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ABSTRACT 

 

The low adoption of improved technologies by farmers has been identified as one of the major factors affecting 

agricultural production and food security in many developing countries including Ghana. Farmer-based organizations 

have been identified as important channels for information and technology dissemination to farmers. The effect of these 

groups on farmers’ adoption decisions has important implications for agricultural production and food security in many 

developing countries. This study therefore sought to examine the effect of farmer group membership on improved variety 

adoption by smallholder maize farmers in the Tolon District of Ghana using cross-sectional data from a sample of 160 

farmers. A recursive bivariate probit (RBP) model was used to estimate the effect of group membership on adoption. 

The results indicate that membership in farmer groups is associated with lower adoption of improved maize varieties, 

which is contrary to generally held view that farmer groups promote adoption by farmers. Adoption is higher for the 

married and farmers with access to agricultural extension but decreases with size of herd size and cultivated land. The 

results underscore challenges confronting farmer-based organizations such as increasing politicization, decreasing 

effectiveness, and lack of support from both public and private institutions. Incentivizing farmer groups, including the 

apex body responsible for supervision of these groups will enhance effectiveness of farmer groups.  
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INTRODUCTION 

 

Agriculture plays a major role in the development of 

Ghana’s economy. According to ISSER (2016), the 

agricultural sector contributes about 20.3% to the 

country’s gross domestic product (GDP) while more than 

60% of the population depend on the sector for their 

livelihood (Government of Ghana, 2017). Despite the 

important role agriculture plays in the national economy, 

there has been a consistent decline in the sector’s 

contribution to gross domestic product (GDP) in recent 

years. As a result, there have been several efforts towards 

revamping the agricultural sector to promote growth and 

development, especially productivity growth and overall 

agricultural development. These efforts include promotion 

and establishment of farmer-based organizations (FBOs) 

especially among rural farmers and measures to enhance 

adoption of improved agricultural technologies such as 

improved seeds, inorganic fertilizers, agricultural 

mechanization and irrigation technology.  

As emphasized by Gatzweiler and von Braun 

(2016), one way to improve the welfare of rural people is 

to ensure agricultural productivity growth through 

technological innovations. Agricultural technology may 

be defined as enhancing farming activities by the use of 

new methods and innovations. Technology encapsulates 

the scientific application of knowledge to real situations 

while adoption is the integration of new concepts into 

farmers’ common farming practices over a period of time 
(Feder et al. (1985). Adoption of improved agricultural 

technology is a tool for increasing agricultural production 

as well as increasing farm income, reducing poverty, 

improving standard of living and increasing food security 

(Mwangi and Kariuki, 2015).  
Hazell et al. (2010) argued that institutional 

innovations play relevant role in achieving agricultural 

growth and development as they can assist farmers to 

overcome market failures. The term farmer groups, 

farmers’ associations, farmers’ cooperatives and farmer’s 
societies can be used interchangeably (Asante et al., 2011; 

DENIVA, 2005; Uliwa and Fisher, 2004) and refers to a 

group of farmers with common interest who share 

experience to enhance their common objective. From a lay 

man’s perspective, a farmer-based organization may be 

defined as an organization owned and controlled by the 

members with the aim of rendering services for mutual 

benefit of all its members. Several organizations, both 

governmental and non-governmental, support the 

development of FBOs in Africa on the premises that FBOs 

enhance access to credit, extension services, marketing of 

produce and farm inputs, as the nature of agriculture in 

Africa is on small scale (Barham and Chitemi 2009; 
Bernard et al. 2008; Bernard and Spielman 2009). 

Establishment of FBOs is encouraged by several 

governments to enhance poverty reduction and economic 

growth, improve rural access to extension delivery and 
credit as well as the welfare of the people (Stockbridge et 
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al., 2003; World Bank 2007). 

Farmer groups are anticipated to enhance the adoption 

of improved agricultural technologies by members which 

is expected to increase agricultural productivity, 

commercialization and market access (MAAIF, 2010). 

