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1. Introduction
Agriculture can contribute to ending severe impoverish-

ment, encourage shared wealth, and feed a projected 9.7 
billion people by 2050 [1]. Progress in the agriculture sec-

tor is between two to four times more useful in growing 
incomes among the most impoverished relative to other 
sectors [1]. Further, agriculture is also essential to economic 
progress: representing 4% of global gross domestic product 
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(GDP) and exceeding 25% of GDP in some developing 
countries. As global investment needs are in the range of $5 
trillion to $7 trillion per year, the estimates for investment 
needs in developing countries are between $3.3 trillion and 
$4.5 trillion per year [2,3]. The developing countries would 
require foreign investments to meet this need. 

Foreign direct investment (FDI) is an investment made 
by an occupant firm in one economy to find a long-term 
interest in a firm that is a denizen in another economy. The 
long-term interest infers the presence of a lasting relation-
ship between the direct investor and the direct investment 
firm and a significant degree of influence on the leadership 
of the firm. The basis of the long-term relationship is the 
control of 10% or more of the firm by a direct investor [4-8].  
Under the directional principle, direct investment is 
shown as either direct investment abroad (outward, OFDI) 
or direct investment in the reporting economy (inward, 
IFDI) [4,8]. Developing countries have pursued varied poli-
cies to attract FDI into their respective agricultural sector 
to stimulate local investment and supply of funds, in-
crease export capacity, increase employment, and enhance 
technology transfer [2,9-13]. Regarding exports, Aihu and 
Chedjou [14], Harding and Javorcik [15] and Kang [16] did 
find that IFDI promotes exports for the total economy and 
the manufacturing sector. For imports, whilst Aihu and 
Chedjou [14] reported a positive effect of IFDI, Djokoto [17] 
and Latif and Younis [18] found a neutral effect. The effects 
of IFDI on trade openness are most inconsistent; Aihu and 
Chedjou [14], Karaca, Güney, and Hopoğlu [19] and Yaox-
ing [20] found a positive effect, Umar, Chaudhry, Faheem, 
and Farooq [21] found a negative effect for lower-income 
and lower-middle-income countries, but the neutral effect 
for upper middle-income countries. Although developing 
countries are generally net recipients of capital flows [22-27],  
Sun and Zhang [28] found trade openness enhances the ef-
fect of OFDI from China. Considering these inconsisten-
cies, what is the effect of FDI on trade in the agriculture 
sector in developing countries? 

Existing studies on FDI and trade nexus have focused 
on the total economy [19,23]. Harding and Javorcik [15] and 
Kang [16] addressed manufacturing, only Djokoto [17] and 
Latif and Younis [18] studied agriculture. Whilst Djokoto [17]  
studied a single country, Latif and Younis [18] studied four 
countries with data from 1995 to 2017. Some limitations 
emerge especially, regarding agricultural studies. First, 
the dependent variable in the agriculture studies has been 
exports and imports and not trade openness, a more in-
clusive measure of trade. Second, the number of develop-
ing countries covered is limited, thus, the results of the 
studies cannot be generalised for developing countries. 
Third, although, the data used were current at the time, 

these are not the most current now. Fourth, the studies did 
not account for endogeneity. This could have led to the 
correlation of the error term with some of the explanatory 
variables thereby violating an assumption of undergirding 
ordinary least squares. This could cause an inaccurate ef-
fect of FDI on trade. Finally, the analyses ignored the role 
of OFDI, the counterpart of IFDI, which also affects trade. 
This could result in omitted variable bias. We make up for 
these limitations as follows. Firstly, in addition to exports 
and imports, we assessed the effect of FDI on trade open-
ness. Secondly, we covered 115 developing countries in 
Africa, Latin America and the Caribbean, Asia, and the Pa-
cific. Thirdly, we used data from 1995 to 2020. In the fourth 
place, we took account of endogeneity in macroeconomic 
variables and finally, included OFDI in our model. 

Inward foreign direct investment enhanced exports, im-
ports, and trade openness. To escalate international trade 
in agricultural products, developing countries must contin-
ue to promote the inflow of FDI into agriculture (AIFDI). 
This requires paying attention to appropriate management 
of the macro economy; keeping down the inflation rate, 
optimising the currency exchange rate, and keeping inter-
est rates down to boost investment among others. Whilst 
these would enhance AIFDI that would promote trade, 
these would directly promote trade. As developing coun-
tries have often suffered foreign exchange pressures, they 
must enhance foreign exchange receipts through increased 
exports. Increasing human capital can increase exports. 

In what follows, we present the theories of trade and 
cross-border capital flows. We examined the pertinent 
literature on developing countries to assess the scope of 
knowledge on the title of the study, assess the differences 
and similarities among them and provide the information 
needed for the discussion section. In Section 3, the model-
ling is presented with a description of the data and estima-
tion procedures. The results of the estimation are reported, 
and these are explained considering the relevant literature 
in Section 4. In the final section, we conclude the study 
with some policy recommendations.

2. Literature Review

2.1 Theoretical Review 

The workhorse theory about trade and capital flows is 
the Hecksher-Ohlin framework [29,30]. In this framework, 
trade and capital flows are perfect substitutes under a two-
country, two-factor model and two-commodity. This con-
dition is sufficient to ensure factor price equilibrium and 
this equilibrium is adequate to guarantee commodity price 
equilibrium. Mundell [26] states, ‘….the ability to engage 
in commodity trade can eliminate the need for capital to 
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flow from the capital-abundant countries to the capital-
scarce countries since the rate of return differences can 
be eliminated through trade alone’. In acknowledging the 
factor substitutability of FDI and trade, Mundell [31] noted 
that increasing trade restrictions enhances factor move-
ments, and an increasing restriction to factors enhances 
trade. Notwithstanding the significant role of the Heck-
sher-Ohlin-Mundell framework in explaining trade and 
capital flows, it is constrained in its ability to provide a 
complete analysis of trade and capital flows and their col-
laboration under a rich set of circumstances. Specifically, 
capital mobility in the static two-country, two-factor, two-
commodity framework is restricted to the apportionment 
of capital across countries, for a fixed level of world capi-
tal stock [26]. 

Despite the Hecksher-Ohlin-Mundell position of sub-
stitutability between trade and capital flows, Antras and 
Caballero [32] have however, shown the complementarity 
between trade and capital flows when relative advantages 
across countries are not decided only by factor endow-
ments, but also by financial conglomeration. 

2.2 Empirical Review 

These theories have informed the developing country 
literature on the effects of FDI on trade that addressed  
agriculture [17,18], manufacturing [15,16], and the total econo-
my [14,19-21,28,33]. The geographies included China [28], Cote 
d’Ivoire [20], Ghana [17], Jordan, Morocco, Egypt, and Thai-
land [18], BRICS-T [19], Africa [14], and developing countries [15,21].  
Djokoto [17], Karaca et al. [19] and Yaoxing [20] employed 
Granger causality, Sun and Zhang [28], and Umar et al. [28]  
employed fixed effects, random effects, and general 
method of moments. Harding and Javorcik [15] applied the 
difference-in-difference method. 

Inward FDI was positively related to trade openness [14,19,20]. 
However, Umar et al. [21] found a negative relationship for 
lower income (LIC) and lower-middle-income countries 
(LMIC) but a neutral effect for upper-middle-income 
countries (UMIC). Harding and Javorcik [15] reported a 
positive effect of FDI presence on exports of developing 
countries. The effect was stronger for developing countries 
than for developed countries. “A weaker and quantitative-
ly smaller effect for developed countries is consistent with 
the view that foreign presence is closing a technology gap. 
For a developed economy, there is less of a technology 
gap to close, and the foreign presence has a minor effect 
on the unit values of exports.” [15]. Aihu and Chedjou [14] 
reported positive effects of inward FDI on exports and 
imports in the total economies of Africa. Kang [16] found a 
positive effect of FDI on Korean manufactured exports to 
developing but a negative effect on manufactured exports 

to developed countries. In the only study that investigated 
the role of outward FDI (OFDI) on trade, Sun and Zhang [28] 
found a positive effect of China’s OFDI on Belt and Road 
countries on trade in China. 

The effect of population growth on trade openness was 
positive [19,34,28] but Osei et al. [33] found a neutral effect 
for LIC and LMIC. The effects of GDP growth on trade 
openness have been mixed. A positive effect [19,15,28,21]. Osei  
et al. [33] reported a positive effect for lower-income 
countries and a negative effect for lower-middle-income 
countries. Mbogela [34] matched the negative effect with 
evidence on African countries. Aihu and Chedjou [14] 
however, reported a neural effect on exports, imports, and 
trade openness. As in the case of GDP growth, the effect 
of population growth is also mixed. Whilst Osei et al. [33] 
did not find a significant effect of population growth on 
trade openness, Harding and Javorcik [15] found a negative 
effect on exports whilst Karaca et al. [19], Mbogela [34] and 
Sun and Zhang [28] found a positive effect of population 
growth on trade openness. 

Mbogela [34] measured trade policy as the freedom to 
trade internationally and found that the variable did not 
significantly influence trade openness in Africa. However, 
Umar et al. [21] reported a positive effect on trade openness. 
Whilst the effect of inflation and domestic investment had 
a positive effect on trade openness, the effect of human 
capital was mixed; negative for lower-income countries [21], 
and neutral for lower-middle-income countries [21].   

Djokoto [17] and Latif and Younis [18] are specific agri-
cultural papers on FDI-trade nexus. In the only agricul-
tural FDI-trade nexus paper, Djokoto [17] investigated the 
effect of FDI inflow on imports and exports in Ghana. Us-
ing Granger’s instantaneous causality approach with data 
from 1961 to 2008, FDI substituted imports whilst FDI 
did not have a discernible effect on exports in the short-
run. In the long run, imports and FDI complemented each 
other. Djokoto [17] explained that MNEs would need to 
import some capital items and raw from abroad including 
from parent companies. To some extent, employees of for-
eign firms would generally prefer goods from their home 
country that could drive up imports of finished goods. 
Latif and Younis [18] studied Jordan, Morocco, Egypt, 
and Thailand collectively using data from 1995 to 2017. 
Whilst FDI promoted net exports, exports and imports 
were not significantly affected by FDI. 

It would be observed that the studies that investigated 
the effect of FDI on trade used FDI inflow, not FDI out-
flow except Sun and Zhang [28]. Although the two studies 
focused on agriculture, attention was given to exports and 
imports and not trade openness. Moreover, the analysis 
did not consider other variables that explain exports and 
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imports. We fill these gaps by investigating the effect of 
inward and outward FDI on exports, imports, and trade 
openness in agriculture in developing countries. 

3. Data and Methods

3.1 Models and Data

Congruent to the literature on FDI and trade [14,33-35], we 
specify Equations (1)-(3). 
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 = 0 + 1 + 2 + 3
+ 4 + 5 + 6
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+ 7 + 8 + 9 +  (3)

There are i developing countries and t years. The α, β and γ are parameters to be
estimated. The ω, φ and τ are idiosyncratic error terms. Agricultural export (AEX) is the ratio
of agricultural exports to agricultural value added. Agricultural import (AIM) is the ratio of
agricultural imports to agricultural value added. The sum of AEX and AIM is agricultural
trade openness (ATO). AEX, AIM, and ATO constitute measures of TRADE. Anderson [36], de
Azevedo et al. [37], Djokoto [2,10,38,39], Kastratović [40], Narteh-Yoe, Djokoto and Pomeyie [41]

and Osei, et al. [33] measured trade similarly. The inflow of FDI into agriculture in developing
countries is AIFDI, measured as the ratio of FDI to agricultural value added. We measured
AOFDI = 1 for observation of the outflow of FDI into agriculture and 0 otherwise. This is
outward FDI out of agriculture in developing countries. The use of the dummy variable was
necessitated by limited non-zero values reported for agricultural OFDI at the source. AINV is
agricultural domestic investment measured as the ratio of agricultural gross fixed capital
formation to agricultural value added [2,10,39,42]. We defined AGDPG as the annual growth rate
of agricultural value at 2015 prices. Growth of the agricultural sector can absorb agricultural
imports through the consumption of agricultural inputs and agricultural products as raw and
intermediate goods for processing. Agricultural exports would be acquired from domestic
agricultural production resulting from increased AGDPG.

The rest of the variables are not specific to the agricultural sector. The official
exchange rate EXRATE is measured as the annual average of the number of the developing
country’s currency per US$ 1. A high EXRATE would raise the prices of agricultural imports
and could dampen agricultural imports whilst promoting agricultural exports. Agricultural
produce exporters would expect more revenue denominated in the domestic currency. Umar
et al. [21] reported the effect of the exchange rate on agricultural trade. We define FTTRADE

 (1)
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 = 0 + 1 + 2 + 3
+ 4 + 5 + 6
+ 7 + 8 + 9 +  (2)

 = 0 + 1 + 2 + 3
+ 4 + 5 + 6
+ 7 + 8 + 9 +  (3)

There are i developing countries and t years. The α, β and γ are parameters to be
estimated. The ω, φ and τ are idiosyncratic error terms. Agricultural export (AEX) is the ratio
of agricultural exports to agricultural value added. Agricultural import (AIM) is the ratio of
agricultural imports to agricultural value added. The sum of AEX and AIM is agricultural
trade openness (ATO). AEX, AIM, and ATO constitute measures of TRADE. Anderson [36], de
Azevedo et al. [37], Djokoto [2,10,38,39], Kastratović [40], Narteh-Yoe, Djokoto and Pomeyie [41]

and Osei, et al. [33] measured trade similarly. The inflow of FDI into agriculture in developing
countries is AIFDI, measured as the ratio of FDI to agricultural value added. We measured
AOFDI = 1 for observation of the outflow of FDI into agriculture and 0 otherwise. This is
outward FDI out of agriculture in developing countries. The use of the dummy variable was
necessitated by limited non-zero values reported for agricultural OFDI at the source. AINV is
agricultural domestic investment measured as the ratio of agricultural gross fixed capital
formation to agricultural value added [2,10,39,42]. We defined AGDPG as the annual growth rate
of agricultural value at 2015 prices. Growth of the agricultural sector can absorb agricultural
imports through the consumption of agricultural inputs and agricultural products as raw and
intermediate goods for processing. Agricultural exports would be acquired from domestic
agricultural production resulting from increased AGDPG.

The rest of the variables are not specific to the agricultural sector. The official
exchange rate EXRATE is measured as the annual average of the number of the developing
country’s currency per US$ 1. A high EXRATE would raise the prices of agricultural imports
and could dampen agricultural imports whilst promoting agricultural exports. Agricultural
produce exporters would expect more revenue denominated in the domestic currency. Umar
et al. [21] reported the effect of the exchange rate on agricultural trade. We define FTTRADE

 (3)

There are i developing countries and t years. The α, β 
and γ are parameters to be estimated. The ω, φ and τ are 
idiosyncratic error terms. Agricultural export (AEX) is the 
ratio of agricultural exports to agricultural value added. 
Agricultural import (AIM) is the ratio of agricultural im-
ports to agricultural value added. The sum of AEX and 
AIM is agricultural trade openness (ATO). AEX, AIM, 
and ATO constitute measures of TRADE. Anderson [36],  
de Azevedo et al. [37], Djokoto [2,10,38,39], Kastratović [40], 
Narteh-Yoe, Djokoto and Pomeyie [41] and Osei, et al. [33] 
measured trade similarly. The inflow of FDI into agriculture 
in developing countries is AIFDI, measured as the ratio of 
FDI to agricultural value added. We measured AOFDI =  
1 for observation of the outflow of FDI into agriculture 
and 0 otherwise. This is outward FDI out of agriculture in 
developing countries. The use of the dummy variable was 
necessitated by limited non-zero values reported for agri-
cultural OFDI at the source. AINV is agricultural domestic 
investment measured as the ratio of agricultural gross fixed 
capital formation to agricultural value added [2,10,39,42]. We 
defined AGDPG as the annual growth rate of agricultural 
value at 2015 prices. Growth of the agricultural sector can 
absorb agricultural imports through the consumption of ag-
ricultural inputs and agricultural products as raw and inter-
mediate goods for processing. Agricultural exports would 
be acquired from domestic agricultural production resulting 
from increased AGDPG.

The rest of the variables are not specific to the agricul-
tural sector. The official exchange rate EXRATE is meas-
ured as the annual average of the number of the develop-
ing country’s currency per US$ 1. A high EXRATE would 

raise the prices of agricultural imports and could dampen 
agricultural imports whilst promoting agricultural exports. 
Agricultural produce exporters would expect more rev-
enue denominated in the domestic currency. Umar et al. [21]  
reported the effect of the exchange rate on agricultural 
trade. We define FTTRADE as the freedom to trade inter-
nationally [34]. FTTRADE is a composite measure of the 
absence of tariff and non-tariff barriers that affect imports 
and exports of goods and services. This is composed of 
the trade-weighted average tariff rate and non-tariff bar-
riers. The weighted average tariff uses weights for each 
tariff based on the share of imports for each good. A low 
FTTRADE means a low prospect to trade than a high FT-
TRADE. Whilst the former would discourage TRADE [34] 
the latter would enhance international trade (TRADE). 
HC is human capital, defined as secondary school enrol-
ment percent of gross enrolment. High HC contributes to 
high employment in the production of goods and services 
that can be exported. HC can be combined with imported 
goods to produce for domestic and the export market. HC 
has a relationship with trade [21,43,44]. INFLA, inflation, is 
measured as the annual growth rate of the consumer price 
index. High INFLA reduces the value of the developing 
country’s currency. This could discourage imports as well 
as exports. However, Osei et al. [33] found that INFLA does 
not depress trade. POPG is the annual growth rate of the 
population of males and females. A high population in-
creases the market for the consumption of imports as well 
as increased labour for production for exports. Therefore, 
POPG could influence TRADE [19,34]. 

Data for the study comprised 115 developing countries 
(Appendix) from 1995 to 2020. Aside from the availabil-
ity of data, the period also covers increased foreign direct 
investment activity in developing countries. Data on AEM, 
AIM, AGDPG, and AINV were obtained from FAOSTAT [45]  
whilst World Development Indicators of the World Bank [46]  
was the source of EXRATE, HC, INFLA and POPG, The 
Heritage Foundation [47] is the source for FTTRADE.

3.2 Estimation Procedure

The panel structure of the data (large cross-section than 
time series) necessitated the application of the estima-
tion of fixed and random effects estimators. However, as  
macroeconomic variables could be plagued with endo-
geneity, we employed the general method of moments 
(GMM) to take care of the possible endogeneity. We used 
xtdpdgmm [50] to reduce the number of instruments.a 

a We employed the Sargan test [51,52], to explore the overidentifying 
restrictions and the Arellano and Bond [48] test to test for the presence of 
second-order serial correlation.
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4. Results and Discussion

4.1 Summary of the Data

The standard deviation of ATO is about two times that 
of AIM and close to three times that of AEX (Table 1). 
This suggests a larger spread of ATO than AEX and AIM. 
The mean of AIFDI is lower than its standard deviation 
suggesting over-dispersion of AIFDI. As AOFDI was 
defined as a dummy variable, the mean represents the 
percentage of observations with AOFDI as 1. Specifically, 
only 8% of the 2,462 observations recorded AOFDI. This 
small proportion is in line with the fact that outward FDI 
tended to originate more from developed countries than 
from developing countries and is underscored in the litera-
ture [22-27].

4.2 Results

We estimated Equations (1)-(3) and performed robust-
ness checks on the estimates of the key coefficients (Table 
2). The sign of the coefficients of AIFDI are positive and 
the magnitudes are similar across models 1-9. Similarly, 
the coefficients of AOFDI are similar in magnitude across 
models 1-9. These suggest the estimates of AIFDI and 
AOFDI are robust to the control variables. 

In the case of agricultural imports (AIM) as the depend-
ent variable, the coefficients of AIFDI and AOFDI are 
similar across models 10-18 suggesting the robustness of 
the estimates of AIFDI and AOFDI (Table 3). For agricul-
tural trade openness, ATO, as the dependent variable, the 
coefficients of AIFDI and AOFDI are also similar across 
models 19-27 suggesting the robustness of the key esti-
mates (Table 4). It would be observed that the estimates 
of AIFDI in Table 4 are about two times the magnitude 
of those in Table 2 and more than those in Table 3. Also, 
across Tables 2-4, the coefficients of the lag of the de-
pendent variable, are positive, statistically significant, and 
similar in magnitude. Whilst the statistical significance 
confirms that the endogeneity has been cared for, the simi-
larity across models suggests the robustness of the esti-
mates to control variables. 

The complete models in Tables 2-4 are assembled in 
Table 5. The probability of the second-order serial cor-
relations tests is invalidated signifying no second-order 
correlation in the errors of models. The probability of the 
Sargan-Hansen test also shows values above 10%. This 
implies that the over-identifying restrictions imposed 
in the estimation are valid. Following these impressive 
model properties, the panel model estimated is appropri-
ate. Whilst the estimates of the coefficients in Table 5 are 
similar, across the models, the estimates in model 27 ap-

pear to be larger than those in models 9 and 18. This is not 
surprising as the dependent variable in model 27 (ATO) 
is the sum of the dependent variables in models 9 and 18 
(AEX and AIM). The increased value of ATO resulted in 
higher coefficients than those in models 9 and 27. 

4.3 Discussion of the Effects of Foreign Direct In-
vestment on Trade

The coefficient of AIFDI of 0.6882 suggests a US$ 1 
rise in agricultural inward FDI will raise exports by 69 
cents (Table 5). Although this is inelastic, nevertheless, 
it shows that FDI in the agricultural sector of develop-
ing countries enhances trade. This can be attributable to 
multinational enterprises (MNEs) engaging in exports of 
their products to the parent company and other affiliates 
as well as non-affiliate customers outside the country. As 
many developing countries produce primary agricultural 
products, the exports to parent firms and other affiliates fit 
into the vertical integration of the MNEs. The export-en-
hancing role of AIFDI, ceteris paribus should improve the 
foreign exchange receipts of developing countries. Whilst 
the finding is contrary to the Hecksher-Ohlin-Mundell po-
sition of substitutability between trade and capital flows, it 
is consistent with the Antras and Caballero [32] position of 
complementarity of trade and capital flows. In the empiri-
cal space, our results conform to that of the manufacturing 
sector in developing countries [16] and the total economies 
of Africa [14]. But Djokoto [17] and Latif and Younis [18] 
reported a neutral effect of AIFDI on trade in Ghanaian 
agriculture and the agriculture of Jordan, Morocco, Egypt, 
and Thailand, respectively. 

A US$ 1 increase in AIFDI will induce an 87 cents 
increase in imports. The investment codes of developing 
countries contain concessions on imports of raw materials 

Table 1. Summary statistics.

Variable Observation Mean
Standard 
deviation

Minimum Maximum

AEX 2,462 0.8113 5.2582 0 96.7905

AIM 2,462 1.4886 7.3732 0.0208 118.4649

ATO 2,462 2.2999 12.5249 0.0594 214.5246

AIFDI 2,462 0.0052 0.0327 –0.1076 0.8139

AOFDI 2,462 0.0804 0.2720 0 1

AINV 2,462 0.1010 0.0642 0.0089 0.4896

AGDPG 2,462 0.0299 0.0882 –0.7022 1.2342

EXRATE 2,454 1.26e+07 2.22e+08 0.0028 5.60e+09

FTTRADE 2,462 64.6789 15.0331 0 94.8000

HC 2,347 63.4170 29.9712 5.2834 212.5903

INFLA 2,460 11.2421 102.4682 –16.1173 4145.106

POPG 2,462 1.9142 1.3267 –16.8806 17.3991
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and other resources. The abuse of the system can cause 
an increase in imports of agricultural resources. Also, 
the expatriates as well as the growing middle class of 
developing countries’ populations tend to develop a taste 
for foreign foods. These also contribute to an increase in 

agricultural exports. Our finding is consistent with the 
theoretical position of Antras and Caballero [32] of comple-
mentarity of trade and capital flows but contrary to those 
of the Hecksher-Ohlin-Mundell position. Our finding is 
also inconsistent with the findings of Djokoto [17] and Latif 
and Younis [18] on the agricultural sector of Ghana, Jordan, 
Morocco, Egypt, and Thailand, respectively. These re-
ported negative and neutral effects, respectively. 

The effect of AIFDI on trade openness is also positive. 
The elastic magnitude of 2.0284 implies that a US$ 1 in-
crease in AIFDI would induce a more than US$ 1 increase 
in trade openness. The estimate turns out to be the highest 
among the statistically significant estimates. The elasticity 
can be attributable to the complementarity of AIFDI and 
imports and exports on one hand and the synergistic effect 
of imports and exports on the other. Theoretically, foreign 
direct investment and trade are related [29-31]. Whilst Heck-
sher [29], and Mundell [30,31], posited a substitution effect, 
Antras and Caballero [32] noted a complementary effect in 
line with our findings. Our findings are consistent with 
empirical evidence from developing countries [14,15,19,20]. 
Whilst Umar et al. [21] found a negative effect for lower-
income countries and lower-middle-income countries, 
a neutral effect was reported for upper-middle-income 
countries. This result points not only to the presence of 
capital flows and trade in developing countries but also to 
a significant trade-enhancing role of AIFDI in developing 
country agriculture. As foreign capital and trade are prox-
ies of globalisation [54-56], these pointers are evidence of 
the globalisation of agriculture in developing countries. 

The coefficients of AOFDI on exports, imports and 
trade openness are negative and statistically insignificant. 
Recalling that the AOFDI was measured as a dummy, the 
negative sign suggests fewer observations of AOFDI than 
non-observation of AOFDI. This is not surprising as de-
veloping countries are not generally the source of foreign 
capital, rather they are recipients [22-27]. Dunning [57] and Dun-
ning and Narula [58] theorised that developing countries 
are in stages I and II of development in which the inflow 
of FDI outstrips the outflow of FDI. Although empirical 
evidence shows some developing countries have moved to 
stage III [59-64], many developing countries are still far from 
becoming a net exporter of capital. Our finding is incon-
sistent with the theory of substitution [29,26,30] and comple-
mentarity [32] between capital flows and trade. Our findings 
also departed from the statistically significant positive ef-
fect of OFDI, and trade found by Sun and Zhang [28]. 

4.4 Discussion of Control Variables

The coefficients of AINV are positive but statistically 
significant for exports. Thus, a US$ 1 increase in AINV 

Table 5. Complete models for exports, imports, and trade 
openness.

 (9) (18) (27)

VARIABLES AEX AIM ATO

L.AEX
0.3633*
(0.1950)

L.AIM
1.0736***
(0.0094)

L.ATO
1.1116***
(0.0181)

AIFDI
0.6882**
(0.2855)

0.8694*
(0.4866)

2.0284**
(0.9029)

AOFDI
–0.0047
(0.0372)

–0.0215
(0.0732)

–0.0792
(0.1202)

AINV
0.6663***
(0.2268)

3.3783
(2.3380)

4.4784
(2.8000)

AGDPG
–0.1026***
(0.0348)

–0.7748***
(0.2191)

–0.9604***
(0.2828)

EXRATE
–2.41e-11
(1.65e-11)

–8.49e-12
(2.43e-11)

–8.04e-11**
(4.00e-11)

FTTRADE
0.0005
(0.0006)

0.0044
(0.0030)

0.0064*
(0.0036)

HC
0.0046***
(0.0017)

0.0053
(0.0050)

0.0058
(0.0049)

INFLA
1.42e-07 
(5.59e-06)

4.92e-05 
(4.92e-05)

3.35e-05 
(2.58e-05)

POPG
0.0009
(0.0075)

–0.0056
(0.0184)

0.0169
(0.0267)

CONSTANT
–0.1823
(0.1237)

–0.9352**
(0.3918)

–1.2819***
(0.4048)

Model diagnostics 

Observations 2,235 2,235 2,235

Countries 113 113 113

Probability of 2nd order 
serials

0.7288 0.4430 0.9352

Probability of the Sargan-
Hansen test

0.3024 0.1282 0.1002

1. Values in parenthesis are Windmeijer’s (2005) finite-sample 
correction as the default two-step standard errors are biased 
in finite samples due to the neglected sampling error in the 
weighting matrix. 2. *** p < 0.01, ** p < 0.05, * p < 0.1. 3. All 
models estimated with GMM (xtdpdgmm in Stata) using the 
collapse option to control for instrument proliferation.
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will induce less than a US$ 1 (66 cents) increase in ex-
ports. Exports originate from the supply which also arises 
from production. AINV, therefore, contributes to agricul-
tural exports. This is consistent with the findings of Osei 
et al. [33] and Tahir et al. [43]. 

The coefficients of AGDPG are negative and statisti-
cally significant for exports, imports, and trade openness. 
It was expected that an increase in output would contrib-
ute to the production, supply, and export of commodities, 
hence a positive effect. However, this did not turn out  
to be the case. Regarding imports, the negative sign sug-
gests a substitution effect of agricultural growth and 
imports. An increase in agricultural output would lead 
to increased provision of agricultural goods that would 
otherwise have been imported. Whilst this is consistent 
with Mbogela [34] for African countries and Osei et al. [33] 
for lower-middle-income countries, others have reported a 
positive effect [15,19,21,28,43]. 

The negative coefficient of EXRATE suggests increas-
ing currency value per US$ would discourage trade 
openness. Although increasing EXRATE would provide 
increased local currency sales revenue from exports, the 
cost of production for export would go up and ultimately 
discourage exports. For imports, it is a truism that in-
creased EXRATE means imports become more expensive, 
discouraging imports. The combination of these explains 
the negative relationship between EXRATE and ATO, 
albeit a minuscule value. Umar et al. [21] found a positive 
sign for EXRATE for lower-middle-income countries but a 
neutral effect for lower-middle-income and upper-middle-
income countries. 

The coefficient for FTTRADE is positive for all three 
models in Table 5 but weakly significant for model 27. 
Thus, freedom to trade internationally enhances trade 
openness. This result is expected because the freedom 
to trade reduces the constraints to trade, thus, encouraging 
trade. The neutral effect of FTTRADE found by Mbogela [34] 
disagrees with our findings.

The coefficient of HC is positive for exports, imports, 
and trade openness. However, the magnitude is statistical-
ly indistinguishable from zero for the export model. HC 
contributes to labour. Recalling that the marginal produc-
tivity of labour is positive, HC would enhance production, 
the source of export supplies. Tahir et al. [43] and Umar  
et al. [21] also found a human capital-enhancing role in 
trade, albeit for trade openness. The positive finding of 
Umar et al. [21] was about upper-middle-income countries. 
For lower-income countries, however, Umar et al. [21] re-
ported a neutral effect. Aihu and Chedjou [14] reported a 
neutral effect of HC for all the trade measures. 

The coefficients of INFLA and POPG are statistically 

indistinguishable from zero regarding exports, imports, 
and trade openness. The results for inflation are contrary 
to the negative effects reported by Osei et al. [33]. Our 
results for the population are also consistent with those 
of Osei et al. [33] for trade openness. Whilst Harding and 
Javorcik [15] reported a negative effect on exports, Karaca  
et al. [19], Mbogela [34], and Sun and Zhang [28] found posi-
tive effects of population on trade openness. It must be 
noted that some results are inconsistent with the previous 
literature, such as the effect of inflation or population. 
This may be because all countries are considered for the 
analysis at the same time, and no differentiation is made 
at all. Consequently, the effect of certain variables on the 
data in specific types of countries remains obscured.

5. Conclusions and Recommendations

Following gaps in the trade and capital flow literature 
regarding agriculture, we estimated the effect of FDI on 
exports and imports and trade openness, using 115 de-
veloping countries from 1995 to 2020 taking account of 
endogeneity in macroeconomic variables. Whilst AIFDI 
has a positive effect on AEX and AIM, the effect of the 
latter is higher than that of the former. The larger effect 
of the latter over the former would impose foreign ex-
change pressure on developing countries. The estimate of 
the coefficient of AIFDI on trade openness turns out to be 
the highest among the statistically significant estimates. 
Freedom to trade internationally enhanced trade openness. 
Agricultural output growth and exchange rate did not en-
hance trade, however, measured. Human capital enhanced 
exports. AOFDI, INFLA and POPG had no effect on trade 
however measured. To escalate international trade in ag-
ricultural products, developing countries must continue 
to promote AIFDI. This requires paying attention to ap-
propriate management of the macro economy; keeping 
down the inflation rate, optimising the currency exchange 
rate, and keeping interest rates down to boost investment 
among others. Whilst these would enhance AIFDI that 
would promote trade, these would directly promote trade. 
As developing countries have often suffered foreign ex-
change pressures, they must enhance foreign exchange 
receipts through increased exports. Increasing human cap-
ital can increase exports. This would provide the needed 
labour for production and increase supplies that lead to 
increased exports. Developing countries must continue to 
support measures that promote freedom to trade. As many 
developing countries have acceded to the World Trade 
Organisation agreement, it provides a regimen that will 
compel developing countries to follow policies that make 
for more free trade among members. 

A limitation of this study lies in the absence of partial 
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analysis by country groups, which would have provided a 
better understanding of the phenomenon under study. This 
study is also limited to developing countries that are net 
recipients of AIFDI. Further research can consider devel-
oped countries and transition economies. 
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Abstract: A demonstration of improved banana production and commercialization was conducted in the Nyanghtom 
district of the South Omo Zone to enhance the livelihoods of pastoralists and agro-pastoralists in the area. One improved 
banana variety (Wiliyams-1) was used for the demonstration and planted on one hectare of land after training was given 
for purposively selected 25 trial pastoral agro-pastoral research and extension groups and 7 nontrial agro-pastorals from 
land preparation to harvesting. Relevant data through individual interviews and measurement of agronomic parameters 
were collected. The collected data were analyzed by descriptive statistics and Likert scale measurement of agro-pastoral 
preference. Based on the results, the mean banana fruit produced was 28.4 ton ha–1 under agro-pastoral management and 
also agro-pastoral preference indicated that the variety Wiliyam-1 was the first choice of agro pastorals in all parameters 
except drought resistance. Cost-benefit analysis results indicated that the average net income obtained from banana 
production was 209,647 Ethiopian Birr ha–1. The cost-benefit ratio of 2.95:1 indicated that the benefit of production was 
nearly three times higher than the cost of production. However, agro-pastoral raised the frequent breakdown of water 
pumps, lack of operation and maintenance skills, and the high cost of fuel to operate generators and tractors were major 
bottlenecks to sustaining production. Therefore, strong efforts of respective stakeholders are needed to resolve irrigation 
water access problems for sustainable banana production and commercialization to ensure food security and improve 
the livelihoods of women and agro-pastorals.
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1. Introduction 

The Banana (Musa paradisiacal var. sapiertum) is 
one of the most popular monocotyledon herbaceous fruit 
plants which are grown throughout tropical humid areas [1].  
In 2020, the world production of bananas was 120 Mt 
from the cultivating land of 5.2 million hectares [2]. It is 
the fourth-largest global food commodity and is consid-
ered to be one of the most important to food security for 
400 million people in producing countries [3]. Banana 
fruits are known for their high nutritional values, sugar 
and vitamins A, B and C, as well as minerals, particularly 
potassium, calcium, sodium and magnesium [4]. 

In Ethiopia, Banana production is concentrated in the 
southern and southwest regions and the major produce 
comes from small-scale growers for home consumption and 
the national market as well as a source of income. Recently, 
898,354.81 tone bananas were produced from 95,954.13 
hectares of land in Ethiopia and about 118,536.81 tones of 
banana production are found from 15,358.74 hectares in the 
Southern Nations Nationalities and Peoples Regional State 
(SNNPRS) [5]. On the other hand, banana production in the 
South Omo Zone of SNNR is mainly produced in home 
gardens and used for home consumption rather not for com-
mercial purposes. However, recently the promotion of differ-
ent irrigation systems, which is linked with the production of 
fruits and vegetables all over the country, banana production 
in the South Omo Zone especially in lowland areas is com-
ing into outlining and a recent year later it is expanded to 
Dasenech district of South Omo Zone [6]. Because of the high 
temperature and exclusive access to Omo River banks, it is 
blessed with favorable soils for the production of fruit crops. 
However, beyond to use of those resources properly for crop 
production, residents are suffering for food insecurity [7]. To-
wards that, Jinka Agricultural Research Center (JARC) has 
introduced and evaluated banana varieties in the pastoral area 
of the South Omo Zone to alleviate food insecurity and nutri-
ent deficiency problem. 

The report of Jinka Agricultural Research Center’s un-
published data indicated that Dwarf Cavendish and Wil-
liam-1 banana varieties were identified as high-yielding 
and adapted varieties in lowland areas of the South Omo 
Zone. But those selected improved banana varieties are 
not well promoted and commercialized all over pastoral 
areas of the South Omo Zone. Making use of improved 
technologies, adaptable crops, high-yielding cash crops 
and linking to market access may help to cope with food 
insecurity and would enhance the income status of the 
pastoral and agro-pastoral households in the area. To this 
end, Jinka Agricultural Research Center in collaboration 
with different partners is one of the major efforts extended 

to promote and commercialize improved banana vari-
ety in the pastoral and agro-pastoral area of South Omo 
Zone. Thus, the objective of this study was to demonstrate 
improve (William-1) banana variety production in the 
Nyanghtom district of the South Omo Zone and to estab-
lish orchards for sucker multiplication. 

2. Material and Methods 

2.1 The Description of the Study Area

The present study is conducted at Nyanghtom district 
of the South Omo Zone, SNNPR in the year 2022/2023 
cropping season. The district has 20 kebele administra-
tion (1 urban and 19 rural) covering 2652 km2 and located 
at 4.850-5.670 N and 35.750-36.230 E. The total human 
population of the districts is 22,562, of which 11,375 are 
male and 11,187 are female according to population pro-
jection by the central statistical agency [5]. The population 
density is estimated to be 8 persons per km2. The district 
is bounded to the north by Bench Maji zone and Salamago 
district, to the south by Dasenech district, to the east by 
Hamer district, and to the west by Kenya and South Su-
dan. The agroecology of the district is lowland, with an al-
titude that ranges between 300 and 450 m.a.s.l. The mean 
annual temperature of the district ranges between 33 and 
420 °C. The rainfall in the district is erratic and the mean 
annual rainfall ranges from 350 to 500 mm. Livestock 
production is the dominant livelihood source whereas 
beekeeping and fishing are also important income sources 
in the district. The second most important source of liveli-
hood is opportunistic crop production with an overflow 
of the Omo River. But recently, sorghum, maize, haricot 
bean, onion and banana are the major crops produced in 
the area. More importantly, the district does have huge 
potential for the production of bananas due to the avail-
ability of the Omo River for irrigation. 

2.2 Pastoral Agro-Pastoral Research and Exten-
sion Group (PAPREG) Member Formation and 
Identification of Technology Demand

Before the demonstration of this improved banana 
variety production and commercialization in the study 
area there was community-level problem analysis with 
the PAPREGs and non- beneficiary’s pastoral and agro-
pastoral research group members. In this regard, 25 pas-
torals were grouped into one PAPREG which was com-
posed of 12 males and 13 females based on interest in the 
topic, willingness and capability of managing trials and 
consensus among the members. Group discussion with 
trial PAPREGs and non-trial agro pastorals was done to 
analyze the problems in the production and demand of the 
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PAPREGs for the technology.

2.3 Site Selection

The study site was selected in discussion with district 
experts of Livestock and Fishery Resources, Agriculture 
and Natural Resources, Pastoral and Agro-pastoral affair, 
Lowland Resilient Project and researchers of the Jinka 
Agricultural Research Center. One kebele was identified 
namely Narogoy for initial demonstration purposes and 
used for further teaching and learning of other kebeles 
which was taken into consideration the possibility of clus-
tering of agro-pastoralist, land and irrigation access. 

