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ABSTRACT 
 
Bangladesh’s economy depends heavily on agriculture, which therefore poses a formidable challenge to  

ending food insecurity. Education, workforce development, and technical field knowledge upgrades are 

required for this contest to increase the efficiency of the agricultural industry. The modern agriculture sector 

is prioritized in terms of sustainable economic growth. A key factor in Bangladesh’s agriculture sector’s 

growth has been human capital. This study’s main goal was to evaluate the relationship between human 

capital and agricultural growth in Bangladesh from 1972 to 2021. To examine the relationship between the 

study variables with the analysis of the long-run and short-run, an autoregressive distributes lag (ARDL) 

bound testing technique to co-integration was used. The findings showed that every variable has a major 

impact on the agriculture industry. According to the findings, policy changes are required regarding 

investments in the education sector to strengthen human capital and an agricultural credit that contributed to 

increase Bangladesh’s agricultural output. 
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INTRODUCTION 
 
Production of crops and cattle, especially in developing nations, is essential to economic progress [1, 2]. 

Additionally, this industry guarantees the security of food and essential nutrients while also hiring 

pastoralists and supporting rural economies significantly [3]. The agricultural industry also contributes to 

emerging economies’ export shares [4, 5]. Due to the food crisis and price increase, the agricultural sector 

changed the game for global politics and policymakers between 2008 and 2009 [6, 7]. In South Asian 

countries, agriculture is far more significant than other industries since one in three people are directly 

employed in it, it greatly boosts GDP, and it provides rural people with a means of subsistence [8, 9]. In 

Bangladesh, the agriculture industry contributed 15% of the total GDP [10]. Human capital biodata includes 

technique differences, sanitation, health, appropriate education, job training, immigration, and a connection 

with all population abilities for the development of the country [11]. Due to changes in human activity, 

individual turnover is now more lucrative, profitable, and beneficial for an economy [12]. Accordingly,  

Bangladesh’s half-decade plan (2013–2018) set a target of 4.0–5.0% and effectively attained it in the 

agriculture sector by increasing total factor productivity (TFP) and incorporating new technologies [13]. In 

Bangladesh, over 51% of all jobs are in the agricultural sector [14]. While a literature review identified the 

role of education in inefficient farming and growth [15], it is generally accepted that well-trained, qualified 
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human capital makes an evaluation in crop farming activities directly related to total factor productivity  

(TFP) change [16]. Bangladesh is one of several developing nations whose economic development is largely 

dependent on how well its agriculture sector performs [17]. However, agriculture will undoubtedly have an 

impact on a nation’s development [18]. Experience in the past shown that eras of strong and weak 

agricultural growth often coincided with those of strong and weak national economic performance [19]. 

More over half of the world’s population is fed by agriculture, making it the most powerful industry in the 

world [20]. 
 

Thus, the paper main goal is to investigate the human capital effect on agricultural productivity increase and 

on the agricultural frontier expansion in Bangladesh. Such an objective is due to the importance of 

agricultural production in social and economic development, as it ensures the food and nutritional security 

in developing countries. In addition, agricultural production impacts the environmental, social and structural 

changes in the economy. In this sense, the concern arises to assess the possible implications of human 

capital on the agricultural sector in Bangladesh. Education and economic development are strongly 

correlated [21]. People with greater education pick up useful skills faster and can demonstrate them more 

naturally [22]. However, research was done, and the findings showed the new technology transformation 

and economic growth in the agriculture sector [23]. It also studied how the literal peoples readily accept 

modern technology as opposed to illiterate people [24]. 

 

CONCEPTUAL AND THEORETIC REVIEW 
 

Human Capital a Conceptual Review 
 

Schultz popularized the concept of human capital and the human capital model, which acknowledged human 

potential while enhancing productivity [25]. The power of competent human capital to increase sectoral and 

personal income has been documented [26]. The essential components of human capital include training, 

education, experience, and skill [27]. 
 

Human Capital a Theoretical Review 
 

Rising agriculture sector expansion is accompanied by ongoing investments in human capital in developing 

nations [28]. The expansion of the agriculture industry can be influenced by human capital via a number of 

functional channels [29]. As surplus production is transported locally and internationally and human capital 

becomes more technologically savvy, the economy can advance [30]. Through the commercial marketing of 

crops and livestock products, the way farmers live their life is improved, which benefits numerous economic 

sectors. The agricultural sector must adopt contemporary methods, including new inputs, knowledge, and 

understanding of market demands [31]. The use of technology, management expertise, and the application 

of various growth strategies enable privatized enterprises to achieve their full potential [32]. 
 