The influence of FBOs on crop productivity has been 

evaluated by several researchers worldwide. These studies 

give mixed results suggesting both positive and negative 

effects of farmer groups on productivity (see Benin et al., 
2011; Davis et al., 2012; Mwaura, 2014). A study by 

Debela et al. (2018) indicated that farmers’ cooperatives 

enhanced income and productivity of smallholder farmers 

in Eastern Oromia in Ethiopia. When farmer-based 

organizations are adequately resourced and incentivized to 

serve their members, they provide benefits to the 

members. These benefits include access to services and 

input delivery which lead to improvement in farm 

performance and profitability. However, farmer groups 

may deviate from their core mandate while free-riding 

behaviour of some members may also reduce the groups’ 

effectiveness. In addition, increasing politicization of 

FBOs has the tendency to reduce effectiveness of these 

groups due to political influences, favouritism, and 

cronyism. Thus, the contribution of farmer groups is very 

much related to both its internal structures and the support 

from governmental and non-governmental organizations. 

Where such support is forthcoming, farmer groups are 

more likely to be effective in their operations thereby 

enhancing adoption of technology and farm productivity 

of the members.   

Farmer groups are voluntary organizations; hence 

participation is voluntary. Nevertheless, in spite of the 

perceived benefits of FBOs to smallholder farmers, not 

every farmer is willing to join these groups. The decision 

to join a farmer group depends on the expected utility to 

be gained from participation. Hence, farmers are likely to 

join when the benefits of joining the group is perceived to 

be higher than not joining. Conversely, where farmers 

perceived the benefits to be gained to be lower than not 

joining, they are not likely to join.  

Farmer-based organizations are gaining popularity in 

recent times and becoming common in many rural areas 

of developing countries. However, the impact of these 

groups on farm outcomes especially technology adoption 

and productivity, remains unclear especially in the context 

of smallholder farming in Ghana. The objective of this 

paper is therefore to assess the factors influencing the 

decision of smallholder maize farmers to participate in 

FBOs in the Tolon district of northern region of Ghana and 

the effect that these groups have on adoption decisions of 

farmers and farm productivity. The study employs a 

recursive bivariate probit model that accounts for both 

observed and unobserved heterogeneity in the binary 

decisions, thus accounting for selection bias. Furthermore, 

the model can be used to assess the impact of FBO 

membership on adoption. The motivation behind this 

study is born out of the need to ascertain the effectiveness 

of FBOs operating in rural areas in the country and their 

impact on smallholder farmers vis-à-vis adoption of 

improved varieties and productivity. The results of the 

study will highlight the strengths or weaknesses of these 

groups and provide insight into measures to enhance group 

effectiveness that will promote technology adoption and 

farm productivity. 

 

DATA AND METHODS 

 
Recursive bivariate probit (RBP) model  

In modelling two jointly determined binary choices or 

decisions, researchers typically adopt a bivariate probit 

approach, where the two binary choices are determined by 

the same set of explanatory variables. In the situation 

where the two binary choices are influenced by slightly 

different explanatory variables, a seemingly unrelated 

bivariate probit (SUBP) model is assumed. However, 

there are situations where one of the binary choice 

variables is a factor influencing the other choice variable. 

In this case, a recursive bivariate probit (RBP) model is 

more appropriate for the estimation. The recursive 

bivariate probit model consists of two probit equations 

with error terms that are correlated and one of the binary 

dependent variables is allowed to be an endogenous 

explanatory variable in the other equation. In this way, the 

RBP model can be used to evaluate the impact of a binary 

choice variable on another binary decision. The dependent 

variables under investigation in this study are 

dichotomous namely farmer group membership and 

adoption of improved varieties. Empirical investigations 

of binary choice decisions typically make use of latent 

variables to analyse the relationship between the 

dichotomous variable and the set of explanatory variables. 

In this study, a latent variable is assumed for the analysis. 

It is assumed that participation in farmer-based 

organizations is a latent variable represented by 𝑌1
∗, and 

that 𝑌2
∗ is a latent variable measuring adoption of improved 

variables. Since these two latent variables are 

unobservable, the following specification can be used to 

depict the relationship between the latent variable 𝑌1
∗ and 

the observed choice Y1  (Eq. 1-2) 

 

𝑌1
∗ = 𝑥1𝛽1 + 𝑒1 (1) 

𝑌1 = {
1, 𝑖𝑓 𝑌1

∗ > 0
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  (2) 

 

Where: x1 stands for the observed explanatory variables 

that explain participation in farmer-based organizations, 

β1 is a vector of parameters to be estimated, and e1 denotes 

a random error term. 