2.4 Design and Varieties

One selected banana variety (Wiliam-1) was planted 
with a single large plot that contain 100 * 100 m. The land 
was divided into 25 equal parts with 12 * 44 m for each 
PAPREG member. Row planting method was employed 
and spacing of 3 m * 3 m between inter and intra-spacing. 
Full recommended management packages for banana pro-
duction (improved variety, row planting, weed manage-
ment, irrigation scheduling and, etc.) were conducted. 

2.5 Training and Promotion Technique

The training on agronomic practices and irrigation wa-
ter use was given to selected trial PAPRGs and non-trial 
agro-pastoralists, development agents and administrators 
of the kebele to enhance awareness and skills on field 
management and all other banana agronomic practices 
and postharvest handling before starting panting. The field 
visit was conducted just the crop is coming to the maturity 
stage. Trial PAPREGs members, non-trial agro-pastoral-
ists, experts and other relevant stakeholders were invited 
to acquire experience and learn about improved banana 
cultivation. 

2.6 Implementation Process, Field Management, 
and Follow up

First, the selected site was cleaned by human power 
and prepared for plantation using a tractor. A total of 
one hectare was ready for 25 PAPREGs, each having a 
share of 0.04 ha of land to plant. After land preparation 
was well done, holes of 60 cm in width, depth and length 
were manually prepared using a spacing of 3 m * 3 m for 
square planting. Healthy 1111 suckers were planted at the 
prepared hole. Since the area is arid, irrigation was ap-
plied using furrow irrigation. Water was applied at 3-day 
intervals at the initial stage and once within a week after 
the canopy was covered uniformly. Re-shaping of holes 

and earthling up around the crop was done to prevent the 
outbreaking of irrigated water and conserve water near the 
plant. Weeding was performed when weeds occurred. Af-
ter planting the sucker, researchers from Jinka Researcher 
Center, and experts from the zone and district of Low 
Land Resilient project office conducted frequent follow-
ups and evaluated the progress. Feedback regarding the 
weakness and strengths of each PAPREG were given to 
further improve the management and irrigation water ac-
cess. This feedback gave the lesson to strengthen those 
with weak management of their plot and share good ex-
periences with those with good management of their plot. 
Moreover, at different stages of production, regional coor-
dinators of the Low Land Resilient Project and Southern 
Agricultural Research Institute conducted follow-up, and 
evaluation and gave feedback. All these coordinated ef-
forts resulted in the successful demonstration and produc-
tion of improved banana variety  production in the study 
area.

2.7 Data Datasets and Recording 

Important data sets collected include PAPREGs va-
riety preference of improved banana, frequency of har-
vest, number of bunches per harvest, the total number of 
bunches per hectare, the weight of bunch per kilogram 
and the selling price of a one-kilogram banana. Data was 
collected by measuring each parameter with a data col-
lection sheet and face-to-face interviews with PAPREGs 
using structured questionnaires. Moreover, lessons learned 
and feedback on important attributes of improved banana 
production technology were collected through group dis-
cussions with PAPREGs. The organization of groups was 
based on the interest of PAPREGs to participate in the dis-
cussion regarding improved banana production technolo-
gy and the group constituted ten different social members 
such as elders, women and youth pastorals.

2.8 Data Reporting System

This study used both quantitative and qualitative 
data sets. Quantitative data includes frequency of har-
vest, number of bunches per harvest, the total number of 
bunches per hectare, the weight of bunch per kilogram and 
the selling price of a one-kilogram banana, and analyzed 
using simple descriptive statistics (percentage, mean and 
maximum and minimum). Qualitative data sets include 
PAPREGs’ variety preference of improved bananas and 
constraints of banana production were analyzed using the 
Likert scale and ranking. The benefit-cost ratio was used 
to analyze the profit from the production of bananas in the 
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study area. 

3. Results and Discussion

3.1 Household Characteristics of PAPREGs

An effort was made to assess the household charac-
teristics of the sample respondents as shown in Table 1. 
Consequently, about 46.9% and 53.1% of the PAPREGs 
of banana production technology were males and females 
respectively. This indicates that women were more par-
ticipated than men in pastoral and agro-pastoral research 
and extension groups. Furthermore, the Low Land Resil-
ient Project encourages women’s participation in every 
activity they implement to improve their income-earning 
capacities. Different studies reported that women partici-
pate more than men in horticultural crop cultivation [8-10].  
Moreover, the study by Hidosa et al. [11] reported that 
agro-pastoral women participate in panicum grass produc-
tion more than men as they are nearer to providing live-
stock feed. The mean age of the respondent was 36 years 
indicated the PAPREGs involved in banana production 
technology are productive. Regarding the education level 
of the PAPREGs, the mean grade achieved was grade one. 
This implies that the beneficiary’s education achievement 
is very low and there is a dominance of illiteracy in the 
area as the study area is pastoral and agro-pastoral area. 
The minimum and maximum family size of PAPREGs 
was two and nine. The mean family size of the respondent 
was 6. This implies that family size in the household has 
some role in the labor force to engage in different income-
generating activities like banana production in addition 
to livestock production activities. A similar finding was 
reported by Tadesse et al. [12] that the average family size 
of the households is 6 persons in the Nyanghtom district.

It is clear that the district has huge potential for water 
and land resources for banana production using the Omo 
River, but yet they have not been involved in improved 
banana production. Recently Jinka agriculture research 

center in collaboration with Low Land Resilient Project 
introduced improved bananas and demonstrated them to 
the agro-pastoral. Thus, the PAPREGs have one-to-two-
year experiences in improved banana production. This im-
plies that they are new to the improved banana production 
technology and enough training and strong support was 
provided to them to successfully produce and get benefits. 
The minimum, maximum and mean numbers of family 
members who engaged in banana production technology 
were 1, 7 and 3 persons. This implies that the banana pro-
duction technology in the study area created more jobs for 
household members. Thus, household members who en-
gaged in banana production technology generate income 
and reduce the number of family members who have no 
job thereby improving their livelihood. 

3.2 Banana Production Status and Its Importance 
on Livelihood Improvement

The production status of improved bananas is juvenile 
that previously they do not have a practice of improved 
banana production technology. However, they do have a 
small practice of local banana production using the Omo 
River for irrigation. As to key informant discussion with 
district experts planted bananas had also spread in the area 
and were incorporated into development plans by Pastoral 
and Agro-pastoral Affairs, agricultural office, Jinka Agri-
cultural Research Center, Lowland Livelihood Resilient 
Project and other development projects. More importantly, 
the production area that banana early planted area was 
increased from one to three hectares. This implies that 
the demand for improved banana production technology 
is increasing and has some contribution to livelihood im-
provement for pastoral and agro-pastoral households. The 
PAPREGs who are expanding their land indicated that 
they are solving the sucker shortage problem in their area 
and selling and sharing the sucker with other neighbor-
ing agro-pastoral. As indicated in Table 2, all PAPREGs 
(100%) agreed that they don’t have banana sucker access 

Table 1. Household characteristics of sample respondents.

Attributes of respondents Frequency Percent 

Sex of household Male 15 46.9

Female 17 53.1

Min Max Mean Std. Dev.

Age of respondent (Year) 25 55 36 8.53

Family size (Number) 2 9 6.4 2.19

Education status (Grade) 0 11 1.27 2.98

Banana production experience (Year) 1 2 1.21 2.84

Household member engaged in banana production (Number) 1 7 2.53 1.43

Source: Own survey, 2023.
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previously but now there is no sucker access problem 
in their area to produce and distribute. Inclusively, this 
indicates banana sucker shortage problem is not a prob-
lem now for both the PAPREGs and non-PAPREGs in 
the area. The reason for not cultivating previously was a 
lack of knowledge regarding improved banana production 
technology. As reported by PAPREGs, about 78.1, 15.6 
and 6.3% were due to lack of sucker, awareness and sup-
port from different stakeholders respectively. Moreover, 
they indicated there are different benefits of cultivating 
improved bananas such as household income source, 
food and livestock feed. About 84.4 percent of PAPREGs 
reported that the importance of cultivating improved 
bananas was highly improving whereas 15.6 percent re-
ported slowly improving. This implies that the majority 
of PAPREGs realized the importance of cultivating im-
proved bananas as their livelihood improvement activity. 
This finding is identical to the findings of Adhikari et al. [13] 
who reported cultivation of bananas enhanced household 
income and improved the livelihoods of producers.

3.3 Household Income Analysis of Banana Pro-
duction

As far as access to irrigation water is not a problem for 
agro-pastoral, it is easy to cultivate bananas using irriga-
tion. Once they planted the banana sucker, they frequently 
water as per plant water requirement and effectively man-
age weeds, then they do have a continuous harvest of the 
fruit or duplicate the banana sucker to the surrounding. 
Once banana planting was established in the area, it has 
taken 9 months to cut the first banana fruit and later the 
average harvesting frequency was nearly 1.8 times in a 
year in the area if properly managed and access irrigation 
water. However, after first harvesting, later harvesting 
frequency depends on irrigation water access and weed 
management, and the minimum, maximum, and average 
harvesting frequency of improved banana per year in the 
study area is 1, 2 and 1.8 times respectively. The mean 
bunch produced per ha/year was 710 bananas bunch and 

on average each weighs 22.2 kg. This means that the 
mean amount of bananas produced was 28,371.6 kg per 
hectare in the area under agro-pastoral management (Table 
3). This indicates that the mean yield of bananas was 284 
quintals or 28.4 tons per hectare which is a far better yield 
than in the study by Dawit and Asmare [14] who reported 
the mean productivity of bananas is in the range of 10 to 
20 tons per hectare under farmer management. This might 
be due to the virgin land which is not previously culti-
vated, the favorable environment, improved variety, and 
irrigation water access. 

The minimum and maximum price of bananas was 8 
and 10 Ethiopian Birr (ETB) per kilogram respectively 
with a mean price of 9.73 ETB per kilogram. The mean 
sucker sold by an individual household in a year was 307 
and the minimum and the maximum sucker were 125 
and 550 respectively. Each sucker cost the mean of 14.5 
ETB and the minimum and the maximum price per sucker 
were 10 and 20 ETB respectively in the production season 
2022. The mean income from the sale of the banana fruit 
per hectare and the sucker was 276,055.7 and 4,551 ETB 
respectively in the production season 2022. The mean 
total income from the sale of the banana fruit per hectare 
and the sucker was 280,606.7 ETB in the production sea-
son of 2022. The minimum and maximum total income 
per individual household generated from the sale of the 
banana fruit per hectare and sucker were 61,250 and 
571,000 ETB (Table 4). This implies that agro-pastoralists 
who were able to manage improved banana production ef-
fectively may generate a maximum income of more than 
half a million in a single production year per hectare and 
could harvest continuously as banana is a perennial fruit 
crop. 

3.4 Cost of Improved Banana Cultivation

All costs of improved banana cultivation were recorded 
by researchers and experts at the implementation site. The 
main cost items recorded were planting material (sucker), 
site cleaning and land preparation, planting sucker, ir-

Table 2. Status of banana production in the area.

Attributes Freq Percent 

Access to improved banana sucker Yes, now 32 100

No, so far 32 100

Reason for not cultivating banana Lack of sucker 25 78.1

Lack of awareness 5 15.6

Lack of support 2 6.3

Importance of cultivating improved banana Highly improving 27 84.4

Slowly improving 5 15.6

Source: Own survey, 2023.
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rigation, weeding management and harvesting. Thus, the 
average cost of improved banana production per hectare 
was 70,959 ETB. All the cost items purchased and labor 
per day prevailed by the current market price at the time 
of production season. The cost of the sucker was 16,665 
ETB per hectare and also others all well described in Ta-
ble 5. 

3.5 Net Income from Improved Banana Cultiva-
tion 

Table 6 describes the net income of banana cultivation 
in the study area. The average net income obtained from 
banana production in one production season was 209,647 
ETB per hectare in the study area. This income is the in-
come obtained after the first harvest that has taken nine 
months after planting and later continuous harvest. This 

indicates that any agro-pastoral who participated in im-
proved banana production would have a mean net income 
of 209,647 ETB per hectare. Besides, the ratio of benefit 
to cost (2.95:1) indicated that agro-pastoral households 
may get benefit from improved banana production nearly 
three times higher than the cost of production. This find-
ing suggests that agro-pastoral households who invest in 
improved banana production would get better income in a 
single production season and further expand the produc-
tion of bananas using suckers around the mother plant. 
And also, this is the most profitable business in the area 
that would encourage new agro-pastoralists to start with 
improved banana production to absorb the benefits of this 
profitable initiative. This finding is in line with others that 
banana cultivation is an economically profitable invest-
ment because of the higher positive returns earned [15-17]. 

Table 3. Mean fruit yield and yield-related parameters of the improved banana variety.

Parameters Min Max Mean 

Day to 50 % of 1st cycle harvesting 268 290 279

Harvesting frequency per year 1 2 1.8

Bunch produced/ha/year (number) 500 875 710

Weight of bunch (kg) 15 32 22.2

Fruit yield per hectare (tone) 7.5 56 28.4

Source: Own survey, 2023.

Table 4. Income from improved banana cultivation/yield/ha/year.

Attributes Min Max Mean 

Total fruit yield/ha/ year (tone) 7.5 56 28.4

Price of banana per kg (ETB) 8 10 9.73

Sucker sold per household/ha/year (number) 125 550 307.5

Price per sucker (ETB) 10 20 14.8

Income from the sale of a fruit per hectare (ETB) 60,000 560,000 276,055.7

Income from the sale of sucker per hectare (ETB) 1,250 11,000 4,551

Total income (ETB) 61,250 571,000 280,606.7

Source: Own survey, 2023.

Table 5. Cost of improved banana production per ha.

Expense items Measurement Quantity Unit cost (ETB) Total cost (ETB)

Sucker Number 1111 15 1111*15 = 16,665

Land preparation Fuel by liter 150 69.36 150*69.36 = 10,404

Planting Person per day 25 100 25*100 = 2,500

Irrigation Round 50*4 100 50*4*100 = 20,000

Weeding management Round 10*15 100 10*15*100 = 15,000

Harvesting Frequency 1.8*710*5 100 1.8*710*5 = 6,390

Total cost 70,959

Source: Own survey, 2023.
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Table 6. Net income from banana production.

Income and cost of production Mean (ETB)

Gross income 280,606.7

Cost of production 70,959

Net income 209,647.70

Benefit: cost ratio 2.95:1

Source: Own survey, 2023.

3.6 Extension Services and Training on Improved 
Banana Production Technology 

Access to extension services has been improved over 
time due to a result-oriented extension approach in which 
agro-pastoral could see the yield difference of introduced 
banana production technology compared to the local one. 
Implementation of any new agricultural technology needs 
an effective approach and PAPREGs need to be conscious 
and responsive to effectively use the given technology 
and also has got information through extension agents [18]. 
Information sources about improved agricultural tech-
nologies are development agents, agro-pastoral-to-agro-
pastoral and experience sharing in the district. As shown 
in Figure 1, they indicated that the training and extension 
service on improved banana production technology by the 
Jinka Agricultural Research Center, lowland Livelihood 
Resilient Project and District Office of Agriculture was 
very important. Thus, the training helped them to cultivate 
improved banana and realized benefit through income 
generation and household food sufficiency. In addition, 
about 90% of the PAPREGs reported they are satisfied 
with the training and extension services provided by dif-
ferent stakeholders whereas 10% did not satisfied. As 

presented in Figure 2, all PAPREGs (100%) participated 
in the banana demonstration trail by Jinka Agricultural 
Research Center whereas about 30% of the respondents 
get extension services from development agents. This 
indicated that the extension provision regarding banana 
production by the development agent is weak. Moreo-
ver, about 70% of both trial PAPREG and non-trial agro-
pastoral were involved in the collaborative training by the 
Jinka Agricultural Research Center and Lowland Resilient 
Project whereas 86% of the respondents participated in 
final pastoral and agro-pastoral field days. This shows that 
pastorals and agro-pastoral in the area are participating in 
different pieces of training from different stakeholders.

90

10

0

50

100

Yes No 

Pe
rc

en
t 

Satisfaction on training and extension service 

Figure 1. Satisfaction with training and extension services. 

3.7 Agro Pastoralists’ Trait Preference for Improved 
Banana Production

The objective of the demonstration is not only to 
maximize yield but to improve PAPREGs’ involvement 
in selecting technologies that fulfill their preference for 
sustainable technology diffusion [19]. Thus, agro-pastorals 
identified six common preference parameters to compare 
improved bananas (William-1 variety) with local variety. 
The parameters were weighted according to their impor-
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tance to be used as a comparison, then technology with a 
greater percentage of the total was selected as the primary 
choice. The overall weighted ranking matrix result shows 
that improved banana (William-1) was the first choice 
of agro pastorals in all parameters except drought resist-
ance whereas their local variety is the first choice only in 
drought resistance (Table 7). This implies that their local 
variety is not productive as the improved one but they still 
appreciate the local variety in drought resistance as com-
pared to the improved variety. However, as the study area 
is agro-ecologically classified as dry land and described 
by recurrent rainfall shortage and their production prac-
tice of banana is with irrigation from Omo river by motor 
pump. Agro-pastoral given high score for early matura-
tion, disease resistance and marketability of improved ba-
nana as compared to the locally available banana variety. 

3.8 Constraints of Banana Production 

The frequent breakdown of water pumps is the main 
constraint that hinders the production of bananas in the 
area. As the production is based on irrigation water access 
and lack of water due to pump breakdown order the plant 
to dry. Thus, the pump and generator breakdown are ranked 
as the first serious problem and operation and maintenance 
skills in irrigation systems are a basic necessity for sustain-
able use of the water lifting device and accessing water for 
production. The high cost of fuel to operate generators and 
tractors is another constraint that hinders the production of 
bananas and is ranked as the second most serious problem. 
As they are agro-pastoral, they are not capable enough to 
purchase fuel and the supporting organization in the district 
are getting on a budget shortage as the recent price of fuel 
is so high. The study by Asmera et al. [18] and Hidosa et al. [11] 
reported that the high cost of fuel is the changing factor of 

panicum production in the Dasenech district. On the other 
hand, the lack of skills in the maintenance of generators and 
water pumps is the third important constraint that hinders 
banana production in the area. Thus, a lack of operation and 
maintenance skills in irrigation systems for water lifting de-
vices may cause the failures of sustainable production using 
irrigation and may be associated with food insecurity prob-
lems in irrigation-based production-dependent areas. Exten-
sive drought is the key factor that causes the banana to dry 
and hinders sustainable production. The PAPREGs reported 
that the recurrent drought is the fourth serious problem that 
hinders banana production and lets them to food insecurity. 
Market linkage is another important constraint of banana 
production as output markets are the main driving force 
for the products to be sold [20-22] and ensure the economic 
feasibility of irrigation projects and ensure sustainable 
production and economic returns. Failure of the market 
for irrigation-based agricultural products like bananas may 
cause the failures of irrigation projects and challenges the 
sustainable use of irrigation. Lastly, they reported that the 
lack of enough training and support on the production and 
irrigation of water by districts and stakeholders hinders ba-
nana production in the study area (Table 8).

Important lesson
Promotion of new technology to pastoral and agro as-

tral through the PAPREG approach was very important for 
easiness of communication and contact with any number 
of PAPREGs at once to demonstrate improved technology. 
Moreover, it was effective for common problem identifi-
cation, practical and participatory way of working on the 
ground, creating awareness and ownership of that tech-
nology, sustainable use of demonstrated technology and 
strengthening the team spirit between PAPREG, extension 
workers and researchers for the common objective. 

Table 7. Preference of agro-pastoral on improved banana (William-1) and local variety.

Improved (William-1) Local 

Parameters score weight score*weight score weight score*weight

Early maturity 3 1 3 1 1 1

Disease/pest/resistance 3 2 6 1 2 2

Taste 3 3 9 2 3 6

Fruit size 3 5 15 1 5 5

Drought resistance 2 6 12 3 6 18

Marketability 3 4 12 2 4 8

Sum of Score*weight 57 40

Rank 1 2

Score = (1 = Fair, 2 = Good, 3 = V. Good) & Weight = (1 = Early maturity, 2 = Disease resistance, 3 = Taste, 4 = Marketability, 5 = 
Fruit size, 6 = Drought resistant.
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4. Conclusions and Recommendation 
The finding of this study indicated that the demonstra-

tion of improved banana production and commercializa-
tion in the areas has improved the economic status of the 
PAPREG and non-trial agro-pastoral and contributed to 
reduce the food security issues through the sale of banana 
fruit, sucker and feed biomass of bananas after harvesting. 
Moreover, the PAPREG approach to the demonstration 
was effective as it is an easy way of identifying practical 
problems on the ground, creating awareness, ownership of 
that technology, sustainable use of demonstrated technol-
ogy and strengthening the team spirit among PAPREG 
members. The mean banana fruit produced was 28.4 tons 
per hectare in the area under agro-pastoral management. 
The average net income obtained from banana production 
in one production season was 209647 ETB per hectare in 
the study area. Besides, the ratio of benefit to cost (2.95:1) 
indicated that agro-pastoral households would get ben-
efit from improved banana production nearly three times 
higher than the cost of production. Moreover, the agro-
pastoral preferred improved banana (William-1) over the 
local in all parameters except drought resistance whereas 
their local variety is the first choice only in drought resist-
ance. However, agro-pastoral raised the frequent break-
down of water pumps, lack of operation and maintenance 
skills, and the high cost of fuel to operate generators and 
tractors are major problems to sustain production. There-
fore, strong efforts of respective stakeholders are needed 
to resolve irrigation system problems mainly the supply 
of easy water lifting devices for sustainable banana pro-
duction and commercialization to ensure food security 
and improve the livelihoods of women and poor agro-
pastoral in the area. Additionally, it could be concluded 
that PAPREGs should be involved in further expansion 
and linked with different market outlets like ETFRUIT 
and other national or regional markets to enhance their 
income.
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Table 8. Constraints of banana production in the area.

Constraints of banana production The level of constraints 

Very serious Medium Serious Score Index Rank 

The generator and water pump break down 22 8 0 87 0.196 1

High cost of fuel to operator generator and tractor 16 14 0 81 0.182 2

Market linkage problem 6 20 4 67 0.151 5

Lack of skills in maintenance of generator & pump 12 18 0 77 0.173 3

Lack of training and support 12 6 12 65 0.146 6

Extensive drought 7 19 4 68 0.153 4

Note: The value is given for the level of constraints: Very serious = 3, Medium = 2, Serious = 1.
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1. Introduction
In the Lao PDR, which is primarily an agrarian so-

ciety, agriculture, and forestry contribute to 30% of the 
country’s GDP and employ over 75% of the workforce. 
The Agriculture Development Strategy 2025 has identi-
fied bananas as a prioritized crop for agricultural exports. 

In 2020, bananas hold significant importance as one of 
the key crops, with an estimated production of 385,000 
tons. The development of commercial banana production, 
largely driven by Chinese investments, brings economic 
benefits and employment opportunities, particularly in the 
northern region of Lao PDR. Approximately 88% of the 
exported bananas were shipped to China, while the re-
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maining 12% were sent to Thailand. 
In recent years, the demand for bananas in neighbor-

ing countries has increased, leading to a rapid expansion 
of banana production and area in Lao PDR. One of the 
banana types that is being heavily invested in Lao PDR is 
Cavendish, which is a high-yielding variety that requires 
extensive use of chemical fertilizers, pesticides, and her-
bicides. The use of these chemicals has had significant 
negative impacts on both the environment and the well-
being of workers and consumers. 

The use of chemicals in banana production can have 
several negative impacts on the environment, workers, 
and consumers. Environmental impacts include water pol-
lution, soil contamination, and ecosystem damage. Worker 
health impacts include respiratory problems, skin prob-
lems, and cancer. Consumer health impacts are less well-
understood, but there is some evidence that exposure to 
chemicals in bananas can cause health problems. Workers 
on banana plantations are often from impoverished com-
munities and may have a limited understanding of safe 
chemical handling practices. This puts them at even great-
er risk of exposure to harmful chemicals. The costs of 
healthcare and environmental rehabilitation may outweigh 
the benefits of income generation and job opportunities 
from banana production [1].

Due to concerns over the spread of Fusarium wilt in 
Cavendish banana plantations in Northern Laos, cultivat-
ed banana varieties known locally as “Kuay Nam” have 
gained increased attention [1]. Cultivated bananas play a 
crucial role in the agricultural sector of Lao PDR, provid-
ing food security and income generation opportunities 
for local communities. Traditionally, banana plants grew 
naturally in backyards or small farms for household con-
sumption and animal husbandry. However, in recent years, 
there has been a growing interest in commercializing 
Kuay Nam bananas due to their high yields and resistance 
to pests and diseases. 

There has been limited research on the potential of 
the cultivated banana value chain to provide sustainable 
income for local communities. To address this gap, this 
study focuses on investigating the role of the cultivated 
banana value chain in supporting sustainable income for 
communities in the provinces of Houaphan, Vientiane, Sa-
vannakhet, and Salavan.

Several studies have been conducted to analyze value 
chains in the Lao PDR. For instance, Wongpit and Sisa-
phanthong [2] examined the value chain of organic vegeta-
bles in Vientiane Capital and found limited value addition 
and processing due to small market size, lack of knowl-
edge, and low consumer awareness. In another study, 
Small-scale Agro-Enterprise Development in the upland [3] 

analyzed the cultivated banana value chain in the Poukoud 
district, Xieng Khuang Province, identifying challenges 
such as insufficient inputs and equipment for farmers. 
However, with access to funding, farmers were able to in-
crease production and sales, highlighting the significance 
of middlemen in connecting farmers to the market.

The commercialization of agricultural products is a 
priority policy of the Lao government. Farmers are be-
ing encouraged to change from traditional production 
methods to more commercial practices, such as expanding 
production and processing their products. The government 
is providing support to farmers in this transition, such as 
providing access to credit and training on commercial 
production techniques. The commercialization of agricul-
ture is expected to benefit both farmers and the economy. 
Farmers will be able to increase their incomes, and the 
economy will benefit from increased exports.

The impact of agricultural commercialization on liveli-
hoods and food access in the Lao PDR has been analyzed 
by Wright [4]. The study highlights policy-driven shifts 
from traditional to intensive agriculture and increased 
demand for agricultural products from neighboring coun-
tries. These developments have expanded markets and 
facilitated smallholder access to markets through im-
proved road infrastructure. Goletti [5], Bouahom et al. [6]  
and Setboonsarng et al. [7] have discussed commercial 
crop production, there has been a lack of comprehensive 
examination and quantification of the determinants and 
implications of agricultural commercialization in the Lao 
PDR, particularly for crops like cultivated bananas. 

This paper aims to describe and analyze the value chain 
of cultivated bananas in domestic and foreign markets, 
filling the gap in existing research. To analyze the effects 
of commercialization on local incomes, this study focuses 
on the cultivated banana value chains, examining their 
organization, key actors involved, value added throughout 
the process, and potential opportunities. 

2. Material and Methods

The methodology employed in this study involved the 
use of value-chain analysis to examine the cultivated ba-
nana industry in four provinces. The value chain analysis 
includes stakeholder analysis, value chain mapping, and 
value-added. The objective of value chain analysis is to 
break down the chain into its individual components to gain 
a better understanding of its structure and functioning [8].  
A preliminary value-chain framework was developed 
based on existing studies, reports, and consultations with 
researchers. Stakeholders were then invited to participate 
in a focused group discussion where the draft value chain 
was presented and explained. Valuable input and sugges-
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tions from the participants were incorporated, leading to 
the revision of the value chain and the identification of 
key bottlenecks.

The determinants of commercialization were analyzed 
through a regression model. There are many discussions 
about what agriculture commercialization is and how to 
measure commercialization. Govereh et al. [9] suggest that 
agriculture commercialization is the proportion of sold 
products to total production and commercialization can be 
measured along a continuum from zero (total subsistence-
oriented production) to unity (100% production is sold). 
The measurement of the commercialization of agricultural 
pre is expressed as the equation below:

Commercialization = Sale value
Production value

 (1)

The agricultural product in this paper refers to culti-
vated bananas. The sale value is the value of cultivated 
bananas that farmers sell to middlemen or exporting com-
panies. Production value is the value of cultivated banana 
production by farmers. The equation model to identify the 
determinants of banana commercialization is as follows: 
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 =
 
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(1)
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 = 0 + 1 + 2 + 3 + 4+ 5+ 6 +  (2)

Household income,  , is a function of instrumented agricultural
commercialization (�), labor, capital, and land; a vector of household characteristics ();
and a government policy variable, .

 = 1 + 1� + 2 + 3 + 4 + 5 + 62 + 73 + 84 +  (3)

The definition and measurement of variables in Equations (2) and (3) are explained
in Table 1.
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 (3)

The definition and measurement of variables in Equa-
tions (2) and (3) are explained in Table 1.

Data for the study were collected through a household 
survey conducted in four provinces: Houaphan, Vientiane, 
Savannakhet, and Salavan. Banana production has in-
creased significantly in recent years, particularly in Vien-
tiane Province, Salavan Province, and Savannakhet Prov-
ince. In Xanakham district, Vientiane Province, which is 
located in the central part of Laos, most of the bananas are 
sold to Vientiane Capital or exported to Thailand. Some of 
the bananas are also processed into banana crisps and so-
lar-dried bananas. Salavan Province is in the southern part 
of Lao PDR where most of the bananas are exported to 
Thailand. Some bananas are also used to produce whiskey 
or processed into banana fiber for handicrafts. However, 
the demand for these products is low. In Houaphan Prov-
ince, which is in the northern part of Laos and shares a 
border with Vietnam, the commercialization of cultivated 
bananas is at an early stage. The main obstacles to the ex-
pansion of banana production are the lack of a market, the 
high costs of materials and transportation, and the limited 
availability of land. In Savannakhet Province, bananas 

Table 1. Definition and measurement of the variables. 

Variable Definition Measurement

C Commercialization ratio
The ratio of the value of the banana sale to the total production value where rank 
from 0 to 100

Gen Gender Gender of the head of the household where 1 is male and 2 is female

Age Age Age of head of household 

Edu Education Year of education of the head of household

Exp Experience Year of experience in the banana plantation

Mem Member of household Number of members in the household

Dm Distance to market Distance from farm to market in Kilometers

Df Distance to farm Distance from home to farm in Kilometers

lnI Natural logarithm of to income of the household Total income of a household in million Lao Kip (LAK) per year

  Predicted commercial ratio Predicted commercial index derived from Equation (2)

lnL Natural logarithm of labor Number of workers used to cultivate bananas

lnK Natural logarithm of capital Value of capital use in the banana farm in million LAK per year

lnS Natural logarithm of land Land area of the banana farm measuring in hectares

P Policy Dummy variable for policy support where 1 if received support and 0 otherwise 

D1 Dummy variable for Houaphan 1 is Houaphan and 0 otherwise

D2 Dummy variable for Vientiane 1 is Vientiane and 0 otherwise

D3 Dummy variable for Savannakhet 1 is Savannakhet and 0 otherwise

D4 Dummy variable for Salavan 1 is Salavan and 0 otherwise
  Error term
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are mainly planted in the Xepon district, near the border 
with Vietnam. Most of the bananas are exported to China 
through Vietnam.

The selection of districts within each province was 
based on recommendations from provincial authorities ac-
tively promoting agriculture commercialization. Random 
sampling methods were used to select households, mid-
dlemen, and banana processors for interviews. The survey 
questionnaires covered various topics such as respondent 
information, revenue, production costs, market accessibil-
ity, and financial access. The interviews aimed to gather 
the necessary information. Table 2 shows the sample size 
which consists of 474 households involved in banana 
cultivation, along with 8 middlemen and 9 banana proces-
sors.

Table 2. Sample size across the different categories.

Provinces Farmers Middlemen Processors

Houaphan 111 2 2

Vientiane 251 3 3

Savannakhet 73 2 3

Salavan 36 1 1

Total 474 8 9

Source: Authors’ survey in 2017.

3. Results

3.1 Value Chain of Cultivated Bananas 

Value Chain of Cultivated Banana in Huaphan
In the banana value chains in Houaphan Province, four 

main stakeholders can be identified: farmers, processors, 
middlemen, and importers. Farmers are responsible for 
cultivating and collecting bananas from their farms and 
selling them to middlemen and customers at the market in 
Xam Nuea district. On average, farming households have 
a farm area of 1.3 hectares, with 0.6 hectares dedicated to 
banana farming. The total cost of banana production for 
farmers, including fixed and variable costs, amounts to 
approximately 2.02 million LAK per household per year. 
In contrast, the total income from bananas reaches around 
3.06 million LAK per household, resulting in a profit of 
approximately 1.04 million LAK.

Processors in Houaphan purchase bananas from farm-
ers and use them to produce ripe banana crisps. It takes 
about four hours to produce ripe banana crisps from 20 
bunches of bananas. Processors sell these banana crisps 
directly to customers at the market in Houaphan Province. 
The main costs incurred by processors include fixed costs 

for equipment and variable costs such as labor, purchasing 
bananas, cooking oil, and packaging materials. On aver-
age, processors earn an income of 1.5 million LAK per 
month, while their total costs amount to 0.9 million LAK, 
resulting in a profit of 0.6 million LAK per month.

Middlemen play a role in buying bananas from farmers 
and selling them to customers in the market in Xam Nuea 
district. Their fixed costs primarily include trucks, while 
their variable costs consist of expenses for gasoline, rental 
fees at the market, maintenance, and labor. The average 
total cost for middlemen is 13 million LAK per month, 
and their income amounts to 4 million LAK per month. 
Consequently, the average profit for middlemen is 9 mil-
lion LAK per month.

Figure 1 depicts the value chain map of cultivated ba-
nanas in Houaphan Province. The percentages displayed 
above the arrows represent the market share of each stake-
holder. Farmers utilize three distribution channels, selling 
20% to middlemen, 10% to processors, and 70% directly 
to customers at the market in Xam Nuea district. Middle-
men acquire Kuay Nam bananas from farmers, distribut-
ing 75% to consumers at the market, 20% to processors, 
and exporting 5% to Vietnam. The quantity of processed 
bananas is relatively low, with processors producing ba-
nana chips or grilled bananas for sale in the local market.

The distribution of value-added among the stakehold-
ers in each channel. Farmers achieve an average profit 
of approximately 753 LAK/kg, corresponding to a profit 
margin of 193%. Middlemen obtain profits of 1,316 LAK 
per bunch, representing a profit margin of 78%. Their sale 
price amounts to 20,000 LAK/kg or 28 packs, resulting in 
a profit of 3,098 LAK/kg or an 18% profit margin. 

Value Chain of Cultivated Banana in Vientiane 
Province 

In the value chain of bananas in Vientiane Province, 
there are four main stakeholders: farmers, processors, 
middlemen, and distributors. Farmers collect bananas 
from their farms and sell them, with an average farm area 
of 3.7 hectares per household and 2 hectares dedicated to 
banana farming. The average total cost of banana produc-
tion is 3 million LAK per household per year, while the 
total income from bananas amounts to 13.7 million LAK 
per household, resulting in a profit of approximately 10.7 
million LAK per household.

Processors in Vientiane produce various banana prod-
ucts, with the knowledge and techniques transferred from 
JICA. The production process for banana crisp takes 8 
hours with 3 workers, using around 400 bunches of ba-
nanas to produce 220 kg of banana crisp. Solar-dried ba-
nana production requires 4 man-days and 300 bunches of 
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bananas to produce 125 kg. Processors sell their products 
to retailers in Vientiane Capital and occasionally export to 
retailers in Thailand, generating an average monthly rev-
enue of 8 million LAK and a profit of approximately 2.5 
million LAK.

 Middlemen purchase bananas from farmers and 
sell them to customers at the market in Vientiane Capital. 
Their main fixed costs include trucks, and variable costs 
consist of gasoline, rental fees, maintenance, and labor 
costs. The average monthly income and cost for middle-
men are 27 million LAK and 20 million LAK, respec-
tively, resulting in an average profit of 7 million LAK per 
month.

Distributors, a Lao-China joint company, are respon-
sible for collecting, packing, and exporting bananas to 
distribution centers in China. The bananas are then dis-
tributed to markets, retail shops, or department stores in 
China. Occasionally, Thai importers buy bananas directly 
from the farm when there is a supply shortage in Thailand. 
The demand for processed bananas from retail shops and 
markets in Thailand is irregular.

Figure 2 shows that approximately 50% of bananas are 
sold in the domestic market, primarily at the market in 
Vientiane Capital. Processors purchase 10% of bananas 
from farmers for their production. For export, around 

15% of bananas are sold to the distributor and exported 
to China, while 5% are exported to Thailand. Processors 
sell 80% of their total product to retailers, 15% to domes-
tic customers, and 5% to Thai importers. Middlemen sell 
90% of the bananas to retailers at the market and 10% to 
customers in Vientiane Capital.

The average profit for farmers selling bananas in Lao 
PDR is approximately 153 LAK/kg, resulting in a profit 
margin of around 16%. Middlemen, who act as interme-
diaries, make an average profit of 3,000 LAK/kg, equat-
ing to a profit margin of approximately 23%. Processors 
in the industry produce four flavors of banana crisps and 
solar-dried bananas, with an average profit margin of 
around 77%. Retailers purchase processed bananas from 
processors, pack them into small packages, and sell them 
in retail shops, achieving a profit margin of approximately 
50%. Additionally, retailers also sell unprocessed bananas, 
gaining an approximate profit margin of 67%.

A Chinese-Lao company operates as a distributor, sup-
plying bananas to a distribution center in Guangxi Prov-
ince. Due to privacy concerns, the specific cost and sale 
price of bananas is not known. However, the distributor 
obtains an estimated profit margin of approximately 20-
30%. It is important to note that the value-added distribu-
tions may vary depending on the market channels utilized.

Figure 1. Mapping of value-chain of cultivated banana in Houaphan Province.

Figure 2. Mapping of value-chain in Vientiane Province.
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Value Chain of Cultivated Bananas in Savan-
nakhet

The value chain in Savannakhet Province comprises 
four key stakeholders: farmers, processors, distributors, 
and retailers. Farmers play a crucial role in collecting 
bananas from their farms and selling their products. On 
average, each household has a farm area of 3.26 hectares, 
with an average of 2.25 hectares dedicated to banana 
cultivation. The average total cost of banana production 
per household per year is 5 million LAK, while the total 
income from bananas amounts to 7.7 million LAK per 
household. This results in an approximate profit of 2.7 
million LAK per household.

Processors in the province are engaged in producing 
various banana products, including banana crisps, solar-
dried bananas, and dried flattened bananas, which is a 
unique product in Savannakhet Province. The production 
process for dried flattened bananas takes two days and 
requires two workers. On average, processors generate a 
monthly revenue of 8.4 million LAK, with an average cost 
of 5 million LAK, resulting in an approximate profit of 3.4 
million LAK per household per month.

Distributors, in this case, are Vietnamese companies 
that purchase bananas from farmers in the Xepon district. 
They transport the bananas to the Danang seaport in Viet-
nam and subsequently ship them to China (See Figure 3).

The average profit for farmers is 334 LAK/kg or 32% 
of the profit margin. For middlemen, the average profit 
per kg is 542 LAKs or 31% profit margin. Processors 
have many products from cultivated bananas and those are 
ripe banana crisp, raw banana crisp, butter banana crisp, 
and dried flattened banana. The processor makes an aver-
age profit of 16,000 LAK/kg or 114% profit margin. The 
retailers who buy and sell banana products as a vendor 
make an average profit of 1,000 LAK/pack or a 33% profit 

margin. Finally, distributors who are the final actor make 
500 LAK average profits per kg or 20% profit margin.

Value-chain in Salavan Province
The value chain in Salavan Province involves six key 

stakeholders, namely middlemen, farmers, retailers, and 
exporters. Middlemen play a significant role in the value 
chain by purchasing bananas from farmers in both Savan-
nakhet and Salavan Province. They then sell the bananas 
to retailers in Savannakhet and Salavan Province. Addi-
tionally, middlemen occasionally export products to Thai-
land. On average, middlemen generate a monthly revenue 
of 17 million LAK, with a cost of 11 million LAK, result-
ing in a profit of approximately 6 million LAK per month.

