, ethanol, 
high-quality cassava flour (HQCF) and dried 
chips industries among others in the cassava 
value chain.  
The intent behind this was the industrialization 
of the cassava sector in order to reposition the 
country as a leader in its international markets. 

Necessitated for this is the projection of the 
primary operators of the highlighted enterprises 
(cassava growers and processors) into efficient 
nodes in the value chain fuelled with the 
support of input suppliers, extension agencies, 
researchers and other relevant institutions 
(Nigeria Cassava Master Plan, 2006). As such, 
an efficient cassava value chain envisioned by 
the cassava transformation plan encompasses 
the close interaction of a number of variedly 
specialized actors. This portends that the 
linkages among the actors would be the 
determinant of the value chain's sustenance. 
Essentially, of pivotal significance are the 
interactive linkages between and among actors 
of subsystems mandated for technology 
generation (research sub-system), technological 
transfer (extension sub-system), targeted 
technology users (client sub-system) and the 
suppliers of the required inputs (input sub-
system). Aside from this, many of the standards 
which characterize the classification as a value 
chain require linked processes all through the 
system. This stands to provide the value chain 
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mandate for an increased system efficiency 
(Ugonna et al., 2015). 
These value chain linkages ideally represent 
flows of information, goods and services, as 
well as systems and processes for adjusting 
activities. Thus, the linkages are about seamless 
cooperation and information flow among the 
value chain activities (Jangam & Rath, 2021). 
The reflection of the quality of relationships in 
the value chain are depicted in the vertical 
linkage of actors up and down the chain. The 
overall strength reflected in the interactive 
transactions among such actors is valued to 
increase the competitiveness and strength of the 
entire value chain (Oddone & Padilla, 2016). 
Similarly, the horizontal linkages (formal and 
informal) between actors at same level such as 
in cooperatives, associations, clusters or groups 
are acclaimed for creating economies of scale 
and contributing to increased efficiency and 
competitiveness.  
The overall combination of the vertical and 
horizontal linkages critically pictures the 
organizational structure and performance of the 
entire value chain (Turkina & Van Assche, 
2018). Necessarily, this would highlight the 
systemic functioning and characteristics of the 
value chain as well. Consequently, the linkages 
are a panacea for collective learning, risk 
sharing and optimization for the overall 
efficiency of the cassava value chain.  Given 
this importance, it is undoubtedly valuable to 
investigate the existing linkages among actors 
and the structural representation of the entire 
value chain. To this end, the study sought to 
identify the forms of linkages existing among 
cassava producers and other actors of the 
cassava value chain, examine the intensities of 
linkages of the various actors; and illustrate the 
structural framework of the cassava value 
chain. 
 
Theoretical framework 
The system theory propounded by a biologist 
Ludwig von Bertalanffy in 1930, has been 
widely applied in many disciplines. A system is 
defined as a set of elements standing in 
interrelation among themselves and with the 
environment (Bertanlafy, 1968). This is 
explained as a representation of a composite of 
interrelated elements that function 
interdependently and can be investigated as 

distinct units. Emphasized in this respect is the 
interconnection of three distinct components 
namely input, throughput and output processes 
for the working of a system (Bertanlaffy, 
1968). Thus, the system theory approach can be 
opined as portraying an integrated framework 
shaped by linkages and interactions among 
identifiable functioning entities.  
On the above premise, the theory is applicable 
to gaining an insight into the interdependency 
of value chain processes and operators through 
which cassava is produced. The basis of this 
attribution is on the reliance of the industry on 
inputs support units inter-connected with value-
added processing and handling activities 
leading to the delivery of a spectrum of value-
added products to the table. Hence, the linkages 
of nodes, provisioning product and service 
movement from one level to another for 
progressive value improvement, simulates the 
theory's elemental categories of input, 
throughput and output. Resultantly, the system 
theory provides a holistic view of the structural 
organization of the value chain. More so, the 
theory's stipulation of the components of the 
system as responsible for the transformation of 
inputs and the consequent production of 
outputs underscore the overarching role of the 
actors in the cassava sector. 
Finally, the basic concepts of system theory 
such as wholeness, openness and feedback 
among others designate the structural 
organization and functioning needed for 
information flow and product movement 
among the functional operators of the cassava 
system. However, Irving (2016) view that 
functional unity and harmony among the actors 
is not totally possible is accepted in this respect 
as a relevant shortcoming of the theory. 
Overtly, this does not diminish the viability of 
the theory in giving an empirical basis for 
projecting the organization of the Nigerian 
cassava system from its elemental and 
interconnected nodes operations. 
 
MATERIALS AND METHODS 
 
The study was conducted in Oyo state, Nigeria. 
The state lies within latitude 80 North and 
longitude 40 East in the southwestern Nigeria. 
The state typically originated and is 
predominated by Yoruba people with big towns 