According to the dual economy model, the economy can be split into the industrial and agricultural sectors, 

which make up the majority of this model [33]. The bulk of rural residents reside in rural areas, and 

agricultural goods constitute the mainstay of their income. It has been found that if some workers leave a 

labor group while the output remains constant, the marginal productivity of those workers is equal to zero 

[34]. The productivity and profits of the industrial sector improve with the involvement of labor, and farm 

sector salaries follow suit [35]. 
 

Prevailing Literature 
 

Economic growth is influenced by human capital, which also helps to coordinate sectoral growth. There are 

over 184 million people living in Bangladesh, and the rural population is closely linked to the agricultural 

economy [28]. Approximately 15% of the nation’s gross domestic product (GDP) is contributed by the 

agriculture sector, which employs more than 51% of the labor force [10]. Rice, cotton, sugarcane, wheat, 
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and maize are Bangladesh’s major agricultural crops [36]. MIsra et al. research confirms that human capital 

has a positive impact on agricultural profitability [37]. Using skilled and specialized workers increased the 

rate of output growth. Rural profitability is increased as a result of human capital’s contributions to the  

agricultural sector and the production growth blueprint [38]. 
 

Trade liberalization, modern technology, physical capital, and the total workforce have all had an impact on 

overall output, which has in turn influenced agricultural growth and lowered the unemployment rate [39]. 

Bangladesh’s agriculture sector might grow faster with increased physical capital and skilled workers [40]. 

A rise in agricultural output directly contributes to the reduction of poverty since it creates jobs and money 

for households. A rise in technology, institutional change, asset endowments, and access to the market for 

progressive stockholders may lead to a decrease in poverty and an increase in agricultural productivity [33]. 

Agriculture and economic expansion had been strongly impacted by the labor educational system [41]. To 

achieve the desired industrial growth, it is essential to improve labor organization, planning, and 

management skills. Through technical training, advanced public education, and vocational education, 

productivity development in goods and services can be increased [30]. Economic growth is undoubtedly 

impacted by human resource development (HRD) and human resource management (HRM), while 

excellence in vocational training and public advanced training also increased the productivity of goods and 

services (Mehdi 2011). Total factor productivity (TFP) and GDP growth are found to be positively 

correlated. Productivity is significantly impacted by technological advancements, technical efficiency, and 

farmer education [36]. 
 

According to Kaboski’s (2009) research, skilled labor (such as education, vocation, and industry experience)  

directly influences economic growth [42]. The ability of the labor force and productivity can be improved 

by increasing the availability of skilled and educated labor [43]. Cropped output is undoubtedly impacted by 

agricultural finance, whereas income in the sector is influenced by two mechanisms: wages per section of 

cropland and wages per developed area [44]. Impact of human capital on an economy’s ability to grow 

economically. 

 

MATERIALS AND METHODS 
 
Sources of Data 

 

Time series data was used from 1972-2021which was collected from the Economic Survey of Bangladesh 

(GOB) and World Development Indicators (WDI) asreported the variables description in (Table 1). 
 

Table 1: Variables description and data sources 
 

Variables Descriptions Data Sources 

AVA Agriculture Value Added WDI 

Lr Employed Labor Force WDI 

La Agricultural Land WDI 

Tr Tractors GOB 

HC Human Capital WDI 

W Water Availability WDI 

Cr Agricultural Credit WDI 

 

Model Specification 
 

The following model uses the regression technique to examine the relationship between dependent and 

independent variables. The implicit forms of the multivariate regression model specification are followed.: 
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AVA = f(Lrt, Lat, Trt, HCt , Wt, Crt)    (1) 

In Eq. (1) AVA indicates the agriculture value added, Lr indicates the labor force, La indicates the 

agricultural land, Tr show the tractors, HC indicates the human capital, W shows the water availability and 

Cr represents the agricultural credit. Equation 1 can also be written as; 

 