Farmers are responsible for collecting bananas from 
their farms and selling their products to middlemen and 
retailers in Salavan and Champasack Province. Each 
household, on average, possesses a farm area of 6.2 hec-
tares, with an average of 1.9 hectares allocated for banana 
cultivation. The average total cost of banana production 
per household per month is 4 million LAK. However, the 
total income from bananas amounts to 0.8 million LAK 
per household per month, resulting in a profit of approxi-
mately 3.2 million LAK per household per month (See 
Figure 4).

Farmers in Salavan Province make an average profit of 
1,040 LAK/kg or 84% profit margin. Middlemen who col-
lect bananas from farmers make an average profit of 1,009 
LAK/kg which creates a 50% profit margin. In Salavan, 
there are two main types of banana processors, solar-dried 
banana, and butter banana. 

Processors make an average profit of 7,050 LAK/kg or 
a 34% profit margin. In addition, retailers in Salavan make 
a profit of 1,200 LAK/kg and create a 67% profit margin. 
Finally, distributors make a profit of 1,700 LAK/kg or a 
94% profit margin. Overall, distributors make up the high-

Figure 3. Mapping of value-chain in Savannakhet Province.
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est percentage of profit margin. 

3.2 Impact of Cultivated Bananas on Household 
Income

This section presents the regression results of factors 
affecting commercialization and the impact of commer-
cialization on income. The summary statistics indicate 
that there are no outliers in the sample (See Table 3). The 
correlation matrix shows that there is no multicollinearity 
issue among the independent variables.

The model of factors affecting banana commercializa-
tion shows a very low goodness of fit 0.1049; however, 
the F-statistic is 11.457 > F-test is 2.78 which means 
the model is valid. Gender (Gen), the age of the head of 
household (Age), education (Edu) and distance to the farm 

(Df) did not play any role in banana commercialization 
(Table 4). The distance to the market (Dm), experience 
(Exp) and the number of family members (Mem) positive-
ly and significantly influenced banana commercialization. 

The second stage least squares model was used to 
examine the impact of commercialization on household 
incomes. The model shows acceptable goodness of fit. 
Gen and Edu are statistically significant at the 5% level. 

  shows statistically significant at a 1% level. lnK and lnS 
land area are statistically significant at 0.1% level. How-
ever, Age, Exp and P are statistically insignificant. To en-
sure the validity of the analysis, various tests including an 
endogeneity test, instrument test, and over-identification 
restriction have been conducted. The results confirm the 
validity of the instrument variable used in the analysis.

Figure 4. Mapping of value-chain in Salavan Province.

Table 3. Summary of statistics.

Variable Obs Mean Std. Dev. Min Max

Commercial 475 0.82 0.10 0.2 0.95

Gender 475 1.24 0.43 1 2

Age 475 42.74 11.04 17 98

Education 475 9.13 2.19 5 16

Experience 475 11.13 7.77 1 40

Policy 475 0.35 0.48 0 1

Labor 475 3.78 2.20 1 25

Cultivated labor 475 2.88 1.30 1 11

Land 475 1.47 2.05 0 24

Capital 475 12,600,000 21,800,000 271,550 53,000,000

Income 475 28,900,000 45,600,000 1,000,000 200,000,000

Market access 475 0.69 0.46 0 1
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Table 4. Regression results.

Variable C lnI

Gen 0.002 –0.161* 

(0.21) (–2.18) 

Age 4.76E-05 –0.004

(0.10) (–1.84) 

Edu –0.002 0.029* 

(–0.83) (2.10)

Dm 0.001***

(5.53)

Exp 0.001* –0.004

(2.10) (–0.86)

Df 0.003

(1.42)

Mem 0.009**

(2.91)

lnK 0.259*** 

(6.65)

lnL –0.114

(–1.52)

lnS 0.237***

(6.20)

  4.259**

(2.80)

P 0.124

(1.85) 

D2 0.564***

(3.95)

D3 0.372*** 

(3.42) 

D4 –0.016

(–0.12)

Cons 0.697*** 9.257***

(13.90) (6.91) 

R2 0.1049 0.5607

N 475 475

Note: t statistics in parentheses. * < 0.05, ** p < 0.01, *** p < 0.001.

4. Discussions

The value chain of cultivated bananas in four provinces 
has been significantly driven by the export market. Farm-
ers generate the highest profit, but they receive the lowest 

distribution of value-added. They face several challenges, 
including disease and pests that lead to lower yields, 
limited financial knowledge among farmers for effective 
management of household income and expenses, and in-
sufficient local market capacity to absorb the banana sup-
ply. Cultivated bananas provide a nutritious food source, 
particularly in areas with limited nutritional options. As 
organic bananas, there are opportunities to promote them 
in high-value markets driven by global health concerns.

Processors have the highest value-added potential in 
the banana value chain. They produce a variety of prod-
ucts from cultivated bananas, such as banana chips, dried 
bananas, and cakes. The local market has limited pro-
cessed banana products, creating an opportunity to intro-
duce new products. Processed banana products typically 
yield higher profit margins than raw bananas. However, 
processors face some challenges, such as a lack of mar-
keting knowledge, limited product innovation and limited 
access to funds.

Distributors mainly export raw bananas to Vietnam, 
Thailand, and China, as demand for bananas has increased 
in recent years. However, transportation from farms to 
markets involves multiple inspections, and export proce-
dures require various documents from government offices, 
resulting in high costs and administrative burdens. The 
implementation of the dry port in 2021 has further in-
creased the cost and complexity of exporting.

The result of regression suggests that determinants of 
banana commercialization in Lao PDR include the dis-
tance from farm to market, experience, and number of 
household members. A study found that the coefficient 
of distance from farm to market (Dm) was positive and 
significant at the 0.1% level, which means that the farther 
the distance from farm to market, the higher the rate of 
commercialization. This is because land rent diminishes 
from the outward center city to offset both lower revenue 
and higher operating costs [10]. In Laos, most banana farms 
are located far from the city (market) where the price of 
land is low. For example, most bananas in Salavan Prov-
ince are sold in Champasack Province and exported to 
Thailand. In the same direction, most bananas produced in 
Vientiane Province are sold to Vientiane Capital.

Household experience and size are positively associ-
ated with the commercialization of bananas. The coeffi-
cient of household experience was positive and significant 
at the 5% level, indicating that an increase in one year of 
experience leads to a higher commercialization ratio. This 
suggests that households with more experience in banana 
cultivation and marketing are more likely to sell a greater 
quantity of bananas. The coefficient of household size was 
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also positive and significant at the 1% level, suggesting 
that larger household size is associated with a higher com-
mercialization ratio. This may be because larger house-
holds have more labor available to help with banana culti-
vation and marketing, or because they have more financial 
resources to invest in banana production.

Banana commercialization can increase the income 
of farmers, but the impact is not equal for all farmers. A 
second-stage regression analysis found that gender, edu-
cation, commercialization, capital, and land are the key 
factors that impact the income of farmers. The coefficient 
of gender was found to be negatively significant at the 5% 
level, indicating that households led by females had lower 
average incomes compared to households led by males. 
This could be attributed to factors such as divorce or wid-
owhood, which may lead female-headed households to 
work harder to earn sufficient income.

Furthermore, the coefficient of education was posi-
tively significant at the 5% level, suggesting that higher 
levels of education were associated with higher household 
incomes. This finding aligns with previous studies such as 
Chialue et al. [11], Xangsaysane et al. [12] and Ha et al. [13]  
that have highlighted the role of education in providing 
access to information, knowledge, and techniques for in-
creasing income.

The coefficient of predicted commercialization was 
found to be positive and significant at the 0.1% level, 
indicating that a 1% increase in banana commercializa-
tion resulted in an 8% increase in household income. 
Bananas were identified as the primary income source for 
households, and their sustainable income potential was 
supported by factors such as low production costs, high 
demand from neighboring countries, and environmentally 
friendly cultivation practices. The main variables in the 
income function, including capital and land, demonstrated 
positive and significant coefficients at the 0.1% level, con-
sistent with production theory.

In contrast, the coefficient of labor was not statistically 
significant. This can be attributed to the fact that labor is 
primarily intensive during the plantation phase rather than 
cultivation. On average, two individuals working for three 
hours are sufficient to harvest one hectare of bananas.

The coefficient of the policy variable, indicating gov-
ernment support for farmers, was not significant, suggest-
ing that there was no discernible impact of government 
policies on household income. Most farmers did not 
receive support from the government of Laos, although 
some support was provided by organizations such as 
Japan International Cooperation Agency and The Agro-
biodiversity Initiative.

Additionally, the coefficients of the dummy variables 
D2 and D3 were positive and significant at the 1% level, 
indicating that average household incomes in Vientiane 
and Savannakhet Provinces were higher than those in 
Houaphan Province. However, the coefficient of D4 was 
not significant, suggesting that the average income of 
households in Salavan Province did not differ significantly 
from that of households in Houaphan Province.

5. Conclusions 

Numerous studies have raised concerns about the sus-
tainability of Cavendish banana production, citing nega-
tive environmental, health, and social impacts despite 
increased income for farmers. This study analyzes the 
value chain of cultivated bananas and demonstrates that 
the commercialization of cultivated bananas can generate 
sustainable incomes for farmers. The findings reveal sig-
nificant value-added for farmers, with processors earning 
the highest value-added but lacking marketing and finan-
cial knowledge. Key factors driving commercialization 
include market access, family members, and experience. 
The study confirms that the commercialization of bananas 
leads to increased household income, but questions arise 
about the long-term sustainability of banana production, 
particularly given the dependence on demand from neigh-
boring countries.

To address these challenges and promote the sustain-
able development of cultivated bananas, the following 
policy implications are recommended:

Farmers should consider creating processed products 
such as banana cakes, chips, or candies during periods 
of excess supply or when supply exceeds demand. This 
approach reduces losses, enhances food security, and im-
proves household nutrition. 

Farmers often do not keep track of their income and 
expenses, which makes it difficult for them to manage 
their money. Training in basic financial accounting would 
be very beneficial for households.

The government can help farmers and producers by 
purchasing their products. For example, banana cake and 
candy can be used as snacks in schools, as well as during 
coffee breaks at meetings, seminars, and conferences.

The Ministry of Industry and Commerce (MOIC) 
should establish exchange programs for farmers and pro-
cessors, providing training and facilitating the exchange 
of ideas to create new products. Effective marketing strat-
egies, including attractive packaging and design, can help 
stimulate sales of processed banana products.

To facilitate distributors, it is better to reduce the num-
ber of stops during transportation. This will reduce the 
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cost of transportation for distributors and reduce the risk 
of damage to bananas during transport.

Villages should initiate activities to promote bananas, 
such as banana contests or award programs. This will help 
to raise awareness of bananas and increase demand for 
them.
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1. Introduction
The U.S. cheese sector has been steadily growing 

since the 1990s and has become among the most impor-
tant commodities in the U.S. dairy agricultural economy. 

U.S. consumers are consuming twice as much cheese per 
capita as they did in 1980 [1]. Moreover, annual cheese 
production in the U.S. has been steadily growing from 6.94 
billion lbs. in 1995 [2] to 13.1 billion lbs. in 2019 [3]; with 
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supply growth increasing more rapidly in the recent period 
from 2015 to early 2019 versus the previous five years, i.e. 
4.3% annum versus 2.2% annum, respectively. Despite 
the consumption growth, U.S. cheese markets experienced 
a steady decline in prices between 2015 and early 2019a. 
Industry analysts have described the drop in cheese prices 
as the result from an abundance in the supply of cheese, 
accompanied by increases in imports and drops in exports. 
This paper seeks to quantify market effects from an overly 
abundant growth in cheese supply that weakened its pric-
es, and in turn, affect milk production prices due to milk 
production pricing mechanisms [4]. The findings of this 
study enhance our understanding of the relationship be-
tween cheese price and its supply, derived from (perisha-
ble) milk production, with significant implications for risk 
management, investment decisions, and potential policy 
analysis. As a result, agribusiness sectors and supply chain 
actors involved in cheese markets stand to benefit from 
this research paper, as it quantifies the impact of excessive 
growth of cheese supply in the market on both short-run 
and long-run prices. Moreover, these insights may provide 
valuable information for strategic decision-making within 
the cheese industry. Studying the price of cheese holds 
significant importance, primarily due to the dairy sector’s 
prominent role as the main agricultural industry in several 
U.S. states, including California, Wisconsin, New York, 
Idaho, Michigan, and New Mexico, among others. Many 
of these states are also major cheese producers. In 2021, 
more than 42% of US milk fat was used for cheese pro-
duction [5], and the daily consumption of cheese per person 
increased to 0.74 cup-equivalents (1 cup-equivalent = 1 
cup milk) in 2021 from 0.36 cup-equivalents per person in 
1981 [6]. Moreover, cheese exports have witnessed growth 
in recent years, with increased shipments to countries 
such as Mexico, the Middle East, Japan, Central America, 
the Caribbean, Korea, Australia, and Colombia in 2022. 
Hence, as previously mentioned, quantifying the impact of 
unprecedented growth in cheese supply may assist in pro-
viding valuable information for strategic decision-making 
within the cheese industry.

From U.S. Department of Agriculture (USDA) data, 
the amount of cheese surplus (beginning stock) in the 
U.S. grew from about 1 to 1.4 billion pounds between 
2016 and 2019 [5], reaching record numbers, as shown in 
Panel A ( highlighted within the blue oval) in Figure 1. 
The substantial increase in cheese storage began around 
2008 in response to milk production exceeding its rates of 
use/consumption, and driving the milk surplus to produce  

a This study does not include price shifts during subsequent period of 
COVID-19 which is under a different study.

cheese [7].b Cheese exports have constituted an average of 
5.6% of yearly production since 2010. However recently, 
China and Mexico imposed retaliatory tariffs on U.S. dairy 
exports in the summer of 2018 as a consequence of a trade 
war; which resulted in annual cheese shipments dropping 
by 63% and 10% to China and Mexico; respectively [9]. 
Between 2010 and 2019 U.S. milk production increased 
by a total of 13.3% [3], and cheese production grew as 
well, but at a higher rate of 29.8% (3.3% per annum)—as 
observed in Panel B in Figure 1. Total cheese supply (sum 
of stocks, production, and imports) has likewise steadily 
increased, as shown in Panel C Figure 1, even more in the 
period 2016 to 2019 (blue oval) as mentioned previously. 
It is important to note that in 2019, cheese supply growth 
decreased dramatically as seen in Panel A and Panel C 
(gold oval).

The increased supply over time has had a notable im-
pact on cheese prices, particularly during the period from 
2015 to 2018 as depicted within the blue oval in Figure 2. 
However, in 2019, cheese prices increased and inventory 
remained rather steady given the minor cheese production 
increase of 0.8%, in comparison to 3.1% and 3.8% of the 
previous two years (Figure 2, yellow oval)c accompanied 
by a rise in cheese exports of about 3%. As aforemen-
tioned, lower cheese prices also affected dairy producers’ 
milk prices regulated through Federal Milk Marketing Or-
ders (FMMOs), which govern about 75% of the US milk 
supply [11,12]. The price of cheese plummeted again in the 
spring of 2020 as the COVID-19 pandemic hit the U.S. 
(not shown in Figure 2). COVID-19 produced a signifi-
cant and unexpected shift in cheese demand since a large 
portion of cheese consumption occurs through restaurants 
and school cafeterias, and these shut down during the 2nd 
quarter of 2020 [13]. At the same time, cheese consumption 
grew in family household cooking settings, though at a 
lower rate. The shift in consumption outlets as a conse-
quence of the pandemic had varying effects on different 
agents along the dairy supply chain, as described by Wolf 
et al. [14].

Cheese prices may be sensitive to supply due to the 
oligopolistic behavior observed in the structure of the U.S. 
cheese market, as supported by previous studies by Mu-
eller and Marion [15], Arnade et al. [16], and Bolotova and 
Novakovic [4]. That is in the classical oligopolistic market 
model, e.g., the Cournot model, market prices tend to be 
a function of supply [17]. The empirical strategy employed 

b Milk surplus (oversupply) is noted by average milk production costs 
being lower than prices; i.e. below perfect competition equilibrium lev-
els [7].
c In 2019, there was a significant slowdown in year-over-year milk pro-
duction growth [10]. 
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in this study is grounded in this theoretical foundation. 
To provide an intuitive representation of the oligopolistic 
market structure Figure 3 is presented. In this illustration, 
the horizontal axis represents the quantity of cheese, q, 
and the vertical axis represents the cheese price, p. Each 
point in Figure 3 indicates an equilibrium where supply 
(S) and demand (D) curves intersect at a specific period 
in time. Over time, demand and supply curves shift up or 
down based on supply and demand shifters; for example, 
milk production affects cheese supply curves and house-
hold income influences the cheese demand curves. As a 

result, multiple supply-demand equilibrium points exist, 
reflecting different supply-demand interactions over time. 
The fitted line connecting these equilibrium points repre-
sents the long-run relationship (LR) depicted in Figure 3 
represents, denoted as p = f (q). Panel A in Figure 3 dem-
onstrates a negative long-run relationship between price 
and quantity, while Panel B shows a positive relationship. 
This long-run relationship depends on how supply and 
demand shift over time. For the period in this study, the 
growth in cheese supply has outpaced changes in demand, 
resulting in a negative long-run relationship referred to 
as “price softening”. The theoretical underpinnings and 
graphical representation provided in Figure 3 help to un-
derstand the relationship between cheese price and supply 
within the context of an oligopolistic market structure.

Market analysts interviewed by financial press suggest 
that the surge of inventory has depressed prices, despite 
recent increases in cheese consumption [18]. The hypoth-
esis for this study is taken from these previous assertions, 
with the primary objective of estimating the market im-
pact from an overly abundance of cheese supply affect-
ing its market price, including the long-run price effect. 
To date, there has been a research gap in examining the 
short and long-term implications on cheese price and its 
variability resulting from the excessive growth of cheese 
supply. Persistent declines in cheese prices may adversely 
affect cheese and dairy industry players in the long run, 
potentially bringing about more industry consolidation [19]. 
To address this matter, and assume an oligopolistic market 

Figure 1. Cheese storage, production, and supply.

Source: Monthly cheese beginning stock (Panel A), production (Panel B) and supply (Panel C ) from USDA-ERS [5]. Note that 
supply in Panel C is the sum of beginning stock, production, and import (not shown here). 

Figure 2. Cheese prices.

Source: Monthly average market prices for cheddar cheese from 
USDA-AMS (USDA, AMS, 2020b).
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structure, this study employs an autoregressive distributed 
lag model (ARDL) to estimate price as a function of sup-
ply. Taking 2019 as a reference year, empirical results 
indicate that a 1% increase in cheese supply (equivalent to 
approximately 24.9 million pounds/month) immediately 
leads to a 0.87% decrease in cheese prices (approximately 
1.5 cents/pound). Moreover, this 1% surge in cheese sup-
ply resulted in a 1.89% decrease in prices (roughly 3.4 
cents/pound) after a period of six to seven months.

The theoretical implications of this study can be sum-
marized in two key aspects. Firstly, by examining the 
relationship between cheese supply and prices within an 
oligopolistic market structure, this study significantly con-
tributes to the theoretical understanding of market dynam-
ics within the cheese industry. As previously mentioned, 
it shed light on the intricacies of pricing mechanisms and 
the influence of supply on market outcomes. This analy-
sis augments knowledge of how market forces operate 
in this specific industry context. Secondly, the findings 
of this study hold practical significance for policymak-
ers, industry stakeholders, and market participants. The 
insights gained regarding the impact of cheese oversup-
ply on prices can serve as valuable guidance for better 
decision-making processes related to supply management, 
risk mitigation, and investment strategies. By providing 
empirical evidence and an increased understanding of the 
dynamics at play, this study supports the formulation of 
effective policies and aids in informed strategic decision-
making within the cheese industry.

The remainder of this study is organized as follows. 
The next section reviews prior studies that have re-
searched the U.S. cheese market. Section 3 introduces 
data and examines the (estimated) ARDL model and its 
pertinence. Results, discussions, and implication remarks 
follow in Sections 4 and 5.

2. Literature Review

Numerous studies investigating the U.S. cheese sec-
tor have addressed matters of cheese markets. Recently 
Bolotova [20] investigated the spot cheese market and its 
behavior along different periods of FMMOs finding that 
this relation has intensified over the years, with increasing 
effects on price volatility. Tejeda and Kim [21] investigated 
price dynamics among different cheese varieties find-
ing periods where prices of American and Other cheese 
types were decoupled. Studies addressing cheese market 
structure and its oligopolistic nature include Mueller and 
Marion [15] who examined the trade behavior of leading 
cheese companies on the National Cheese Exchange, 
which despite trading less than 0.2% of all cheese sold in 
the U.S. provided market signals for formula-pricing of 
90-95% of all bulk cheese, and found evidence of market 
manipulation from oligopolistic cheese producers. Arnade 
et al. [16] investigated the level of retail competition in the 
U.S. cheese market, finding that the existence of price 
markups suggested the presence of imperfect competitive 
behavior. Kim and Cotterill [22] investigated pass-through 
rates for processed cheese under market conditions and 
found significant differences in these rates for processed 
cheese under different market conditions regime in com-
parison to being under a Nash-Bertrand price competitive 
regime. For this latter, the pass-through rate was at least 
three times that of under collusion.

More recently, Bolotova and Novakovic [4] investigated 
the farm-to-wholesale price transmission process affect-
ing the pricing practices used by Chicago Mercantile 
Exchange (CME) cheese wholesalers. Findings revealed 
that pricing strategies used by cheese sellers are consistent 
with oligopolistic behavior. Lopez et al. [23] determined the 
level of oligopoly markups above that of being perfectly 
competitive markets for several U.S. food processing in-

Figure 3. Long-run impact of cheese supply on prices.

Source: Created by authors.
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dustries by estimating the associated Lerner index, which 
measures the amount of market power (0 = perfect com-
petition, 1 = monopoly), and found a moderate degree of 
market power for the cheese manufacturing industry, i.e. 
corroborating prior results of the presence of oligopolistic 
behavior. The softening of cheese prices from sizable in-
creases in supply has not been investigated and this study 
attempts to fill this gap in the literature.

3. Materials and Methods

Monthly average market prices of cheese for the period 
of January 2000 to December 2019 from the Agriculture 
Marketing Service (AMS) of USDA for the dairy program 
are used USDA AMS [24]. Monthly U.S. cheese supply 
data include production, beginning stock, and imports for 
the same period and are collected from the Economics Re-
search Service (ERS) of USDA ERS [5]d. Table 1 provides 
a summary of the data. Cheese supply is the sum of begin-
ning stock, production, and imports (imports not shown in 
Figure 1). From Table 1, cheese supply is on average 1.87 
billion pounds per month (beginning stock 0.98 billion 
pounds plus production 0.87 billion pounds plus import 
0.03 billion pounds) during the sample period, having a 
consistent upward trend, as shown in Panel C in Figure 
1. The average monthly cheese supply during 2018 and 
2019 surpassed 2.47 billion pounds after considering the 
average monthly beginning stock of 1.36 billion pounds. 
Conversely, the price of cheese displays a relative oppo-
site trend especially from 2015 to early 2019, a period of 
steady increase in cheese stock. As noted, many market 
analysts quoted in the business media have expressed con-
cern about cheese prices falling during this period [7,25,26].

The empirical strategy to quantify the impact of un-
precedented growth in cheese supply on both short-run 
and long-run market prices is based on the oligopolistic 
cheese market structure [4,15]. From prior findings of the 
U.S. cheese sector depicting an oligopolistic market be-
havior, it is anticipated that some degree of market power 
is exerted. In the classical oligopoly market model, e.g., 
the Cournot model, the market price is a function of total 
supply [17]. As such, we estimate cheese price as a func-
tion of total supply. In addition, the price from a previ-
ous period may affect the current price since cheese is a 
storable commodity, i.e., affecting the adjustment of the 
supply schedule. To reflect the unique characteristics of 
the cheese market in the U.S., an innovative approach 
utilizing an autoregressive distributed lag model (ARDL) 
considering cointegration [27] is adopted in this study. The 

d This study aggregates American and Other-than-American cheese 
types.

ARDL model provides a robust framework for investigat-
ing this matter. By employing the ARDL model, we are 
able to examine both the short-run and long-run relation-
ships between cheese prices and cheese supply, capturing 
the dynamics of the market over time. An advantage of 
using the ARDL model with a cointegration approach is 
that the dependent variable, in this case, cheese prices, is 
allowed to be non-stationary [28]. Another benefit of using 
the ARDL model is that through reparameterization we 
can construct an error correction model, which enables us 
to find the short-run and long-run effects.

Table 1. Descriptive statistics (Jan 2000-Dec 2019, 240 
observations).

Variable Mean Std. Dev. Max Min

Beginning stock (million lbs.) 976 209 1,413 621

Production (million lbs.) 868 133 1,154 636

Import (million lbs.) 27.2 6.7 46.0 1.4

Supply (million lbs.) 1,871 335 2,567 1,335

Price ($ per lbs.) 1.58 0.98 2.35 1.02

Sources: USDA AMS [24] for cheese prices and USDA ERS [5] 
for beginning stock, production, and import. Supply is the sum 
of beginning stock, production, and import.

Applying Kripfganz and Schneider [29], the ARDL (p, q) 
model is expressed by:
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where Pt is cheese prices at time t, and represented as the 
sum of lagged cheese prices and the sum of lagged cheese 
supply, St. Both Pt and St may be stationary, non-stationary 
or cointegrated [27,28]. The optimal lags of p and q are de-
termined by minimizing information criteria such as the 
Akaike information criterion (AIC) or the Bayesian in-
formation criterion (BIC). The error term εt is assumed to 
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A trend variable is added to Equation (1) since visual 
inspection indicates a possible positive trend in cheese 
prices, as observed in Figure 2. To control for seasonality, 
11 monthly dummies are also included in Equation (1). 
Cheese prices and supply are log-transformed and thus the 
relationship is in proportional or percentage terms.

The error correction form of the ARDL model can be 
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formulated by reparameterization in terms of the lagged 
levels and the first differences of Pt and St 

[29], and is ex-
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 = 1 −
=1



 (3)

The expression −1 − −1 from Equation (2) can be interpreted as the long-run
equilibrium denoted by LR, the fitted line, in Figure 3. When cheese prices and/or cheese supply
deviates from the long-run equilibrium (LR), cheese prices and/or cheese supply adjust to restore
the equilibrium relation at the speed of . A value of  ≈ 0 implies a very slow adjustment back
to the long-run equilibrium. Thus the value of  measures how fast cheese prices react to a
deviation from the long-run relationship, LR. The long-run effects parameter, , is computed by:
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Coefficient  describes the equilibrium effect of supply on cheese prices in the long run.
The short-run coefficients,  and  in Equation (2) explain the short-run fluctuations not due
to deviations from the long-run equilibrium. A value of  being close to one in absolute terms
indicates very rapid price adjustment after a change in cheese supply.

To check for the existence of the long-run relationship in Equation (2), a bounds test is
suggested by Pesaran et al. [27]. The null hypothesis is that there is no long-run relationship
between cheese prices and cheese supply.

0
:  = 0 and

=0



 = 0 (5)

If 0
 is rejected with F-test, a t-test is required to test whether  is zero or not.

0
 : = 0 (6)

A long-run relationship between the price of cheese and cheese supply may be confirmed
by rejecting both previous F-test and t-test. Lastly, the proportion of 1 (contemporaneous
adjustment) to  (long-run adjustment) enables to measure the degree of relationship between
cheese price and supply, i.e., how much of the price change occurs immediately.

4. Results
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where 0 is interpreted as the concurrent (instantaneous) supply effect,  is a trend and  is a
monthly dummy (results are not reported in Table 2 to save space and are available upon request).

The coefficients from Table 2 are not easy to interpret because there are lagged
dependent and independent variables. As discussed in the previous method section, a
reparameterization of the estimated parameters permits converting the model into an error
correction form as in Equation (2), from which estimated results are in Table 3. The long-run
coefficient, , from Equations (2) and (4) is in the LR row of Table 3, representing the long-run
effects of cheese supply on the price of cheese.

The model ARDL (2, 1) from Equation (7) is rewritten in error correction form as follows:
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As mentioned, the coefficient of Δ ln  from Equation (8), 1 measures the
contemporaneous effect on the price of cheese due to changes in cheese supply. Table 3, 1� =
− 0.866 with p-value of 0.02, implies that 1% increase in supply leads to an immediate 0.87%
decrease in cheese prices. The estimated value of  , the speed of adjustment coefficient, is –
0.164. This suggests that it takes about 1

0.16
≈ 6.3 months to correct an equilibrium disturbance.

The estimated parameter, , which indicates the long-run effect of an increase in cheese supply
on its prices, is –1.891. In other words, a 1% increase in cheese supply results in a 1.89%
decrease in cheese prices in the long run. Moreover, the proportion of 1 (contemporaneous
adjustment) to  (long run adjustment), 

�1
�

= 0.46, which indicates that the immediate change in
cheese prices is 46% of the long run change.

5. Conclusions and Implications
The present study seeks to determine the extent that effects from a substantial growth in

cheese supply have had on the decline of its prices. This situation not only affects the cheese
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5. Conclusions and Implications

The present study seeks to determine the extent that ef-
fects from a substantial growth in cheese supply have had 
on the decline of its prices. This situation not only affects 
the cheese sector stakeholders but also the milk prices of 
dairy producers through FMMOs. Previous studies have 
characterized the cheese market as having an oligopolistic 
nature, with its prices being a function of supply. Under 
an oligopolistic market scenario, we make use of monthly 
cheese prices and supply data from 2000 to 2019 to esti-
mate an ARDL model and quantify the market effects. 

Table 2. ARDL model results.

ARDL (2,0) ARDL (2,1) ARDL (3,1)

ln Pt−1 1.1357∗∗∗ 1.1224∗∗∗ 1.1686∗∗∗

(0.064) (0.064) (0.067)

ln Pt−2 –0.3086∗∗∗ –0.2860∗∗∗ –0.4494∗∗∗

(0.065) (0.065) (0.099)

ln Pt−3 0.1451∗∗

(0.067)

ln St 0.3974∗∗ 1.1754∗∗∗ –1.0991∗∗∗

(0.178) (0.369) (0.370)

ln St-1 0.8661∗∗

(0.362)
0.8733∗∗

(0.359)

Trend 0.0012∗∗

(0.0005)
0.0010∗∗

(0.0005)
0.0008
(0.0005)

Constant 0.1554∗∗ 0.1287∗∗ 0.0951

(0.062) (0.063) (0.065)

Obs 238 236 237

Adj R2 0.878 0.877 0.881

F-stat 114.4[0.00] 105.6[0.00] 103.4[0.00]

BIC –533.79 –534.56 –534.09

Note: *, **, and *** indicate the significance at 10%, 5% and 1%, 
respectively.
Results for monthly dummies are not reported to save space, 
which are available upon request.
Pt represents cheese prices at time t and St is cheese supply at 
time t. 
Numbers in brackets in F-stat row are p-values associated with 
the F-stats.

Empirical results indicate that the recent substantial 
growth in cheese supply indeed significantly decreased 
cheese prices. Results from an estimated optimal ARDL 
(2,1) model find that a 1% increase in cheese supply leads 
to a 0.87% decrease in cheese prices in the short run and 
a 1.89% decrease in the long run. That is, for a monthly 
average supply in 2019 of 2,486 million pounds, a 1% 
increase in supply is roughly equivalent to 25 million 
pounds, which would depress cheese prices by 1.53 cents/
pound in the short run and 3.32 cents/pound in the long 
run. Implications from the findings are compelling. Con-
sidering 2019 as the reference year, and assuming all other 
things being equal, if cheese supply had decreased by 7.5% 
(roughly, 186 million pounds), 2019 cheese prices would 
have on average been around $2/pound; however, the ac-
tual average price was about $1.75/pound.

In conclusion, this study carries important theoretical 
implications that contribute to our understanding of mar-
ket dynamics within the cheese industry. By examining 
the relationship between cheese supply and prices within 
an oligopolistic market structure, we have shed light on 
the intricacies of pricing mechanisms and the influence 
of excessive supply growth on market outcomes. This 
analysis enriches our knowledge of how market forces 
operate within this specific industry context. Moreover, 
the practical implications of our findings hold significant 
relevance for policymakers, industry stakeholders, and 
market participants. The insights gained from this study 
regarding the impact of the unprecedented growth of 
cheese supply on prices provide valuable guidance for 
decision-making processes related to supply management, 
risk mitigation, and investment strategies. Empirical evi-
dence and a deeper understanding of the dynamics at play 
can inform the formulation of effective policies and facili-
tate informed strategic decision-making within the cheese 
industry. It is crucial to note that discussions surrounding 
cheese prices should consider the unusual and significant 
growth in cheese supply, as revealed in this study. Such 
considerations have implications for risk management 
and trade policy analysis. By incorporating these insights, 
stakeholders can navigate challenges posed by the men-
tioned cheese supply phenomena studied and make well-
informed decisions to foster a viable and sustainable 
cheese sector.

There are several potential avenues for future research 
based on the findings and implications of this study. First-
ly, while this study primarily focused on the impact of the 
unprecedented growth of cheese supply on prices, future 
research could expand on this by examining the role of 
demand factors in shaping cheese prices. Investigating the 
relationship between consumer preferences, demographic 
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changes, and market demand could provide a more com-
prehensive understanding of the dynamics of price for-
mation in the cheese industry. Secondly, further research 
could delve into the broader implications of supply chain 
efficiency and coordination on market outcomes. Factors 
such as transportation costs, inventory management, and 
distribution strategies can significantly impact the overall 
functioning of the cheese market. Exploring these aspects 
can provide insights into how supply chain dynamics 
affect price dynamics and market outcomes. Thirdly, 
considering the growing export market for cheese, future 
research could explore the impact of international trade on 
domestic cheese prices and market integration. Analyzing 
trade patterns, tariffs, and trade agreements can offer valu-
able insights into the relationship between global market 
dynamics and domestic cheese prices.

Lastly, it is important to address a caveat. This study 
assumed an oligopolistic market structure in the cheese in-
dustry based on previous studies [4,15,16]. However, it is es-
sential to acknowledge that market structures may evolve 

over time, and the assumption of an oligopoly in the U.S. 
cheese market may no longer be the case. Future research 
could investigate the current market structure and its im-
plications for price dynamics to provide updated insights.
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Abstract: This study investigates the impact of Farmer Producer Organizations (FPOs) on smallholder dry chilli 
farmers in Guntur district, Andhra Pradesh, with a focus on price realization and poverty alleviation. Two specific FPOs, 
Red Chilli Farmer Producer Organisation and Spoorthi Chilli Producers Company Ltd., from the Guntur district of 
Andhra Pradesh were chosen for the study based on their substantial business turnover and comprehensive backward 
and forward linkages to their farmer-members. The smallholder farmers were stratified into two groups viz., treated 
(161) and untreated (n = 315) based on the FPO membership criterion. The Foster-Greer-Thorbecke model revealed 
that the poverty incidence among untreated farmers was recorded at 0.691, which was approximately 49 percent higher 
than the poverty incidence of treated farmers (0.352). The depth and severity of poverty were also greater among 
untreated farmers, with a poverty depth of 0.494 compared to the lower value of 0.126 observed among treated farmers. 
The results from Endogenous Switching Regression Model revealed a significant positive relationship between FPO 
membership and both price realization and poverty alleviation. Farmers with FPO membership experienced 2.11 percent 
higher prices and 39.14 percent higher annual agricultural income compared to untreated. Factors such as education, 
adherence to Good Agricultural Practices, farm experience, access to improved inputs, and credit significantly influenced 
FPO membership. The study concludes that FPO membership plays a crucial role in improving the standard of living for 
smallholder dry chilli farmers by increasing prices and income. So, this research sheds light on the significance of FPOs 
in enhancing the economic well-being of smallholder dry chilli farmers in Andhra Pradesh. 
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1. Introduction

In India, the agriculture sector currently contributes 
approximately 13.39 percent to the Gross Domestic Prod-
uct (GDP) while employing about 55 percent of the total 
workforce, indicating its significant role in the economy. 
As per the Agricultural Census of 2015-2016, there were 
over 145 million farm holdings in the country. Notably, 
marginal and small farm holdings constituted a substan-
tial proportion, accounting for 86.21 percent of the total 
indicating the dominance of small-scale farmers in the 
agricultural landscape [1]. The share of small and marginal 
holdings has experienced a slight increase from 84.97 
percent in 2010-2011 to 86.21 percent in 2015-2016, 
amounting to approximately 126 million holdings. This 
trend indicates a gradual decline in per capita land size 
over the past five years, primarily attributed to land sub-
division and fragmentation. These have contributed to the 
persistence of poverty in the country leading to a decline 
in crop productivity, inefficient resource allocation, limit-
ed access to credit, the prevalence of subsistence farming, 
land disputes etc. [2]. The recent estimates revealed that 
approximately 10.2 percent of the population, or around 
145.71 million people, were living Below Poverty Line 
(BPL) (www.scroll.in (10th June 2023)) and the percent-
age of the total population living BPL in Andhra Pradesh 
was 12.31 percent (https://www.newindianexpress.com, 
10th June 2023). In view of these, alleviating poverty 
among farmers is crucial for ensuring food security, pro-
moting rural development, stabilizing the economy, reduc-
ing overall poverty, fostering social stability, and pursuing 
sustainable development goals. The formation of Farmer 
Producer Organizations (FPOs) can significantly contrib-
ute to poverty alleviation among farmers by promoting 
collective action, enhancing market access, improving ac-
cess to credit, fostering knowledge sharing, and advocat-
ing for policy reforms. Thus, they help farmers improve 
their income, enhance productivity, mitigate risks, and 
build sustainable agricultural enterprises, ultimately lead-
ing to improved living standards and reduced poverty 
among farming communities [3,4].

The XII Plan Working Group (formed as part of India’s 
Five-Year Plans) associated with the policy of FPOs in In-
dia emphasized that small and marginal farmers encounter 
significant challenges in both production and marketing 
within the agri-business sector. These challenges include 
low output, limited marketable surplus, inadequate par-
ticipation in price discovery mechanisms, weak vertical 
and horizontal linkages, restricted market access, lack of 
price information, insufficient training, and limited access 
to finance. Among these challenges, the issue of mar-

ket access is particularly prominent among smallholder 
farmers [5]. Hence, the current imperative lies in optimiz-
ing benefits through effective and efficient aggregation 
models, especially by integrating these smallholders into 
agricultural markets. Such a transformation would lead to 
a more market-oriented agricultural production system, 
economies of scale, and higher income for smallholder 
farmers, ultimately resulting in more inclusive growth.

In this context, one of the significant interventions pro-
moted by the Government of India is the Farmer Producer 
Company (FPC), which is registered under the Companies 
Act. FPCs have emerged as the most effective form of 
FPOs in providing various benefits to farmer-members 
compared to other aggregation formats such as coopera-
tive societies and Farmer Interest Groups. Ministry of Ag-
riculture and Farmers Welfare, Government of India, has 
identified FPOs registered under the special provisions 
of the Companies Act, 1956 (amended in 2002) and the 
Companies Act, 2013, as the most suitable institutional 
form for aggregating farmers. Forming a FPC under the 
Companies Act, 2013 facilitates capacity building among 
farmers, encourages them to work together, share knowl-
edge and resources, and learn from each other’s experi-
ences. This will mobilize farmers towards member-owned 
FPOs to enhance production, productivity, and profitabil-
ity across the country [6]. This initiative aims to empower 
farmers and enable them to access better market oppor-
tunities and improve their overall socio-economic well-
being (Figure 1).