 
 

reminiscent of the old and powerful Oyo 
dynasty. Characteristically, the rainfall pattern 
in the state is bimodal with average annual 
precipitation of 1194 mm in the North and 
1278 mm in the South. Consequently, two 
vegetation zones can be distinguished in the 
state, namely rainforest in the south and guinea 
Savannah in the north (Oyo State, 2017). The 
state was purposively chosen for this study 
given its relative lead over other south-western 
States as the center of cassava research and 
value chain development in the region.  
The study population comprised of major 
actors in the industry namely farmers, 
processors, input dealers, marketers, extension 
agents as well as researchers. The associations 
recognized by the International Institute for 
Tropical Agriculture (IITA) were accessed for 
the sampling of their members. Random 
sampling was used to select 80 farmers from 
the cassava farmers association while 60 
processors were systematically chosen using 
their association's membership register. Half 
(33) of the 65 members of the State branch of 
the West African Input Dealers Association 
(WAIDA) were randomly sampled just as 30 
percent (75) of the registered cassava products 
marketers were randomly sampled during their 
general monthly meetings. In addition, half 
(55) of the 109 available agricultural extension 
personnel of the State's Agricultural 
Development Programme were randomly 
selected, while a total of 50 researchers from 
both of IITA and Institute for Agricultural 
Research and Training (IAR&T) were accessed 
for data collection. These gave a total sample 
size of 353 respondents.  
The study employed both quantitative and 
qualitative data for triangulation of independent 
results. Interview schedule and questionnaires 
were employed for eliciting needed information 
for quantitative data collection. The existence 
of linkages among actors in the cassava value 
chain was investigated from two dimensions, 
namely linkage forms and intensity. For these, 
the actor linkage map and matrix 
methodologies identified by Biggs & Matsaert 
(2004) were used. The indicators for 
identifying the forms of linkages were obtained 
at a nominal level to obtain such categories 
listed as collaboration linkage, consultation, 
alliance or partnership, trade-related, service 

delivery and others. Anyone indicated was 
coded 1 for description with frequency counts 
and percentages. The linkage intensity on the 
other hand was measured at the ratio level. The 
matrix model used entailed a procedure of 
recording the linkage intensity on a 5-point 
scale of very strong scored 4, strong 3, 
moderate 2, weak 1 and none 0. The mean 
scores were obtained and used to prepare the 
linkage intensity matrix for description. The 
aggregate score was taken as the total linkage 
intensity score tested with Analysis of Variance 
(ANOVA) for establishing difference in actors’ 
linkages in the value chain. Furthermore, 
qualitative data were obtained through Focus 
Group Discussion (FGD) to triangulate 
linkages data obtained for illustrating the 
structural framework of the value chain.  
 
RESULTS AND DISCUSSIONS 
 
Forms of linkages of cassava producers with 
other actors in the value chain 
Results in Figure 1 show that most of the 
farmers (96.3% and 82%) had an active linkage 
with the cassava processors through commo-
dity exchanges and service procurement, 
respectively. Also, all the farmers identified 
commodity exchanges as well as service 
procurement as the linkage forms with 
agrochemical dealers. Only a quarter indicated 
linkage with extension agents through advisory 
service delivery, while linkage with researchers 
was noted by 40 percent of farmers as through 
technical and business training. Above one 
third (37.5%) and 28 percent identified 
commodity exchange as the form of linkage 
with industrial users of cassava and cassava 
products’ marketers, respectively.  
These results depict that the exchange of goods 
and services opportune inter-linkages of 
farmers with most of the other actors namely 
the processors' agrochemical dealers, the 
industrial users of cassava and cassava product 
marketers.  In other words, goods and services 
procurement or disposal represents the network 
through which farmers are linked to many of 
their co-actors in the cassava value chain. This 
could be the underpinning factor for the result 
of Nenna (2016) which pointed out farmers’ 
high priority for market information. This 
stresses the imperative of strengthening and 



163
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developing marketing links as a panacea for 
reinforcing the much-needed viable linkages 
for promoting cassava value chain efficiency, 
competitiveness and sustainability. As well, the 
coverage of extension support service to far-
mers is revealed to be poor despite its critical 
role for engendering forward and backward 
delivery of research outputs to farmers and 
field problems to researchers, respectively.  
On the other hand, it was revealed that strong 
intra-linkages existed among farmers through 
their association (100%), organized cooperative 
groups (68%) and sometimes through collabo-
ration initiatives (27.5%) fostered by the 
Fadama III Additional Funding Project. This 
finding underscores the importance of farmers' 
associations and cooperatives recognized by 
Oluwaseun and Trudy (2014) to have an innu-
merable impact on farmers' uptake of techno-
logical innovations in Southwest Nigeria.   
 

 
Figure 1. Forms of linkages of farmers with various 

actors in the cassava value chain 
 
In the same vein, results in Figure 2 show that 
the linkages of processors mostly entail 
commodity exchange with farmers (69.6%), 
cassava product marketers (61.7%), equipment 
fabricators (56.5%) and cassava products 
consumers (48.3%). Also, service procure-
ment/delivery was indicated as linkage form 
with respect to farmers (59%), fabricators 
(43.5%), cassava product marketers (36.5%) 
and the consumers (48.3%). These results 
equally revealed that the exchange of 
goods/products and services fostered through 
markets is the network through which 
processors interact with the value chain actors 
except for the extension agents and researchers.  

In view of the affirmation by Osuji et al. (2017) 
that the cassava market was poorly structured 
with weak interdependencies, the market 
mediated communication links flagged among 
these actors might not be effective enough for 
ascertaining an efficient and sustainable value 
chain. More so, no form of linkage with 
extension agents was substantially identified 
from the processors, while 15 percent indicated 
linkage with technological researchers through 
participation in technical and business training. 
Thus, it is indicated that the cassava processors 
were left out of the coverage of agricultural 
extension information delivery.  
The identification of technical and business 
training by a fragment of the processors as the 
means of linkage with researchers could be 
their window to technological information on 
the processing technologies. With respect to 
intra-linkages of processors, it was shown that 
the majority (71% and 60%) had service procu-
rement and alliances with their co-processors, 
respectively, while lower proportions (43.5% 
and 39.1%) indicated association and colla-
boration in the same respect. Thus, intra-actor 
linkages of processors were equally found to be 
fostered by their participation in the 
commodity-based associations as well as the 
respective cooperative groups. 
 