Similarly, the decision to adopt improved varieties is 

modelled as a latent variable, with the following 

specification that represents the relationship between the 

latent variable 𝑌2
∗ and the observed choice Y2 (Eq. 3-4) 

 

𝑌2
∗ = 𝜕𝑌𝑖 + 𝑥2𝛽2 + 𝑒2 (3) 

𝑌2 = {
1, 𝑖𝑓 𝑌2

∗ > 0
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  (4) 

 

Where: x2 represents the observed explanatory variables 

explaining adoption decision, β2 is a vector of parameters 

to be estimated, and e2 denotes a random error term. The 

error terms in the two models, that is e1 and e2, are 

dependent and have a normal distribution so that (Eq. 5), 
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𝐸[𝑒𝑖 ] = 𝐸[𝑒2] = 0 𝑣𝑎𝑟[𝑒1] = 𝑣𝑎𝑟[𝑒2 ] = 1 and 

𝑐𝑜𝑣[𝑒1, 𝑒2] = 𝜌 (5) 

 

Finally, a Wald test for the null hypothesis ρ = 0 is 

used to test whether the two models have to be jointly 

estimated. 

The empirical model for improved variety adoption is 

presented as follows (Eq.6). 

 

𝑌1 = 𝛽0 + 𝛽1age + 𝛽2𝑠𝑒𝑥 + 𝛽3𝑒𝑑𝑢 + 𝛽4𝑚𝑎𝑟 +
𝛽5𝑒𝑥𝑝 + 𝛽6𝑓𝑠𝑖𝑧𝑒 + 𝛽7ℎ𝑠𝑖𝑧𝑒 + 𝛽8𝑒𝑥𝑡 + 𝛽9𝑐𝑎𝑡𝑡 + 𝑒1

 (6) 

 

Similarly, the empirical model for farmer group 

participation is presented as follows in Eq. 7. 

 

𝑌2 = 𝛽0 + 𝛽1age + 𝛽2𝑠𝑒𝑥 + 𝛽3𝑒𝑑𝑢 + 𝛽4𝑚𝑎𝑟 +
𝛽5𝑒𝑥𝑝 + 𝛽6𝑓𝑠𝑖𝑧𝑒 + 𝛽7ℎ𝑠𝑖𝑧𝑒 + 𝛽8𝑒𝑥𝑡 + 𝛽9𝑐𝑎𝑡𝑡 +
𝛽10𝑐𝑟𝑒𝑑 + 𝛽11𝑠𝑢𝑏𝑠𝑖𝑑𝑦 + 𝛽12𝑐𝑜𝑠𝑡 + 𝛽13𝑌1 + 𝑒2 (7) 

 

Simultaneous estimation of Equations (1) and (3) using 

maximum likelihood gives unbiased estimates of β and ρ. 

 

RESULTS AND DISCUSSION 

 
Description of the sample  

Table 1 provides a description of the variables used in the 

study. Majority of the respondents (86%) are male while 

92% are married. The respondents have a mean age of 43 

years and an average of 10 household members, while 

farm size averaged 1 hectare. Majority of the respondents 

(74%) have no formal education nor access to credit 

(89%). Close to 54% have access to extension service 

while 14% own cattle. Cattle ownership was included as a 

wealth indicator. In addition, majority of the respondents 

(89%) have access to fertilizer subsidy. Technology 

adoption involves a cost to farmers and the decision to 

adopt depends on farmers’ ability to pay and whether the 

cost of adoption is perceived to be high or low. The cost 

of adoption includes the cost of improved seeds and 

chemical fertilizers as well as farmers’ perceptions of the 

riskiness of the technology. Majority of the respondents in 

this study perceive the cost of adoption to be high. The 

years of farming experience of the respondents averaged 

17 years. Also, about 48% of the farmers participate in a 

farmers group while 50% adopt improved maize varieties. 