Dry chillies are a significant crop cultivated on 0.73 
million hectares in India during 2020-2021 [1]. Among the 
States, Andhra Pradesh ranked first in dry chilli produc-
tion during the same period [7]. Guntur, located in Andhra 
Pradesh, is renowned as Asia’s largest market for dry chil-
lies. The Agricultural Produce Market Committee (APMC) 
in Guntur receives dry chillies from various production re-
gions in Andhra Pradesh as well as from Madhya Pradesh. 
Notably, the production trends in Madhya Pradesh sig-
nificantly impact the prices of dry chillies in the Guntur 
market. Guntur district holds a comparative advantage 
over other districts due to factors like labor availability, 
specialization, mechanization, and irrigation facilities. 
Enhancing dry chilli productivity is crucial for promoting 
farmers’ profitability and development in this region. To 
support this objective, the Government of Andhra Pradesh 
has facilitated the establishment of six FPOs that specifi-
cally focus on dry chillies in Guntur district. However, the 
production of dry chillies in Guntur predominantly relies 
on smallholder farmers, who constitute 92 percent of the 
total number of farmers in the region. These small-scale 
farms face challenges in both production and marketing of 

https://www.newindianexpress.com
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their produce [7]. Previous studies on FPOs have primarily 
focused on aspects like the growth of farmer-members, 
establishment of linkages, transaction volumes, and prices 
realized for the produce [8-10]. However, these studies have 
not provided a comprehensive assessment of the overall 
impact of FPOs. Therefore, this study aims to contribute 
to the existing literature by delving into the factors that 
drive smallholder dry chillies farmers’ decision to engage 
with FPOs. It seeks to examine socio-economic charac-
teristics, resource accessibility, market linkages, and insti-
tutional support as determinants of farmers’ participation. 
By analyzing these factors, the research can offer valuable 
insights into the factors influencing farmers’ involvement 
in collective agricultural initiatives. Furthermore, the 
study seeks to assess the impact of FPOs on the achieve-
ment of remunerative prices and poverty alleviation 
among smallholder farmers. This analysis holds signifi-
cance in the literature on collective marketing initiatives, 
providing insights into their role in improving farmers’ 
income and overall economic well-being.

2. Review of Literature 

The studies examined in the review collectively show-
case the transformative potential of FPOs on farmers’ 
livelihoods, productivity, and sustainability. These find-
ings underscore the need for a comprehensive approach 
to agricultural development, integrating various interven-
tions and leveraging diverse agricultural models.

Ranjit et al. (2022) [9] emphasized that FPOs offer sub-
stantial promise for small and marginal farmers in India. 
Through effective collective action, FPOs empower farm-
ers, enhance market access, and reduce transaction costs. 
However, addressing the capital constraints faced by 
FPOs remains a significant challenge. Policy-makers must 

prioritize the development of enabling environments, 
including improved access to finance, capacity-building 
support, and institutional reforms, to fully unlock the po-
tential of FPOs. This will pave the way for inclusive and 
sustainable agricultural development, elevating the liveli-
hoods of small and marginal farmers and fostering overall 
rural prosperity.

In the study by Manaswi [11] et al. (2020), the benefits 
of FPOs in organic chilli production are underscored. FPO 
membership is associated with higher gross returns, re-
duced transaction costs, and increased technical efficiency. 
These findings highlight the importance of collective ac-
tion, improved market linkages, and streamlined value 
chains through FPOs, enabling farmers to secure better 
prices and access to markets.

Barun and Sunil [12] (2019) shed light on the impact of 
improved agricultural practices on farm productivity. They 
emphasize the significance of public-private partnerships 
in promoting practices such as seed distribution, bio-fer-
tilizer production, and capacity-building. These partner-
ships, which combine technical knowledge, resources, and 
infrastructure, facilitate the adoption of sustainable farm-
ing practices. As a result, farmers experience increased 
productivity and resilience in the face of challenges like 
climate change.

John et al. (2019) [13] explore the relationship between 
contract farming and chilli productivity in Ghana. Their 
study reveals that contract farming has a positive effect 
on productivity and gross margins. Educated farmers, 
larger farm sizes, and integrated soil fertility manage-
ment are identified as factors influencing contract farming 
participation. This suggests the need to target and support 
educated farmers, enabling them to engage in contract 
farming and potentially improve productivity and market 

Figure 1. Operations of FPO.
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access.
In the dairy sector, Anjani et al. (2018) [14] highlight 

the positive effects of cooperative membership on milk 
yield, net return, and adoption of food safety measures. 
Cooperative membership provides farmers with improved 
infrastructure, technology, and collective marketing op-
portunities. These benefits contribute to increased income 
and the adoption of practices that ensure food safety and 
quality.

Wondimagegn (2016) [15] explores the impact of im-
proved storage innovations on food security and welfare. 
The study demonstrates that households using improved 
storage technologies enjoy higher dietary diversity scores, 
indicating improved access to a variety of nutritious 
foods. This underscores the significance of appropriate 
storage practices in preserving agricultural produce, re-
ducing post-harvest losses, and enhancing food security.

Lastly, Tamer et al. (2015) [16] focus on the impact of 
zero tillage on the livelihoods of smallholder farmers. 
Their study highlights the benefits of conservative till-
age, including increased net income and per capita wheat 
consumption. Conservative tillage practices improve 
soil health, water retention, and crop productivity while 
minimizing environmental degradation. Promoting these 
sustainable agricultural practices enhances farmers’ liveli-
hoods and contributes to broader ecological benefits.

Taken together, these studies demonstrate that a com-
bination of approaches, including the formation of FPOs, 
adoption of improved agricultural practices, engagement 
in contract farming, participation in cooperatives, and im-
plementation of innovative technologies, can significantly 
improve farmers’ incomes, productivity, and sustainabil-
ity. These findings underscore the importance of integrat-
ing multiple interventions tailored to the local context, 
addressing the complex challenges faced by farmers, and 
promoting inclusive and resilient agricultural systems.

3. Materials and Methods

3.1 Data and Research Method

In the initial stage of the study, the state of Andhra 
Pradesh and Guntur district were purposefully chosen 
based on their potential for dry chillies production and 
the presence of a significant number of functioning FPOs 
involved in its production and marketing (Figure 2). In 
the second stage, two specific FPOs, namely Red Chilli 
Farmer Producer Organisation located in Machavaram 
mandal and Spoorthi Chilli Producers Company Ltd lo-
cated in Edlapadu mandal, were purposively selected. 
These FPOs were chosen due to their substantial business 
turnover and their ability to provide comprehensive back-

ward and forward linkages to their farmer-members. Two 
sampling frames were created, one consisting of the lists 
of farmer-members from the two selected FPOs (treated 
group) and the other consisting of non-members (untreated 
group). So, farmers in the study area were then strati-
fied into treated and untreated groups based on their FPO 
membership status. In the third stage, smallholder dry 
chilli farmers were selected in proportion to the number of 
farmers in each stratum based on probability proportional 
to the number sampling technique. This ensured that the 
selected sample of farmers in Guntur was representative 
and included both treated (n = 161) and untreated (n = 
315) categories based on the FPO membership criterion. A 
structured schedule was employed to gather the required 
cross-section data from sample farmers on covariates 
and outcome variables, as shown in Table 1, specifically 
related to the Kharif season of 2022-2023. Prior to the 
actual survey, the schedule underwent a pre-testing phase 
in non-sampled villages to assess the suitability and 
effectiveness of the schedule in gathering the required 
data and to evaluate the proficiency of the enumerators in 
conducting the survey. The collected comprehensive data 
sought to provide a holistic understanding of the farmers’ 
socio-economic context and their engagement in various 
agricultural practices. Further, to analyze the impact of 
FPO membership on poverty alleviation, only farmers 
who derived their annual income solely from agricultural 
sources were included in the sample. This criterion en-
sured that the analysis focused on smallholder chilli farm-
ers whose livelihoods primarily relied on agriculture. This 
sampling approach and data collection process allowed 
for a comprehensive examination of the impact of FPO 
membership on poverty alleviation among smallholder 
chilli farmers in the study area. 

3.2 Tools of Analysis

a. Descriptive statistics: Descriptive statistics viz., 
mean and Standard Deviation (SD) are employed to ana-
lyze and compare the selected variables between treated 
and untreated farmers.

b. Estimation of Poverty Profile (Foster-Greer–Thor-
becke (FGT) Model): As per the FGT model [17], the pov-
erty profile of the sample farmers is represented below:

9

Outcome
Variables

Price Price realized for dry chillies (Rs./quintal of produce transacted)
Poverty BPL is indicated by the income limit for households ie., ≤

Rs.1,20,000/year for rural households in Andhra Pradesh* -
Primary data regarding annual income derived by both treated
and untreated farmers from dry chillies transactions are
considered.

Treatment variableFPO membership
decision

FPO membership/Dummy (1 = Member, 0 = Non-member)

Instrumental
Variable (IV)

MOTIV Motivation of farmers to join in FPOs/Dummy (1 = Yes, 0 = No)

Covariates GND Gender/Dummy (1 = Male, 0 = Female)
LHS Landholding size (Acres)
EDU Education of the farmer/Dummy (1 = Yes if > 10th class, 0 = No,

if < 10th class)
GAP Good Agricultural Practices/Dummy (1 = Yes, 0 = No)
FE Farming Experience (years)
DTF Distance to FPO from village (kilometers)
AMI Access to market information/Dummy(1 = Yes, 0 = No)

AII Access to improved inputs at right time/Dummy (1 = Own land,
0 = No)

ATE Access to extension services/Dummy (1 = Yes, 0 = No)

ATIV Access to improved dry chillies varieties/Dummy (1 = Yes, 0 =
No)

ATIC Access to institutional credit/Dummy (1 = Yes, 0 = No)
* https://www.thehindu.com/news/national/andhra-pradesh/andhra-pradesh-to-raise-incomelimit-
for-bpl-category/article30098727.ece
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P(α) = (1/n) ∑=1
 {( − )/} (1)

where ‘n’ is the number of sample farmers (households), ‘yi’ is the income of the ith household,

‘yp’ represents the poverty line indicated by the income limit for households qualifying as a

beneficiary under the BPL (ie., ≤ Rs.1,20 lakh per year for rural households in Andhra Pradesh

(https://www.business-standard.com), ‘q’ is the number of households BPL, and ‘α’ is the

poverty parameter (incidence, gap and severity) which takes the values of 0 (P measures poverty
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where ‘n’ is the number of sample farmers (households), 
‘yi’ is the income of the ith household, ‘yp’ represents the 
poverty line indicated by the income limit for households 
qualifying as a beneficiary under the BPL (ie., ≤ Rs.1,20 
lakh per year for rural households in Andhra Pradesh 
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of households BPL, and ‘α’ is the poverty parameter (in-
cidence, gap and severity) which takes the values of 0 (P 
measures poverty head count ratio), 1 (P measures the 
depth of poverty), and 2 (P measures severity or intensity 
of poverty).

c. ESRM approach: In this study, the potential en-
dogeneity issue of FPO membership influencing farmer 
participation is addressed using the ESRM [18]. To verify 
the exogeneity of the endogenous variable (FPO member-
ship), both the Durbin score test and Wu-Hausman test for 

endogeneity are conducted. To account for self-selection 
bias in the decision to join FPOs, the study incorporates 
a selection equation with MOTIV (a relevant variable) as 
an instrumental variable for FPO membership. This ap-
proach helps address the endogeneity concern by using an 
instrumental variable that affects FPO membership but is 
not directly related to the outcome variable of interest. The 
selection equation used in this study follows the framework [19] 
as specified below:
e𝑖
∗ = 𝑋𝑖𝛼 + 𝛿𝑖 with M = {1 if M ∗ > 0; = 0 otherwise} (2)

Figure 2. Selection of Guntur district, Andhra Pradesh.

Table 1. Variable types and definitions.

Variable type Abbreviation Variables definition

Outcome Variables

Price Price realized for dry chillies (Rs./quintal of produce transacted)

Poverty
BPL is indicated by the income limit for households ie., ≤ Rs.1,20,000/year for rural 
households in Andhra Pradesh* - Primary data regarding annual income derived by both 
treated and untreated farmers from dry chillies transactions are considered. 

Treatment variable FPO membership decision FPO membership/Dummy (1 = Member, 0 = Non-member)

Instrumental Variable 
(IV)

MOTIV Motivation of farmers to join in FPOs/Dummy (1 = Yes, 0 = No)

Covariates

GND Gender/Dummy (1 = Male, 0 = Female)

LHS Landholding size (Acres) 

EDU Education of the farmer/Dummy (1 = Yes if > 10th class, 0 = No, if < 10th class)

GAP Good Agricultural Practices/Dummy (1 = Yes, 0 = No)

FE Farming Experience (years)

DTF Distance to FPO from village (kilometers)

AMI Access to market information/Dummy(1 = Yes, 0 = No) 

AII Access to improved inputs at right time/Dummy (1 = Own land, 0 = No) 

ATE Access to extension services/Dummy (1 = Yes, 0 = No) 

ATIV Access to improved dry chillies varieties/Dummy (1 = Yes, 0 = No)

ATIC Access to institutional credit/Dummy (1 = Yes, 0 = No)

* https://www.thehindu.com/news/national/andhra-pradesh/andhra-pradesh-to-raise-incomelimit-for-bpl-category/article30098727.ece
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For a farmer-member of FPO (M = 1), if M∗ > 0, 
where M∗ represents the expected benefits of participating 
in FPO (treated) compared to untreated. The analysis of 
the impact of FPO membership on the outcome variables 
(prices and poverty) under the ESRM framework proceeds 
in two stages. In the first stage, a probit model (Equation 
3a) is used to analyze the determinants of the decision to 
join FPO. In the second stage, an OLS regression with 
selectivity correction is employed to study the relationship 
between the outcome variables and a set of explanatory 
variables, conditional on the FPO membership decision 
(Equation 3b). The two outcome regression equations, 
conditional on FPO membership, can be expressed as [16]:
Regime 1 (Treated): 𝑦1𝑖 = 𝑥1𝑖𝛽1 + ε1𝑖    if, M = 1 (3a)

Regime 2 (Untreated): 𝑦0𝑖 = 𝑥0𝑖𝛽0 + ε0𝑖    if, M = 0 (3b)
where, 𝑦1𝑖 and 𝑦0𝑖 are the outcome variable(s) with and 
without FPO membership respectively, 𝑥1𝑖 and 𝑥0𝑖 are 
vectors of exogenous covariates; 𝛽1 and 𝛽0 are vectors of 
parameters; and ε1𝑖 and ε0𝑖 are random disturbance terms. 
The error terms are assumed to have the following covari-
ance matrix:

10
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(4)

where 2 is the variance of the selection equation (Equation 4), 0
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influencing farmer participation is addressed using the ESRM [18]. To verify the exogeneity of the

endogenous variable (FPO membership), both the Durbin score test and Wu-Hausman test for

endogeneity are conducted. To account for self-selection bias in the decision to join FPOs, the

study incorporates a selection equation with MOTIV (a relevant variable) as an instrumental

variable for FPO membership. This approach helps address the endogeneity concern by using an

instrumental variable that affects FPO membership but is not directly related to the outcome

variable of interest. The selection equation used in this study follows the framework [19] as

specified below:
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sample selection are non-zero:
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between , 1 and 0
[20]. If  is correlated with 1 , and 0 , the expected values of 1 , and 0

conditional on the sample selection are non-zero:

 1 M = 1 = 1
 β
Φ β

= 11 (5)

 0 M = 0 = 0
− β

1−Φ β
= 00 (6)

where,  and Φ are the probability density and the cumulative distribution function of the

standard normal distribution, respectively. The Full Information Maximum Likelihood (FILM)

estimator is used to fit an ESRM to compare the actual expected outcomes of treated (Equation 7)

and untreated (Equation 8), and to investigate the counter factual hypothetical cases that the

untreated did participate in FPO (treated) (Equation 9) and the treated did not participate in FPO

i.e., untreated (Equation 10) as follows:

 1 M = 1 = 1β1 + 11 ----- (a) (7)

 0 M = 0 = 0β0 + 00 ----- (b) (8)

 0 M = 1 = 1β0 + 01 ----- (c) (9)

 1 M = 0 = 0β1 + 10 ----- (d) (10)

In the above equations and Table 2, cases (a) and (b) represent the actual expectations

observed in the sample, and cases (c) and (d) represent the counter factual expectations with

respect to prices and poverty alleviation.

Following [21-23], the ATT and ATU are calculated as below:

 = E(1i|M = 1; ) – E(0i|M = 1; ), = 1i(1 – 0) + 1i(1 – 0) (11)

 = E(1i |M = 0; ) – E(oi|M = 0; ), = 2i(1 – 0) + 2i(1 – 0)

(12)

BH1 = E(1i|M = 1; ) – E(1i |M = 0; ) = (1i – 2i)1i + 1(1i – 2i)
(13)

BH2 = E(2i|M = 1; ) – E(2i |M = 0; ) = (1i – 2i)2i + 2(1i – 2i)
(14)

Conditions in Equations (11) to (14) can be described as follows:

 The treatment on treated (ATT) is the difference between (7) and (9), which is given by
Equation (11).

 The effect of the treatment on untreated (ATU) is the difference between (10) and (8),
which is given by Equation (12).

 (5)
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In the above equations and Table 2, cases (a) and (b) 
represent the actual expectations observed in the sample, 
and cases (c) and (d) represent the counter factual expec-
tations with respect to prices and poverty alleviation.

Following [21-23], the ATT and ATU are calculated as be-
low:
𝐴𝑇𝑇 = E(𝑦1i|M = 1; 𝑥) – E(𝑦0i|M = 1; 𝑥), = 𝑥1i(𝛽1 – 𝛽0)  
            + 𝜆1i(𝜎𝜀1 – 𝜎𝜀0)  (11)

𝐴𝑇𝑈 = E(𝑦1i |M = 0; 𝑥) – E(𝑦oi|M = 0; 𝑥), = 𝑥2i(𝛽1 – 𝛽0)  
            + 𝜆2i(𝜎𝜀1 – 𝜎𝜀0)  (12)

BH1 = E(𝑦1i|M = 1; 𝑥) – E(𝑦1i |M = 0; 𝑥) = (𝑥1i – 𝑥2i)𝛽1i  
            + 𝜎𝜀1(𝜆1i – 𝜆2i) (13)

BH2 = E(𝑦2i|M = 1; 𝑥) – E(𝑦2i |M = 0; 𝑥) = (𝑥1i – 𝑥2i)𝛽2i  
            + 𝜎𝜀2(𝜆1i – 𝜆2i) (14)

Conditions in Equations (11) to (14) can be described 
as follows:

● The treatment on treated (ATT) is the difference be-
tween (7) and (9), which is given by Equation (11).

● The effect of the treatment on untreated (ATU) is the 
difference between (10) and (8), which is given by 
Equation (12).

● The effect of heterogeneity of treated (BH1) is the 
difference between (7) and (10).

● The effect of base heterogeneity (BH2) of untreated 
is the difference between (9) and (8).

By comparing the results of Equations (13) and (14) 
or (11) and (12), the Transitional Heterogeneity (TH) is 
estimated [24]. TH represents the heterogeneity in the ef-
fect of FPO participation, indicating whether the effect is 
larger or smaller for the farmers who actually participated 
compared to the counter factual scenario where non-par-
ticipants hypothetically participated. This analysis allows 
for a deeper understanding of the nuanced impacts of FPO 
participation, considering the differential effects treated 
and untreated. It sheds light on the potential variations in 
outcomes and helps identify factors that may influence the 
differential effects of FPO participation among farmers.

4. Results and Discussion

4.1 Descriptive Statistics of the Variables

According to the results presented in Table 3, both 
treated and untreated farmers, with respect to FPO mem-
bership, exhibit similar averages in terms of variables 
such as LHS, FE, and DTF. However, when it comes to 
other covariates, treated farmers demonstrate statistically 
significant advantages over untreated farmers. Specifical-
ly, treated farmers who are members of the FPO benefit in 
terms of both prices and annual income compared to their 
untreated counterparts, and these differences are statisti-
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cally significant. The advantages enjoyed by treated farm-
ers can be attributed to various factors facilitated by FPO 
membership, such as economies of large-scale production, 
reduced transaction costs, and better market linkages. 
These factors contribute to higher prices obtained by treat-
ed farmers, which in turn leads to higher annual income 
compared to untreated farmers. These results suggest that 
FPO membership provides tangible benefits to farmers, 
including improved prices for their produce and increased 
annual income, as a result of factors associated with FPOs 
such as economies of scale, reduced transaction costs, and 
enhanced market connections [25,26]. 

4.2 Poverty Analysis—Estimation of Poverty 
Status among Smallholder Dry Chilli Farming 
Households

The Below Poverty Line (BPL) classification is a 
recognized benchmark used to indicate economic disad-
vantage and identify households in need of Government 
assistance and aid. In the Indian context, the poverty line 
is determined based on household income rather than 
the level of prices. Recently, the Government of Andhra 
Pradesh has revised the income limit for the BPL cat-
egory, setting it at an annual income below Rs. 1.20 lakh 

Table 2. Treatment and heterogeneity effects.

TH
Decision stage Treatment 

effectsTreated Untreated

Treated 𝐸(𝑦1i|M = 1) = (a) 𝐸(𝑦0i|M = 1) = (c) ATT (a – c)

Untreated 𝐸(𝑦1i|M = 0) = (d) 𝐸(𝑦0i|M = 0) = (b) ATU (d – b)

Heterogeneity effects BH1 (a – d) BH2 (c – b) TH (ATT – ATU)

Notes: (a) and (b) represent observed expected outcome indicators, (c) and (d) represent counter factual expected outcome indicators; 
M = 1 if farmers participate in FPO and M = 0, otherwise; 𝑦1i: Outcome indicators if farmers participate in FPO, 𝑦0i: Outcome 
indicators if farmers do not participate in FPO; ATT: effect of the treatment (i.e., FPO membership) on the treated, ATU: Effect of the 
treatment (i.e., FPO membership) on the untreated; BH1: The effect of base heterogeneity for farmers enjoying membership in FPO  
(M = 1), BH2: The effect of base heterogeneity for farmers not having membership in FPO (M = 0), TH = (ATT – ATU) [14].

Table 3. Descriptive statistics of the variables across Treated vis-à-vis Untreated.

Variables

Pooled 
(n = 476)

Treated 
(n = 161)

Untreated 
(n = 315)

‘Z’ test
(Treated – 
Untreated)Mean SD Mean SD Mean SD

Price (Rs/qtl) 8221.73 271.87 8943.72 150.82 7457.56 149.05 7.23**

Income (Rs/year) 125092.60 54985.57 141068.8 46120.05 96482.62 32589.32 11.94**

FPO membership 0.3382 0.4736 -- -- -- -- --

GND 0.3634 0.4815 0.8634 0.3445 0.1079 0.3108 23.93**

LHS 3.3277 0.9877 3.6273 0.8520 3.1746 1.0180 1.82

EDU 0.3866 0.4875 0.6460 0.4797 0.2540 0.4360 7.66**

GAP 0.5609 0.6074 0.7019 0.4589 0.4889 0.6598 3.41*

FE 24.3466 11.6288 23.9068 11.6075 24.5714 11.6517 0.83

DTF 25.0231 15.1344 25.5031 14.8409 24.7778 15.2998 0.2459

AMI 0.3971 0.4898 0.9441 0.2304 0.1175 0.3225 9.4502**

AII 0.3761 0.4849 0.6534 0.4994 0.2365 0.4733 2.6102**

ATE 0.2311 0.4220 0.9621 0.2421 0.3175 0.4662 9.4907**

ATIV 0.4223 0.4944 0.8261 0.3802 0.2159 0.4121 19.58**

ATIC 0.5609 0.4968 0.7516 0.4335 0.3635 0.4995 2.09*

Note: ** and * denote significance levels at 1% and 5% levels respectively. 
Raw data source: Field survey, 2022-2023.
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for rural families. In the study’s context, smallholder dry 
chilli farmers whose household income falls below this 
BPL threshold are considered to be living in poverty. This 
classification enables the identification of farmers who are 
economically disadvantaged and require targeted support 
and interventions. By considering the BPL category, the 
study aims to assess the impact of FPO membership on 
poverty alleviation among these smallholder farmers.

The findings from Table 4 reveal significant insights 
into the extent and severity of poverty among smallholder 
dry chilli farmers in the study area. The calculated pov-
erty indicators shed light on the challenges faced by these 
farmers and emphasize the importance of targeted inter-
ventions and policies to improve their economic well-
being. Firstly, the study area’s poverty incidence (P0) 
of 0.521 indicates that approximately 52 percent of the 
sample farmers are living in BPL. This high percentage 
highlights the prevalence of poverty in the region and the 
urgent need to address this issue. Secondly, the poverty 
depth or gap (P1) of 0.23 indicates that, on average, the 
income of poor households falls short by 23 percent of 
the poverty line. This statistic demonstrates the extent of 
income inadequacy faced by poor farmers and the mag-
nitude of the challenge in lifting them out of poverty. 
Figure 2 visually represents the proportion of the poverty 
line that needs to be bridged to uplift these poor farmers’ 
incomes above the poverty line. Moreover, the poverty 
severity (P2) rate of 16.6 percent highlights the existence 
of a subgroup among the poor population that experi-
ences particularly severe poverty. These farmers are in 
dire need of attention from policy-makers, and measures 
such as income redistribution and livelihood improvement 
initiatives should be prioritized to uplift their standard of 
living. These poverty indicators provided by this study 
offer valuable data for policy-makers to develop targeted 
interventions and policies that address the economic chal-
lenges faced by smallholder dry chilli farmers in the study 
area. FPO membership has been identified as a significant 
positive factor in improving the farmers’ standard of liv-
ing by increasing prices and income [27,28].

Table 4. Estimates of poverty incidence, depth and sever-
ity among smallholder dry chilli farmers.

Category Incidence (P0) Depth (P1) Severity (P2)

Treated 0.352 0.126 0.059

Untreated 0.691 0.494 0.281

Overall 0.521 0.226 0.166

Raw data source: Field survey, 2022-2023.

According to Figure 3, the poverty profile analysis 

highlights the stark disparities between untreated and 
treated farmer-households, indicating that FPO member-
ship has a significant impact on poverty and economic 
conditions. The study reveals that untreated farmer-
households had a substantially higher poverty incidence of 
0.691 compared to treated farmer-households, where the 
poverty incidence was significantly lower at 0.352. This 
49 percent difference in poverty incidence suggests that a 
larger proportion of untreated farmers were living below 
the poverty line compared to their treated counterparts. 
Moreover, the depth and severity of poverty were also 
found to be greater among untreated farmers. The poverty 
depth for untreated farmers was measured at 0.494, in-
dicating a larger income shortfall below the poverty line 
for this group. In contrast, treated farmers had a lower 
poverty depth of 0.126, implying a comparatively smaller 
income deficit. Similarly, the severity of poverty was 0.281 
for untreated farmers, while treated farmers experienced a 
much lower severity of poverty at 0.059. This significant 
difference indicates higher levels of inequality and depri-
vation among untreated farmers. The study’s findings are 
consistent with previous research [27,29]. In the context of 
the current study, these results strongly suggest that mem-
bership in FPOs and the associated benefits, such as econ-
omies of scale, reduced transaction costs, and improved 
market linkages, play a vital role in poverty reduction and 
decreased income inequality among smallholder dry chilli 
farmers in the study area. 

4.3 ESRM Approach

Before proceeding with the ESRM, the variables were 
tested for the presence of multicollinearity. The estimated 
Variance Inflation Factor (VIF) values for all the variables 
in both the price and poverty models were found to be 
less than the critical value of 10 (Appendix 1). This indi-
cates that multicollinearity was not a problem [30-32]. The 
absence of multicollinearity suggests that the variables are 
not highly correlated with each other, and their independ-
ent contributions can be effectively assessed. To test for 
heteroskedasticity, the Breusch-Pagan/Cook-Weisberg test 
was conducted on both models. The findings indicated the 
absence of heteroskedasticity, indicating that the variances 
of the error terms in the models were constant (Appendix 
2). The overall test of possible endogeneity of the ‘FPO 
membership’ variable produced significant results in both 
the price and poverty models (Table 5). The findings of 
both the Durbin (score) 𝜒2 (1) test and the Wu-Hausman 
F (1,462) test were significant, implying that the treat-
ment variable, ‘FPO membership’ is highly endogenous in 
both models. This means that the decision to join FPO is 
influenced by other factors, and endogeneity needs to be 
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controlled for in the estimation process to obtain unbiased 
results. These tests and findings help ensure the reliability 
and validity of the estimation process in addressing the 
impact of FPO membership on both prices and poverty 
outcomes among smallholder dry chilli farmers.

Table 5. Tests for the endogeneity of ‘FPO membership’ 
variable in price and poverty models.

S.No Models Durbin (score) χ2 (1) Wu-Hausman F (1,462)

1 Price
13.5524
(0.0002)

13.5393 
(0.0003)

2 Poverty
16.3384
(0.0001)

16.4215
(0.0001)

Raw data source: Field survey, 2022-2023.

Tables 6 and 7 present the Wald χ2 test statistics for 
the price and poverty models, respectively, indicating 
that both models exhibit a good fit for the ESRM. This 
suggests that the ESRM framework is appropriate for ad-
dressing the endogeneity problem and obtaining reliable 
estimates for the study. To further investigate the endoge-
neity issue, the researchers conducted a Likelihood Ratio 
(LR) test to test the independence of the outcome and 
selection equations. The LR test results show that the null 
hypothesis (HO) of ‘no correlation between FPO member-
ship and price/income across both the price and poverty 
models’ was rejected, as evidenced by the test statistics of 
19.27** and 17.66** respectively. This rejection indicates 

that there is a positive correlation between FPO member-
ship and price/income in both the outcome and selection 
equations, and thus, these equations are dependent on each 
other. The positive correlation between FPO membership 
and price/income in both outcome and selection equa-
tions is a strong indication of endogeneity, meaning that 
FPO membership is not randomly assigned but influenced 
by other factors. This highlights the need to account for 
endogeneity in the model specification for both the price 
and poverty models to obtain more accurate and unbiased 
estimates. By identifying and addressing the endogeneity 
issue through the ESRM approach, the study ensures that 
the estimated impact of FPO membership on price realiza-
tion and poverty alleviation is more reliable and robust. It 
allows policy-makers and researchers to have confidence 
in the findings and better understand the true relationship 
between FPO membership and the economic well-being 
of smallholder dry chilli farmers in the study area. The 
Full Information Maximum Likelihood (FIML) approach 
is a powerful statistical method used in this study to 
jointly estimate both the outcome and selection equations. 
This approach allows the researchers to account for the 
endogeneity issue and obtain reliable estimates of the im-
pact of FPO membership on prices and poverty outcomes 
for smallholder dry chilli farmers. In Tables 6 and 7, the 
outcome equations are presented in columns 2 and 3, re-
spectively. These equations represent the estimated impact 
of FPO membership on price realization and poverty for 

15
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both the treated and untreated categories of farmers. By 
analyzing these outcome equations, the study can quantify 
the specific effects of FPO membership on prices and pov-
erty levels, taking into consideration the FPO membership 
status of the farmers. Column 4 in Tables 6 and 7 presents 
the selection equation. This equation identifies the deter-
minants of FPO membership, allowing the researchers to 

understand the factors influencing farmers’ decisions to 
join or not join the FPOs. The estimated impact of FPO 
membership based on the coefficients of the OLS regres-
sion is presented in the last column (column 5) of Tables 
6 and 7. To provide a comprehensive understanding of 
the impact of FPO membership, the study employs the 
ESRM framework, which simultaneously estimates the 

Table 6. ESRM-Impact of FPO membership on price realization of smallholder dry chilli farmers.

Dependent Variable 
------à

Endogenous switching regression OLS

Treated 
(Price)

Untreated 
(Price)

FPO membership
(Treated = 1
Untreated = 0)

Price

1 2 3 4 5

FPO membership
0.0283**
(0.0061)

MOTIV -- --
0.3879**
(0.1088)

--

GND
0.0046
(0.0030)

0.0002
(0.0140)

0.0257
(0.0652)

–0.0079
(0.0047)

LHS
0.0297**
(0.0076)

0.0004
(0.0034)

0.2647**
(0.1043)

0.0095*
(0.0045)

EDU
0.0125*
(0.0059)

0.0027
(0.0084)

0.2170*
(0.1009)

0.0029
(0.0021)

GAP
0.0128**
(0.0048)

0.0056
(0.0056)

0.0309**
(0.0115)

0.0052
(0.0034)

FE
0.0151**
(0.0053)

0.0001
(0.0002)

0.0244*
(0.0112)

9.79E-06
(0.0002)

DTF
–0.0101**
(0.0032)

–0.0074**
(0.0022)

–0.2751**
(0.1043)

–0.0209**
(0.0047)

AMI
0.0490**
(0.0095)

0.0653**
(0.0132)

0.3032**
(0.1021)

0.0497**
(0.0062)

AII
0.0064**
(0.0016)

0.0027
(0.0038)

0.0448**
(0.0161)

0.0002
(0.0048)

ATE
0.0118**
(0.0021)

0.0533**
(0.0096)

0.3689**
(0.1389)

0.0154**
(0.0056)

ATIV
0.0266**
(0.0066)

0.0115**
(0.0028)

0.4458**
(0.1887)

–0.0002
(0.0001)

ATIC
0.0181**
(0.0066)

–0.0139
(0.0081)

0.1721
(0.0963)

–0.0006
(0.0046)

Constant
3.1927
(0.0192)

3.2348
(0.0157)

0.5922
(0.3167)

3.2353
(0.0099)

σi
0.0639**
(0.0031)

0.0561**
(0.0066)

ρj
–0.4897**
(0.2025)

0.8987
(0.8705)

n 476 476

Wald 𝜒2 (11)
194.67**
(0.0000)

LR test of independent 
equations: 𝜒2 (1) 

19.27**
(0.0000)

Note: Robust standard errors in parentheses; ** & * indicate 1 and 5 percent probability levels respectively.
Raw data source: Field survey, 2022-2023.
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outcome and selection equations, accounting for the en-
dogeneity problem. This approach takes into account the 
interdependencies between the decision of farmers to join 
the FPO and the resulting outcomes on prices and poverty 
levels [33-35]. These estimates allow the researchers to draw 
meaningful conclusions about how FPO membership 

affects price realization and poverty alleviation among 
smallholder dry chilli farmers. 

In the price model (Table 6), the covariance term of 
FPO membership for the treated category is statistically 
significant (–0.4897**), indicating that self-selection oc-
curs in FPO membership. This means that treated farmers 

Table 7. ESRM-impact of FPO membership on poverty alleviation of smallholder dry chilli farmers.

Dependent Variable 
------à

Endogenous switching regression OLS

Treated 
(Poverty)

Untreated 
(Poverty)

FPO membership
(Treated = 1
Untreated = 0)

Poverty

1 2 3 4 5

FPO membership
0.4897**
(0.0251)

MOTIV
0.3956**
(0.1290)

GND
–0.0288
(0.0221)

–0.0063
(0.0221)

0.1352
(0.7812)

0.0280
(0.0187)

LHS
0.2815**
(0.0119)

0.3555**
(0.0307)

0.2234**
(0.0366)

0.3363**
(0.0061)

EDU
0.0713*
(0.0335)

–0.0195
(0.0158)

0.6835**
(0.2794)

0.0221
(0.0132)

GAP
0.0163**
(0.0052)

0.0144
(0.0105)

0.3079*
(0.1504)

0.0139
(0.0098) 

FE
0.0021**
(0.0006)

0.0003
(0.0009)

0.0108**
(0.0013)

0.0032**
(0.0005)

DTF
–0.0033**
(0.0007)

–0.0025**
(0.0004)

–0.0193*
(0.0091)

–0.0006
(0.0004)

AMI
0.0208**
(0.0047)

0.0613**
(0.0266)

0.4349**
(0.0406)

0.0067**
(0.0006)

AII
0.0347**
(0.0015)

0.0205
(0.0231)

0.3330**
(0.0914)

0.0112
(0.0138)

ATE
0.0399**
(0.0148)

0.0411*
(0.0203)

0.0587**
(0.0195)

0.0406**
(0.0163)

ATIV
0.0256**
(0.0083)

0.1111**
(0.0179)

0.3835**
(0.1129)

0.0063
(0.0146)

ATIC
0.0580*
(0.0279)

–0.0054
(0.0146)

0.7203*
(0.3305)

0.0073
(0.0146)

Constant
11.0260
(0.0951)

10.2932
(0.0318)

4.3691
(0.7417)

10.3616
(0.0288)

σi
0.1235**
(0.0075)

0.1182**
(0.0047)

ρj
–0.4661*
(0.2309)

0.2262
(0.2416)

n 476 476

Wald 𝜒2 (11)
618.73**
(0.0000)

LR test of independent 
equations: 𝜒2 (1) 

17.66**
(0.0000)

Note: Robust standard errors in parentheses; ** & * indicate at 1 and 5 percent probability levels respectively.
Raw data source: Field survey, 2022-2023.
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who choose to have FPO membership may have different 
effects compared to untreated farmers. The negative and 
significant sign of ρj for the treated category suggests a 
positive bias. This means that farmers with above-average 
prices have a higher probability of enjoying FPO mem-
bership. On the other hand, the insignificant covariance 
estimate for the untreated category (0.8987NS) suggests 
that, in the absence of FPO membership, there would 
be no significant difference in the average price realized 
between the treated and untreated categories due to un-
observable factors. These estimates are consistent since 
ρ1 < ρ2. Therefore, farmers who are members of FPOs are 
able to obtain higher prices compared to their untreated 
counterparts, as reported in studies [12-14]. Similar find-
ings are observed in the poverty model (Table 7), where 
the covariance term of the treated category is statistically 
significant (–0.4661**), indicating a positive bias. The 
covariance estimate for the untreated category is insignifi-
cant (0.2262NS). This suggests that treated farmers realize 
higher incomes than they would if they did not have FPO 
membership [36]. The estimated coefficient of correlation 
(ρj) is statistically significant for the treated category in 
both models, indicating the presence of sample selectivity 
bias in both equations. So, the HO that sample selectiv-
ity bias was absent in both equations can be rejected [37]. 
Moreover, there is a significant difference in σi across 
the treated and untreated categories, indicating the pres-
ence of heterogeneity in the sample. In both models, ρ1 
and ρ2 have alternative signs, with ρ1 being statistically 
significant and negative, while ρ2 is statistically non-
significant and positive. This suggests that farmers decide 
whether to join FPOs based on comparative advantages. 
The significance of ρ1 indicates that self-selection matters 
and farmers with above-average price and income levels 
have higher chances of enjoying FPO membership. There-
fore, treated farmers experience better or higher prices 
and incomes than they would without FPO membership. 
Furthermore, the positive value of (σ1 – σ2 ) term (i.e., 
between treated and untreated) across both models dem-
onstrates that participating in FPO membership ensures 
higher prices and incomes under self-selection than under 
random assignment. These results confirm that the ESRM 
is an appropriate model controlling for self-selection and 
inherent differences between the treated and untreated cat-
egories, as discussed by Seng [20]. 