 
Figure 2. Forms of linkage of processors  

with other value chain actors 
 
Overall, a substantial level of collaboration 
found among farmers and processors indicating 
an emerging trend of collective production 
could herald enhanced production efficiency 
and value chain development. Essentially, such 
collaborations portend a viable network of 
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strengthening the communicative relations 
among the respective groups. This assertion is 
underscored by the position of Donovan et al. 
(2015) who highlighted that positive collabora-
tion alongside the existence of personal bonds 
promotes effectiveness in the value chain.  
Moreover, linkages of the producers with the 
research arm generating needed cassava 
technologies are established to arise from the 
technical and business training organized at 
various times for the different primary actors. 
However, the limitation posed by the low 
proportion of the respective groups that have 
access to such training as indicated diminishes 
the extent by which the training could mediate 
substantial research information transmission to 
the appropriate users. More so, follow up of 
technological information communicated as 
well as feedback from the receivers may not be 
adequately provisioned within each training 
session. However, such training could facilitate 
producers’ awareness of technologies. 
Relatedly, the coverage of extension advisory 
services flagged as the form of linkage of the 

primary actors with the extension agency is 
found to be inadequate. This is underpinned by 
the established inadequacies besetting the 
activities of the Oyo State Agricultural 
Development Program (OYSADEP) which are 
re-affirmed by Olowoporoku et al. (2017) as 
including the shortage of extension service staff 
amidst increasing farmers' population among 
other issues. 
 
The Intensity of Linkages among Actors 
Results in Table 1 showed the computed mean 
scores and standard deviation of the respon-
dents' linkage intensity with the listed value 
chain actors. The interpretation of these is 
presented with a linkage intensities matrix in 
Table 2. The results showed that farmers were 
only strongly connected with the co-farmers 
(x� = 3.9 ± 0.19), processors (x� = 2.6 ± 0.54), 
agrochemical dealers (x� = 2.5 ± 0.55) and the 
cassava products marketers (x� = 2.5 ± 0.76) 
necessarily for the identified purpose of 
commodity exchanges.  

 
Table 1. Mean scores of respondents’ linkage intensities with other actors in the chain 

Actors  𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 Δ 𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 δ 
Farmers 3.9 0.19 3.2 0.9 3.6 0.86 2 0.64 1.3 0.71 3.1 1.34 
Processors 2.6 0.54 3.8 0.48 2.9 1.06 2.4 0.81 1.9 1.01 1.4 0.35 
EAs 1.2 0.70 0.2 1.17 3.5 0.83 2 0.31 0 0.01 0.1 1.3 
Fabricator 0.7 0.54 2 0.63 1.8 1.28 2.2 0.75 0 0 1.7 1.26 
Input dealer 2.5 0.55 0.8 0.66 2.4 1.23 1.2 0.76 0.1 0.34 3 0.65 
Marketers 2.5 0.76 3.6 0.5 2.3 1.2 1 0.64 3.7 0.45 0.3 0.68 
Agronomists 0.7 0.73 0.4 0.81 2.1 1.22 3.6 0.49 0 0 0.6 1.35 
Technologists 0.2 1.15 1 0.93 1.9 1.56 3.8 0.4 0 0 1 0.95 
Industries  1.1 0.67 1.2 1.15 2.6 1.55 1.8 0.99 0 0.04 0.3 0.68 
Consumers 0.6 0.40 2 0.29 2.7 1.46 1.6 1.21 3.9 0.4 0.6 0.64 
Credit Inst.  0.1 0.38 0.4 0.83 1.4 1.21 1.6 1.22 0.2 0.44 0.8 0.68 
Aggregate score 
mean 

18.2 5.6 20.9 4.9 31.2 10.9 26 9.2 11.5 1.9 16.6 4.4 

 
Table 2. Matrix of cassava value chain actors’ linkage intensities 

  

Actors  Farmers Processors Ext. agents Researchers Marketers Input dealers 
Farmers V. strong Strong V. strong Moderate Weak Strong 
Processors Strong V. strong Strong Moderate Moderate Weak 
Extension agents Weak None V. strong Moderate None None 
Fabricators V. Weak Moderate Moderate Moderate None Moderate 
Agrochemical d. Strong V. weak Moderate Weak None Strong 
Marketers Strong V. strong Moderate Weak V. strong None 
Agronomists V. weak None Moderate V. strong None V. weak 
Technologists None Weak Moderate V. strong None Weak 
Industrial users Weak Weak Strong Moderate None None 
Consumers V. weak Moderate Strong Moderate V. strong V. weak 
Credit provider None None Weak Moderate None V. weak 
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developing marketing links as a panacea for 
reinforcing the much-needed viable linkages 
for promoting cassava value chain efficiency, 
competitiveness and sustainability. As well, the 
coverage of extension support service to far-
mers is revealed to be poor despite its critical 
role for engendering forward and backward 
delivery of research outputs to farmers and 
field problems to researchers, respectively.  
On the other hand, it was revealed that strong 
intra-linkages existed among farmers through 
their association (100%), organized cooperative 
groups (68%) and sometimes through collabo-
ration initiatives (27.5%) fostered by the 
Fadama III Additional Funding Project. This 
finding underscores the importance of farmers' 
associations and cooperatives recognized by 
Oluwaseun and Trudy (2014) to have an innu-
merable impact on farmers' uptake of techno-
logical innovations in Southwest Nigeria.   
 