The descriptive statistics of the bivariate probit model 

variables are presented in Table 2. Farm size, sex, age, 

household size, and marital status of the respondents did 

not differ much between FBO members and adopters of 

improved maize varieties. On average, 25% of FBO 

members had formal education while 28% of adopters of 

improved varieties had formal education. Furthermore, 

97% of FBO members were married compared to 93% of 

adopters. Also, 17% of FBO members had access to credit 

compared to 14% of adopters of improved varieties. 

Farmers’ low access to credit is a major concern to 

agricultural production in the study area. The data also 

shows that 87% of FBO members had access to 

agricultural extension compared to 66% of adopters. This 

indicates that FBO members participated more in 

extension in line with the extant literature that FBOs are 

conduits for extension service delivery in most rural 

communities. The low participation of adopters in 

agricultural extension is contrary to a priori expectation 

but may be indicative of the generally low access to 

agricultural extension in many rural areas.  Majority of the 

respondents did not own cattle while similar proportion of 

FBO members and adopters had access to fertilizer 

subsidy. On the other hand, 88% of FBO members 

perceived the cost of adoption to be high compared to 80% 

of adopters. Finally, farming experience did not differ 

between the two groups.  

 
Results of the recursive bivariate probit (RBP) model 

The results of the recursive bivariate probit model of FBO 

membership and improved maize variety adoption are 

presented in Table 3. The likelihood ratio test of the joint 

equations was significant at 5% level indicating that the 

two equations are related. In other words, joint estimation 

of the two equations is appropriate, whereas individual 

estimation of the two models would have yielded 

inconsistent estimates.  

 

 

 

Table 1 Definition and summary statistics of the variables used in the study  

Variable Definition Mean Min. Max. 

Adoption (Y1) Crop variety (1 = improved) 0.500 0 1 

Farmer group membership (Y2) Group membership (1 = member) 0.475 0 1 

Sex of farmer (sex) Sex of farmer (1 = male) 0.863 0 1 

Age of farmer (age) Age of farmer in years 42.93 18 90 

Educational status (edu) Educational status (1 = educated) 0.256 0 1 

Marital status (mar) Marital status (1 = married) 0.919 0 1 

Household size (hsize) Number of household members 10.24 1 25 

Farm size (fsize) Farm size in hectares 0.969 0.4 5.3 

Access to credit (cred) Access to credit (1 = access) 0.113 0 1 

Extension access (ext) Access to extension (1 = access) 0.538 0 1 

Cattle ownership (catt) Farmer owns cattle (1 = yes) 0.144 0 1 

Subsidy (subsidy) Access to fertilizer subsidy (1 = yes) 0.894 0 1 

Cot of adoption (cost) Cost of adoption (1 = high) 0.863 0 1 

Experience (exp) Farming experience in years 16.88 2 50 
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Table 2 Descriptive statistics of the recursive bivariate probit analysis variables  

Variable FBO membership  Improved variety adoption 

Members Non-members  Adopters Non-adopters 

Sex of farmer (%) 0.855 0.869  0.825 0.900 

Age of farmer (years) 44.61 41.42  42.85 43.01 

Educational status (%) 0.250 0.262  0.288 0.225 

Marital status (%) 0.974 0.869  0.925 0.913 

Household size (number) 11.18 9.393  10.86 9.625 

Farm size (hectare) 0.950 0.985  1.009 0.928 

Access to credit (%) 0.171 0.060  0.138 0.088 

Extension access (%) 0.868 0.238  0.663 0.413 

Cattle ownership (%) 0.092 0.190  0.188 0.100 

Subsidy (%) 0.947 0.845  0.950 0.838 

Perceived cost of adoption (%) 0.881 0.845  0.800 0.925 

Farming experience (years) 18.80 15.14  18.23 15.54 

 

Table 3 RBP model estimates of FBO membership and adoption of improved varieties  

Variable FBO membership  Adoption of IMVs 

Coefficient Std. Dev.  Coefficient Std. Dev. 