The differences in the significance of coefficients of the 
key explanatory variables in both ESRMs (Tables 6 and 
7) provide valuable insights into the presence of hetero-
geneity [21]. In the price model (Table 6), for the treated 
category (column 2), an increase in EDU and adherence 

to GAPs in dry chilli cultivation significantly increase the 
price of the produce. However, for the untreated category 
(column 3), these variables do not show a correlation with 
price, and even their magnitudes are lower compared to 
the treated category. This pattern is similarly observed in 
the poverty model concerning the realization of higher 
income across the treated and untreated categories. The 
results indicate that a higher level of education plays a 
significant role in influencing prices and incomes among 
smallholder dry chilli farmers who are members of FPOs. 
Education facilitates better access to local extension net-
works, leading to FPO membership, and subsequently, 
access to backward and forward linkages, higher produc-
tivity, increased output, and substantial benefits compared 
to the untreated category. Hence, EDU and GAPs together 
contribute to higher prices and incomes in the Guntur 
district. Importantly, the coefficients in Tables 6 and 7 rep-
resent unconditional effects, and the observed differences 
are not solely due to FPO membership. Additionally, it is 
evident that EDU and GAPs play a joint role in determin-
ing the likelihood of participating in FPOs and influencing 
the outcome variables (price and income). These findings 
align with previous works [12,16,23,15,20]. Factors such as FE, 
AII, and ATIC also exhibit heterogeneous effects between 
the treated and untreated categories across both price and 
poverty models. This variation is expected as long-term 
farm experience influences farmers’ membership in FPOs 
and their access to quality inputs for dry chilli production. 
Regarding ATIC, the untreated category primarily relies 
on non-institutional loans from local wholesalers, millers, 
and private money lenders, resulting in the sale of their 
produce in local markets, unlike the treated farmers. In 
contrast, treated farmers, benefiting from higher prices 
and prompt payment of sales proceeds, are considered 
more creditworthy by institutional sources. Hence, FPO 
membership plays a crucial role in enhancing the repay-
ment capacity of treated farmers, highlighting the link 
between credit and marketing through FPO membership. 
Furthermore, the variable “LHS” is found to significantly 
increase both price and income for the treated farmers and 
significantly influence income for the untreated category. 
On the other hand, “DTF” negatively and significantly 
influences price and income, as the remoteness of farms 
discourages farmers’ membership in FPOs, leaving them 
deprived of remunerative prices compared to the treated 
category. These findings reveal the presence of heteroge-
neity in the effects of key explanatory variables between 
treated and untreated categories in the price and poverty 
models.

In the selection equations (column 4), the major drivers 
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for farmers’ membership in FPOs include MOTIV, LHS, 
EDU, GAP, FE, AII, AMI, ATE, and ATIV. The instru-
mental variable “MOTIV” stands out as having a positive 
and significant influence on both the price (0.3879**) and 
poverty (0.3956**) models. This result is not surprising, 
as farmers who have strong linkages with research and 
extension networks are motivated to join FPOs. This find-
ing is in line with earlier research [14] and thus, provides 
valuable evidence that MOTIV plays a crucial role in 
influencing FPO membership and contributes to poverty 
alleviation by increasing income above the poverty line 
of Rs. 1.20 lakh per year. Consistent with theoretical 
expectations, several other factors also show significant 
effects on FPO membership and subsequent outcomes. 
Farmers with more farm experience, access to improved 
inputs, extension agents, improved dry chilli varieties, and 
market information achieve significant increases in prices 
and income. However, it is noteworthy that “DTF” has a 
significant negative influence on farmers’ membership in 
FPOs. This implies that the remoteness of farms discour-
ages farmers from joining FPOs, potentially limiting their 
access to benefits such as higher prices and improved 
income that FPO members enjoy. On the other hand, the 
variable “GND” does not show a significant influence on 
the outcome variables, in line with the findings from pre-
vious studies [38,39]. 

The last column (OLS approach) of Tables 6 and 7 
focuses on examining the effects of FPO membership 
on price and poverty alleviation. The results indicate a 
significant difference in the prices and incomes realized 
between the treated and untreated categories of FPO 
membership. However, it is crucial to acknowledge that 
the OLS approach assumes that “FPO membership” is 
exogenously determined, whereas in reality, it is endog-
enously determined, as demonstrated in Table 5. The en-
dogeneity of FPO membership can introduce bias in the 

OLS estimates, as there might be unobservable factors 
that simultaneously influence both FPO membership and 
the outcome variables (price and income). Consequently, 
the OLS estimates may not provide accurate and reliable 
estimates of the true causal effects of FPO membership 
on the outcomes. To address this endogeneity issue and 
obtain unbiased and consistent estimates, the study em-
ployed ESRM in the second, third, and fourth columns of 
Tables 6 and 7. This model allows for the control of endo-
geneity by incorporating instrumental variables (MOTIV) 
to disentangle the true causal effects of FPO membership 
on price and poverty alleviation from confounding factors, 
resulting in more reliable and robust estimates.

Treatment Effects: The ESRMs results on the expected 
outcomes under actual and counter factual conditions 
for treated and untreated are shown in Table 8. A simple 
comparison of observed outcomes of treated and untreated 
alone can be misleading [16], as it suggests that on aver-
age the treated (a) farmer’s price and income are 2.28 and 
5.79 percent respectively higher than the untreated (b). 
However, the correct comparison is between the observed 
outcomes for treated (a) and the counter factual case (c), 
which shows that by having membership in FPO, the 
treated are earning on average 2.11 percent higher price 
than if they had become untreated. Similarly, comparing 
the expected price in the counter factual case (d) and ob-
served outcome (b), by not having membership in FPO, 
untreated are forgoing 1.25 percent of the price. That is, 
the untreated would have received a higher price by 1.25 
percent if they had become treated. These results indicate 
that FPO membership has a significant positive impact on 
the prices realized by the treated farmers compared to the 
untreated farmers. This is further supported by the TH ef-
fect, which is positive for prices, indicating that the effect 
of FPO membership is even greater for the treated farmers 
compared to the untreated farmers [40,41]. 

Table 8. Treatment and heterogeneity effects.

Treated Untreated Treatment effects

Price

Treated (a) 3.2934 (c) 3.2253 TT = 0.0681**

Untreated (d) 3.2601 (b) 3.2199 TU = 0.0402**

Heterogeneity effects BH1 = 0.0333 BH2 = 0.0054 TH = 0.0279**

Poverty

Treated (a) 16.0723 (c) 11.5511 TT = 4.5212**

Untreated (d) 13.8569 (b) 11.4114 TU = 2.4455**

Heterogeneity effects BH1 = 2.2154 BH2 = 0.1397 TH = 2.0757**

Raw data source: Field survey, 2022-2023.
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Furthermore, in terms of income, the comparison be-
tween the observed outcomes for the treated farmers (a) 
and the counter factual case (c) shows that by being a 
member of an FPO, the treated farmers earn, on average, 
39.14 percent higher annual income compared to what 
they would have earned if they were untreated. Similarly, 
comparing the expected income in the counter factual 
case (d) and the observed outcome (b) for the untreated 
farmers, it is found that the untreated farmers are forgoing 
21.43 percent of annual income by not being members of 
an FPO. In other words, the untreated farmers would have 
received a 21.43 percent higher income if they had chosen 
to become treated. These results indicate that FPO mem-
bership significantly increases the income realized by the 
treated farmers compared to the untreated farmers. The 
TH effect is also positive for income, indicating that the 
effect is even greater for the treated farmers compared to 
the untreated farmers [39]. 

Overall, the results from both the price and poverty 
models, as indicated by the TH effects, demonstrate that 
farmers who enjoy membership in an FPO have realized 
higher prices and incomes at a significant level compared 
to untreated farmers at both decision stages. Therefore, 
the sources of heterogeneity suggest that treated farmers 
obtain higher prices and incomes than untreated farmers 
regardless of their participation status. In other words, 
farmers who have FPO membership are still better off 
than those who are non-members.

5. Conclusions and Policy Implications
The agriculture sector plays a significant role in the 

Indian economy, contributing approximately 13.39 per-
cent to the GDP and employing 55 percent of the total 
workforce. However, small and marginal farmers, who 
constitute a majority of the farming population, face vari-
ous challenges such as low output, limited marketable 
surplus, inadequate market access, and lack of access to 
credit and training. These challenges contribute to pov-
erty and hinder the development of the agricultural sec-
tor. To address these issues, the Government of India has 
promoted the formation of FPOs as a means to alleviate 
poverty among farmers. In the case of dry chilli produc-
tion in Guntur, Andhra Pradesh, smallholder farmers face 
challenges in both production and marketing. To support 
these farmers, the government has facilitated the estab-
lishment of six FPOs specifically focused on dry chillies 
in Guntur district. The participation of smallholder farm-
ers in these FPOs has provided them with numerous ben-
efits, including economies of scale, strengthened market 
linkages, access to quality inputs and extension services, 

reduced transaction costs, enhanced bargaining power, 
and access to remunerative prices for their produce. How-
ever, previous studies on FPOs have primarily focused 
on growth, linkages, transaction volumes, and prices, 
without providing a comprehensive assessment of the 
overall impact of FPOs. Therefore, this study aims to fill 
that gap by examining the factors driving smallholder dry 
chilli farmers’ decision to engage with FPOs. Moreover, 
this study assesses the impact of FPOs on the attainment 
of remunerative prices and poverty alleviation among 
smallholder farmers. The analysis focuses on the state 
of Andhra Pradesh and Guntur district, considering their 
potential for dry chillies production and the presence of 
functioning FPOs in the region. Two specific FPOs, Red 
Chilli Farmer Producer Organisation and Spoorthi Chilli 
Producers Company Ltd, were selected for an in-depth 
study. The study utilized cross-sectional data consisting 
of 161 treated farmers (FPO members) and 315 untreated 
farmers (non-members) randomly selected. To address 
potential endogeneity issues, the study utilizes the Endog-
enous Switching Regression model, which incorporates a 
selection equation with a relevant instrumental variable. 
This approach helps account for self-selection bias in the 
decision to join FPOs and provides a robust analysis of 
the impact of FPO membership on poverty alleviation 
among smallholder chilli farmers. The empirical results 
of the ESRM analysis revealed a positive and significant 
association between FPO membership and both price 
realization and poverty alleviation. Specifically, FPO 
membership was found to increase prices by 2.11 percent 
and annual agricultural income by 39.14 percent. Several 
factors were identified as major drivers of farmers’ par-
ticipation in FPO membership, including EDU, GAP, FE, 
AII, ATIC, LHS, DTF, AMI, ATE and ATIV. These factors 
influenced both the price and poverty models. The nega-
tive signs of the parameter (ρj) for the treated group in 
both the price and poverty models indicate a positive bias, 
suggesting that farmers with above-average prices and 
income are more likely to join FPOs. Furthermore, the 
comparison of parameters (ρ1 < ρ2) indicates that farmers 
with FPO membership achieved higher prices and annual 
income compared to those who remained untreated. Based 
on the findings, the study concludes that FPO membership 
contributes to an improved standard of living for small-
holder dry chilli farmers by increasing prices and income 
compared to non-members. The positive impact of FPO 
membership on prices and income can have long-term 
beneficial effects and potentially extend to other aspects 
of farmers’ lives. Therefore, it is recommended that the 
Government promote the popularity of FPOs among farm-
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ers. Initiatives such as the Agriculture Infrastructure Fund 
(AIF) Scheme and linking FPOs to the electronic National 
Agriculture Market (e-NAM) portal provide ample oppor-
tunities to promote and support FPOs. By creating aware-
ness, providing financial support, and facilitating market 
access, policy-makers can encourage more farmers to join 
FPOs and reap the benefits of collective action and market 
integration.

Author Contributions

K. Nirmal Ravi Kumar: conceptualization, review, 
methodology, data collection, data curation, data analy-
sis, writing initial draft; M. Jagan Mohan Reddy: expert 
comments and suggestions; Adinan Bahahudeen Shafiwu: 
expert comments and suggestions; A. Amaraendar Reddy: 
expert comments and suggestions. All the authors have 
read and agreed to the published version of the manu-
script.

Acknowledgement

We appreciate the ideas and suggestions provided by 
Dr Sunil Saroj, Senior Research Analyst, International 
Food Policy Research Institute (IFPRI), New Delhi during 
the early stage of this investigation.

Data Availability

The data presented in this study are available on re-
quest from the corresponding author.

Conflicts of Interest

The authors declare no conflict of interest

References

[1] Agricultural Statistics at a Glance [Internet]. Minis-
try of Agriculture and Farmers Welfare, Department 
of Agriculture, Cooperation & Farmers Welfare, 
Government of India. Available from: https://eands.
dacnet.nic.in/PDF/Agricultural%20Statistics%20
at%20a%20Glance%20-%202021%20(English%20
version).pdf

[2] All India Report on Agriculture Census 2015-16 
[Internet]. Ministry of Agriculture & Farmers’ Wel-
fare. Available from: https://agcensus.nic.in/document/
agcen1516/ac_1516_report_final-220221.pdf

[3] Bhadwal, S., Thakur, R.K., Kumar, V., 2022. Farmer 
producer organization: A potent tool for paradigm 
shift in the farm sector. Journal of Agricultural Ex-
tension Management. 23(1), 11.

[4] Lade, A.H., Ahire, R.D., Lad, A.S., 2022. Farmer 

producer organization—boon for farming communi-
ty. Journal of Agricultural Extension Management. 
23(1), 25-40.

[5] Paty, B.K., Gummagolmath, K.C., 2018. Farmer pro-
ducer companies—issues and challenges. Extension 
Digest. 1(3), 1-36.

[6] Trebbin, A., Hassler, M., 2012. Farmers’ producer 
companies in India: A new concept for collective ac-
tion? Environment and Planning A. 44(2), 411-427.

[7] Directorate of Economics and Statistics, 2022. 
Season and crop report, 2020-21. Government of 
Puducherry, India. Available from: https://statis-
tics.py.gov.in/sites/default/files/season-crop-re-
port-2021-22.pdf

[8] Gummagolmath, K.C., Valamannavar, S., Darekar, 
A., et al., 2022. Role of Farmer Producer Organiza-
tions in Empowering Farmers: Case Studies from 
India [Internet]. National Institute of Agricultural Ex-
tension Management (MANAGE). Available from: 
https://www.manage.gov.in/publications/eBooks/
role%20of%20FPOs.pdf

[9] Kumar, R., Kumar, S., Pundir, R.S., et al., 2022. 
FPOs in India: Creating Enabling Ecosystem for their 
Sustainability [Internet]. ICAR-National Academy of 
Agricultural Research Management, Hyderabad, In-
dia. Available from: https://naarm.org.in/wp-content/
uploads/2022/04/FPO-Policy-Paper.pdf

[10] Bikkina, N., Turaga, R.M.R., Bhamoriya, V., 2018. 
Farmer producer organizations as farmer collectives: 
A case study from India. Development Policy 
Review. 36(6), 669-687.

 DOI: https://doi.org/10.1111/dpr.12274
[11] Kumar, P., Manaswi, B.H., Prakash, P., et al., 2019. 

Impact of farmer producer organization on organic 
chilli production in Telangana, India. Indian Journal 
of Traditional Knowledge (IJTK). 19(1), 33-43.

[12] Pal, B.D., Saroj, S., 2019. Do improved agricultural 
practices boost farm productivity? The evidence from 
Karnataka, India. Agricultural Economics Research 
Review. 32, 55-75.

 DOI: https://doi.org/10.5958/0974-0279.2019.00017.X
[13] Bidzakin, J.K., Fialor, S.C., Awunyo-Vitor, D., et al., 

2019. Impact of contract farming on rice farm per-
formance: Endogenous switching regression. Cogent 
Economics & Finance. 7, 1618229. 

 DOI: https://doi.org/10.1080/23322039.2019.1618229
[14] Kumar, A., Saroj, S., Joshi, P.K., et al., 2018. Does 

cooperative membership improve household welfare? 
Evidence from a panel data analysis of smallholder 
dairy farmers in Bihar, India. Food Policy. 75, 24-36.

https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202021%20(English%20version).pdf
https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202021%20(English%20version).pdf
https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202021%20(English%20version).pdf
https://eands.dacnet.nic.in/PDF/Agricultural%20Statistics%20at%20a%20Glance%20-%202021%20(English%20version).pdf
https://agcensus.nic.in/document/agcen1516/ac_1516_report_final-220221.pdf
https://agcensus.nic.in/document/agcen1516/ac_1516_report_final-220221.pdf
https://statistics.py.gov.in/sites/default/files/season-crop-report-2021-22.pdf
https://statistics.py.gov.in/sites/default/files/season-crop-report-2021-22.pdf
https://statistics.py.gov.in/sites/default/files/season-crop-report-2021-22.pdf
https://www.manage.gov.in/publications/eBooks/role%20of%20FPOs.pdf
https://www.manage.gov.in/publications/eBooks/role%20of%20FPOs.pdf
https://naarm.org.in/wp-content/uploads/2022/04/FPO-Policy-Paper.pdf
https://naarm.org.in/wp-content/uploads/2022/04/FPO-Policy-Paper.pdf
https://doi.org/10.1111/dpr.12274
https://doi.org/10.1080/23322039.2019.1618229


61

Research on World Agricultural Economy | Volume 04 | Issue 03 | September 2023

[15] Tesfaye, W., Tirivayi, N., 2016. The Effect of Im-
proved Storage Innovations on Food Security and 
Welfare in Ethiopia [Internet]. Maastricht Economic 
and social Research institute on Innovation and Tech-
nology (UNU‐MERIT). Available from: https://www.
manage.gov.in/publications/edigest/jun2018.pdf

[16] El-Shater, T., Yigezu, Y.A., Mugera, A., et al., 2016. 
Does zero tillage improve the livelihoods of small-
holder cropping farmers? Journal of Agricultural 
Economics. 67(1), 154-172.

 DOI: https://doi.org/10.1111/1477-9552.12133
[17] Foster, J., Greer, J., Thorbecke, E., 1984. A class 

of decomposable poverty measures. Econometrica: 
Journal of the Econometric Society. 52(3), 761-766.

[18] Angrist, J.D., Krueger, A.B., 2001. Instrumental vari-
ables and the search for identification: From supply 
and demand to natural experiments. Journal of Eco-
nomic Perspectives. 15(4), 69-85.

 DOI: https://doi.org/10.1257/jep.15.4.69
[19] Tesfay, M.G., 2020. Does fertilizer adoption enhance 

smallholders’ commercialization? An endogenous 
switching regression model from northern Ethiopia. 
Agriculture & Food Security. 9(1), 1-18.

[20] Seng, K., 2015. The effects of nonfarm activities on 
farm households’ food consumption in rural Cambo-
dia. Development Studies Research. 2(1), 77-89.

 DOI: https://doi.org/10.1080/21665095.2015.1098554
[21] Di Falco, S., Veronesi, M., Yesuf, M., 2011. Does ad-

aptation to climate change provide food security? A 
micro-perspective from Ethiopia. American Journal 
of Agricultural Economics. 93(3), 829-846.

[22] Feleke, S., Manyong, V., Abdoulaye, T., et al., 2016. 
Assessing the impacts of cassava technology on pov-
erty reduction in Africa. Studies in Agricultural Eco-
nomics. 118(2), 101-111.

[23] Khanal, U., Wilson, C., Lee, B.L., et al., 2018. Cli-
mate change adaptation strategies and food produc-
tivity in Nepal: A counter factual analysis. Climatic 
Change. 148, 575-590.

[24] Acheampong, P.P., Addison, M., Wongnaa, C.A., 
2022. Assessment of impact of adoption of improved 
cassava varieties on yields in Ghana: An endogenous 
switching approach. Cogent Economics & Finance. 
10(1), 2008587.

 DOI: https://doi.org/10.1080/23322039.2021.2008587
[25] Chandio, A.A., Jiang, Y., 2018. Factors influencing 

the adoption of improved wheat varieties by rural 
households in Sindh, Pakistan. AIMS Agriculture & 
Food. 3(3), 216-228. 

 DOI: https://doi.org/10.3934/agrfood.2018.3.216
[26] Tibamanya, F.Y., Henningsen, A., Milanzi, M.A., 

2022. Drivers of and barriers to adoption of improved 
sunflower varieties amongst smallholder farmers 
in Singida, Tanzania: A double-hurdle approach. Q 
Open. 2(1), qoac008.

[27] Ayinde, I.A., 2003. Analysis of poverty level among 
farmers in Ogun State, Nigeria. International Journal 
of Agricultural Sciences, Sciences, Environment and 
Technology. 3(3), 27-35.

[28] Kassie, M., Shiferaw, B., Muricho, G., 2010. Adop-
tion and impact of improved groundnut varieties on 
rural poverty: evidence from rural Uganda. Environ-
ment for Development Discussion Paper-Resources 
for the Future (RFF). (10-11), 34.

[29] Akinrinola, O.O., Adeyemo, A.O., 2018. The impact 
of agricultural technology adoption on poverty: the 
case of yam minisetts technology in Ekiti state, Nige-
ria. Journal of Agricultural Research. 3(9), 000195.

[30] Gujarati, D.N., Porter, D.C., 2009. Basic econometrics, 
5th edition. McGraw-Hill/Irwin: New York.

[31] Shiferaw, B.A., Kebede, T.A., You, L., 2008. Tech-
nology adoption under seed access constraints and 
the economic impacts of improved pigeonpea variet-
ies in Tanzania. Agricultural Economics. 39(3), 309-
323.

[32] Kondo, E., 2019. Market participation intensity ef-
fect on productivity of smallholder cowpea farmers: 
evidence from the northern region of Ghana. Review 
of Agricultural and Applied Economics (RAAE). 
22(1340-2019-777), 14-23.

 DOI: https://doi.org/10.15414/raae.2019.22.01.14-23
[33] Gyau, A., Mbugua, M., Oduol, J., 2016. Determi-

nants of participation and intensity of participation in 
collective action: Evidence from smallholder avoca-
do farmers in Kenya. Journal on Chain and Network 
Science. 16(2), 147-156.

[34] Ma, W., Abdulai, A., 2017. The economic impacts of 
agricultural cooperatives on smallholder farmers in 
rural China. Agribusiness. 33(4), 537-551.

[35] Hoken, H., Su, Q., 2018. Measuring the effect of 
agricultural cooperatives on household income: Case 
study of a rice‐producing cooperative in China. Agri-
business. 34(4), 831-846.

[36] Lokshin, M., Sajaia, Z., 2004. Maximum likelihood 
estimation of endogenous switching regression mod-
els. The Stata Journal. 4(3), 282-289.

 DOI: https://doi.org/10.1177/1536867X0400400306
[37] Fitawek, W., Hendriks, S.L., 2021. Evaluating the 

impact of large-scale agricultural investments on 
household food security using an endogenous switch-
ing regression model. Land. 10(3), 323.

 DOI: https://doi.org/10.3390/land10030323

https://www.manage.gov.in/publications/edigest/jun2018.pdf
https://www.manage.gov.in/publications/edigest/jun2018.pdf
https://doi.org/10.3934/agrfood.2018.3.216


62

Research on World Agricultural Economy | Volume 04 | Issue 03 | September 2023

[38] Amengor, N., Owusu-Asante, B., Adofo, K., et al., 
2018. Adoption of improved sweetpotato varieties in 
Ghana. Asian Journal of Agricultural Extension, Eco-
nomics & Sociology. 23(3), 1-13.

 DOI: https://doi.org/10.9734/AJAEES/2018/39874
[39] Sarma, P., Rahman, M., 2020. Impact of government 

agricultural input subsidy card on rice productivity 
in rajbari district of Bangladesh: Application of en-
dogenous switching regression model. Agricultural 
Research. 8(5), 131-145.

 DOI: https://doi.org/10.13189/ujar.2020.080501
[40] Läpple, D., Hennessy, T., Newman, C., 2013. Quan-

tifying the economic return to participatory extension 
programmes in Ireland: An endogenous switching re-
gression analysis. Journal of Agricultural Economics. 
64(2), 467-482.

 DOI: https://doi.org/10.1111/1477-9552.12000
[41] Kehinde, A.D., Ogundeji, A.A., 2022. The simul-

taneous impact of access to credit and cooperative 
services on cocoa productivity in South-western Ni-
geria. Agriculture & Food Security. 11(1), 11.

 DOI: https://doi.org/10.1186/s40066-021-00351-4

Appendices

Appendix 1. VIF among selected independent variables.

Variables VIF 1/VIF
FPO membership 1.39 0.7190
AMI 2.33 0.4293
GND 2.19 0.4561
ATE 1.41 0.7113
ATIV 1.4 0.7133
LO 1.36 0.7337
ATIC 1.3 0.7663
EDU 1.23 0.8155
MOTIV 1.12 0.8909
LHS 1.08 0.9223
GAP 1.07 0.9305
DTM 1.04 0.9632
FE 1.02 0.9824

Appendix 2. Breusch-Pagan/Cook-Weisberg test for het-
eroskedasticity.

Price Income (Poverty)

𝜒2 (1) 0.09 0.13

Prob (𝜒2) 0.7625 0.7178
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Abstract: The article aims to analyse how digitalisation transforms the marketing and distribution of produce by small-
scale sub-Saharan African agribusiness. Small-scale farmers reside in remote areas where market information is limited. 
This tendency has led them to underperform and meant that a significant portion of their produce would be shared 
amongst the few traders in their remote small market. This underperformance tendency of small-scale farmers tends to 
affect achieving sustainable development goals. To obtain the data, the author administered a structured survey to small-
scale farmers carrying out agribusiness in the sub-Saharan African countries. This survey was divided into two sections: 
The demographics section and eleven statements, six relating to digitalisation and five to Agribusiness transformation, 
to which the participants had to answer in accordance with a 5-point Likert scale. Simple random probability sampling 
was used to draw a valid sample of 383 from the population of small-scale farmers. PLS structural equation modelling 
(SEM) using SmartPLS 4 was used to analyse the data and test the hypothesis. Results revealed a significant contribution 
of digitalisation of agribusiness on the market transformation of small-scale farmers’ products in sub-Saharan Africa, 
particularly in Tanzania. This market transformation resulted from the ability of digitalisation to offer a reduced role of 
intermediaries, provide opportunities for farmers to expand their markets, and improve the linkage between farmers and the 
market through customer engagement and interaction. It was further found that digitalisation transforms agribusiness by 
enhancing digital advertisement, communication, and promotion and allowing easy payment methods. 
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1. Introduction 

Historically, agriculture has been recognised as essen-
tial to economic development and promoting rural devel-
opment for both the developed and developing world [1,2]. 
Scholars and policymakers have recorded the significant 
contribution of agriculture in terms of aggregate growth, 
exports and employment in accelerating the well-being 
of living standards of many communities [3-5]. This has 
led the agricultural sector to be vital in addressing some 
sustainable development goals, which include hunger, 
poverty, inclusive and equitable quality education, gender 
equality, empowering all women and girls to healthy lives 
and promoting well-being for all at all ages. For example, 
Praburaj [4] found and concluded that agriculture is the pri-
mary food supply source for the world’s underdeveloped, 
developing or even developed countries. They further 
advocate agriculture as one of the most effective ways the 
sector promotes economic growth and nation-building 
through its close ties to the rest of the economy. As a re-
sult, the agriculture sector is seen as the foundation of all 
development efforts in rich and developing nations.

Despite the potentiality of the agriculture sector, it is 
well acknowledged that in sub-Saharan Africa, the agri-
culture sector is dominated by small-scale farmers who 
face many constraints that hamper them from normal agri-
culture to commercialising their agricultural products. For 
example, Pandey and Pandey [6] have found that limited 
access to accurate and timely market information impedes 
farmers’ marketing of farm produce in sub-Saharan Africa. 
They added that the limited access to market information 
has led to the high cost of transactions and the emergence 
of intermediaries. Smidt [7] has found that small-scale 
farmers face the challenge of accessing proper market 
information to channel their products to the right mar-
ket, leading them to sell their farm produce at low prices 
through intermediaries. On the other hand, Vasumathi and 
Arun [8] advocated that many small-scale farmers don’t 
have access to quick and consistent marketplaces to sell 
their produce. Thus, they have little need to expand into 
large-scale farming to increase their income. Due to this 
circumstance, African governments have prioritised ag-
ricultural and agribusiness transformation on their policy 
agenda to combat issues like food and nutrition insecurity, 
climate change, young unemployment, and overall eco-
nomic growth. The continent’s agriculture might become 
a powerhouse to feed a burgeoning population and build a 
respectable agribusiness structure that could employ mil-
lions of young people with the correct policies on innova-
tion.

Realising the importance of agriculture and the prob-

lem faced by small-scale farmers, it is seen in the agricul-
ture policies and empirical evidence that when agribusi-
ness is transformed through digitalisation, it will support 
the growth and performance of the agribusiness sector and 
it will contribute to the achievement of sustainable devel-
opment goals [9,10]. “Digital native” young entrepreneurs at 
the forefront of innovation applied to many economic sec-
tors, according to Kaur and Sandhu [11]. They have a win-
dow of opportunity due to technology’s tendency to bring 
nations closer together, lower trade barriers, and otherwise 
improve the world. Digitalisation in agriculture could be 
a game-changer for increasing productivity, profitability, 
and climate change resilience [12]. A significant agribusi-
ness might be achieved with the aid of an inclusive, digi-
tally enabled agricultural transformation, improving the 
standard of living for Africa’s smallholder farmers [13]. It 
might increase the involvement of women and young peo-
ple in agribusiness and open up job opportunities along 
the value chain. According to Izuogu et al. [14], the digitali-
sation of agribusiness has reduced the need for interme-
diaries, given farmers the chance to expand their markets, 
and strengthened the connection between extension and 
research centres and small-scale farmers’ productivity and 
way of life.

Additionally, Chinakidzwa and Phiri [15] have promoted 
the idea that digitisation presents a chance to reduce 
expenses, boost visibility, enhance customer relation-
ships, provide better market sensing, and boost customer 
convenience. They noted that one strategy for providing 
farmers with a comprehensive education platform is to 
digitalise the agriculture industry. According to Kaur and 
Sandhu [11], Farmers confront weak road networks, price 
volatility, and a lack of market knowledge, making digital 
innovation a crucial alternative to connect farmers to mar-
kets. As a result, with the rise in global population and the 
need for food production to achieve sustainable develop-
ment, digitalisation will assist farmers in conducting agri-
business by enabling easier access to marketing. 

Despite the acknowledgement of the contribution of 
digitalisation of agribusiness and the emergence of recent 
technology, which is affordable and accessible by small 
farmer’s agribusiness. Most sub-Saharan African nations 
have fallen short of the standards necessary for an ef-
fective agricultural revolution, and the productivity of 
African agriculture is significantly lower than that of the 
rest of the world [16,7]. These sub-Saharan African nations’ 
agricultural performance is still woefully inadequate and 
unquestionably far below their agribusiness potential [17]. 
Small-scale farmers continue to be underrepresented in 
agribusiness practices because of the intermediate [16]. 
Farmers are frequently ill-equipped to assess whether 
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digital platforms and activities are appropriate [17,16]. As a 
result, it is currently uncertain if the digitalisation of the 
agriculture industry will be able to change small farmers’ 
agribusiness in a way that will support sustainable devel-
opment objectives. Given the region’s booming popula-
tion, extreme poverty, rapid urbanisation, and problems 
with food security, Sarker et al. [9] claimed that connecting 
smallholder farmers and markets in sub-Saharan Africa 
is essential to release the full potential of the agricultural 
sector in the area. This study aims to close this gap by 
examining how agribusiness digitalisation transforms the 
marketing and distribution of produce by small-scale Afri-
can farmers in sub-Saharan African countries, specifically 
Tanzania. 

2. Literature Review 

2.1 Conceptualisation of Key Terms 

Digitalisation 

Varas [18] defined digitalisation as the change from a tra-
ditional business to a digital one. That is the use of digital 
technologies to change a business model and provide new 
options for earning money and creating value. Addition-
ally, Bowen and Morris [19] described digitalisation as the 
process of transforming a business model using digital 
technologies to create new revenue streams and value-
creating opportunities. According to Bajrang [20], digitali-
sation incorporates digital tools and systems into different 
corporate functions, such as management, communica-
tion, manufacturing, and customer service—Sarker et al. [9] 
defined digitalisation as making workflows and processes 
easier and more efficient.

The Agriculture Sector 

According to one definition of agriculture, it is a way 
of life that encompasses raising animals, fish, crops, and 
forest resources for human use and providing the agro-
allied goods our industries need [21]. Contrarily, the agri-
culture sector is defined by Varas [18] as the sub-sectors 
that include crop, livestock, and fishing. Agriculture was 
defined by Chung et al. [22] as a sector of the economy that 
encompasses the production of crops and animals as well 
as agricultural engineering and the creation of agricultural 
equipment, fertilisers, and other farming-related items.

Agribusiness 

According to Davis and Goldberg [23], agribusiness 
is the aggregate of all activities involved in producing 
and distributing farm supplies, farming operations, and 

the storage, processing, and distribution of agricultural 
products and commodities. Another definition states that 
it consists of businesses with a profit motive that supply 
agricultural resources and process, market, transport, and 
distribute agricultural products and consumer goods [24]. 
Agribusiness is defined by Huang and Chen [25] as the 
science that coordinates the production, processing, and 
distribution of food and fibre as well as the provision of 
inputs for agricultural production.

Agribusiness Transformation 

A general definition of agricultural transformation is 
the transition of the agrifood system from being farm- 
and subsistence-oriented to being more commercialised, 
productive, and off-farm-oriented [26]. According to Jayne 
et al. [5], agricultural transformation results in higher farm 
productivity, making farming commercially viable and 
bolstering interlinkages with other economic sectors.

2.2 Cognitive Response Theory 

This theory was defined by Anthony Greenwald in 
1968, assuming that marketing tools can influence the rel-
ative importance that individuals attach to various product 
attributes, purchase decisions being purely rational [27]. In 
this paper, digitalisation as a marketing tool can influence 
the relative individual or farmers attached to a local gas-
tronomic experience. According to the cognitive response 
theory, people’s evaluative reactions to information that 
is relevant to their attitudes are the main cause of attitude 
change. The theory links this study since it explains the 
ability of digitalisation, such as having a responsive influ-
ence on the transformation of agribusiness among small-
scale farmers.

The applicability of cognitive response theory in study-
ing the influence of digitalisation on the transformation 
of agribusiness marketing among small-scale farmers is 
observed in some studies [28,29]. For example, Khanna [28,30] 
states that the digitalisation of agriculture is enabling the 
collection of enormous volumes of geo-referenced data 
regarding growth conditions in the field and making it 
possible to automate the implementation of input applica-
tions with a variety of spatial constraints.

Despite the applicability of the cognitive response the-
ory, this theory has vague operational variables relevant 
to the study of the influence of social media marketing 
on local gastronomic experience. To address this weak-
ness, the empirical literature review was used to construct 
the operational variable in this study. Hence, this theory 
helped to link the influence of social media marketing on 
branding local gastronomic entrepreneurship.
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2.3 Empirical Literature Review 

Reddy [30] conducted a study on the impact of digitali-
sation on agribusiness in India. Findings indicated that 
digitalisation significantly influences small-scale farmers 
to access multiple buyers for their products and get higher 
prices. He further found that through digitalisation, the 
agents and intermediaries are not getting involved in the 
digital marketing system, increasing the farmers’ profit. 
Moreover, he concluded that the digitisation of agribusi-
ness tends to produce market updates that can reach pro-
ducers and consumers in a fraction of a second [31].

In their study of the digitalisation of agriculture in 
Nigeria, Usman et al. [32] demonstrate how the digitalisa-
tion of agriculture has reduced the need for intermediar-
ies, given farmers the chance to expand their markets, 
strengthened the connections between extension and 
research centres, and increased the productivity and stand-
ard of living of small-scale farmers.

On the other hand, Sharma et al. [33] carried out a study 
on digitalisation in the field of agricultural marketing. 
Findings demonstrate how digitalisation contributes to the 
use of electronic exchange trading of agricultural prod-
ucts and online placing of orders for agricultural product 
distribution. They further found digitalisation to promote 
the use of digital distribution channels which in turn help 
farmers avoid intermediary structures and to increase 
profits.

Rolandi et al. [34] carried out a meta-analysis of empiri-
cal evidence on the impact of digitalisation on agriculture 
and rural areas. They noted that digital technologies in 
agriculture helped to increase precision in the decisions 
on which crops to grow by market trends and distribution 
channels and on when to intervene with agricultural work. 
They added that digitalisation may reduce costs for farms 
and promote agricultural production. 

Because the interconnectedness of digital instruments 
that characterise digitalisation has created a new sociotechni-
cal context in which human activities are carried out [35,36],  
experts refer to digitalisation as the fourth industrial revo-
lution Rural and agricultural areas are also affected by 
these phenomena [37]. While smart farming encompasses 
the entire value chain (before, during, and after on-farm 
production, including e-commerce platforms, blockchain-
enabled food traceability systems, and precision agricul-
ture itself), precision agriculture can be viewed as being 
related to on-farm activities involving specific digital 
solutions (e.g., yield mapping, GPS guidance systems, 
and variable rate application). Similar to digitization, digi-
talisation is a process that builds on digitization by adding 
interconnection, which broadens the range of domains 

involved in innovation and leads to socioeconomic and 
institutional changes [38].

According to Rotz et al. [39], automatized agriculture not 
only creates new job opportunities and greatly improves 
the lives of farmers and workers who can use digital tech-
nology, but it also causes a sharply split labour market, 
which exacerbates social inequalities.

Therefore, there are lower-skilled workers in the fields, 
greenhouses, and warehouses who are subjected to in-
creased scrutiny and surveillance, further rationalisation 
of their workplaces, and ever-escalating expectations of 
productivity on the one hand, and highly-skilled trained 
digital workers who increase productivity and efficiency 
on the other. Robots and automated solutions run the risk 
of replacing these low-skilled labourers. Additionally, 
according to Jakku et al., Özen and Grima and Vedrana  
et al. [40-42] digital tolls cannot help achieve the SDGs for 
Climate and the environment.

Moreover, Vasconez et al. [43] in their study on human-
robot interaction in agriculture advocated that human-
robot interaction can contribute to an increase in produc-
tivity and facilitate work in agricultural activities, such as 
fruit harvesting, handling heavy crops and fertilizer load 
bags, and delivering and transporting in shared environ-
ments. They show that typically, agricultural robots are 
autonomous or semiautonomous devices that can be con-
trolled at various phases of the process to address chal-
lenging issues and used for repetitive operations such as 
land preparation, water irrigation and spraying, trimming, 
harvesting, monitoring and inspection, and mapping in an 
effort to lessen the farmer’s workload and optimise pro-
cess times and costs.

Ravi et al. [44] found and concluded that digital market-
ing tools are one of the best ways to connect with custom-
ers and attract them. They further added that digital mar-
keting technologies and tools can be used more effectively 
for the improvement of the traditional marketing strategy. 

Alekhina et al. [33] discussed the current state and future 
potential of digital technologies in agricultural marketing, 
particularly e-channels for the promotion of agricultural 
products. They note that the main digital promotion meth-
ods included an electronic system for placing state orders 
that took into account the benefits and drawbacks of trad-
ing on electronic platforms, submitting proposals for the 
purchase of agricultural products from online retailers, 
and maintaining one’s own website.

Accelerating the formation of digital systems is a 
key factor in the current era’s high-quality agricultural 
improvements. Digitalisation is one of the most impor-
tant aspects of agricultural progress. The magnitude of 
e-commerce transactions and the entire amount of the 
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telecommunications industry are the two biggest road-
blocks to agricultural digitalisation, from the standpoint of 
challenges. It is necessary to capitalise on the advantages 
of high-value areas, strengthen the coordination system 
among various departments, and expedite the building of 
rural infrastructure in low-value areas in order to speed 
the development of the entire agricultural industry chain. 
Additionally, in order to foster various regional develop-
ment models that are compatible with local circumstances, 
interregional communication and cooperation must be im-
proved through digitalisation [45,46].

According to Kondratieva [47], the goal of regulating 
digital transformation in agriculture is to make it easier to 
monitor business operations’ adherence to the standards 
of inclusivity and climate neutrality rather than to boost 
their economic effectiveness. The Common Agricultural 
Policy’s (CAP) digitization plan moves the program’s 
objectives closer to those of sustainable development. Ac-
cordingly, the goal of regulating digital transformation in 
agriculture is to make it easier to monitor business opera-
tions’ adherence to the standards of inclusivity and climate 
neutrality rather than to boost their economic effective-
ness. The objectives of the Common Agricultural Policy 
(CAP) come closer thanks to the digitalisation plan.