 
Figure 1. Forms of linkages of farmers with various 

actors in the cassava value chain 
 
In the same vein, results in Figure 2 show that 
the linkages of processors mostly entail 
commodity exchange with farmers (69.6%), 
cassava product marketers (61.7%), equipment 
fabricators (56.5%) and cassava products 
consumers (48.3%). Also, service procure-
ment/delivery was indicated as linkage form 
with respect to farmers (59%), fabricators 
(43.5%), cassava product marketers (36.5%) 
and the consumers (48.3%). These results 
equally revealed that the exchange of 
goods/products and services fostered through 
markets is the network through which 
processors interact with the value chain actors 
except for the extension agents and researchers.  

In view of the affirmation by Osuji et al. (2017) 
that the cassava market was poorly structured 
with weak interdependencies, the market 
mediated communication links flagged among 
these actors might not be effective enough for 
ascertaining an efficient and sustainable value 
chain. More so, no form of linkage with 
extension agents was substantially identified 
from the processors, while 15 percent indicated 
linkage with technological researchers through 
participation in technical and business training. 
Thus, it is indicated that the cassava processors 
were left out of the coverage of agricultural 
extension information delivery.  
The identification of technical and business 
training by a fragment of the processors as the 
means of linkage with researchers could be 
their window to technological information on 
the processing technologies. With respect to 
intra-linkages of processors, it was shown that 
the majority (71% and 60%) had service procu-
rement and alliances with their co-processors, 
respectively, while lower proportions (43.5% 
and 39.1%) indicated association and colla-
boration in the same respect. Thus, intra-actor 
linkages of processors were equally found to be 
fostered by their participation in the 
commodity-based associations as well as the 
respective cooperative groups. 
 

 
Figure 2. Forms of linkage of processors  

with other value chain actors 
 
Overall, a substantial level of collaboration 
found among farmers and processors indicating 
an emerging trend of collective production 
could herald enhanced production efficiency 
and value chain development. Essentially, such 
collaborations portend a viable network of 
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strengthening the communicative relations 
among the respective groups. This assertion is 
underscored by the position of Donovan et al. 
(2015) who highlighted that positive collabora-
tion alongside the existence of personal bonds 
promotes effectiveness in the value chain.  
Moreover, linkages of the producers with the 
research arm generating needed cassava 
technologies are established to arise from the 
technical and business training organized at 
various times for the different primary actors. 
However, the limitation posed by the low 
proportion of the respective groups that have 
access to such training as indicated diminishes 
the extent by which the training could mediate 
substantial research information transmission to 
the appropriate users. More so, follow up of 
technological information communicated as 
well as feedback from the receivers may not be 
adequately provisioned within each training 
session. However, such training could facilitate 
producers’ awareness of technologies. 
Relatedly, the coverage of extension advisory 
services flagged as the form of linkage of the 

primary actors with the extension agency is 
found to be inadequate. This is underpinned by 
the established inadequacies besetting the 
activities of the Oyo State Agricultural 
Development Program (OYSADEP) which are 
re-affirmed by Olowoporoku et al. (2017) as 
including the shortage of extension service staff 
amidst increasing farmers' population among 
other issues. 
 
The Intensity of Linkages among Actors 
Results in Table 1 showed the computed mean 
scores and standard deviation of the respon-
dents' linkage intensity with the listed value 
chain actors. The interpretation of these is 
presented with a linkage intensities matrix in 
Table 2. The results showed that farmers were 
only strongly connected with the co-farmers 
(x� = 3.9 ± 0.19), processors (x� = 2.6 ± 0.54), 
agrochemical dealers (x� = 2.5 ± 0.55) and the 
cassava products marketers (x� = 2.5 ± 0.76) 
necessarily for the identified purpose of 
commodity exchanges.  

 
Table 1. Mean scores of respondents’ linkage intensities with other actors in the chain 

Actors  𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 Δ 𝑥̅𝑥𝑥𝑥 δ 𝑥̅𝑥𝑥𝑥 δ 
Farmers 3.9 0.19 3.2 0.9 3.6 0.86 2 0.64 1.3 0.71 3.1 1.34 
Processors 2.6 0.54 3.8 0.48 2.9 1.06 2.4 0.81 1.9 1.01 1.4 0.35 
EAs 1.2 0.70 0.2 1.17 3.5 0.83 2 0.31 0 0.01 0.1 1.3 
Fabricator 0.7 0.54 2 0.63 1.8 1.28 2.2 0.75 0 0 1.7 1.26 
Input dealer 2.5 0.55 0.8 0.66 2.4 1.23 1.2 0.76 0.1 0.34 3 0.65 
Marketers 2.5 0.76 3.6 0.5 2.3 1.2 1 0.64 3.7 0.45 0.3 0.68 
Agronomists 0.7 0.73 0.4 0.81 2.1 1.22 3.6 0.49 0 0 0.6 1.35 
Technologists 0.2 1.15 1 0.93 1.9 1.56 3.8 0.4 0 0 1 0.95 
Industries  1.1 0.67 1.2 1.15 2.6 1.55 1.8 0.99 0 0.04 0.3 0.68 
Consumers 0.6 0.40 2 0.29 2.7 1.46 1.6 1.21 3.9 0.4 0.6 0.64 
Credit Inst.  0.1 0.38 0.4 0.83 1.4 1.21 1.6 1.22 0.2 0.44 0.8 0.68 
Aggregate score 
mean 

18.2 5.6 20.9 4.9 31.2 10.9 26 9.2 11.5 1.9 16.6 4.4 

 
Table 2. Matrix of cassava value chain actors’ linkage intensities 

  