Sex  -0.179 0.639 -0.745** 0.318 

Age  0.012 0.447 -0.008 0.013 

Educational status 0.485 0.116 0.391* 0.237 

Marital status 1.486*** 0.001 0.460 0.379 

Farming experience 0.007 0.702 0.025* 0.015 

Farm size -0.607* 0.051 -0.083 0.184 

Household size 0.017 0.526 0.028 0.022 

Extension contact 2.040*** 0.000 1.365*** 0.233 

Cattle ownership -0.770* 0.053 0.017 0.288 

Access to credit    0.334 0.273 

Subsidy    0.711** 0.354 

Cost of adoption   -0.648** 0.277 

Farmer group membership   -1.514*** 0.186 

Constant -2.653*** 0.000 -0.311 0.673 

***, ** and * indicate statistical significance at 1, 5 and 10 percent levels, respectively. Likelihood-ratio test of rho=0: 

chi2(1) = 5.3175, Prob > chi2 = 0.021. 

 

 
Determinants of farmer group membership 

For the FBO participation model, the results in Table 3 

indicate that membership in FBOs is higher for married 

respondents, indicating that the choice to belong to a 

farmer group is influenced by the marital status of the 
respondent. However, Etwire et al. (2013) observed that 

marital status had no significant effect on farmers’ 

decision to participate in agricultural projects in Ghana. 

Furthermore, farmers with smaller farms were more likely 

to participate in farmer groups compared to those with 

larger farms. Land-constrained farmers may be relatively 

poorer, which may influence their decision to join farmer 

groups as a result of the perceived benefits. The result is 

however at variance with the findings of a study on the 

determinants and impact of farmer collective action in 

Kenya by Fischer and Qaim (2012) which showed a 

higher probability of farmers with larger farms to join 

farmer groups compared to those with smaller farms. 
Asante et al. (2011) also reported a positive influence of 

farm size on farmer group membership in Ghana.   

The result also indicate that extension contact 

increases the probability to participate in farmer-based 

organizations. The result is consistent with the extant 

literature and a priori expectation due to the increasing 

role of FBOs as conduits for extension delivery among 

poor people in developing countries. The result agrees 
with the findings of Tolno et al. (2015) in a study 

involving potato farmers in Guinea. Extension agents 

interact with farmers and share information on the benefits 

of joining farmer groups, thus influencing farmer’s 
decision to participate in groups. Etwire et al. (2013) also 

observed that the likelihood of farmers to participate in 

agricultural projects increased with the number of 

extension contacts in a study involving farmers in Ghana.  

In addition, the study revealed an inverse relation 

between cattle ownership and participation in farmer-

based organizations. This implies that owners of cattle 

have a lower propensity to participate in farmer-based 

organizations. Cattle ownership was included as a proxy 

variable for wealth status of the respondent. Thus, 

participation in farmer groups was found to be lower for 

wealthier household heads in the study area.  

 
Determinants of improved variety adoption 

The estimates of the determinants of improved variety 

adoption are presented in the 4th and 5th columns of Table 

3. The results indicate that adoption of improved maize 

varieties is higher for female farmers. In other words, male 
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farmers are more likely to cultivate traditional varieties. 

This result does not lend itself to easy interpretation. 

However, adoption of traditional varieties is a risk-averse 

behaviour of farmers, and therefore suggests that male 

farmers in the study area may be more risk-averse in their 
choice of crop varieties. The result agrees with Mwangi et 

al. (2015) who found that men were less likely to adopt 

cover crops for weed management in Kenya. The result is 
however contrary to the findings of Kalinda et al. (2014) 

which showed that male farmers adopted improved 

technology more than female farmers. 

The results also indicate that adoption of improved 

varieties increased with education of the respondent. 

Farmers with formal education are more likely to adopt 

improved varieties compared to those without formal 

education. This result is consistent with a priori 

expectation because education enhances the human capital 

and the ability of the farmer to make informed decisions 

based on available information. The result agrees with 
Teklewold et al. (2016) and Yimer et al., (2019) in their 

adoption studies involving farmers in Ethiopia. 

Adoption of improved variety also increased with 

farming experience, which is consistent with the extant 

literature. Farming experience, like education and 

training, enhances the human capital and the ability to 

make informed decisions. Through learning over a long 

period of time and information sharing, farmers may gain 

knowledge of productivity-enhancing technologies which 

may enhance their willingness to adopt high-yielding crop 
varieties. However, a study by Ebojei et al. (2012) found 

no significant influence of farming experience on 

adoption. 