2.4 Conceptual Framework 

Based on the theory of digitalisation facilitation and 
digitalisation transformation process, as noted in the lit-
erature above, we have drawn up the following conceptual 
framework in which we will frame our study (Figure 1).

3. Methodology

3.1 Research Paradigm 

The positivism paradigm was used, asserting that actual 
events can be observed theoretically and empirically and 
explained using statistical methods [48]. The current study 
used many theories and previous empirical studies from 
different contexts to analyse digitalisation’s influence 

on agribusiness’s transformation among small farmers’ 
marketing perspective. Through this available empirical 
evidence and theories, the researcher was able to construct 
a hypothesis on the significant relationship between digi-
talisation and agribusiness transformation among small 
farmers’ marketing perspective. Further, this study was 
set to positivism, using statistical methods and building 
on evidence from available theories and empirical studies. 
Hence in this study positivism paradigm served the pur-
pose.

3.2 Research Approach 

A quantitative approach was used to determine small 
farmers’ marketing perspective on the influence of digi-
talisation on agribusiness transformation. As Creswell [49] 
argued, the quantitative research approach is designed to 
test the hypothesis and assess its significant relationship 
in a quantifiable form. Hence, due to the need to test the 
hypothesis on the influence of digitalisation on the trans-
formation of agribusiness, the quantitative approach was 
suitable in all steps of this study. 

3.3 Research Design 

The cross-section research design was used in the cur-
rent study to establish the data collection and analysis pro-
cess. As argued by Saunders and Thornhill [48], the cross-
sectional design is a design that enables a researcher to 
collect data from many subjects at a single point in time. 
They further argued that the premises of cross-section 
lie in the fact that the reality and knowledge gaining are 
evidenced when one collects data at one time. Even in 
the current study, a cross-section research design helped 
the researcher collect data on the significant influence of 
digitalisation on the transformation of agribusiness among 
small-scale farmers. Hence, in this study, a cross-section 
research design helped the researcher establish reality 
and knowledge evidence by collecting data at one point 
to understand how digitalisation transforms agribusiness 
among small farmers’ marketing perspective. 

Independent Variables

Digitalisation
D1: Digital Advertisement
D3: Digital Communication
D4: Digital Promotion
D5: Digital Payment
D6: Digital Money

Dependent Variables

Agribusiness Transformation 
AT1: Cost optimization
AT2: Offset middlemen 
AT3: Market Information
AT4: Customer engagement and Interaction
AT5: Real time market update

Figure 1. Conceptual framework.

Source: Authors’ compilation.
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2.4 Study Area 

This study collected data in sub-Saharan Africa espe-
cially Tanzania. Tanzania was selected because it compris-
es various agribusiness sectors from which many small-
scale farmers motivated to raise their agribusiness market 
performance are served. This study’s target respondents 
are small-scale farmers working in agribusiness or selling 
their products to agribusiness. 

There are several digitalisation services for farmers 
despite farmers not being very active with digital tools. 
Therefore, it helped to build evidence based on small-
scale farmers who own agribusinesses. On the other hand, 
Southern Highland has many economic activities that 
small-scale farmers conduct. Hence, the southern highland 
zone is a potential area that qualifies for collecting data for 
the current study to understand the significant influence of 
digitalisation on the transformation of agribusiness among 
small farmers’ marketing perspective.

Small-scale farmers, often known as smallholder farm-
ers, are people or households who carry out agricultural 
pursuits on a modestly sized plot of land. Small-scale 
farming can be defined differently depending on the situa-
tion, the nation, and the particular standards applied, such 
as the size of the farm, the scale of the production, or the 
degree of revenue [50]. 

3.5 Population and Sampling Design

Study Population

According to Creswell [49], a population is any collec-
tion of individuals or things that are the focus of a certain 
survey and are related in some way. As noted above, the 
study population was small-scale farmers carrying out 
agribusiness in the southern highland zone. This particular 
group of people was chosen specifically because small-
scale farmers strongly influence the final decision regard-
ing the digitalisation of their agribusiness services in agri-
culture. Thus, the current study’s data were collected from 
a qualified population of small-scale farmers to assess the 
significant influence of digitalisation on the transforma-
tion of agribusiness among small-scale farmers from a 
marketing perspective.

Sample Size 

An alternative to Cochran’s formula for determining 
sample size from a population is explained by Yamane [51]. 
He asserts that the sample size for a 95% confidence level 
and a p-value of 0.05 should be:

21 ( )
Nn

+ N e
=

N is the population size, n is the sample size, and e is 
the degree of precision. When our population is calcu-
lated using this formula, population (N) = 1120 with a 
precision(e) of 5%. Using p = 0.5 and a 95% confidence 
interval, the sample size is as follows:

n = 1120/(1 + 1120(0.052))
n = 1120/2.6175

n = 400
Hence, to generalise our findings for the whole popu-

lation at 95% confidence, we needed to collect a sample 
size (n) of 400 respondents for this study. However, we 
collected 383 valid responses, deemed adequate for pro-
ducing valid and reliable research results with a +/– 9.17% 
error. Also, using the minimum sample size suggested 
by Hair Jr. [52], which would be 10 times the independ-
ent variables, would mean that we would only require a 
sample of 60. We then used PLS-SEM to analyse the data. 
Performance estimators of PLS-SEM are not affected by 
a small or large sample in producing long-lasting results, 
but rather PLS SEM tends to enhance sampling distribu-
tion to approach normality. 

Sampling Technique and Procedure

Simple random sampling was used to pick our sample; 
the suitability of this technique is due to its ability to en-
sure an equal chance for each element of the population to 
be included in the study. In the current study, each small-
scale farmer involved in agribusiness had an equal chance 
of being selected and included in the study process. This 
is because all small-scale farmers in agribusiness are ho-
mogenous, and they have the same information on the sig-
nificant influence of digitalisation on the transformation 
of agribusiness among small-scale farmers. Hence, simple 
random sampling was considered suitable for choosing 
samples during data collection.

3.6 Data Collection Tools

A structured questionnaire and document review were 
used for our data collection. This structured questionnaire 
was taken from prior empirical studies to capture measur-
able data for statistical hypothesis analysis. The question-
naire comprised two sections. Section A composed of 
general data with three questions relating to gender, Age 
and experience and section B comprises eleven questions 
divided into two themes, one being digitalisation and the 
second being Agribusiness transformation. Participants 
were asked to respond using a Likert scale with a maxi-
mum score of 5. “1” stands for strongly disagreeing, “5” 
for strongly agreeing, and “3” for uncertain. According to 
Taherdoost [53], questionnaires are valuable for quantitative 
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studies since they allow researchers to gather highly or-
ganised data for statistical analysis and hypothesis testing 
(see Appendix). 

Techniques for document evaluation were also applied 
to bolster and support the study’s data collection. Accord-
ing to Creswell [49], the document review method supports 
the opinions or claims made in academic writing and may 
also highlight some difficulties that have gone unnoticed 
by other methods. 

The current study used the documentary review tech-
nique of data collecting to provide additional support for 
the questionnaire results and a more significant interpreta-
tion of the data gathered. Studies that are now available 
frequently differ in terms of study design, operational 
quality, and study subjects. How they approach the re-
search question could vary, increasing the evidence’s 
complexity.

3.7 Data Analysis 

As noted above, following the data collection, the 
data analysis was performed using Partial Least Square 
Structural Equation Modeling (PLS-SEM) with SmartPLS 
4. According to Hair et al. [52], the reason the researcher 
chose PLS-SEM is that the analysis relates to testing the 
theoretical framework of predictive perspective and when 
the structural model comprises many observed variables 
and latent variables from which the research is required to 
perform exploration of factor structure before actual test-
ing of the hypothesis. In the current study, the hypotheses 
are designed using latent variables such as agribusiness 
transformation as the dependent variable and digitalisation 
as an independent variable and their respective observed 
variables. Having the nature of these two kinds of varia-
bles, observed and unobserved variables, in the conceptual 
framework of the current study, PLS-SEM was a suitable 
method for analysing this kind of model.

When the model consists of numerous constructs and 
elements, PLS-SEM delivers solutions with modest sam-
ple sizes, according to Hair et al. [54]. When distributional 
difficulties, such as a lack of normality, are a concern and 
the study calls for scores of latent variables for follow-
up analysis, PLS-SEM also performs very well with high 
sample sizes. Technically, this is made possible by the 
PLS-SEM algorithm, which computes measurements and 
structural model links separately rather than all at once. 
Regardless of whether the data comes from a generalised 
or mixed population, Hair et al. [52,55] highlight how PLS-
SEM offers a solution when techniques like CB-SEM pro-
duce unacceptable or inconsistent findings with complex 
and small models and sample sizes. On the other hand, 
exploration research that looks at undeveloped or still-de-

veloping hypotheses can benefit from PLS-SEM’s higher 
statistical power qualities.

According to these authors, PLS should be viewed as a 
more open-ended version of SEM that supports composite 
and common factor models. This method examines the 
structural link between measured variables and latent con-
structs by combining component and multiple regression 
analyses. On the other hand, PLS-SEM enhances sam-
pling distribution to approach normality; it allows models 
to use fewer indicators (1 or 2), but it can also handle a 
model with more indicators up to 50+ [55]. Scholars argue 
that PLS-SEM is suitable for theory development and pre-
diction [53].

On the other hand, Fauzi [56] argued that SEM allows 
considering divergent and convergent validity in all vari-
ables to show model fit and allows specification searches 
to find better fitting models to the sample variance matrix. 
PLS-SEM allows the use of several indicator variables 
per construct simultaneously, which leads to more valid 
conclusions at the construct level [54]. Hence based on this, 
PLS, SEM is considered essential. 

Additionally, PLS-SEM enables simultaneous assess-
ments of all interactions between constructs and a set of 
relationships between one or more independent variables 
and one or more dependent variables [56]. To identify the 
significant relationship in this study, the three hypotheses 
from the conceptual framework will be simultaneously 
evaluated. In contrast to conventional regression analysis, 
this is possible because PLS-SEM considers many equa-
tions at once. This implies that a variable may act as both 
a predictor (regressor) and a criterion in different equa-
tions. PLS-SEM is frequently utilised because it allows 
for the simultaneous measurement of multiple variables 
and their interactions. Because it enables the simultane-
ous examination of relationships between variables, it has 
a broader range of applications than other multivariate 
techniques. Although PLS-SEM is appropriate for this in-
vestigation, it is frequently regarded as being complex and 
challenging to comprehend. 

A systematic literature review tries to locate, evalu-
ate, and synthesise all empirical data that satisfies pre-
established eligibility requirements to address a research 
topic. According to Byrne [57], a systematic review is a sta-
tistical evaluation of the information presented by several 
research or sources that try to pose or respond to the same 
question. On the other hand, a systematic review is de-
fined as one that is conducted to summarise the available 
data on a set of topics with a thorough research strategy. 
The current study will use the systematic review method 
to assess secondary data obtained through document re-
view.
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3.8 Validity and Reliability

Validity

According to Rusticus [58], validity assesses whether the 
research instrument truly measures what it was intended 
to measure and content validity ensures that all contents 
are captured in the course with greater emphasis on more 
in-depth context. According to Yusoff [59], face validity 
concerns whether a measure seems relevant. We ensured 
content validity, construct validity and predictive validity 
by first carrying out a pilot study to gain expert opinion 
to evaluate if the indicator or operational variables were 
relevant and appropriate to the construct designed and 
asked respondents to review the instrument to determine 
whether they measured the concept intended measure. 

Convergent validity is the extent to which the con-
struct converges to explain the variance of the items. The 
average extracted variance (AVE) for all items in each 
construct was used as a metric for evaluation. An accept-
able AVE is 0.50 or higher, indicating that the construct 
explains at least 50 percent of the variance of the items [53]. 
Then we assessed discriminant validity, namely the extent 
to which the construction is empirically different from 
other constructs in the structural model. In such a setting, 
an HTMT value above 0.90 would indicate that discrimi-
nant validity does not exist [52]. 

Reliability

Haji-Othman and Yusuff [60] advocate that Reliability 
is the degree to which research results are consistent over 
time and accurately represent the total population under 
study. The current study ensured Reliability by conduct-
ing a pilot study before a main survey to soften the lan-
guage of the instrument and remove the ambiguity of the 
data collection tools. Removing ambiguity helped clarify 
the questionnaire, improving the level of repeatability. 
Further, although the language of reporting this Research 
is English, to ensure repeatability, we used the Swahili 
version to ensure a clear understanding of the question-
naire by respondents who are native Swahili speakers. We 
tested the internal consistency of the collected data using 
Cronbach’s alpha statistic. However, Cronbach’s alpha 
assumes that all items are equally reliable and have equal 
outer loadings on the construct [61,62]. Because of the limi-
tation of Cronbach’s alpha, this study also used composite 
Reliability to measure internal consistency. Composite 
Reliability considers the different outer loadings of the 
items in the construct. According to Hair et al. [61], it is ac-
ceptable if Cronbach’s alpha and composite reliability val-
ues score between 0.70 and 0.90. Cronbach’s alpha value 

and composite reliability values of less than 0.70 show a 
lack of internal consistency reliability.

4. Findings 

4.1 Respondents Profile 

In this study, it was necessary to profile respondents’ 
gender, Age and agribusiness experience because they 
moderate the effect of digitalisation in any social science 
activities [62]. Including these variables in the informa-
tion system studies could help provide a real picture of 
the community concerning the utilisation of digital tools. 
Hence, these variables are very important to be included 
in any social research as each variable moderates different 
respondents’ behaviour concerning the digitalisation of 
agribusiness, and they are used to provide a picture of the 
respondents involved in the study (Table 1).

Table 1. Respondents profile.

Variable Measurement Frequency Percent 

Gender Male 214 55.9

Female 169 44.1 

Age 18-27 Years 135 35.5

28-37 Years 79 20.6

38-47 Years 60 15.7

48-57 Years 58 15.1

58-67 Years 31 8.1

Above 67 Years 20 5.2

Experience in Agribusiness Less than 5 Years 131 34.2

Five to 10 Years 199 52

 Above 10 Years 53 13.8

Total 383 100

Source: Field data.

4.2 Validity and Reliability 

The quality of any research is established by ensuring 
validity and reliability issues are cared for in the research 
process. This study used  SmartPLS 4 SEM; therefore, the 
findings for validity were provided during the reflective 
measurement and structural model formulation, as pre-
sented below. 

Evaluation of Reflective Measurement Model

To ensure the validity of the findings, a reflective meas-
urement model was run and assessed to check the output’s 
construct validity and criterion validity. The model was 
evaluated using the following metrics: indicators loadings, 
internal consistency, convergent validity, and discrimi-
nant validity to check if they align with the recommended 
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value established by previous scholars. The reflective 
measurement model was run for the first time to deter-
mine the validity of the construct, namely digitalisation 
and agribusiness transformation, as stipulated in Figure 2 
below. The model did not perform at a first run, due to the 
fact that the following indicator variables D2—“Digital 
Invoicing” and D6—“Mobile Money”; AT1—“Optimise 
Operation Cost” and AT5—“Real-Time Market Updates” 
had a low loading of less than 0.7. It is argued that if 
the indicator scores a loading of less than 0.7 it affects 
the model performance due to the fact that it will affect 
the value of AVE, HTMT and composite reliability. We 
therefore removed these indicator variables due to the fact 
that they had low loading of less than 0.7 which affected 
negatively the value of the AVE, HTMT and composite 
reliability. Figure 2 presents the indicator variables and 
their loading which relate to the recommended loadings 
by Hair et al. [63]. 

Using SmartPLS we produced Figure 2, and produced 
the output is listed in Tables 3 and 4 to check for model 
validity. Table 2 shows the measurement model construct. 

Indicator Loading 

A valid reflective measurement model must produce a 
loading of 0.7 and above for all indicator variables [52]. In 
Figure 2 and Table 3, all indicator variables have scored 
a loading of > 0.7, aligned with the recommended value 
suggested by prior scholars. 

Reliability and Convergent Validity 

The reliability is assessed using Cronbach’s alpha and 
composite reliability, where scholars have recommended 
that a reliable model should produce both Cronbach’s and 
composite reliability, i.e. a p-value > 0.7 [64]. In Table 4, 
all constructs have scored a p-value > 0.7 for both Cron-
bach’s and composite reliability which is aligned with the 
recommendation made by prior scholars for the model to 
be reliable. On the other hand, convergence validity was 
assessed using average variance extracted (AVE), which 
is recommended to be 0.5 and above for a model to meet 
convergence validity [65-68]. In Table 4, the results for AVE 
indicate that all constructs have scored the value of AVE > 
0.5, which is recommended and accepted by prior scholars 
for the model to achieve convergence validity. 

Discriminant Validity 

The discriminant validity must be established to con-
firm that the measurement of a construct (variable) is 
distinct from other Constructs. Two ways to check discri-
minant validity exist 1) The Fornell-Larcker Criterion and 
2) the heterotrait-monotrait ratio of correlations (HTMT). 
The classical approach proposed by Fornell and Larcker [69]  
suggested that the square root of AVE in each latent varia-
ble can establish discriminant validity if its value is larger 
than other correlation values among the latent variables. 
To do this Table 5 created in which the square root of the 
AVE is calculated using SmartPLS 4 software and writ-

Figure 2. Reflective measurement model.

Table 2. Measurement model constructs.

S/N Constructs Indicator variables 

1 Digitalisation 
D1: Digital advertisement, D3: Digital communication, D4: Digital promotion and D5: Digital 
payment 

2 Agribusiness Transformation AT2: Offset middlemen, AT3: Market information, AT4: Customer engagement and interaction 
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ten in bold on the Table’s diagonal. The results in Table 5 
suggest that the square root of AVE in each latent variable 
value is larger than other correlation values among the 
latent variables. Hence for the Fornell-Larcker Criterion, 
this study has achieved the recommended value for discri-
minant validity [69-71]. 

Table 5. Fornell-Larcker criterion.

Agribusiness 
transformation

Digitalisation

Agribusiness transformation 0.801  

Digitalisation 0.647 0.769

For discriminant validity to be achieved, scholars have 
suggested that the measurement model should produce 
an HTMT value of less than 0.8 [52]. Since the maximum 
value produced in this study is 0.839 below the 0.85 
thresholds (i.e., the most conservative HTMT value), dis-
criminant validity is established in the model (Table 6). 

Table 6. Heterotrait-monotrait ratio HTMT list.

Heterotrait-monotrait ratio (HTMT)

Digitalisation > Agribusiness 
transformation

0.839

Evaluation of Structural Model 

The evaluation of the structural model is based on four 
criteria namely collinearity assessment, path coefficient as-
sessment, model explanatory power and predictive power. 
In this assessment, we used; the variance inflexion factor 
(VIF), the p-value, the R square and the F square (F-Size).

Collinearity Assessment

Multicollinearity is used to check if each set of exog-
enous latent variables in the model in Figure 2 is checked 
for potential collinearity problems to see if any variables 
should be eliminated, merged into one, or have a higher-
order latent variable developed. For a model construct 
to suffer from a collinearity problem, it should produce 
a variance inflexion factor above 5 [72,73]. Table 7 of this 
study indicates that no constructs suffered from the col-
linearity problem since their VIFs were lower than five, as 
shown in Table 7.

Table 7. Collinearity statistics (VIF).

Indicator Variables of the Constructs VIF

AT2 1.432

AT3 1.349

AT4 1.481

D1 1.621

D3 1.483

D4 1.675

D5 1.400

Path Analysis and Hypothesis Testing 

The study was designed to test digitalisation’s significant 
influence on agribusiness transformation among small-scale 
farmers. This is a very important stage in assessing the hy-
pothetical relationship between the predictor variable (Digi-
talisation) on the outcome variable (agribusiness transfor-
mation). The structural model was run to assess the study’s 
hypothesis, and the results from the structural model are 
presented in Figure 3. In Figure 3 path coefficient of both 
the hypothetical relationship of the independent variable to 
the dependent variable indicates a significant relationship 
using the p-value of less than 0.05. Furthermore, Figure 3 
shows the significant influence of each indicator variable 
since all indicator variables have scored a p-value of less 
than 0.05. Hair et al. [52] recommended a p-value of 0.5 or 
less for a model hypothesis to be significant. Hence in the 
current study, all indicator variables were contributing to 
explaining the significant influence of independent vari-
ables to the dependent variables. 

Further analysis of the path coefficient is presented in 
Table 8 using t-statistics and p-value. 

Table 8 illustrates the path coefficient of the predictors’ 
variable (Digitalisation) towards the outcome variable 
(Agribusiness Transformation). This is predicted well us-
ing the p-value at less than or equal to 0.05. Hence in this 
study, the significant influence of digitalisation on agri-
business transformation is significantly important. 

Table 3. Outer loading.

Indicator variables/
constructs 

Agribusiness 
transformation

Digitalisation

AT2 0.790  

AT3 0.778  

AT4 0.833  

D1  0.770

D3  0.778

D4  0.748

D5  0.779

Table 4. Reliability and convergent validity.

Cronbach’s 
alpha

Composite 
reliability 
(rhoA)

Composite 
reliability 
(rhoC)

The average 
variance 
extracted 
(AVE)

Agribusiness 
transformation

0.720 0.725 0.842 0.641

Digitalisation 0.773 0.782 0.852 0.591
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Model Explanatory Power and Predictive Power 

This part involves examining the coefficient of determi-
nation (R2). The R2 Represents the variance explained in 
each independent variable and is a measure of the model’s 
explanatory power also referred to as in-sample predictive 
power. R2 ranges from 0 to 1, with the higher value indi-
cating a greater explanatory power. 

Table 9 indicates the R2 of the model of 0.417. Falk and 
Miller [72] recommended that R2 values should be equal to 
or greater than 0.10 in order for the variance explained by 
a particular endogenous construct to be deemed adequate. 
This means that the variance explained by the independ-
ent variable namely digitalisation (R2 = 0.417) the model 
predictive power is satisfactory. 

Table 9. Model explanatory and predictive power.

R-square R-square adjusted

Agribusiness transformation 0.418 0.417

5. Discussion of the Findings

This study hypothesised the relationship between digi-
talisation and agribusiness transformation of the market-
ing operation of small-scale farmers. The finding of this 

study has revealed a significant influence of the digitalisa-
tion of agribusiness on the transformation of marketing 
operations among Small-scale Farmer holders. The agri-
business sector has enhanced the transfer of information 
and ideas related to market information. This collaborates 
with the argument made by Balkrishna and Deshmukh [70] 
on market information in Nigeria. The study supports the 
cognitive response theory, as described by Ehlers et al. [27]  
that argues the importance of digital marketing tools in 
influencing individuals’ relative importance to various 
product attributes with purely rational purchase decisions. 
This implies that when farmers adopt digital technologies, 
it will transform their agribusiness through access to use-
ful market information and will bridge the current knowl-
edge gaps. The current study supports the findings from  
prior studies by Reddy, Inegbedion et al., and Rameshku-
mar [30,71,73] that digitalisation of the agriculture sector sig-
nificantly influences agribusiness transformation among 
small-scale farmers. This implies that findings from one 
context on the digitalisation of agribusiness can be trans-
ferred to other contexts to evidence the importance of 
digitalisation in agribusiness. 

While the current study corroborates with some prior 
study’s findings on the significant influence of digitalisa-

Figure 3. Structural model.

Note: D1: Digital advertisement, D3: Digital communication, D4: Digital promotion and D5: Digital payment contribute to 
the transformation of agribusiness through AT2: Offset middlemen, AT3: Market Information, AT4: Customer engagement and 
interaction.

Table 8. Path analysis.

Original sample 
(O)

Sample mean 
(M)

Standard deviation 
(STDEV)

T statistics (|O/STDEV|) P values

Digitalisation > Agribusiness 
transformation

0.647 0.649 0.038 17.176 0.000
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tion on agribusiness’s transformation, they differ in terms 
of explanation of why digitalisation transforms agribusi-
ness. Notably, Reddy [30] has explained that digitalisation 
has a significant influence on the transformation of agri-
business due to its ability to increase the selling price and 
reduce market cost through the enhancement of digital 
customer engagement and high conversion rates to buy 
agricultural products. On the other hand, Rameshkumar [73] 
found that digitalisation tends to transform the agribusi-
ness sector by its power to create digital distribution chan-
nels that address the problem of intermediary structures 
in the Russian farmer’s marketing sector. He added that 
digitalisation is helpful to farmers to reach out to multiple 
buyers, obtain higher prices for their products, and ensure 
profit maximisation. The current study found that the 
possible explanation of why digitalisation transforms ag-
ribusiness is that the digital structure tends to bypass the 
intermediary structure, which is an advantage for small-
scale farmers’ profit. It is further explained that digitalisa-
tion tends to transform small-scale farmers’ communica-
tion structure and advertisement to be more effective and 
real-time efficient. The difference observed in explaining 
the significant influence of digitalisation is the many at-
tributes and the contextual differences. This implies and 
promises that using digital tools in agribusiness improves 
the ability of small-scale farmers to benefit from sales out-
lets for their farm produce [74].

From a different perspective, some prior studies did not 
support the current study findings on digitalisation’s influ-
ence on agribusiness transformation. Notably, Atovich  
et al. [75] found the insignificant influence of digitalisation 
on agribusiness transformation. They argued that the in-
significant influence was observed due to the complication 
of integrating information resources into small-scale farm-
ers’ operations and the lack of compatible software and 
Internet technologies to fit small-scale farmers’ business 
environments. Similarly, Chille [76] noted that the insignifi-
cant influence of digitalisation on agribusiness was due 
to the application of technology to small-scale farmers, 
which was incompatible with their capital. This concurs 
with those who argue that small-scale farmers are simple 
to establish and need simple and affordable technology to 
align with their capital [77]. This implies that when estab-
lishing digitalisation for small-scale farmers, one should 
select the technology compatible with small-scale farmers’ 
operations. On the other hand, Abdulqader et al., Sharma 
et al., and Sood et al. [78-80] found that digitalisation’s insig-
nificant contribution to agribusiness transformation is in-
fluenced by the level of illiteracy among small-scale farm-
ers, which resulted in their inability to perceive the benefit 

of using digital services in their marketing operation. This 
is contrary to the findings of our current study in which 
the digitalisation of agriculture was based on the use of 
simple technology such as mobile phone and application 
which was affordable and simple to apply and operate by 
small-scale farmers. 

6. Conclusions
This study concludes that the digitalisation of the agri-

culture sector significantly impacts agribusiness transfor-
mation. It further concludes that the effect of digitalisation 
in this study is accounted by the ability of digital services 
to address the intermediaries’ problems, enhance commu-
nication and the efficiency of advertisement of small-scale 
farmers’ operations which create customer information, 
engagement and interaction. The study also concludes 
that the impact of digitalisation on small-scale farmers is 
observed when farmers use affordable and simple digital 
technology, which is clear and understandable by small-
scale farmers. 

Small-scale farmers can adopt digital technology when 
it is compatible with their nature, and once adopted and 
understood, it can transform their business market opera-
tion. Although African farmers are observed to be slow 
in adopting digital technology, the study’s findings im-
ply that they can quickly adopt digital technology that is 
compatible with their nature. Small-scale farmers cannot 
afford high-end technology. Moreover, although literature 
tends to highlight that small-scale farmers do not have the 
technical know-how of digital technology, from the dis-
cussion of the findings, we note that small-scale farmers 
adopt digital technology when it is simple, such as mobile 
phone technology which is also easy to use. 

The study assumes the same level of education for all 
respondents. Although this might not be the case, it could 
be a case for further research. Also, this study collected 
data in sub-Saharan Africa, specifically Tanzania. This 
Tanzania zone was selected because it comprises various 
agribusiness sectors from which many small-scale farmers 
motivated to raise their agribusiness market performance 
are served. Although this does not necessarily reflect the 
position of the whole small-scale agribusiness sector, 
which may differ due to cultural, political and communi-
cation differences, we have tried our best to link to studies 
carried out in countries outside sub-Saharan Africa. Also, 
one can use this study as a benchmark for other research 
on small-scale agribusinesses in other regions. 
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Appendix
Survey 
Section A: Demographics
Please choose the appropriate answer by putting a tick in the space provided.

1) What is your gender? 
 Male
 Female

2) Which of the following categories describes your Age?
 18-27 years
 28-37 years
 38-47 years
 48-57 years
 58-67
 Above 67 years

3)What is your experience in Agribusiness
 Less than 5 years      Five to 10 Years 
 Above ten Years 

Section B: Digitalisation of agribusiness 
For the following statements, please indicate your level of agreement or disagreement on the following statements based on 
the following scale;
5 = Strongly agree, 4 = Agree, 3 = Not sure, 2 = Disagree and 1 = Strongly disagree

Digitalisation 

D1:In our business, digitalisation enables online advertisement 1 2 3 4 5

D2:We offer digital invoicing through the digitalisation of our agribusiness market system 1 2 3 4 5

D3: Digitalisation has enhanced our business communication system 1 2 3 4 5

D4: It is easy to promote our business through digital tools 1 2 3 4 5

D5:Payment has been made possible through digitalisation 1 2 3 4 5

D6: Mobile money services are always available and easily accessed in our business. 1 2 3 4 5

Agribusiness Transformation 

AT1: Digitalisation has enabled our business to optimise operation cost 1 2 3 4 5

AT2: The adoption of digital services has addressed the problem of working with the middlemen 1 2 3 4 5

AT3: Much information is available in the digital services 1 2 3 4 5

AT4: Customer engagement and interaction have been easy due to the digitalisation 1 2 3 4 5

AT5:We are getting real-time market updates through digital services 1 2 3 4 5
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1. Introduction
The Chinese government proposes to establish the 
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a diversified food supply system. The big food view is 
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microorganisms to develop food resources in all direc-
tions” [1]. The diversified food supply system is closely 
related to the agri-food systems, and facility agriculture 
is used to improve the output efficiency of the agri-food 
systems. China is a large country with a population of 1.4 
billion, with scarce arable land and water resources, and is 
currently at the tipping point of moving from the middle-
income to the high-income status. With the increase in 
economic income, people’s consumption level of starchy 
staple foods gradually declines, while consumption of 
nutrient-rich meat, vegetables, fruits, and other foods in-
creases significantly. Food diversity also makes it easier to 
solve micro-nutrient deficiency problems (hidden hunger). 
The grain view with grain security as the core expands to 
the big food view with food security as the focus.

China’s grain view requires that agri-food systems 
provide sufficient cereal production to meet people’s sub-
sistence needs in terms of quantity. China’s big food view 
requires that the agri-food system provide sufficient food 
variety and quantity to meet people’s health and nutri-
tional needs. The agri-food system comprises all activi-
ties and factors in the agricultural and food value chains, 
including their interrelationships [2]. The agri-food system 
is closely linked to other economic and political sectors 
and is a complex system of international and domestic re-
source integration, critical to the country’s social security 
system and playing an important role in social and eco-
nomic development. Food security is the ultimate goal of 
grain safety issues.

For the research on the supply capacity of the agri-food 
system, the relevant literature is divided into two cat-
egories. The first category is to establish a food resource 
potential model from the part of material resources to 
simulate and predict food production capacity. Tao et al. [3]  
employed the GLO-PEM2 model and the CASA model 
to estimate the primary productivity (GPP) and net 
primary productivity (NPP) of Chinese ecosystems using 
vegetation, temperature, precipitation, soil, and other 
factors. Fang [4] used the structural dynamics method to 
study the effects of natural and man-made factors such 
as NPP, precipitation, heated greenhouse area, road 
density, and snowstorms on food supply capacity (FSC). 
Colasanti and Hamm [5] studied the development of urban 
agriculture with vacant urban plots. Dai et al. [6] analyzed 
the food supply in the agro-pastoral zone in northern 
China based on land use/cover, meteorology, soil type, 
and Normalized Vegetation Index (NDVI). Wang et al. [7]  
started from the actual food production capacity of 
China’s various types of ecosystems (farmland, grassland, 
waters), combined with the food part of import and export 
products, to examine China’s actual food supply capacity.

The second category is to analyze the supply capacity 
of the resource-bearing population from the quantity that 
needs to be supplied, using either the actual food produc-
tion of different kinds of food or different per capita food 
consumption standards. Feng et al. [8] built a land resource 
carrying index (LCCI) model to analyze the carrying 
capacity of land resources based on the relationship be-
tween food and people. Yin and Fang [9] constructed food 
security pressure indicators from the perspective of food 
acquisition capacity and food security threshold, and iden-
tified China’s food security vulnerable areas. Ji et al. [10] 
used the regional cultivated land food production security 
capacity and its risk evaluation method to derive the pres-
sure on cultivated land resources. Wang et al. [11] argued 
that simply using “grain” as an evaluation index of land 
resource carrying capacity could only reflect part of the 
carrying capacity, and that evaluating from the perspective 
of food (dietary nutrition) was more in line with the actual 
land resource carrying capacity. Some scholars have also 
extended resource carrying from natural resources to so-
cioeconomic environment, studying the one-way impact 
of food consumption on the environment, society, and 
economy [12], evaluating whether this impact is sustainable 
and how to reduce it [13], such as Food System Sustainabil-
ity Assessment (FSSA) [14,15], food printing [16], etc.

The resources in the first category of literature re-
search mainly focus on natural resources and man-made 
resources (such as agricultural facilities, etc.). Although 
the second category of literature involves socioeconomic 
resources, it does not relate to food or grain production. 
As we all know, the resources required for food or grain 
production not only include natural resources, but are also 
closely related to resources such as agricultural organiza-
tion, capital input, and agricultural product market needs. 
Therefore, there is a need to expand from natural resourc-
es to economic and social resources. In addition, both cat-
egories of literature study unidirectional impacts: The first 
is the impact of resources on food output, and the second 
is the pressure of food needs on resources. In fact, food 
and resources have a two-way relationship. The amount 
of resources determines the amount of food obtained, and 
food needs determine how to use resources. It is necessary 
to combine the two and study the supply capacity of the 
agri-food system from the perspective of the matching 
of two-way effects, in order to obtain the changes in the 
role of various resources in the supply capacity and find 
the path to improve the supply capacity of the agri-food 
system from the perspective of overall resources. This 
paper attempts to make a breakthrough in two aspects of 
the above shortcomings. First, it proposes the theory of re-
source integration to integrate natural resources and eco-
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nomic and social resources, and second, it studies the sup-
ply capacity of the agri-food system and the integration of 
resources from the perspective of the “big food view” and 
the “grain view” by using the grey correlation analysis 
that is suitable for the interaction between the two. 

The supply capacity of the agricultural food system can 
be measured by two indicators: per capita food and per 
capita grain. These indicators reflect the perspectives of 
the “big food view” and the “grain concept”, respectively. 
The term “grain” mainly refers to cereal crops, which have 
similar basic functions for human beings and do not differ 
significantly in their nutritional value. Therefore, the total 
output of all cereal crops is considered as the amount of 
grain. Per capita grain is also a crucial indicator of grain 
security. Based on the relevant research of the Food and 
Agriculture Organization of the United Nations, Chinese 
scholars suggest that the minimum grain security thresh-
old is 400 kilograms of food per capita per year [17]. Food, 
on the other hand, comprises a wide range of products 
that provide human beings with the necessary nutrients 
for survival, such as meat, eggs, milk, aquatic products, 
sugar, oil, fungi, and beverages. Different types of food 
offer different nutrients and have different effects on peo-
ple, making it difficult to unify them into specific physical 
units. The value of food reflects its utility to humans; thus, 
the sum of the values (constant prices) of various foods is 
used to represent the amount of food.

2. Research Method and Data Source

2.1 Research Method

Resource Integration Theory Analysis Framework

Porter’s theory of national competitive advantage 
is essentially an analysis of how a given industry can 
gain an advantageous position in international competi-
tion from the country’s perspective, and is therefore also 
known as the theory of industrial competitive advantage. 
The improvement of the supply capacity of the agri-
food system can be considered as the improvement of 
agricultural competitiveness, which is theoretically based 
on Porter’s theory of industrial competitive advantage. 
The theory comprises six elements: factor conditions, 
demand conditions, supporting and related industries, 
organization structure, strategy and competition, as well 
as opportunities and government [18]. These six factors are 
also the six resources that need to be integrated to achieve 
the industry’s competitive advantage. Resource integra-
tion implies the stable, long-term, and relatively fixed 
fusion of various resources into a resource system, where 
different resources complement each other to form the 

overall optimization of the resource system. Hence, Por-
ter’s theory can be expressed as resource integration and 
utilization. The industry’s competitive advantage position 
is achievable through high-quality factor resources, or-
ganization resources, related industry resources, demand 
resources, government resources, and good opportunities. 
The allocation of resources must balance the strengths and 
weaknesses of each resource therein. Thus, the competi-
tive advantage theory focuses on resource integration, 
both domestic and foreign, which extends to global re-
source integration and utilization. An industry that excels 
in global, high quality resource integration is evidently 
stronger than an industry that merely possesses an advan-
tage in domestic resource integration. Therefore, the in-
dustrial competitive advantage theory can be transformed 
into the resource integration theory. Factor resources are 
the production factors that an industry possesses, encom-
passing material, human, technological, capital, and in-
frastructure resources, etc. Demand resources refer to the 
size and traits of the market. Related and supporting in-
dustries mainly concern upstream and downstream indus-
tries in this industry and related industries with common 
technology. Organization resources refer to the fundamen-
tal status of economic organizations within the industry, 
organization and management forms, and performance in 
market competition. These four resource types are the de-
terminants of an industry’s resource integration capabili-
ties. In addition to these four resource types, opportunities 
and government are two crucial resources with significant 
impacts on resource integration capabilities. While oppor-
tunity resources unilaterally impact the industry, the other 
five types of resources influence one another and form a 
“diamond model”, illustrated in Figure 1. 

other five types of resources influence one another and form a “diamond model”,
illustrated in Figure 1.

Figure 1. A theoretical framework for resources integration.
The competitiveness of the agri-food systems is evaluated through its capacity to

supply, which depends on the mobilization of agricultural resources. The integration of
agricultural resources is to optimize the allocation of six types of resources: balance the
basic resources; use the development advantages of superior resources; make up for
inferior resources; advance or retreat; take or give up on the basis of maintaining basic
balance. During the integration of resources, the allocation of domestic and foreign
resources should be considered. There should be both the release of domestic agricultural
resources and the acquisition of foreign agricultural resources in order to obtain overall
optimization. The quality of resources is dynamically changing. If domestic resources
decline, becoming inferior resources, but enough high-quality foreign resources are
integrated, it can still be a competitive advantage. Because different countries have
different perceptions of the value of resources, the loss and acquisition of these resources
is not a zero-sum game, but rather forms a value-added effect where 1 + 1 > 2, often
resulting in a multi-win situation. The strength of the supply capacity is determined by
the global integration of six types of resources and their compatibility with the agri-food
systems.

(i) Factor resources. This category of resources includes various types of agricultural
land (including arable land, orchard land, forest land, grazing land, aquaculture water
areas, and so on), available water, labor, technology, and capital. Each type of resource
can be quantified. Agricultural labor is a combination of worker quality and worker
quantity, and the quality of agricultural laborers is expressed by the value of agricultural
output per capita (at constant prices). The number of individuals involved in agriculture
indicates the quantity of labor, and the product of these two variables represents labor
resources. Technology is represented by productivity per unit of land.

Figure 1. A theoretical framework for resources integra-
tion.

The competitiveness of the agri-food systems is evalu-
ated through its capacity to supply, which depends on the 
mobilization of agricultural resources. The integration 
of agricultural resources is to optimize the allocation of 
six types of resources: balance the basic resources; use 
the development advantages of superior resources; make 
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up for inferior resources; advance or retreat; take or give 
up on the basis of maintaining basic balance. During the 
integration of resources, the allocation of domestic and 
foreign resources should be considered. There should be 
both the release of domestic agricultural resources and 
the acquisition of foreign agricultural resources in order 
to obtain overall optimization. The quality of resources 
is dynamically changing. If domestic resources decline, 
becoming inferior resources, but enough high-quality 
foreign resources are integrated, it can still be a competi-
tive advantage. Because different countries have different 
perceptions of the value of resources, the loss and acquisi-
tion of these resources is not a zero-sum game, but rather 
forms a value-added effect where 1 + 1 > 2, often result-
ing in a multi-win situation. The strength of the supply ca-
pacity is determined by the global integration of six types 
of resources and their compatibility with the agri-food 
systems.