Actors  Farmers Processors Ext. agents Researchers Marketers Input dealers 
Farmers V. strong Strong V. strong Moderate Weak Strong 
Processors Strong V. strong Strong Moderate Moderate Weak 
Extension agents Weak None V. strong Moderate None None 
Fabricators V. Weak Moderate Moderate Moderate None Moderate 
Agrochemical d. Strong V. weak Moderate Weak None Strong 
Marketers Strong V. strong Moderate Weak V. strong None 
Agronomists V. weak None Moderate V. strong None V. weak 
Technologists None Weak Moderate V. strong None Weak 
Industrial users Weak Weak Strong Moderate None None 
Consumers V. weak Moderate Strong Moderate V. strong V. weak 
Credit provider None None Weak Moderate None V. weak 
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In contrast, weak lines of association 
characterized their linkage with the other value 
chain actors including extension agents (x� =
1.2 ± 0.70) and industrial users of cassava 
(x� = 1.1 ± 0.76) among others. This reveals 
the reliance of farmers on their local networks 
and the inability of vertical linkage to industrial 
uptakers upstream in the value chain. This 
finding is underscored by the fact that remote 
farmers have limited market access and 
capability for large scale uptake of their 
cassava outputs by industries (Dada, 2016) 
Similarly, the processors affirmed strong 
linkage with product marketers (x� = 3.6 ± 0.5) 
and farmers (x� = 3.2 ± 0.9) in addition to 
moderate linkage with fabricators (x� = 2 ±
0.63). In contrast, the majority were adjudged 
to have no standing linkage with the extension 
agents, researchers, credit providers and 
confectionary bakers given the value of their 
mean scores which were less than 0.5. Thus, it 
could be deduced that substantial chain 
connection only existed among the cassava 
handling stages aloof of extension and research 
support. This means that the processors hardly 
have access to research information from the 
relevant institutions especially the State’s. This 
finding explains the submission of Ternenge et 
al. (2019) that the information needs of cassava 
producers are hardly met as a result of the 
inadequacies of the mandated institutions. 
In the case of the cassava products marketers, 
only the products consumers (x� = 3.9 ± 0.4) 
and their co-marketers (x� = 3.7 ± 0.45) were 
noted by a majority to be very strongly linked 
while moderate and weak linkages were 
indicated with processors (x� = 1.9 ± 1.01) and 
farmers (x� = 1.3 ± 0.71), respectively. It was 
equally noted from the mean scores of less than 
0.5 that majority of the marketers had no 
linkage with the other actors including 
extension agents and researchers. Similarly, 
commodity mediated linkage was equally 
affirmed with input dealers’ strong linkage with 
farmers (x� = 3.1 ± 1.34) and processors ( x� =
1.4 ± 0.35). Their linkage with researchers 
(x� = 1.0 ± 0.95) was notably weak just as they 
had very weak linkages with credit providers 
(x� = 0.8 ± 0.68) and cassava products 
consumers (x� = 0.64 ± 0.64). Others including 
extension agents were notably not linked with 
the majority of the inputs’ merchants. This 

underscores the evidence that the strength of 
essential linkages in the value chain is weak 
(Adewole & Omeye, 2018). The result also 
showed the vital connection of the inputs 
dealers to the cassava producers especially 
farmers. This also depicted the inclusion of the 
input dealers in the chain network through 
which cassava outputs are produced.  
 
Test of statistical difference in actors’ 
linkages intensities 
The result of Analysis of Variance conducted 
on the linkages intensities aggregate scores is 
presented in Table 3. The result shows that 
actors differ significantly in the intensities of 
linkages in the value chain (F = 69.911) at 
P≤0.01. This establish that the magnitude of 
inter and intra-linkages differs across nodes in 
the value chain. In other words, In other words, 
differentiation of the actors’ categories reflects 
the existence of varying linkages’ strength and 
possibilities. 
 

Table 3. Statistical test result showing significant 
difference in actors’ linkage intensities 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between 
Groups 

14601.7 5 2920.4 69.
9 

0.0
0 

Within 
Groups 

14453.3 346 41.8   

Total 29055.1 351    

 
To identify the point of existence of difference 
in linkages intensities in the value chain, 
Games-Howell post-hoc analysis was 
conducted after the violation of homogeneity 
test using Levene statistic (36.52 at P≤0.01). It 
was shown (Table 4) that difference in farmers 
and processors linkages intensities (I-J = -2.7) 
was not significant likewise between extension 
agents and researchers (I-J = 5.2). In contrast, 
farmers’ linkages differed significantly from 
Extension agents (I-J = -13.2) and researchers 
(I-J = -7.7). Similarly, the processors differed 
significantly in their linkages’ intensities with 
extension agents (I-J = -10.2) and inputs 
dealers (I-J = 4.3). The marketers having the 
least mean of linkages differed significantly 
with respect to all other actors. These show that 
farmers and processors had nearly the same 
strength of connection in the value chain just 

 
 

like the duo of extension agents and 
researchers, while marketers were distinctly 

and poorly connected with the other actors in 
the value chain. 

 
Table 4. Games-Howell multiple comparisons of Linkages intensities 

(I) actor (J) actor Mean 
Difference (I-J) 

Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 

Farmers Processors -2.71902 .95990 .060 -5.5053 .0673 
EAs -13.01705* 1.60242 .000 -17.7049 -8.3292 
Researchers -7.76250* 1.67761 .000 -12.7515 -2.7735 
Marketers 6.70664* .67025 .000 4.7579 8.6554 
Input dealers 1.62639 .97584 .557 -1.2190 4.4718 

Processor
s 

Farmers 2.71902 .95990 .060 -.0673 5.5053 
EAs -10.29802* 1.63827 .000 -15.0852 -5.5108 
Researchers -5.04348 1.71189 .053 -10.1220 .0351 
Marketers 9.42566* .75195 .000 7.2028 11.6485 
Input dealers 4.34541* 1.03366 .001 1.3254 7.3654 