Another important human capital variable which 

positively influenced farmers’ decision to adopt improved 

maize varieties is access to agricultural extension services. 

The result is consistent with a priori expectation and 

corroborated by the extant literature. Farmers receive 

agricultural information from extension agents who link 

farmers to research centers. As a result, extension agents 

facilitate access to information and technology transfer to 

farmers and therefore play an important role in farmers’ 
adoption decisions. The result agrees with Yimer et al., 

(2019) in their study in Ethiopia. The result is also in 
consonance with Mignouna et al. (2011) in their study of 

maize technology adoption in Western Kenya and 
Akudugu et al. (2012) who studied technology adoption 

by farmers in Ghana. 

The results of the study further indicate that access to 

fertilizer subsidy is positively related to adoption of 

improved maize varieties at 5% significance level. This 

shows that the likelihood to adopt improved maize 

varieties increases with access to fertilizer subsidy. The 

government of Ghana introduced the Fertilizer Subsidy 

Program (FSP) in 2008 to increase cereal production in 

Ghana. Technically, all cereal farmers are entitled to a 

subsidy. However, as with many other government 

interventions in the agricultural sector, not every farmer is 

able to access the input subsidy due to several challenges 
(see Yawson et al., 2010). A subsidy reduces the cost of 

production and the risk of adopting improved crop 

varieties, thus enhancing the likelihood of adoption. 
Similarly, Bezu et al. (2013) found a significant positive 

correlation between subsidy accessibility and adoption of 

improved maize varieties in Malawi.  

Farmers’ perception of the cost of adoption had a 

significant relationship with the decision to adopt 

improved maize varieties at 5% level. The result indicates 

that adoption decreased with an increase in the perceived 

cost of adoption. The result is consistent with a priori 

expectation. As cost of adoption increases, many farmers 

are likely to choose varieties that are less costly to adopt. 

In a situation where the farmer faces liquidity constraints, 

it is unlikely that he or she will adopt a technology which 

is costly. However, with credit provision and adequate 

information on the yield potential of new varieties, 

farmers may be persuaded to adopt technologies which 

they perceive to be costlier. The result is in agreement with 
the findings of Lyimo et al. (2014) which stated that high 

cost of improved seeds hindered its adoption in Tanzania.  

Finally, the variable of interest, farmer group 

membership portrayed a negative and significant 

relationship with adoption at 1% level. The result indicates 

that farmer group membership significantly decreases 

adoption of improved varieties. The result is contrary to a 

priori expectation because farmer groups are expected be 

serve as channels for extension delivery to farmers. 

Farmer groups also help members to acquire production 

inputs and credit for their members. The result however 

suggests that farmer groups in the study area are not 

effective in influencing technology adoption decisions of 

members. All though the result is hard to explain, Mwangi 

and Kariuki (2015) observed that social groups may have 

a negative impact on technology adoption in the event of 

free-riding behaviour by members. 

 

CONCLUSION AND RECOMMENDATIONS 

 

The study examined the effect of farmer group 

membership on improved variety adoption by maize 

farmers in Tolon District of northern Ghana. The study 

relied on cross-sectional data from 160 maize farmers and 

used a recursive bivariate probit model to estimate the 

influence of group membership on adoption. The study 

indicated a negative association between farmer group 

membership and adoption of improved maize varieties. 

This implies that farmer groups in the study area are not 

making a positive impact on their members in terms of 

decision to adopt improved seeds. Farmer groups in the 

country face challenges including politization of the 

groups, and lack of adequate support from both public and 

private institutions, which are likely to reduce their 

effectiveness. There is therefore the need to incentivize 

these groups, including the apex body responsible for their 

supervision so as to enhance the effectiveness of farmer-

based organizations in the study area. 

The results of the study also highlight the important 

role of agricultural extension, which is positively related 

to adoption decision and farmer group membership. 

Hence, efforts to enhance adoption of improved maize 

varieties and FBO membership must seek to address the 

specific factors influencing farmers’ participation and 

adoption decisions, while paying particular attention to 

ways to enhance farmers’ access to agricultural extension.  
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