(i) Factor resources. This category of resources in-
cludes various types of agricultural land (including arable 
land, orchard land, forest land, grazing land, aquaculture 
water areas, and so on), available water, labor, technol-
ogy, and capital. Each type of resource can be quantified. 
Agricultural labor is a combination of worker quality and 
worker quantity, and the quality of agricultural laborers is 
expressed by the value of agricultural output per capita (at 
constant prices). The number of individuals involved in 
agriculture indicates the quantity of labor, and the product 
of these two variables represents labor resources. Technol-
ogy is represented by productivity per unit of land.

(ii) Relevant industry resources. This category of re-
sources mainly refers to the upstream and downstream 
industries of agriculture. Upstream industries include 
agricultural input industries such as pesticides, fertilizers, 
and agricultural machinery, while downstream industries 
mainly include agricultural product logistics and process-
ing industries that use agricultural raw materials. These 
industries can be quantified by their scale of development. 
Agricultural product logistics depends on the rural trans-
portation situation, i.e., the number of rural roads, and 
agricultural machinery production can be represented by 
the total horsepower output. Pesticide and fertilizer pro-
duction can be measured in tons.

(iii) Demand resources. Demand resources refer to 
market size, which, once integrated, cannot be realisti-
cally converted into market share by other countries even 
if they have cost or quality advantages. The market size 
can be quantified, but its features are difficult to quantify. 
Demand resources are divided into import markets, export 
markets, and domestic markets for self-production and 
self-sale. The first two markets are affected by changes in 

their foreign environments.
(iv) Organization resources. Refers to various organiza-

tional forms that break through the production limitations 
of small farmers, such as cooperatives, family farms, in-
dustrial organizations, and social services. These organi-
zations’ features are difficult to quantify, so assuming that 
all organizations are homogeneous, their numbers can be 
used for quantification.

(v) Government resources. Domestic government 
support for domestic agriculture is primarily through ag-
ricultural policies and supporting funds. As agricultural 
policies are difficult to quantify at a given point in time, 
government resources are quantified using financial sup-
port funds for agriculture.

(vi) Opportunity resources. Opportunities are uncertain 
resources, both good and bad. Some opportunities are en-
countered passively and some are caught up actively. Op-
portunities in Porter’s theory refer to major chance events, 
but this paper expands the scope to include uncertainties 
in the global political, economic, and financial environ-
ment, which have a great impact on industrial develop-
ment, into the scope of opportunities. China’s accession to 
the WTO in 2001 and the signing of RCEP at the end of 
2020 are opportunities for Chinese agriculture that are not 
easily quantifiable. The data in this paper avoids these two 
big shock events from 2001-2020 and uses the composite 
risk index from the International Country Risk Guide da-
tabase.

Grey Correlation Analysis Evaluation Method

The matching degree between the supply capacity of 
the agri-food systems and the integration of agricultural 
resources can be characterized as the correlation degree 
between the two. The grey correlation analysis is a multi-
factor analysis technique that calculates the grey correla-
tion degree, expressing the strength, size, and order of 
the relationship between factors using grey correlation 
sequences [19]. The basic idea of grey correlation degree 
analysis is to judge their relationship by comparing the 
geometric characteristics of sequence curves. The closer 
the similarity between curves, the stronger the correlation 
between the corresponding sequences. The opposite is 
also true.

The quantitative models of the grey correlation degree 
analysis method include Deng’s correlation degree, grey 
B-type correlation degree, T-type correlation degree, gen-
eralized correlation degree, grey slope correlation degree, 
grey absolute correlation degree, C-type correlation de-
gree, and grey Euclidean correlation degree, among others [19].  
Each method has its advantages and disadvantages. 
Among them, the grey slope correlation degree analysis 
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method is more suitable for temporal sequence correlation 
analysis with dimensional differences. The basic principle 
of this method is that the trend of a curve can be charac-
terized by changes in the slope of the curve at each point. 
If the slopes of the corresponding curves of two sequences 
are nearly equal, the trend of the two curves will be al-
most parallel, and the correlation degree between the two 
sequences can be considered very high [20]. The calculation 
of the slope correlation coefficient is shown in Equation 
(1).

Slope correlation coefficient:
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where: n is the number of time series data.
The standard deviation reflects the overall dispersion 

or individual differences in a set of data. Adding this term 
to the equation is intended to eliminate the adverse effects 
when there are large differences in dimensions between 
the two sequences, ensuring that the data of the two se-
quences are of the same order of magnitude. In the xi (t) 
time series data, since the data at the initial moment has 
no slope, there is no slope correlation coefficient at the 
initial moment.

Using the supply capacity of the agri-food systems (x0) 
as the reference data sequence, factor resource integra-
tion (x1), organization resource integration (x2), related 
industrial resource integration (x3), demand resource (x4), 
government resource (x5), and opportunity resource (x6) 
are used as comparative data sequences. The slope cor-
relation coefficient between x0 and x1, x2, x3, x4, x5, and x6 
data sequences are calculated separately using Equation 
(1), denoted as 
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, i = (1,2,3,4,5,6). Since ∆ t in the de-
nominator is 1, the slope is essentially the annual increase 
value of each resource. The correlation degree is defined 
as the vertical average of the correlation coefficients, and 
the calculation equation is shown in Equation (3). Factor 
resources, related industrial resources, and demand re-
sources are composed of multiple sub-resources, and the 
correlation analysis process between agri-food systems 

supply capacity and sub-resources refers to Equations (1) 
and (3). The correlation degrees are sorted with the top 
half as the advantageous resources and the bottom half as 
the disadvantageous resources.

Correlation degree:
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The horizontal average is used as the static correla-
tion evaluation index of the supply capacity of the agri-
food systems, which is the quantitative result of various 
resource integration, as shown in Equation (4).
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To evaluate the continuity of the coordination status 
between the supply capacity of China’s agri-food systems 
and the integration of agricultural resources, a dynamic 
correlation evaluation index of the supply capacity of the 
agri-food systems is set up, as shown in Equation (5).
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The static correlation evaluation index of the supply 
capacity of the agri-food systems is calculated from the 
correlation degree. The greater the correlation degree, the 
better the matching. Otherwise, it is worse. The matching 
level is divided based on the following criteria: 0 ≤ Cs(t) < 
0.4 is a serious mismatch; 0.4 ≤ Cs(t) < 0.5 is a moderate 
mismatch; 0.5 ≤ Cs(t) < 0.6 is a slight mismatch; 0.6 ≤  
Cs(t) < 0.7 is a weak match; 0.7 ≤ Cs(t) < 0.8 is a basic 
match; 0.8 ≤ Cs(t) < 0.9 is a compare match; Cs(t) ≥ 0.9 
is a high match. For the dynamic correlation evaluation 
index, if t1 > t2 (where t1 and t2 are any two different time 
points) and Cd (t1) > Cd (t2), this indicates that the matching 
relationship between the supply capacity of the agri-food 
systems and the integration of agricultural resources is 
improving [21].

2.2 Data Sources

This paper collects data from 2001 to 2020. Data such 
as per capita grain yield (kg/person), population (10,000 
people), available water resources (10,000 tons), fertilizer 
production (10,000 tons), pesticide production (10,000 
tons), and agricultural machinery quantity (10,000 kW) 
are sourced from the “China Statistical Yearbook” (http://
www.stats.gov.cn/sj/ndsj/). The number of agricultural 
organizations (units) comes from the “China Agriculture 
Yearbook” (http://www.shujuku.org/china-agriculture-
yearbook.html). The total mileage of rural roads (10,000 

http://www.stats.gov.cn/sj/ndsj/
http://www.stats.gov.cn/sj/ndsj/
http://www.shujuku.org/china-agriculture-yearbook.html
http://www.shujuku.org/china-agriculture-yearbook.html
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km) is from the Chinese Ministry of Transport’s calendar 
year “Road and Waterway Transportation Industry De-
velopment Statistical Bulletin” (https://www.mot.gov.cn/
fenxigongbao/hangyegongbao/). Food production value 
(constant US dollars), agricultural land (hectares), number 
of agricultural labor, agricultural per capita output value 
(constant US dollars), agricultural net capital stock (con-
stant US dollars), overseas direct investment (constant US 
dollars), outward direct investment (constant US dollars), 
import of agricultural products amount (constant US dol-
lars), export of agricultural products amount (constant US 
dollars), grain yield per unit area (kg/ha), and government 
financial support for agriculture funds (constant US dol-
lars) are all from the Food and Agriculture Organization 
database (https://www.fao.org/faostat/en/#data); The 
global composite risk index comes from the International 
Country Risk Guide database (https://guides.tricolib.bryn-
mawr.edu/icrg#s-lg-box-5809747).

3. Results Analysis

3.1 Correlation Matching Analysis between the 
Agri-food Systems and Factor Resources

Factor resources are the basis of agri-food systems. The 
per capita food quantity and per capita grain quantity are 
used as reference data sequences; technology, agricultural 
land, water supply, labor force, net capital stock, foreign 
direct investment, and outward direct investment are used 
as comparison sequences. The relevant data sequences 
are processed in turn using Equations (1) and (3), and ac-
cording to the matching degree grading method, Table 1 is 
obtained as the following.

Table 1 shows that the correlation coefficients between 
sub-factor resources and both food and grain production 
increases are equal. The order of correlation degree is 
technology > labor force > net capital stock > agricultural 
land > outward direct investment > water supply > foreign 
direct investment. The correlation degree of all factors 
shows a positive matching relationship, albeit with vary-
ing degrees. From the ranking, it can be seen that technol-
ogy, labor force, and net capital stock are advantageous 
resources, while agricultural land, water supply, and for-

eign investment are disadvantageous resources.
Agricultural technology is the first sub-factor to pro-

mote food and grain production. The correlation degree 
of food is 0.9090, and the correlation degree of grain is 
0.9222, both of which are the highest level of high match, 
consistent with the conclusions of representative research 
literature [22,23]. Relatively speaking, technology has a 
slightly higher impact on grain than on food, indicating 
that the technological input for grain crops is higher than 
the average level of the agri-food systems. The labor 
force is the second sub-factor in promoting food and grain 
production. The labor force not only includes quantity 
but also quality, and labor force quality is expressed by 
labor productivity. Labor productivity is also part of the 
technology category, indicating that technology plays an 
all-around role in promoting food and grain production. 
As vegetable and fruit industries are more labor-intensive 
than grains, the correlation degree between the labor 
force and food is 0.9079, higher than that between grain 
and labor at 0.8717. Agricultural capital, represented by 
machinery and facility agriculture, is the third sub-factor 
to promote food and grain production, both of which are 
matched. However, agricultural land and water supply, 
as the most basic sub-factors of food output, are only 
ranked fourth and sixth, respectively, not because these 
two resources are not important, but because this study fo-
cuses on the correlation degree of annual yield increases. 
China’s agricultural land area is basically unchanged, and 
water resources are more severely constrained than land 
resources. Therefore, their importance is only reflected in 
maintaining food and grain base output, and the increase 
part mainly relies on technology to make up for the short-
age, by vigorously developing water-saving technology to 
reduce dependence on water resources [24], and importing 
agricultural products to use foreign resources through vir-
tual land and virtual water [25]. Outward direct investment 
ranks fifth, and China’s agricultural outward investment 
focuses on the agricultural industry chain [26], including lo-
gistics, processing, warehousing, finance, and R&D, with 
the aim of increasing control over the agriproduct supply 
chain and obtaining technology, which is conducive to 
China’s focus on the comparative advantages of agricul-

Table 1. Correlation and matching between agri-food systems and factor resources.

Technology
Agricultural 
land

Water supply Labor force
Net capital 
stock

Foreign direct 
investment

Outward direct 
investment

Food correlation degree 0.9090 0.8572 0.6875 0.9079 0.8907 0.6365 0.8389

Food matching degree high match compare match weak match high match compare match weak match compare match

Grain correlation degree 0.9222 0.8256 0.7031 0.8717 0.8586 0.6395 0.8226

Grain matching degree high match compare match basic match
compare 
match

compare match weak match compare match

https://www.mot.gov.cn/fenxigongbao/hangyegongbao/
https://www.mot.gov.cn/fenxigongbao/hangyegongbao/
(https://guides.tricolib.brynmawr.edu/icrg#s-lg-box-5809747
(https://guides.tricolib.brynmawr.edu/icrg#s-lg-box-5809747
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tural products. Outward foreign investment ranks last. 
Foreign direct investment has a certain effect on China’s 
agriculture, bringing new technologies and management 
methods, but its correlation degree is the lowest, and both 
food and grain are weak matches. The reasons are two-
fold: first, China has restrictions on foreign agricultural 
investment, and second, China has a low dependence on 
foreign capital in agriculture. There is considerable room 
for improvement in China’s foreign and international re-
sources.

3.2 Correlation Matching Analysis between the 
Agri-food Systems and Related Industrial Re-
sources

The per capita food quantity and per capita grain quan-
tity are used as reference data sequences; agricultural 
machinery, fertilizers, pesticides, and rural roads are used 
as comparison data sequences. Once again, Equations (1) 
and (3) are used, and the matching degree grading method 
is used to obtain Table 2 as follows.

The correlation degree of each sub-resource to food 
and grain production varies, as illustrated in Table 2. For 
food, the order is rural roads > agricultural machinery > 
pesticides > fertilizers, while for grain, the order is agri-
cultural machinery > rural roads > pesticides > fertiliz-
ers. From the ranking, it can be seen that rural roads and 
agricultural machinery are advantageous resources, while 
pesticides and fertilizers are disadvantaged resources.

The matching degrees of rural roads and agricultural 
machinery with food are both high, and the correlation 
degree of rural roads is 0.9051, slightly higher than the 
0.9026 for agricultural machinery. Generally speaking, 
in the non-grain agri-food sector, many agricultural lands 
are located in remote places with complex terrain, and 
food output relies more on timely transportation. The cor-
relation degree of rural roads and agricultural machinery 
with grain is one level lower than that with food, which 
is matched, and the correlation degree of agricultural ma-
chinery is 0.8640, slightly higher than the 0.8618 for rural 
roads. The reason for the difference in the order is that the 
scale effect of grain production is obvious, and the degree 
of mechanization is higher than the average level of agri-

cultural machinery, especially in mechanized grain plant-
ing.

The correlation degrees of pesticides and fertilizers 
with food are 0.8288 and 0.8042, respectively, which are 
higher than the corresponding 0.8098 and 0.7860 with 
grain. The main reason is that from 2001 to 2020, grain 
planting reduced the input of pesticides and fertilizers by 
improving technology, while the reduction of pesticides 
and fertilizers in the production of vegetables and fruits 
was far less than that of grain planting. The correlation de-
grees of pesticides and fertilizers are lower, indicating that 
reducing pesticides and fertilizers has achieved results in 
reducing their negative impact on the environment.

3.3 Correlation Matching Analysis between the 
Agri-food Systems and Demand Resources

The capability of China’s agri-food systems supply also 
depends on whether the food or grain produced can be 
absorbed by effective demand. The demand for resources 
can be divided into two categories: The domestic market 
and the international market, which can be further divided 
into the export and import markets. The per capita food 
and per capita grain are taken as reference data sequences, 
and the domestic market, export market, and import mar-
ket are taken as comparison data sequences. By using 
Equations (1) and (3) again, as well as the matching de-
gree grading method, Table 3 below is obtained.

From Table 3, it can be seen that the correlation degree 
of various markets with the increase in food and grain pro-
duction is in the same order, which is domestic market >  
import market > export market. Therefore, the domestic 
market is an advantageous resource, while the internation-
al market is a disadvantageous resource. China’s food or 
grain mainly meets the needs of domestic people, realizing 
food security and food guarantees. Therefore, the highest 
correlation degree reflects China’s reality, and the corre-
lation degree of food is 0.9093, higher than that of grain 
0.8764. This is mainly because in China’s huge reserve 
system, grain is the main part, and the amount of grain re-
serves will suppress the impact of production fluctuations 
on the domestic market [27]. The import market ranks sec-
ond and is matched with food and grain. The types of food 

Table 2. Correlation and matching between agri-food systems and relevant industry resources.

Food Grain

Agricultural 
machinery

Fertilizers Pesticides
Rural 
roads

Agricultural 
machinery

Fertilizers Pesticides Rural roads

Correlation 
degree

0.9026 0.8042 0.8288 0.9051 0.8640 0.7860 0.8098 0.8618

Matching degree high match
compare 
match

compare 
match

high match compare match basic match
compare 
match

compare 
match
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or grain imported by China are mainly scarce resources, 
such as imported soybeans that are conducive to using 
cultivated land for more efficient varieties of wheat and 
corn, and using foreign resources to promote the improve-
ment of domestic supply capacity. The correlation degree 
of the export market is the lowest, which indicates that the 
export market is not the main goal of agri-food systems 
supply. The correlation degree of food is 0.7082, higher 
than that of grain’s 0.6955, with matching degrees of the 
basic match and weak match, respectively. The reason for 
the difference is that there is an economic interest in sup-
plying vegetables, fruits, aquatic products, and other foods 
to foreign countries. Grain lacks comparative advantages 
and obviously has no driving force for foreign supply in-
terests, so the correlation degree of the food export market 
is greater than that of grain.

3.4 Correlation Matching Analysis between the 
Agri-food Systems and Resource Integration

Using Equation (4), the sub-factor resources are inte-
grated into the factor resource correlation, related industry 
resource correlation, and demand resource correlation. 
Using Equations (1) and (3), the correlation degrees of 
organization resources, government resources, and oppor-
tunity resources are respectively analyzed by using grey 
correlation analysis with the agri-food systems supply ca-
pability. Finally, the six types of resources are integrated 
into a static evaluation index by using Equation (4), and 
the evaluation is divided according to the matching level. 
The detailed results are shown in Table 4.

As shown in Table 4, the correlation degree of six types 
of resources with the increase in food and grain produc-
tion is in different orders. For food, the order is govern-
ment resources > related industry resources > organiza-
tion resources > factor resources > demand resources > 
opportunity resources; for grain, the order is government 
resources > factor resources > related industry resources > 
organization resources > demand resources > opportunity 
resources. The reason for the difference in ranking is the 
change in the ranking of elemental resources. It can be 
inferred that government resources and related industry 
resources are advantageous resources, organization re-
sources and factor resources are uncertain, and demand 

resources and opportunity resources are disadvantageous 
resources.

From the perspective of food output growth, among 
the six resources, the government resource has the highest 
correlation with food production, with a correlation coeffi-
cient of 0.8999. The government resources are reflected in 
the financial support for agriculture. The financial support 
mainly includes fund investments in infrastructure con-
struction in agriculture, forestry, and water conservancy, 
comprehensive development of agriculture, agricultural 
technology, and agricultural production, and extends to in-
vestments in rural construction, basic welfare for farmers, 
and social security. This shows that the role of the Chinese 
government in promoting food and grain growth is signifi-
cant. Related industry resources rank second, with corre-
lation coefficients of 0.8602. Mechanical manufacturing, 
pesticide and fertilizer production are the advantages of 
China’s industrial manufacturing industry. The develop-
ment of transportation roads is also the result of China’s 
emphasis on building roads first to become rich. Organi-
zation resources rank third, and agricultural economic or-
ganizations are China’s efforts to overcome the limitations 
of individual farm production by improving food produc-
tion through various forms of organization such as coop-
eratives, family farms, industrialized organizations, and 
socialized services, etc. Factor resources rank fourth be-
cause natural resources are China’s disadvantage. Demand 
resources rank fifth, mainly due to the lack of influence 
on overseas markets. Opportunity resources rank last, and 
the opportunities here refer to the international environ-
ment for the development of China’s agri-food systems, 
mainly involving the three dimensions of politics, finance, 
and economy. China made significant concessions in pro-
tecting agriculture to join the World Trade Organization 
(WTO), and the international environment for agriculture 
development has been relatively harsh [28], which is the 
reason why the correlation coefficient between food pro-
duction and opportunity resources is the lowest. From the 
perspective of static matching, except for the weak match 
of opportunity resources, all the others have the com-
pare match, and comprehensive matching is the compare 
match. China’s global integration of agricultural resources 
is relatively supportive of China’s agri-food systems de-
velopment.

Table 3. Correlation and matching degree between agri-food systems and demand resources.

Food Grain

Domestic market Export market Import market Domestic market Export market Import market

Average correlation degree 0.9093 0.7082 0.8737 0.8764 0.6955 0.8649

Matching degree high match basic match compare match compare match weak match compare match



87

Research on World Agricultural Economy | Volume 04 | Issue 03 | September 2023

From the perspective of grain production, among the 
correlation degrees from 2002 to 2020, government re-
sources ranked first, and direct subsidies for grain finance 
accounted for an important proportion of financial support 
for agriculture, mainly including four kinds of subsidies: 
direct subsidies for grain planting, high-quality seed sub-
sidies, subsidies for the purchase of agricultural machin-
ery, and comprehensive subsidies for agricultural inputs. 
These government resources greatly affect the production 
cost of grain and the enthusiasm of grain farmers. Unlike 
food production, grain production has a higher degree of 
correlation with factor resources, jumping from the fourth 
place in food production to the second place, because 
grain is a land and water intensive crop, far higher than 
the requirements for land and water resources in non-grain 
agriculture. The reasons for the ranking of other related 
industries, organization resources, demand resources, and 
opportunity resources are similar to those of food produc-
tion. From the perspective of average static matching, 
except for the weak matching of opportunity resources, 
all the others have a relatively good correlation. Whether 
from the perspective of food or grain production, China’s 
global integration of agricultural resources is relatively 
supportive of the development of China’s agri-food sys-

tems.
The annual static correlation evaluation index obtained 

from the calculation process in Table 4 was utilized to cre-
ate Figure 2, which illustrates the fluctuations in the static 
correlation evaluation index for food and grain produc-
tion.

Figure 2 displays the annual static correlation evalua-
tion index from 2002 to 2020. Overall, the annual static 
correlation evaluation index of grain growth is similar to 
that of food growth, and the difference between them is 
not significant. However, there are two particular years. 
One is in 2003 when the evaluation index of grain growth 
decreased, the evaluation index of food growth increased, 
and the difference between the two was very large. The 
other is 2019, where the situation was the opposite of that 
in 2003. The reason for the difference in 2003 may be the 
result of China’s comparative advantage in agriculture be-
ing reversed [29]. According to the World Trade Organiza-
tion (WTO) caliber, China’s agricultural trade was in an 
international surplus until 2003, after which it turned into 
a persistent deficit [30]. In 2003, China’s industrialization 
reached the mid-stage, and its comparative advantage had 
been established in the international division of labor. A 
large amount of agricultural land was occupied, marking 

Table 4. Correlation and matching between agri-food systems and resources integration.

Factor 
resources

Relevant industry 
resources

Demand 
resources

Organization 
resources

Government 
resource

Opportunity 
resource

Static correlation 
evaluation index

Food correlation 
degree

0.8445 0.8602 0.8304 0.8566 0.8999 0.6954 0.8312

Food matching 
degree

compare 
match

compare match
compare 
match

compare match
compare 
match

weak match compare match

Grain correlation 
degree

0.8330 0.8304 0.8123 0.8239 0.8663 0.6882 0.8090

Grain matching 
degree

compare 
match

compare match
compare 
match

compare match
compare 
match

weak match compare match

Figure 2. Static evaluation of the correlation between agri-food systems and resources integration.
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the transition of agriculture from a comparative advantage 
to a comparative disadvantage. The comparative advan-
tage within agriculture also changed. The comparative 
disadvantage of crops such as grain, which are intensive 
in land density, became more prominent, while the com-
parative advantage of non-grain crops became increas-
ingly effective. After the development of industry, the 
Chinese government used the financial power of the in-
dustry to support agriculture, and then tax and fee reforms 
and related policies were introduced to prevent further 
deterioration of agriculture. The situation in 2019 was the 
result of the Sino-U.S. trade war in China’s agriculture. 
China retaliated against the US trade war, increased tar-
iffs starting in 2018, and significantly increased them in 
2019, causing a reduction of more than 70% in the import 
of 99% of agricultural products from the US, including 
soybeans, sorghum, livestock products, corn, and grains, 
forcing China to increase imports from other countries. 
At the same time, China announced policies to vigorously 
increase the planting of grain crops, squeezing out non-
grain agricultural resources. Also in 2019, African swine 
fever broke out in many parts of China, causing a decrease 
in non-grain crop production. With the reduction of tar-
iffs between China and the US and China’s adaptation to 
shocks, agriculture began to recover normally.

By using Equation (5) to convert the annual static cor-
relation evaluation index to the dynamic correlation evalu-
ation index, the trend curves of food and grain production 
are shown in Figure 3.

The dynamic correlation evaluation index can reflect 
the trend of change. From Figure 3, the shapes of the trend 
curves of food and grain products have been similar since 
2003, but the trend of change is slightly different. The 
curve of food production fluctuated upward from 2002 and 
gradually peaked in 2014, then began to trend downward, 
indicating that the support of agricultural resource integra-
tion in China’s agri-food systems is weakening. The curve 

of grain production drastically declined in 2002, then fluc-
tuated upward, reaching a peak in 2015, and remained in 
a stable fluctuation state without a continuous downward 
trend. Unlike food, the dynamic correlation evaluation in-
dex of grain has been lower than that of food since 2003, 
indicating that in the integration of agricultural resources, 
the effect of food production on the supply capacity of the 
agri-food systems is greater than that of grain, and dem-
onstrating that the benefits of food production are greater 
than the benefits of grain production.

4. Discussion
The impact mechanisms of the six categories of ag-

ricultural resources on the agri-food systems are differ-
ent. Factor resources directly affect food production, 
while related industrial resources help food production 
from the upstream and downstream aspects. Demand 
resources allow for the distribution of final food products, 
while organization resources influence food production 
efficiency. Government resources regulate the allocation 
of food production resources, and opportunity resources 
affect food production from the perspective of uncertainty [31]. 
In the specific impact pathways and processes, the impact 
of factor resources and related industrial resources is rela-
tively clear. However, the impact of demand resources, 
organization resources, government resources, and op-
portunity resources is relatively vague or even unknown. 
Therefore, the mutual relationship of the agri-food system 
composed of agricultural resources is extremely complex. 
It is difficult to clarify the logical relationship between 
various impact mechanisms and it belongs to a typical 
gray area. Some scholars have attempted to use the theory 
of complex system co-evolution to study the relationship 
between water resources, energy, and food systems with-
out involving economic and political factors [32]. However, 
the scope of resources in this paper is much larger, and the 
interweaving of known and unknown relationships is more 

Figure 3. Dynamic evaluation of the correlation between agri-food systems and resources integration.
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complex, so it is difficult to use the co-evolution method 
of complex systems. In addition, the various methods in 
the existing literature are mainly applicable to make one-
way influence research, but food and resources are inter-
active influence relationships. Resources determine the 
output of food, and food requirements affect the allocation 
and utilization of resources. Gray correlation method is 
similar to the correlation analysis of statistics, which can 
be applied to both one-way and two-way relationships. 
Therefore, this paper adopts the grey correlation method 
to study the matching relationship.

Expanding the view of agricultural resources from 
natural resources to economic and social resources 
that are needed for food supply is a new attempt. The 
integration of natural resources and economic and social 
resources involves not only the current natural potential 
of food supply but also the social implementation level of 
that potential. It is advantageous to discover the path to 
improving the supply capacity of the agri-food systems 
by the direction of integrating both natural resources and 
economic and social resources.

From the results of the matching research between 
resource integration and the supply capacity of agri-
food systems, this paper realizes the combination of the 
resource part and output part of agri-food systems, thereby 
expanding the evaluation method of food supply capacity. 
The two parts are currently matched but there is room for 
improvement. It not only conforms to the current situation 
of China’s agri-food systems maintaining food security, 
but also indicates that there is still a need to improve the 
state of demand resources and opportunity resources inter-
nationally and promote the transformation of organization 
resources and factor resources towards a positive direc-
tion.

Agriculture in China encompasses both food and non-
food production (such as cotton, tobacco, hemp, silk, 
wood, etc.). In this paper, the term agricultural resources 
refers to the entire agricultural sector, including the unused 
and idle parts, which is a broader scope than the resource 
base of agri-food systems. The slope correlation analysis 
is a relative index. When the proportion of food resources, 
non-food resources, and idle resources remains basically 
unchanged, the problem of inconsistent statistical scope 
can be partially eliminated. However, if the proportion 
of these three resources changes significantly, it will 
affect the accuracy of the correlation. In addition, the 
uncertainty factors that China faces, such as natural 
disasters and climate, are obviously external opportunities 
for agricultural development, but are difficult to quantify. 
Their impact results are implicitly based on unit area 

yield, affecting the accuracy of technical quantification.

5. Conclusions
Based on the resources integration theory, this paper 

evaluates the matching status between the supply capacity 
of the agri-food systems and resources using the gray cor-
relation method. The following conclusions are drawn:

Overall, agricultural resources are the compare match 
(correlation between 0.8 and 0.9) with the development 
of China’s agri-food systems, but there is still room for 
improvement to achieve a high match (correlation greater 
than 0.9). Among the six categories of resources, govern-
ment resources and related industrial resources are advan-
tageous resources, while organization resources and factor 
resources are uncertain, and demand resources and oppor-
tunity resources are disadvantaged resources.

As can be seen from the previous evaluation, most of 
the domestic resources are advantageous resources be-
cause their sovereignty belongs to China, and thus they 
are highly controllable and correlated. Agricultural land 
and water supply, limited by natural resources and be-
yond human capacity, become passively disadvantaged 
resources. Pesticides and fertilizers, because of ecologi-
cal and sustainable development requirements, become 
actively disadvantaged resources. All foreign resources 
are disadvantaged, such as opportunity resources, foreign 
investment, and international markets, due to China’s in-
sufficient ability to control foreign resources.

The view of big food is beneficial to reducing depend-
ence on factor resources, especially arable land and water 
resources. The overall correlation of food production 
increases in the agri-food systems is higher than that of 
grain production increases, indicating that the efficiency of 
obtaining nutrition through various agricultural resources 
is higher than that of relying on grain. Achieving food se-
curity under the big food view alleviates pressure on grain 
production as well as arable land and water resources.

For other populous countries aiming to ensure food 
self-sufficiency, the theoretical and analytical framework 
of this paper is equally applicable, helping to identify the 
various types of advantageous or disadvantageous re-
sources, so as to formulate policy measures to ensure the 
sustainable development of their agri-food systems.
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1. Introduction

The theory of induced technological change has been 
widely used to analyze agricultural technological change 
and adaption [1-3]. Its main view is that the change in the 
relative price of factors caused by the change in resource 
scarcity will induce agricultural factor substitution. In 
production, micro-enterprises will seek relatively abun-
dant factors to replace relatively scarce elements through 
the market mechanism, and apply technologies to save 
relatively scarce elements in order to maximize the mar-
ginal revenue of total factor input. Since the 1990s, the 
development of informatization based on ICT (Information 
Communication Technology) has broken the barrier of 
information asymmetry [4], which effectively promoted the 
innovation of agricultural market operation mechanism [5,6],  
the reform of the agricultural factor market and the im-
provement of agricultural public service capacity, and 
provided a good market environment for the realization of 
optimal resource allocation in a wide range. Theoretically, 
under the dual constraints of factor endowments and pro-
duction conditions, the information asymmetry between 
the production and management units and different factor 
retailers is different. As a result, farmers participate in 
different factor markets and their transaction costs are 
different. In this case, the relative price changes of factors 
may be caused by informatization, which has a different 
impact on the price changes of different factors. Will in-
formatization then lead to the substitution bias of agricul-
tural machinery inputs for labor inputs? The answer to this 
question is important for the formulation or adjustment 
of factor marketization policies under the background of 
informatization and the promotion of “Internet+” agricul-
tural upgrading.

Agriculturally induced technology includes labor-sav-
ing technologies and land-saving technologies from the 
perspective of the relative scarcity of factors. In literature, 
empirical studies on agricultural induced technology 
mainly focus on the importance of factor endowment. 
However, the existing studies show obvious regional 
characteristics due to the differences in factor endowment 
structure in different regions and different historical stag-
es. For example, Hayami and Ruttan [7] took the example 
of agriculture in Japan and the United States as an exam-
ple, and found that due to the difference in factor endow-
ment between America and Japan, American agriculture 
was based on labor-saving technologies, while Japanese 
agriculture was based on land-saving technologies. On 
this basis, some scholars have also studied the relation-
ship between factor endowment structure and agricultural 
technology change in China [3,8,9]. For example, Zheng  

et al. [10] found that differences in farmers’ technology 
choice preferences are due to asymmetries in different 
types of farmers’ endowment constraints and characteris-
tics of different agricultural technologies. However, some 
scholars have found that the impact of farmers’ endow-
ments on the choice of agricultural technology had general 
similarities and differences at the same time [11]. With the 
application of new institutional economics and information 
economics in the agricultural field, some scholars have 
started to pay attention to the impact of transaction costs 
on the choice of agricultural production technology [12].  
For example, Zhang et al. [13] found that the transaction 
cost is an important factor limiting the extensiveness 
of technology adoption by farmers. Some scholars also 
analyzed the influence of information acquisition on the 
choice of production technology [14,15]. For example, Luh 
et al. [16] investigated the influence of information acqui-
sition on farmers’ choice of transgenic seed technology in 
Taiwan. They found that information acquisition signifi-
cantly increased farmers’ likelihood of choosing transgen-
ic technology. In addition, some scholars focused on the 
influence of information acquisition ability on new tech-
nology choices [17].

Based on the above analysis, we can see that the re-
search on the relationship between informatization and 
production technology choice is still worth paying at-
tention to, so as to overcome the shortcoming that the 
existing research focuses on taking a certain technology 
as an example and lacks in-depth analysis of the impact of 
informatization on farmers’ technology selection behavior 
induced by factor scarcity from the perspective of produc-
tion factor structure. In addition, the existing research only 
focuses on the influence of one aspect of information ac-
quisition mode or information acquisition ability on tech-
nology selection, and lacks a comprehensive consideration 
of the informatization level from multiple perspectives 
and a comparative analysis of informatization in different 
dimensions. Theoretically, both information acquisition 
mode and information acquisition ability are important 
factors in determining farmers’ information abundance 
for production decision-making. Based on this, this paper 
takes labor-saving technology as an example, compre-
hensively evaluates the informatization level from three 
dimensions of information technology access, informa-
tion technology application and information literacy, and 
analyzes whether informatization causes the substitution 
bias of agricultural machinery inputs for labor inputs. The 
reason for choosing labor-saving technology is that apple 
is a labor-intensive crop, under the dual constraints of the 
continuous transfer of agricultural labor to non-agricultur-
al industries and the ageing of agricultural labor, the labor 
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cost is in a continuous upward trend, and the labor may be 
in a state of relative scarcity for a long time.

2. Theoretical Analysis and Research Hypothesis

2.1 Conceptual Definition and Measurement of 
Informatization

In 1963, the Japanese sociologist Tadao Umesao first 
put forward the idea of informatization in his article en-
titled “Information Industry”. He thought that informa-
tization was the general term for the modernization of 
communication, computerization and rationalization of 
behavior. Since then, domestic scholars have done a lot 
of research on the definition of informatization. The First 
National Informatization Work Conference held in 1997 
defined informatization as “the historical process of culti-
vating and developing new productivity represented by in-
telligent tools and making it benefit the society”. In 2006, 
the General Office of the CPC Central Committee and the 
General Office of the State Council issued the National 
Informatization Development Strategy for 2006-2020, 
which defined informatization as “the historical process 
of fully utilizing ICT to develop and utilize information 
resources, promote information exchange and knowledge 
sharing, improve the quality of economic growth, and 
promote the transformation of economic and social de-
velopment”. The Informatization Statistical Evaluation 
Research Group of the Institute of statistics of the Nation-
al Bureau of Statistics (2011) defined informatization as 
“the process of transforming, reorganizing or reorienting 
the socio-economic structure and industrial structure by 
using high-tech information technology to improve the 
information and knowledge content of products and eco-
nomic activities, and then promoting the whole society to 
achieve a higher level, more organized and more efficient 
economic development”. Overall, the current discussion 
on the connotation of informatization focuses only on 
the access to and application of information technology, 
which has been verified in the literature on assessing the 
level of informatization.

In the process of the integrated development of informa-
tization and agricultural modernization, the exploration of 
informatization has gradually extended to the level of ag-
riculture, rural areas and farmers, and the concepts of ag-
ricultural informatization [18,19], rural informatization [20,21]  
and farmer informatization [22] have been put forward. 
Due to the obvious differences in the connotation and 
research methods of informatization among different re-
search topics, it is necessary to clarify the research scope 
and boundary of informatization before the research. 
From the perspective of the research topic and research 

object, this paper mainly focuses on the analysis of farm-
ers’ informatization level. In the process of developing a 
digital society, inequality in the distribution of informa-
tion infrastructure, the development and application of 
digital technology, and the ability to acquire and process 
digital information leads to the unequal enjoyment of the 
dividends brought by ICT among different social groups, 
resulting in the phenomenon of “information poverty” and 
“information differentiation” [23]. The key to eliminating 
information poverty and differentiation is to improve the 
information literacy of the whole population and to en-
hance the ability of social members to seek, assimilate and 
use information [24]. Therefore, in addition to considering 
information technology access and application, infor-
mation literacy should be an important part of assessing 
farmers’ informatization levels.

Based on the research idea of Busindeli [25] on the me-
dia preference for agricultural information acquisition and 
dissemination, this paper designs the informatization mea-
surement system in terms of information availability and 
information accessibility, where information availability 
reflects the level of farmers’ access to information, and 
information accessibility reflects the level of farmers’ uti-
lization of information. In terms of the information diffu-
sion process, efficient farm information in the information 
environment needs to cross two thresholds for final use 
in farmers’ production decisions (as shown in Figure 1). 
The first threshold determines whether farmers can obtain 
the information and the amount of information, i.e. infor-
mation availability, and the second threshold determines 
whether farmers can effectively absorb and use the infor-
mation and the amount of information absorbed and used, 
i.e. information accessibility. Thus, it is clear that the level 
of information ultimately used in farmers’ production de-
cisions is a comprehensive consideration of information 
availability and information accessibility.

Based on the above analysis, the informatization stud-
ied in this paper includes information technology access, 
information technology application and information liter-
acy. Among them, information technology access mainly 
refers to farmers’ access to smartphones, computers, 
mobile internet and fixed broadband internet [4]; informa-
tion technology application mainly refers to the extent 
to which farmers use ICT to obtain information on agri-
cultural operations; information literacy mainly refers to 
farmers’ information awareness and the ability to search, 
judge, select, absorb and use the required information and 
apply it to agricultural production by ICT tools [26].

2.2 Research Hypothesis

According to the theory of induced technological 
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change, the change in the relative price of factors caused 
by the change in resource scarcity will induce technologi-
cal change [7]. Under the assumption that the factor market 
is effective, the change in the relative price of production 
factors can fully reflect the scarcity degree of scarcity of 
production factors, and micro-production units will use 
the market mechanism to realize the substitution of cheap 
and relatively abundant factors for expensive scarce el-
ements, and choose the technology of saving the use of 
relatively scarce elements [27], so as to eliminate or partial-
ly eliminate the restriction of relatively scarce production 
factors on the development of agriculture. According to 
Hicks’ definition of technology type, the induced technol-
ogy of factor scarcity can be divided into two categories, 
including labor-saving technology and land-saving tech-
nology. The former aims to expand the cultivated area per 
unit of labor force or reduce the labor input per unit of 
land area, while the latter aims to increase the output per 
unit of the land area [28,29].