EAs Farmers 13.01705* 1.60242 .000 8.3292 17.7049 
Processors 10.29802* 1.63827 .000 5.5108 15.0852 
Researchers 5.25455 2.13937 .150 -.9900 11.4991 
Marketers 19.72368* 1.48720 .000 15.3364 24.1110 
Input dealers 14.64343* 1.64766 .000 9.8282 19.4587 

Researche
rs 

Farmers 7.76250* 1.67761 .000 2.7735 12.7515 
Processors 5.04348 1.71189 .053 -.0351 10.1220 
EAs -5.25455 2.13937 .150 -11.4991 .9900 
Marketers 14.46914* 1.56793 .000 9.7470 19.1913 
Input dealers 9.38889* 1.72088 .000 4.2849 14.4928 

Marketers Farmers -6.70664* .67025 .000 -8.6554 -4.7579 
Processors -9.42566* .75195 .000 -11.6485 -7.2028 
EAs -19.72368* 1.48720 .000 -24.1110 -15.3364 
Researchers -14.46914* 1.56793 .000 -19.1913 -9.7470 
Input dealers -5.08025* .77219 .000 -7.3879 -2.7726 

Input 
dealers 

Farmers -1.62639 .97584 .557 -4.4718 1.2190 
Processors -4.34541* 1.03366 .001 -7.3654 -1.3254 
EAs -14.64343* 1.64766 .000 -19.4587 -9.8282 
Researchers -9.38889* 1.72088 .000 -14.4928 -4.2849 
Marketers 5.08025* .77219 .000 2.7726 7.3879 

*The mean difference is significant at the 0.05 level. 
 
Description of the cassava value chain 
structure  
The flowchart presented in Figure 3 showed the 
overall structural representation of cassava 
value chain in the study area. A total of six 
levels characterized by specific processes and 
manned by relevant actors were shown. At the 
entry point of the chart are the technological 
information providers and the associated 
suppliers of the inputs. The actors found here 
include the researchers, extension agents and 
inputs dealers composed of agrochemical 
dealers and the equipment fabricators as well. 
Closely connected to this as shown is the 
second level which comprised farmers 
generally. The farmers were shown to comprise 
individual farmers (small scale and medium 
scale cassava growers), 
cooperatives/collaborating groups growing 
cassava and large-scale industrial cassava 
farmers. The third level is shown to be operated 

by the collectors or transporters. Their 
inclusion at this point was noted from FGDs 
extracts as follows. 
 
"…We sell our cassava tubers to women 
processors that come to the villages for the 
purchase then and transport to their processing 
sites or markets. Some of them that are our 
regular buyers sometimes call us on the phone 
and send money through transporters. Apart 
from them, the transporters also buy truckloads 
of cassava tubers from our farms and take them 
to towns or processing sites for reselling…" 
(Extract of FGD session with farmers at Iseyin) 
“…Both women processors and transporters 
buy our cassava tubers either already 
harvested or unharvested tubers. When 
unharvested, the buyer personally hires labor 
for the harvesting and loading…". (Extract of 
FGD session with Ogbomosho farmers). 



167
 

 

In contrast, weak lines of association 
characterized their linkage with the other value 
chain actors including extension agents (x� =
1.2 ± 0.70) and industrial users of cassava 
(x� = 1.1 ± 0.76) among others. This reveals 
the reliance of farmers on their local networks 
and the inability of vertical linkage to industrial 
uptakers upstream in the value chain. This 
finding is underscored by the fact that remote 
farmers have limited market access and 
capability for large scale uptake of their 
cassava outputs by industries (Dada, 2016) 
Similarly, the processors affirmed strong 
linkage with product marketers (x� = 3.6 ± 0.5) 
and farmers (x� = 3.2 ± 0.9) in addition to 
moderate linkage with fabricators (x� = 2 ±
0.63). In contrast, the majority were adjudged 
to have no standing linkage with the extension 
agents, researchers, credit providers and 
confectionary bakers given the value of their 
mean scores which were less than 0.5. Thus, it 
could be deduced that substantial chain 
connection only existed among the cassava 
handling stages aloof of extension and research 
support. This means that the processors hardly 
have access to research information from the 
relevant institutions especially the State’s. This 
finding explains the submission of Ternenge et 
al. (2019) that the information needs of cassava 
producers are hardly met as a result of the 
inadequacies of the mandated institutions. 
In the case of the cassava products marketers, 
only the products consumers (x� = 3.9 ± 0.4) 
and their co-marketers (x� = 3.7 ± 0.45) were 
noted by a majority to be very strongly linked 
while moderate and weak linkages were 
indicated with processors (x� = 1.9 ± 1.01) and 
farmers (x� = 1.3 ± 0.71), respectively. It was 
equally noted from the mean scores of less than 
0.5 that majority of the marketers had no 
linkage with the other actors including 
extension agents and researchers. Similarly, 
commodity mediated linkage was equally 
affirmed with input dealers’ strong linkage with 
farmers (x� = 3.1 ± 1.34) and processors ( x� =
1.4 ± 0.35). Their linkage with researchers 
(x� = 1.0 ± 0.95) was notably weak just as they 
had very weak linkages with credit providers 
(x� = 0.8 ± 0.68) and cassava products 
consumers (x� = 0.64 ± 0.64). Others including 
extension agents were notably not linked with 
the majority of the inputs’ merchants. This 

underscores the evidence that the strength of 
essential linkages in the value chain is weak 
(Adewole & Omeye, 2018). The result also 
showed the vital connection of the inputs 
dealers to the cassava producers especially 
farmers. This also depicted the inclusion of the 
input dealers in the chain network through 
which cassava outputs are produced.  
 
Test of statistical difference in actors’ 
linkages intensities 
The result of Analysis of Variance conducted 
on the linkages intensities aggregate scores is 
presented in Table 3. The result shows that 
actors differ significantly in the intensities of 
linkages in the value chain (F = 69.911) at 
P≤0.01. This establish that the magnitude of 
inter and intra-linkages differs across nodes in 
the value chain. In other words, In other words, 
differentiation of the actors’ categories reflects 
the existence of varying linkages’ strength and 
possibilities. 
 

Table 3. Statistical test result showing significant 
difference in actors’ linkage intensities 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Between 
Groups 

14601.7 5 2920.4 69.
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0.0
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Within 
Groups 

14453.3 346 41.8   

Total 29055.1 351    

 
To identify the point of existence of difference 
in linkages intensities in the value chain, 
Games-Howell post-hoc analysis was 
conducted after the violation of homogeneity 
test using Levene statistic (36.52 at P≤0.01). It 
was shown (Table 4) that difference in farmers 
and processors linkages intensities (I-J = -2.7) 
was not significant likewise between extension 
agents and researchers (I-J = 5.2). In contrast, 
farmers’ linkages differed significantly from 
Extension agents (I-J = -13.2) and researchers 
(I-J = -7.7). Similarly, the processors differed 
significantly in their linkages’ intensities with 
extension agents (I-J = -10.2) and inputs 
dealers (I-J = 4.3). The marketers having the 
least mean of linkages differed significantly 
with respect to all other actors. These show that 
farmers and processors had nearly the same 
strength of connection in the value chain just 

 
 

like the duo of extension agents and 
researchers, while marketers were distinctly 

and poorly connected with the other actors in 
the value chain. 

 
Table 4. Games-Howell multiple comparisons of Linkages intensities 

(I) actor (J) actor Mean 
Difference (I-J) 

Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 

Farmers Processors -2.71902 .95990 .060 -5.5053 .0673 
EAs -13.01705* 1.60242 .000 -17.7049 -8.3292 
Researchers -7.76250* 1.67761 .000 -12.7515 -2.7735 
Marketers 6.70664* .67025 .000 4.7579 8.6554 
Input dealers 1.62639 .97584 .557 -1.2190 4.4718 

Processor
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rs 

Farmers 7.76250* 1.67761 .000 2.7735 12.7515 
Processors 5.04348 1.71189 .053 -.0351 10.1220 
EAs -5.25455 2.13937 .150 -11.4991 .9900 
Marketers 14.46914* 1.56793 .000 9.7470 19.1913 
Input dealers 9.38889* 1.72088 .000 4.2849 14.4928 

Marketers Farmers -6.70664* .67025 .000 -8.6554 -4.7579 
Processors -9.42566* .75195 .000 -11.6485 -7.2028 
EAs -19.72368* 1.48720 .000 -24.1110 -15.3364 
Researchers -14.46914* 1.56793 .000 -19.1913 -9.7470 
Input dealers -5.08025* .77219 .000 -7.3879 -2.7726 

Input 
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Processors -4.34541* 1.03366 .001 -7.3654 -1.3254 
EAs -14.64343* 1.64766 .000 -19.4587 -9.8282 
Researchers -9.38889* 1.72088 .000 -14.4928 -4.2849 
Marketers 5.08025* .77219 .000 2.7726 7.3879 

*The mean difference is significant at the 0.05 level. 
 
Description of the cassava value chain 
structure  
The flowchart presented in Figure 3 showed the 
overall structural representation of cassava 
value chain in the study area. A total of six 
levels characterized by specific processes and 
manned by relevant actors were shown. At the 
entry point of the chart are the technological 
information providers and the associated 
suppliers of the inputs. The actors found here 
include the researchers, extension agents and 
inputs dealers composed of agrochemical 
dealers and the equipment fabricators as well. 
Closely connected to this as shown is the 
second level which comprised farmers 
generally. The farmers were shown to comprise 
individual farmers (small scale and medium 
scale cassava growers), 
cooperatives/collaborating groups growing 
cassava and large-scale industrial cassava 
farmers. The third level is shown to be operated 

by the collectors or transporters. Their 
inclusion at this point was noted from FGDs 
extracts as follows. 
 
"…We sell our cassava tubers to women 
processors that come to the villages for the 
purchase then and transport to their processing 
sites or markets. Some of them that are our 
regular buyers sometimes call us on the phone 
and send money through transporters. Apart 
from them, the transporters also buy truckloads 
of cassava tubers from our farms and take them 
to towns or processing sites for reselling…" 
(Extract of FGD session with farmers at Iseyin) 
“…Both women processors and transporters 
buy our cassava tubers either already 
harvested or unharvested tubers. When 
unharvested, the buyer personally hires labor 
for the harvesting and loading…". (Extract of 
FGD session with Ogbomosho farmers). 