From the perspective of the production chain, apple is 
a typical labor-intensive crop, and labor is more scarce 
than land or capital elements, especially in the context of 
urbanization and the rising price of agricultural labor. This 
problem is more prominent. Therefore, micro production 
units tend to use capital to substitute labor, and this kind 
of substitution is first realized through mechanization [30]. 
Specifically, if the labor factor input per unit area is rela-
tively less than the mechanical factor input per unit area, 
the technology type is defined as a labor-saving technolo-
gy, and if not, it is a labor-intensive technology.

Based on the above analysis, we suppose that farmer 

i has fixed land endowment A0 and labor endowment L0, 
and only input land, labor and machinery in the apple 
production process. Further assuming that the input cost 
of land factor is constant, then the output and production 
cost of apple depend on the factor input ratio of labor and 
machinery, i.e. the total income Ri and total cost Ci of 
apple production are the functions of relative factor bias. 
Assuming that the relative factor bias of farmer i is Tbi, 
then the optimal decision function of farmers based on the 
maximization of the net income effect is as follows:

[ ]( ) ( )
iTb i i i i iMaxU U R Tb C Tb= −  (1)

Referring to the existing research results, we further 
assume that farmers have a fixed risk aversion preference 
and that apple planting income follows a normal distri-
bution, and farmers’ expected utility function can be ex-
pressed as an increasing mean variance standard concave 
function [31]. Then, under the condition of maximizing the 
net income effect, the optimal decision function of farmers 
can be extended as follows:

1( , ) ( ) var( ) ( )
2i

i i i i i i i iTb
MaxU R Tb E R R C Tbς= − −  (2)

In formula (2), ( )E ⋅  is the mean function, var( )⋅  is the 
variance function and iς  is the risk preference of farmer i.

On this basis, the total revenue of apple production is 
defined as:

( ) ( )i i i i i i i i i iR Tb p q A p A Z Tb µ= + +  (3)

In formula (3), pi is the apple selling price of farmer 
i; qi is the apple yield per unit area of farmer i; Ai is the 
apple planting area of farmer i; Zi is the characteristics of 

system in terms of information availability and information accessibility, where information

availability reflects the level of farmers’ access to information, and information accessibility

reflects the level of farmers’ utilization of information. In terms of the information diffusion

process, efficient farm information in the information environment needs to cross two thresholds

for final use in farmers’ production decisions (as shown in Figure 1). The first threshold

determines whether farmers can obtain the information and the amount of information, i.e.

information availability, and the second threshold determines whether farmers can effectively

absorb and use the information and the amount of information absorbed and used, i.e. information

accessibility. Thus, it is clear that the level of information ultimately used in farmers’ production

decisions is a comprehensive consideration of information availability and information

accessibility.

Figure 1. Theoretical framework of the informatization measurement system.

Based on the above analysis, the informatization studied in this paper includes information

technology access, information technology application and information literacy. Among them,

information technology access mainly refers to farmers’ access to smartphones, computers, mobile

internet and fixed broadband internet [4]; information technology application mainly refers to the

extent to which farmers use ICT to obtain information on agricultural operations; information

literacy mainly refers to farmers’ information awareness and the ability to search, judge, select,

absorb and use the required information and apply it to agricultural production by ICT tools [26].

2.2 Research Hypothesis

According to the theory of induced technological change, the change in the relative price of

factors caused by the change in resource scarcity will induce technological change [7]. Under the

assumption that the factor market is effective, the change in the relative price of production factors

can fully reflect the scarcity degree of scarcity of production factors, and micro-production units

Figure 1. Theoretical framework of the informatization measurement system.
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households and head of households; Tbi is the technolo-
gy selection bias of farmer i; μi is the random variable to 
measure environmental impact, which meets μi ~ N (1, σ2); 
Ai pi (Zi + Tbi) μi refers to the relative income change of 
agricultural production caused by the relative change of 
factor output rate measured by market price.

Sadoulet and de Janvry [32] found that it was not neces-
sary to estimate the input demand and output supply sys-
tem under transaction costs. Thus, our assumption is that 
farmers are only constrained by transaction costs when 
participating in factor markets. According to the research 
method of Key et al. [33], transaction cost is further divided 
into fixed transaction cost and variable transaction cost. 
Fixed transaction cost does not change with the change 
of transaction volume, including information search cost, 
negotiation cost, monitoring and execution cost, while 
variable transaction cost increases with the increase of 
transaction volume, including transportation cost and oth-
er costs related to incomplete information [31]. Assuming 
that the fixed transaction cost and unit variable transaction 
cost faced by farmer i due to technology selection bias are 
FTCi and VTCi respectively, then the total apple produc-
tion cost of farmer i can be defined as:

0( ) ( )lm
i i i i i i i iC Tb C ATb P VTC FTC= + + +  (4)

In formula (4), 0
iC  represents the land input cost of 

farmer i, and lm
iP  represents the input price ratio of labor 

and machinery when farmer i prefer technology selection 
bias.

By substituting formula (3) and formula (4) into formu-
la (2), the optimal decision-making function of maximiz-
ing net income utility considering the transaction cost of 
farmers’ participation in the factor market is obtained as 
follows:
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Based on the above analysis, we attempt to introduce 
the informatization level into the formula (5). On the one 
hand, informatization can effectively alleviate the infor-
mation asymmetry between farmers and factor retailers, 
make up for the lack of market information, and con-
tribute to reducing the cost of farmers’ search for factor 
market information, the cost of negotiation with factor 
retailers and the cost of supervision [34]. On the other hand, 
informatization can reduce farmers’ sensitivity to variable 
transaction costs and increase market transaction effi-
ciency [35]. Thus, assuming that the informatization level 
of a farmer i is Ii, the fixed transaction cost and variable 

transaction cost of biased input can be further defined as 
follows:

( ; , )i i iFTC I Z Zµψ= , s.t. / 0i iFTC I∂ ∂ <  (6)

2( )i i iVTC I dγ= , s.t. ( ) 0i iI Iγ∂ ∂ <  (7)

In formula (6) and formula (7), Zμ are the variables that 
affect farmers’ fixed transaction costs of biased inputting; 

( )γ ⋅  is the sensitivity function of farmer i to variable trans-
action costs of biased inputting; and di is the distance be-
tween farmers and the factor market.

Furthermore, by substituting formula (6) and formula 
(7) into formula (5), the optimal decision-making function 
of farmers’ biased inputting is obtained as follows:
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The first derivative of technology selection bias can be 
obtained as follows:

2 2 2 2( ) ( ( ) ) 0lmi
i i i i i i i i i i i i

i

U A p A p Z Tb A p I d
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∂  (9)

Then, the optimal technology selection bias *
iTb  can be 

calculated as follows:
2

*
2 2
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i i
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p p I dTb Z
A p

γ
ς σ

− +
= −  (10)

According to formula (10), we can see that apple grow-
ers’ technology selection bias depends on apple’s sale 
price pi, the price ratio of labor and machinery input lm

ip , 
informatization level Ii, distance between farmers and fac-
tor market di, farmer’s risk preference iς , apple planting 
area Ai, the variance of environmental impact 2

iσ , family 
characteristics and individual characteristics of the house-
hold head Zi.

Overall, informatization changes the relative prices of 
labor and machinery elements by affecting the transaction 
costs of farmers participating in the factor market, leading 
farmers to choose relatively abundant factors to replace 
the relatively scarce ones, thus forming a technology se-
lection bias (Figure 2). Based on the above analysis, the 
research hypothesis is proposed as follows:

Hypothesis: Because of the uncertainty about the rel-
ative size of the impact of the development of informa-
tization on the prices of machinery and labor factors, in-
formatization may induce farmers to choose labor-saving 
technology or labor-intensive technology.
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3. Methodology

3.1 Data

The data used in this paper are from the field survey 
of apple growers in Shandong, Shaanxi and Gansu by the 
research team of the National Apple Industrial Economy 
Research Office in July and August 2018. The multi-stage 
sampling method was adopted in this survey. In the first 
stage, Shandong, Shaanxi and Gansu were selected as the 
sample provinces according to the difference in regional 
informatization level by using typical sampling and strati-
fied sampling methods. In the second stage, six counties 
are selected according to the concentration level of the 
apple industry by using a typical sampling method. In the 

third stage, three towns were selected from each sample 
county by using a simple random sampling method. In the 
fourth stage, two villages were selected from each sample 
town by using a simple random sampling method. In the 
fifth stage, 20-21 farmers were selected from each sample 
village by using a simple random sampling method. In 
this survey, 744 questionnaires were collected through 
face-to-face interviews. After excluding the samples with 
inconsistent answers or important missing variables, 727 
questionnaires were collected through face-to-face inter-
views. After excluding the samples with inconsistent an-
swers or important missing variables, 727 questionnaires 
were valid and the effective rate was 97.72%. The sample 
distribution area is shown in Figure 3.
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The first derivative of technology selection bias can be obtained as follows:
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Then, the optimal technology selection bias *
iTb can be calculated as follows:
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According to formula (10), we can see that apple growers’ technology selection bias depends

on apple’s sale price ip , the price ratio of labor and machinery input lm
ip , informatization level

iI , distance between farmers and factor market id , farmer’s risk preference i , apple planting

area iA , the variance of environmental impact 2
i , family characteristics and individual

characteristics of the household head iZ .

Overall, informatization changes the relative prices of labor and machinery elements by

affecting the transaction costs of farmers participating in the factor market, leading farmers to

choose relatively abundant factors to replace the relatively scarce ones, thus forming a technology

selection bias (Figure 2). Based on the above analysis, the research hypothesis is proposed as

follows:

Hypothesis: Because of the uncertainty about the relative size of the impact of the

development of informatization on the prices of machinery and labor factors, informatization may

induce farmers to choose labor-saving technology or labor-intensive technology.

Figure 2. Theoretical framework of how informatization causes the substitution of factors inputs.
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Figure 2. Theoretical framework of how informatization causes the substitution of factors inputs.
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3.2 Model

In the theoretical analysis, the induced technology of 
factor scarcity can be divided into labor-saving technolo-
gy and land-saving technology. Considering the labor-in-
tensive characteristics of apple production, this paper 
takes labor-saving technology as an example for empirical 
analysis. In particular, the relative bias of factor inputs is 
used to define the technology choice behavior of farmers, 
i.e. the type of technology in which the labor factor input 
per unit area is relatively larger than the mechanical factor 
input per unit area is defined as labor-intensive technolo-
gy. The type of technology with labor factor input per unit 
area greater than mechanical factor input per unit area is 
defined as labor-intensive technology, while the opposite 
is defined as labor-saving technology [36,37]. Referring to 
the existing research methods [38], the calculation formula 
of the bias of labor-saving technology is as follows:

/ /i i iTb m M l L=（ ）（ ） (11)

In formula (11), mi refers to the mechanical input per 
unit area of farmer i; M represents the average mechanical 
element input per unit area of the whole sample farmers; 
li represents the labor factor input per unit area of farmer 
i; L represents the average labor factor input of the whole 
sample farmers. If Tbi > 1, it indicates that farmers prefer 
labor-saving technology; if 0 < Tbi  < 1, it indicates that 
farmers prefer labor-intensive technology; if Tbi = 1, it in-
dicates that farmers prefer neutral technology.

According to formula (11), we found that the technical 
selection bias index of sample farmers is not equal to 1. 
Therefore, the factor scarcity induced technology selec-
tion behavior was defined as a binary variable Ti. If the 
technology selection bias index Ti of farmer i was greater 
than 1, the value Ti was 1, indicating that farmers choose 
labor-saving technology; if farmers’ technology selection 
bias index Ti of farmer i was between 0 and 1, the value 
Ti was 0, indicating that farmers chose labor-intensive 
technology. Based on this, the Probit model was used to 
analyze the impact of informatization level on farmers’ 
factor scarcity induced technology selection behavior. The 
benchmark model is set as follows:
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2

6 7 8

( 1) lm
i i i i i i

i i i

Prob T I p p d A
Z

β β β β β β

β ς β β σ ν

= = + + + + +

+ + + +
 (12)

In formula (12), Ii refers to the informatization level 
of farmer i; pi represents the apple sales price of farmer i; 

lm
ip  represents the input price ratio of labor and machinery 

elements of farmer i; di represents the distance between 
farmer i and the factor market; iς  represents the risk pref-
erence of farmer i; Ai represents the apple planting area of 
farmer i; and represents the apple business area of farmer 

i; 2
iσ  represents the variance of environmental impact; Zi 

represents the characteristics of the family and the head of 
household. β1 ~ β8 are the parameters to be estimated; v is 
the random error term, and satisfies v ~ (1, 21 νν σ（，） ). In the pro-
cess of model estimation, the significance and direction of 
β1 to judge the influence of informatization level on farm-
ers’ factor scarcity induced technology selection behavior.

3.3 Variables Setting and Description

Based on the conclusions of the theoretical analysis 
above, whether farmers choose the labor-saving technol-
ogy or labor-intensive technology depends on the level 
of informatization, the apple selling price, the price ratio 
of labor and machinery factor input, the distance between 
farmers and the factor market, the size of apple planta-
tion, the risk preference, the characteristics of the family 
and the head of the household, the characteristics of the 
production environment. However, the causality remains 
to be tested. On the basis of previous studies, the specific 
variables are defined and explained in Table 1.

(1) Dependent variable: In this paper, whether or not 
the farmer chooses labor-saving technology is used to 
assess labor and machinery substitution bias. Combined 
with the technology selection bias index, it is defined as 
a binary variable. Specifically, if the farmer chooses la-
bor-saving technology, the value is 1; if the farmer choos-
es labor-intensive technology, the value is 0.

(2) The key independent variable: the level of In-
formatization. Most of the existing studies use the ICT 
penetration rate as a proxy variable for informatization [4], 
which focuses on the means of information acquisition, 
but does not fully consider the degree of farmers’ infor-
mation utilization. Therefore, in this paper, we measure 
farmers’ informatization level from three aspects: infor-
mation technology access level, information technology 
application level and information literacy level. The 
specific steps are as follows: First, we select “whether to 
access smartphones”, “whether to access mobile Internet”, 
“whether to access computers” and “whether to access 
fixed broadband Internet”, and use the “entropy weight 
method” to measure the information technology access 
level; select “the degree of agricultural information ob-
tained by mobile network” and “the degree of agricultural 
information obtained by using fixed broadband Internet”, 
and use the “entropy weight method” to measure the in-
formation technology application level. Second, the prin-
cipal component analysis method is used to measure the 
information literacy level from five aspects: information 
awareness, information acquisition ability, information 
evaluation ability, information application ability and in-
formation sharing ability. Third, to comprehensively eval-
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uate the informatization level, the entropy weight method 
is used to calculate the weight of information access level, 
information technology application level and information 
literacy level.

(3) Other controlled variables. 1) Price factors, in-
cluding apple selling price and the input price ratio of the 
labor-machinery factor. Since it is known that apple sell-
ing price is endogenous, in order to eliminate the influence 
of endogeneity on the estimation results, this paper uses 
the average apple selling price of the village as a proxy 
variable for individual apple prices. 2) Distance between 
farmers and factor market. In this paper, we focus mainly 
on the labor and machinery markets. Since the distance 
between the two-factor markets cannot be accurately mea-
sured, this paper chooses the distance between farmers 
and the nearest farm factor market as a proxy variable. 3) 
Apple farm size and farmers’ risk preferences. Apple is 
a perennial crop, and farmers’ production factor input is 
mainly concentrated on fruit trees during the fruit-bearing 
season. Therefore, in this paper, apple orchard area in the 
fruiting season is used to represent the farm size of apple 

farmers. In the questionnaire, the question was designed 
as follows: “If there was a new apple planting technology, 
how would you adopt it? (1 = not to adopt; 2 = to adopt 
according to the situation of others; 3 = to decide after a 
trial on a small area; 4 = to adopt actively)”. 4) Character-
istics of the family and the household head. The individ-
ual characteristic variables of the head of the household 
include age, years of education and experience in culti-
vation; the characteristic variables of the family include 
the proportion of agricultural labor and total household 
income. 5) Production characteristics and environmental 
conditions. In combination with apple production char-
acteristics, the proportion of irrigated area, age of apple 
trees, planting density and site conditions were selected 
to measure apple production characteristics and environ-
mental conditions. In particular, due to the differences in 
planting time and structural layout in different plots, the 
measurement of apple tree age and planting density is at 
the mean level. Site conditions are represented by regional 
virtual features, and Gansu Province is taken as the refer-
ence group.

Table 1. Variable selection, definition and description.

Variables Definition and description Min Max Mean

Dependent variable

Technology selection bias (Substitution of 
mechanical and labor factors)

Binary variable; 1 = labor-saving technology, 0 = labor-intensive technology 0 1 0.44

Independent variables

The level of informatization Informatization index based on “entropy weight method” 0.11 3.79 1.39

Price

Apple selling price The average price of apples sold in villages (yuan/kg) 1.13 4.43 2.21

Input price ratio of the labor-machinery factor Labor factor input average price/mechanical factor input average price 0 259.55 8.94

Distance between farmers and factor market Distance from factor market to nearest agricultural material sales market (km) 0.01 100 5.01

Apple farm size Apple planting area in the fruit bearing period (mu) 1 60 7.38

Farmers’ risk preference
1 = not to adopt; 2 = to adopt according to the situation of others; 3 = to 
decide after trial in small area; 4 = to adopt actively

1 4 2.83

Characteristics of the family and household head

Age The actual age of the surveyed farmer (year) 21 76 51.76

Years of education Education years of the surveyed farmers (year) 0 16 8.36

Years of experience in cultivation Apple planting years of the surveyed farmers (years) 1 47 23.02

The proportion of agricultural labor 
Number of agricultural labors in the family divided by the total number of 
households

0.2 1 0.74

Total household income Total household income in 2017 (Ln) 8.91 13.84 10.98

Production characteristics and environmental conditions

The proportion of irrigated area The irrigated fruit bearing area divided by the total fruit bearing area of apple 0 1 0.52

Age of apple trees Average age of apple trees (year) 3.6 37 18.56

Planting density Number of apple trees cultivated per mu (trees/mu) 20 218.78 47.25

Shaanxi Dummy variable; 1 = Yes, 0 = No 0 1 0.52

Shandong Dummy variable; 1 = Yes, 0 = No 0 1 0.32
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3.4 Endogenous Discussion

According to the existing literature, the level of infor-
matization in this paper may be endogenous, leading to 
estimation errors in the empirical analysis. Therefore, to 
avoid endogenous effects, we use the conditional mixed 
process (CMP) method proposed by Rodman [39] to esti-
mate the econometric model to avoid endogenous effects. 
Compared with the traditional 2SLS, the CMP estimation 
method can better resolve the discontinuity of endogenous 
variables. The CMP method is also a two-stage estimation 
process. In the first stage, the instrumental variable of the 
potential endogenous variable is found and the correlation 
between the instrumental variable and the endogenous 
variable is tested; in the second stage, the instrumental 
variable is substituted into the regression model, and then 
the value of the parameter atanhrho_12 is used to test the 
endogeneity of the endogenous variable. If the value of 
the parameter atanhrho_12 value is significantly different 
from 0, the model is endogenous and the CMP is effective 
for estimating the econometric model.

4. Results and Discussion

4.1 The Benchmark Regression

In this paper, “the proportion of 10 households near your 
home that use the Internet through smartphones” is select-
ed as the instrumental variable of informatization, and the 
probit model, CMP estimation method are used to estimate 
model (12), which analyzes whether informatization caus-
es the substitution bias of agricultural machinery inputs 
for labor inputs in Table 2. The reason why we chose the 
instrumental variable is that this variable can better reflect 
the regional informatization level. As the existing literature 
shows, the degree of information technology diffusion and 
use in a region has an important impact on the individual 
informatization level [40]. However, “the proportion of 10 
households near your home that use the Internet through 
smartphones” is relatively exogenous to farmers’ choice 
of labor-saving technology or labor-intensive technology, 
indicating that the instrumental variable is valid. As for the 
endogeneity test results, the instrumental variable has a sig-
nificant positive impact on the informatization at the level 
of 1% in the first stage, and at the same time, the value of 
atanhrho_12 is significantly different from 0. This indicates 
that the variable of informatization level is endogenous, and 
the instrumental variable and the CMP method are effec-
tive. The results and discussion for Table 2 are as follows.

According to the estimation results in Table 3, the 
level of informatization has a negative significant effect 
on farmers’ choice of labor-saving technology at the 1% 

level. This result indicates that the level of informatiza-
tion improves the possibility of selecting labor-intensive 
technology, and Hypothesis  is verified. In terms of the 
marginal effect, for every 1 unit increase in the level of 
informatization, the likelihood of selecting labor-intensive 
technologies increases by 0.224. The possible explana-
tion is that, in apple production, it is much more difficult 
to find suitable agricultural machinery than labor due to 
the topographical constraints of the main apple-produc-
ing areas. Under this constraint, the level of informa-
tization plays a greater role in reducing the transaction 
costs of farmers’ participation in the labor market than 
in the machinery market, causing the price ratio of labor 
and machinery to fall, which induces farmers to choose 
labor-intensive technologies. It is worth noting that al-
though informatization encourages farmers to choose 
labor-intensive technology, the reverse induced effect of 
the level of informatization on labor-saving technology 
may be short-lived against the background that the labor 
cost of agricultural production is still rising and the ageing 
of production units continues to intensify. Therefore, it is 
very necessary to induce farmers to choose labor-saving 
technology based on the regulatory role of informatization 
in the labor and machinery factor markets.

In terms of the impact of price factors on labor-saving 
technology selection, the apple selling price has a positive 
and significant impact on farmers’ choice of labor-saving 
technology at the 5% level, which indicates that the in-
crease in apple price will encourage farmers to choose la-
bor-saving technology, contrary to the findings of existing 
studies. The possible explanation is that the agricultural 
product market and production factor market are dynamic 
markets, and the change in agricultural product price will 
change the input structure of farmers’ production factors, 
which will cause farmers to change the technology selec-
tion bias. That is, the effect of agricultural product market 
price on farmers’ choice of labor-saving technology is not 
stable. The input price ratio of labor and machinery has 
a positive and significant impact on farmers’ choice of 
labor-saving technology at the 10% level. This result in-
dicates that the higher the price ratio of labor and machin-
ery, the more the farmers tend to choose labor-saving tech-
nology. The increasing price ratio of labor and machinery 
means that the marginal cost of labor input is higher than 
the marginal cost of machinery input, i.e. labor is more 
scarce than machinery factor. In this case, farmers tend to 
increase mechanical inputs to replace labor.

Farmers’ risk preference positively affects farmers’ 
choice of labor-saving technology at the 1% level, indi-
cating that farmers with risk preferences prefer labor-sav-
ing technology, which is contrary to the existing studies. 
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The possible explanation is that with the increasing labor 
costs, farmers with risk preference are more likely to seek 
alternative labor factors in the factor market and reduce 
the unit cost of apple production. The distance between 
the factor market and farmers, and the area of apple pro-
duction does not have a significant influence on farmers’ 
choice of labor-saving technology.

In terms of household head characteristics, age has a sig-
nificant negative effect on farmers’ choice of labor-saving 
technology at the 1% level, indicating that older farmers 
prefer to choose labor-intensive technology. The possible 
reason for this is that with increasing age, farmers’ ideology 
is easily consolidated and the recognition of labor-saving 
technology or production mode is low. In comparison, they 
still stick to the traditional labor mode. In addition, the 
influence of years of education and farming experience on 
farmers’ choice of labor-saving technology does not pass 
the significance test. In terms of family characteristics, the 
proportion of agricultural labor has a significant negative 
impact on farmers’ choice of labor-saving technology at the 
1% level, indicating that the households with abundant ag-
ricultural labor endowment tend to choose labor-intensive 
technology. The possible explanation is that the proportion 
of agricultural labor reflects to some extent the abundance 
of family labor factors. The more agricultural labor there 
is in the family, the more farmers tend to increase the input 
of labor, substituting other relatively scarce factors. Total 
household income has a positive impact on farmers’ choice 
of labor-saving technology at the 10% level, indicating that 
the higher the family income, the more likely farmers are to 
choose labor-saving technology. The possible explanation 
is that total household income reflects to some extent the 
degree of capital accumulation of farmers. The higher the 
total income, the lower the financial constraints on invest-
ment in agricultural production, and the more conducive 
it is to encourage farmers to increase mechanical inputs 
to replace the relatively scarce factor of labor. In terms of 
production characteristics, the share of irrigated area, age of 
apple trees and planting density do not pass the significance 
test for farmers’ choice of labor-saving technology.

In terms of location and environmental conditions, 
apple farmers in Shaanxi prefer labor-saving technology 
compared to apple farmers in Gansu province, which 
may be related to regional differences in apple production 
mode and labor endowment. Compared with Shaanxi and 
Shandong, due to the backward economic development in 
Gansu, the price of agricultural labor is relatively low and 
labor is more abundant. In addition, the dwarf apple culti-
vation mode, which is good at “labor saving”, is popular-
ized in Shaanxi and Gansu, especially in Shaanxi, which 
improves the substitution efficiency of mechanical factors 

for labor factors. It is worth noting that there is no signifi-
cant difference in technology selection bias between Shan-
dong apple farmers and Gansu apple farmers. The possible 
explanation is that higher labor prices in Shandong have a 
pull effect on farmers’ choice of labor-saving technology. 
However, due to the restrictive climatic conditions, it is 
difficult to popularize the labor-saving production mode 
in Shandong. The nature of the practical constraints has a 
push effect on farmers’ choice of labor-saving technology, 
so the two effects may cancel each other out.

4.2 Robustness Test Analysis

In order to further test the robustness of the above re-
search results, this paper takes the technology selection bias 
index as a proxy variable, and selects “the proportion of 10 
households near your home that use the Internet through 
smartphones” as an instrumental variable. Tobit model and 
CMP method are used to test the robustness of the impact 
of informatization level on farmers’ choice of labor-saving 
technology in Table 4. According to the estimation results 
of the first stage equation, the instrumental variable is cor-
related with the informatization at the 1% level, and the 
endogenous test parameter value atanhrho_12 is different 
from 0 at the 10% level, indicating that the CMP method 
and instrumental variable selection are effective. The results 
of the second stage show that the level of informatization 
has a significant negative impact on the technology selec-
tion bias index at the 10% level, which indicates that the 
increase in informatization will induce farmers to choose 
labor-intensive technology, which is consistent with the 
result of the benchmark model. Therefore, the conclusion 
that the level of informatization negatively affects farmers’ 
choice of labor-saving technology is robust.

4.3 Heterogeneity Analysis

Analysis of Regional Heterogeneity

The above analysis shows that the level of informatiza-
tion has a significant negative impact on farmers’ choice 
of labor-saving technologies. However, there are obvious 
regional differences in the level of informatization and the 
degree of factor market development in different regions, 
which may lead to the differences in the influence of in-
formatization on farmers’ choice of labor-saving technolo-
gy. Therefore, this paper divides the total sample into two 
sub-samples according to the geographical region division 
standard, including the eastern region and the western re-
gion. The probit model and CMP method are used to esti-
mate the econometric model in order to test the robustness 
of the information level affecting farmers’ labor-saving 
technology selection.
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Table 2. Results of the benchmark regression.

Variable

Independent variable: labor-saving tech-
nology = 1; labor-intensive technology = 0 
(CMP-Probit)

Stage Ⅰ
Independent vari-
able: Informatiza-
tion

Stage Ⅱ

Coefficient
Marginal 
effect

The level of 
informatization

—
–0.710***

(–2.89)
–0.224***

(–3.26)

Apple selling price —
0.173**

(1.97)
0.055*

(1.94)

Input price ratio of 
the labor-machinery 
factor

—
0.030*

(1.71)
0.009*

(1.71)

Distance between 
factor market and 
farmers

—
0.001
(0.17)

0.000
(0.17)

Apple farm size
0.011
(1.40)

–0.015
(–0.97)

–0.005
(–0.95)

Farmers’ risk 
preference

0.171***

(5.93)
0.186***

(3.04)
0.059***

(3.28)

Age
–0.035***

(–9.11)
–0.039***

(–3.85)
–0.012***

(–4.37)

Years of education 
0.054***

(5.09)
0.026
(1.16)

0.008
(1.19)

Years of experience 
in cultivation

0.001
(0.29)

–0.008
(–1.05)

–0.003
(–1.04)

The proportion of 
agricultural labor 

–0.110
(–0.92)

–0.531***

(–2.67)
–0.168***

(–2.64)

Total household 
income

0.159***

(3.54)
0.215*

(1.69)
0.068*

(1.74)

The proportion of 
irrigated area

—
0.029
(0.25)

0.009
(0.25)

Age of apple trees —
0.006
(0.68)

0.002
(0.68)

Planting density —
–0.000
(–0.04)

–0.000
(–0.04)

Shaanxi —
0.597***

(3.80)
0.188***

(3.51)

Shandong —
–0.058
(–0.33)

–0.018
(–0.33)

Constant
0.103
(0.19)

–0.562
(–0.36)

—

IV_1
0.006***

(4.90)
— —

Atanhrho_12
0.622**

(2.19)

Wald test 654.76***

Samples 727 727 727

*** p < 0.01, ** p < 0.05, * p < 0.1; Z-value under robust stan-
dard error is shown in parentheses; IV_1 is defined as the pro-
portion of 10 households near your home that use the Internet 
through smartphones.

Table 3. Results of robustness test.

Variable

Independent variable: Technology selection 
bias index (CMP-Tobit)

Stage Ⅰ
Independent 
variable: 
Informatization

Stage Ⅱ

Coefficient
Marginal 
effect

The level of 
informatization 

—
–0.552*
(–1.68)

–0.460*
(–1.75)

Controlled variables Controlled Controlled Controlled

IV_1
0.006***
(4.90)

— —

Constant
0.103
(0.19)

1.226
(1.24)

—

Atanhrho_12
0.414*
(1.65)

Wald test 624.44***

Samples 727 727 727

*** p < 0.01, * p < 0.1; Z-value under robust standard error 
is shown in parentheses; IV_1 is defined as the proportion of 
10 households near your home that use the Internet through 
smartphones.

According to the results of the subsample fitting in 
Table 4, in Stage Ⅰ, the instrumental variables “the propor-
tion of 10 households near your home that use the Internet 
through smartphones” and “whether the village broadcasts 
market information or not” are significantly correlated 
with the level of informatization, and the values of the 
endogenous test parameter atanhrho_12 are significantly 
different from 0 at the 1% level, respectively, indicating 
that the CMP method and instrumental variables are ef-
fective. In Stage Ⅱ, the level of informatization negatively 
affects the farmers’ choice of labor-saving technology in 
the eastern and western regions, which is consistent with 
the benchmark regression results, indicating that the neg-
ative influence of informatization level on farmers’ choice 
of labor-saving technology is robust at the regional level. 
However, the impact of the level of informatization level 
on the choice of labor-saving technology in the eastern 
region (marginal effect: –0.198) is smaller than that in the 
western region (marginal effect: –0.303). On the one hand, 
compared with the eastern region, the informatization 
process in the western region is lagging behind, and the 
problem of imperfect and asymmetric information is more 
serious in the western region, so the marginal effect of the 
informatization level on the factor market in the western 
region may be larger. On the other hand, compared with 
the eastern region, the labor price in the western region is 
lower, which provides a better environment for inducing 
farmers to choose labor-intensive technology based on the 
informatization level.
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Analysis of Different Dimensions of Informatization

There may be differences in the impact of information 
technology access level, information technology appli-
cation level and information literacy level on farmers’ 
information processing efficiency in the three dimensions 
of informatization, which leads to farmers’ heterogeneous 
transaction cost of participating in the labor and machin-
ery factor market, and further causes the relative price 
changes of labor and machinery factors, thus causing them 
to choose heterogeneous labor-saving technology. Based 
on this, this paper uses the probit model and CMP method 
to estimate the benchmark model, and discusses the influ-
ence of information technology access level, information 
technology application level and information literacy level 
on farmers’ labor-saving technology choice, so as to fur-
ther verify the robustness of the above research results.

According to the estimation results in Table 5, the in-
strumental variable “the proportion of 10 households near 
your home that use the Internet through smartphones” is 
significantly correlated with the information technology 
access level, information technology application level and 
information literacy level, respectively, and the endoge-
nous test parameter values of anhrho_12 are significantly 
different from 0 at the 5%, 1% and 5% levels, indicating 
that the CMP method and instrumental variable are effec-
tive. In terms of the results in Stage Ⅱ, the level of access 
to information technology, the level of application of in-
formation technology and the level of information literacy 
has a negative effect on farmers’ choice of labor-saving 

technology at the level of 10%, 1% and 1%, respective-
ly, which is consistent with the benchmark estimation 
results. However, in terms of the marginal effect, the 
information literacy level has the largest impact on farm-
ers’ choice of labor-saving technology (marginal effect: 
–0.391), followed by the information technology access 
level (marginal effect: –0.369), and the information tech-
nology application level has the smallest effect (marginal 
effect: –0.078). The level of information literacy reflects 
the ability of farmers to obtain and process information, 
which is supposed to eliminate the internal constraints of 
information asymmetry and directly affects the farmers’ 
decision to participate in the factor market. In contrast, the 
access to and use of information technology are external 
constraints that determine the size of the information set 
available to farmers. Theoretically, the final information 
for decision making is more dependent on internal con-
straints, so the marginal effect of information literacy 
level is larger. In addition, the reason why the marginal 
effect of information literacy level is smaller than that of 
information technology access level may be related to the 
low level of information technology application among 
farmers, although information technology application is 
more focused on obtaining factor market information. 
According to the statistics of the survey data, although 
64.79% of the farmers use information technology to ob-
tain information related to agriculture, only 6.46% of the 
farmers obtain two or more types of information related to 
agriculture.

Table 4. Results of regional heterogeneity analysis.

Variables

Independent variable: labor-saving technology = 1; labor-intensive technology = 0 (CMP-Probit)

Eastern region Western region

Stage Ⅰ Stage Ⅱ Stage Ⅰ Stage Ⅱ

Informatization level —
–0.686***

(–3.38)
—

–0.999***

(–4.95)

Controlled variables Controlled Controlled Controlled Controlled

IV_1 — —
0.005***

(3.09)
—

IV_2
–0.473***

(–2.80)
— — —

Constant
–0.005
(–0.00)

—
0.255
(0.41)

0.369
(0.27)

Atanhrho_12 
0.727***

(2.61)
1.038***

(2.67)

Wald test 209.53*** 634.98***

Samples 233 233 494 494

*** p < 0.01; Z-value under robust standard error is shown in parentheses; IV_1 is defined as the proportion of 10 households near 
your home that use the Internet through smartphones; IV-2 is defined as whether the village broadcasts market information or not.
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5. Conclusions and Implications

In the context of informatization, the transaction costs 
of farmers’ participation in the factor market may change, 
leading to a change in the relative prices of factors and 
inducing farmers to choose the scarce factor-saving tech-
nology. However, there is no research to confirm this con-
clusion. Therefore, this study comprehensively evaluates 
the informatization level from three aspects of information 
technology access, information technology application 
and information literacy, and analyzes the impact of infor-
matization on farmers’ choice of labor-saving technology 
with 727 apple farmers randomly selected. To address 
endogeneity issues, this paper uses the probit model and 
CMP method, which can better resolve the discontinuity 
of endogenous variables compared with the traditional 
2SLS. 

The empirical results of CMP revealed a negative 
and significant relationship between informatization and 
farmers’ choice of labor-saving technology, and the con-
clusion is robust at the regional level, but the negative 
impact of the level of informatization on farmers’ choice 
of labor-saving technology is smaller in the eastern region 
than that in the western region. The effects of three differ-
ent dimensions of informatization on farmers’ choice of 
labor-saving technology are varied. In particular, the level 
of information literacy has the largest impact on farmers’ 
choice of labor-saving technology, followed by the lev-
el of access to information technology, and the level of 
information technology application is the least. Further-

more, some factors were identified as important drivers of 
farmers’ choice of labor-saving technology. Especially, the 
apple selling price, farmers’ risk preference, total house-
hold income, labor-machinery factor input price ratio had 
a positive and significant impact on farmers’ choice of 
labor-saving technology, while age, the proportion of ag-
ricultural labor had a significant negative effect on farm-
ers’ choice of labor-saving technology. However, Several 
factors did not impact significantly farmers’ choice of 
labor-saving technology, including the distance between 
factor market and farmers, apple farm size, years of edu-
cation, years of experience in cultivation, the proportion 
of irrigated area, age of apple trees and planting density.

Based on the above conclusions, this paper has two im-
plications:

(1) The government should seize the opportunity of ru-
ral revitalization and development to coordinate the popu-
larization of information technology and the improvement 
of information literacy, formulate differentiated regional 
informatization development strategies, orderly promote 
agricultural and rural informatization, comprehensively 
improve the informatization level of farmers, invigorate 
the factor market and effectively reduce the transaction 
cost of farmers’ participation in the factor market. First, 
we should join hands with network operators to lower the 
tariff standards of mobile Internet and fixed broadband In-
ternet to improve the information access level in rural ar-
eas. Second, we should promote factor market innovation 
based on big data or cloud computing, and guide farmers 
to use information technology to obtain market informa-

Table 5. Analysis results of different dimensions of informatization.

Variables
Independent variable: labor-saving technology = 1; labor-intensive technology = 0 (CMP-Probit)

Stage Ⅰ Stage Ⅱ Stage Ⅰ Stage Ⅱ Stage Ⅰ Stage Ⅱ

Information technology access —
–1.108*

(–1.87)
— — — —

Information technology application — — —
–0.241***

(–3.15)
— —

Information literacy — — — — —
–1.225***

(–2.60)

Controlled variables Controlled Controlled Controlled Controlled Controlled Controlled

IV_1
0.003***

(5.33)
—

0.018***

(4.85)
—

0.003***

(4.76)
—

Constant
0.006
(0.03)

–0.647
(–0.37)

–1.715
(–1.01)

–0.865
(–0.51)

2.080***

(7.88)
1.899
(0.95)

Atanhrho_12 
0.386**

(2.02)
0.436***

(2.71)
0.586**

(2.22)

Wald test 460.92*** 436.48*** 417.45***

Samples 727 727 727 727 727 727

*** p < 0.01, ** p < 0.05, * p < 0.1; Z-value under robust standard error is shown in parentheses; IV_1 is defined as the proportion of 
10 households near your home that use the Internet through smartphones.
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tion and production factors. Third, we should promote 
information training in various ways (e.g. adult education 
and on-site guidance training) to gradually improve farm-
ers’ information literacy.

(2) The government should strengthen the innovation 
of mechanical technology suitable for the current apple 
cultivation mode, and pay attention to the construction of 
an information disclosure mechanism for the agricultural 
machinery market or mechanized service market based 
on information technology, so as to reduce the transaction 
cost of farmers’ participation in agricultural machinery 
market and mechanized service market, and guide farmers 
to choose labor-saving technology, so as to avoid farmers 
to fall into the trap of technological progress.

Overall, this paper examines the impact of informatiza-
tion on the relative input bias of machinery and labor fac-
tors by taking apple farmers as an example, providing a 
Chinese case for the application of induced technological 
change theory in the context of informatization. However, 
due to the relatively slow technological progress of ma-
chinery and the upgrading of agricultural machinery in the 
apple production process, it may lead to relatively high 
fixed transaction costs for farmers to participate in the ma-
chinery factor market. However, this issue is not well ad-
dressed in the analysis of this paper due to measurement 
difficulties, which may affect the input costs of machinery 
factors for farmers and thus lead to changes in the relative 
input bias of mechanical labor. This is a research defi-
ciency of this paper and we hope to be able to identify this 
problem more precisely in further research.
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