168
 

 

“…We go to villages to purchase cassava and 
transport them here for processing. At other 
times we buy from transporters that come with 
truckloads of cassava for reselling…”. 
(Excerpt of FGD session with processors at 
Stop Hunger Processing Centre, Ibadan) 
 
From the above, the central role of the 
transporter or collectors in linking farmers to 
markets far away from their rural domain is 
revealed. Thus, they function in the collation, 
bulking and eventual transport of tubers to 
processing units. These processing units occupy 
the fourth level on the flowchart. Notably, the 
processing units comprise those of individual 
entrepreneurs or cooperatives/groups, cottage 
industries and largescale standardized 
industries. The following fifth level represents 
the marketing hub of the products emanating 
from the chain. As shown, the main operating 
actors are the cassava products marketers 
connected as depicted to the final consumers. 
Thus, the utilization of soft and hard 
technologies injected into the chain resulted in 
the continual building of value across levels 
and the eventual delivery of products to the 
consumers' table. This supported the opinion 
that the value chain basically consists of a 
series of activities that create and build value. 
Sequel to this, the represented links through 
which the progression of building value occurs 
are critical for moving the products to the end 
market (Donovan et al., 2015).  
As a result of the above, the value chain 
processes could as well be identified as 
including inputs injection into the chain, 
cultivation of cassava tubers followed by 
bulking and transporting, processing and then 
marketing to final consumption. This finding is 
similar to the functions of value chain primary 
actors presented by Ahmadu & Idisi (2014) as 
production, collection, bulking, processing, 
storing, wholesaling, refining, packaging, 
retailing and marketing. Overall, the cassava 
value chain is proved to be composed of 

producers (farmers and processors), varied 
forms of marketers and some providers of 
resourceful services specifically extension 
agents and researchers. This output is in 
cognizance with the view entrenched by that 
aside primary actors, agricultural value chains 
further include supporting actors that provide 
services such as business support, agricultural 
research and various kinds of advisory services 
(Oladele, 2020). 
 
CONCLUSIONS 
 
Appreciable interactive linkages in the cassava 
value chain mainly existed among the primary 
actors consisting of the producers, marketers 
and inputs dealers. These inter-linkages are 
fostered through commodity exchanges through 
marketing links and interactions. Significantly, 
connecting the fragmented linkages is 
facilitated by transporters equally acting as 
collectors of cassava tubers alongside the 
marketers. The product-based networks are 
bereft of adequate connection with extension 
service and research updates needed to leverage 
linkages’ capabilities for vertical integration 
upstream in the chain. As such, the structural 
organization of the cassava value chain rests 
largely on localized linkages amidst transient 
institutional extension and research support 
despite their overarching importance for a 
substantial upgrade of the value chain. 
 
RECOMMENDATIONS 
 
It is imperative to strengthen and develop the 
cassava marketing links as a panacea for 
reinforcing the much-needed inter-actors 
communication for effecting cassava value 
chain efficiency, competitiveness and 
sustainability. In view of this, the state’s ADP 
should be empowered and rightly repositioned 
for reviving producers’ linkages upstream 
especially to industries. 
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Abstract 
 
This study presents some data regarding the treatment of rape seeds with hydrolyzed collagen and thyme oil in different 
concentrations, in order to assess germination. Moreover, in order to evaluate the in vitro activity of collagen combined 
with antifungal substances on the seeds of Brassica napus infected with Alternaria brassicae, this paper highlights the 
importance of using alternative non-polluting methods as essential oils in plant pathogens management.  
A control group (untreated) and experimental (pre-treated and treated) lots were used, with the observations focused on 
the development of the pathogen, as well on the occurrence of the necrosis symptoms.  
Overall, three in vitro experiments were performed, as follows: seed germination, fungus prevention and infected seed 
treatment. In terms of growing, collagen alone did not delayed the germination of the rapeseed. On the other hand, the 
mixture of collagen (stock solution and 50%) and thyme oil (0.5 ml, 0.25 ml respectively) inhibited germination. As for 
the preventive stage, the mixture of collagen and thyme oil 1 ml remained on the seed surface, preventing the infection of 
B. napus. Finally, the treatment of infected seeds with collagen and thyme oil 0.1 ml reduced the attack of the pathogen 
which was evidenced by the slight occurrence of necrotic radicles and hypocotyl in rapeseed.   
 
Key words: Alternaria brassicae, hydrolyzed collagen, rapeseed, thyme oil.
 
INTRODUCTION 
 
The most important oleaginous plants in 
Romania are sunflower and rapeseed. Rapeseed 
seeds produce oil, which has multiple benefits, 
both nutritional and industrial. Recently, the 
consumption of edible oil from rapeseed has 
increased significantly. 
The rapeseed, also known as oilseed rape 
belongs to Brassicaceae family and has been a 
profitable crop in recent years. Due to the fact 
that the demand for rapeseed oil is greater than 
the supply, the entire crop can be quickly 
capitalized at satisfactory prices. 
Within the Brassica genus, 34 species have been 
determined, of which only five are cultivated 
plants. Two forms are found as oil plants, 
namely rapeseed or canola Brassica napus L. 
var. oleifera Metzger (“Colza, rapița mare” in 
Romanian) and Brassica campestris L. var. 
oleifera (“naveta furajeră, rapița mică” in 
Romanian), both having autumn and spring 
forms (Bîlteanu, 2001; Munteanu et al., 2008; 
2011).  

Among these forms, the most widespread is 
“Colza” rapeseed, which is cultivated in 
Romania. This is a natural hybrid between 
Brassica oleracea L. and Brassica rapa L. 
Canadian researchers have succeeded in 
breeding varieties of canola also from Brassica 
juncea (hunted mustard).  
Nowadays B. juncea (L.) Czern. canola is 
equivalent to conventional canola species 
(https://www.canolacouncil.org/). The term 
"canola oil" represents the generic name for a 
quality grade for rapeseed oil, being similar to 
the type “00” rapeseed oil in the European 
Union (0 erucic acid, 0 glucosinolate). 
Fungal infections reduce the growth of the 
plants, changing their physiology (Gheorghe et 
al., 2022).  
Dark spot of crucifers is a frequent disease in 
rapeseed crops, with significant damage. The 
disease is caused by the fungus Alternaria 
brassicae (Phylum Ascomycota, Order 
Pleosporales, Family Pleosporaceae) (EPPO 
Global Database), a necrotrophic pathogen that 
can affect all plant organs and the rapeseed crop 