𝐀𝐕𝐀𝐭 = 𝛂𝟎 + 𝛂𝟏𝐋𝐫𝐭 + 𝛂𝟐𝐋𝐚𝐭 + 𝛂𝟑𝐓𝐫𝐭 + 𝛂𝟒𝐇𝐂𝐭 + 𝛂𝟓𝐖𝐭 + 𝛂𝟔𝐂𝐫𝐭 + 𝛍𝐭                                  (𝟐) 

 

By employing natural logarithm to Eq. (2) it can be written as; 

 

𝐥𝐧𝐀𝐕𝐀𝐭 = 𝛂𝟎 + 𝛂𝟏𝐥𝐧𝐋𝐫𝐭 + 𝛂𝟐𝐥𝐧𝐋𝐚𝐭 + 𝛂𝟑𝐥𝐧𝐓𝐫𝐭 + 𝛂𝟒𝐥𝐧𝐇𝐂𝐭 + 𝛂𝟓𝐥𝐧𝐖𝐭 + 𝛂𝟔𝐥𝐧𝐂𝐫𝐭 + 𝛍𝐭               (𝟑) 

 
Eq. (3) is the log-linear model, and is constant intercept, show the natural logarithm of agricultural value 

added, indicates the natural logarithm of labor force, shows the natural logarithm of agricultural land, 

indicates the natural logarithm of tractors, shows the natural logarithm of human capital, shows the natural 

logarithm of water availability, presents the natural logarithm of agricultural credit, and is error term. 
 

Co-Integration with Autoregressive Distributed Lag (ARDL) Model 
 

This study employs the Autoregressive Distributed Lag (ARDL) bounds testing method, which was created 

by Pesaran and Shin in 1998 and further extended by Pesaran et al. in 2001, to examine the relationship 

between the dependent and independent variables with the analysis of the long-run and short-run [45]. With 

the exception of the presence of I(2), the co-integration testing approach is applicable regardless of the 

sequence of integration with the relevant variables, I(0) and/or I(1). The ARDL representation of equation 

(3)’s unrestricted error correction model (UECM), shown in equation (4), was used to explore the long-run 

and short-run relations: 

∆𝐥𝐧𝐀𝐕𝐀𝐭 = 𝛃𝟎 + ∑ 𝛃𝟏𝐢∆𝐥𝐧𝐀𝐕𝐀𝐭−𝐢

𝐩

𝐢=𝟏

+ ∑ 𝛃𝟐𝐢∆𝐥𝐧𝐋𝐫𝐭−𝐢

𝐪𝟏

𝐢=𝟏

+ ∑ 𝛃𝟑𝐢∆𝐥𝐧𝐋𝐚𝐭−𝐢

𝐪𝟐

𝐢=𝟏

+ ∑ 𝛃𝟒𝐢∆𝐥𝐧𝐓𝐫𝐭−𝐢

𝐪𝟑

𝐢=𝟏

+ ∑ 𝛃𝟓𝐢∆𝐥𝐧𝐇𝐂𝐭−𝐢

𝐪𝟒

𝐢=𝟏

+ ∑ 𝛃𝟔𝐢∆𝐥𝐧𝐖𝐭−𝐢

𝐪𝟓

𝐢=𝟏

+ ∑ 𝛃𝟕𝐢∆𝐥𝐧𝐂𝐫𝐭−𝐢

𝐪𝟔

𝐢=𝟏

+ 𝛂𝟏𝐥𝐧𝐀𝐕𝐀𝐭−𝐢 + 𝛂𝟐𝐥𝐧𝐋𝐫𝐭−𝐢

+ 𝛂𝟑𝐥𝐧𝐋𝐚𝐭−𝐢 + 𝛂𝟒𝐥𝐧𝐓𝐫𝐭−𝐢 + 𝛂𝟓𝐥𝐧𝐇𝐂𝐭−𝐢 + 𝛂𝟔𝐥𝐧𝐖𝐭−𝐢 + 𝛂𝟕𝐥𝐧𝐂𝐫𝐭−𝐢 + +𝛍𝐭                      (𝟒) 

 

Where,   indicates the difference operator, 𝜷𝟎 is constant intercept, α indicates the coefficients of long-run, 
while β imprisonments the coefficients of short-run. The co- movement of the long-run analysis among the 

study variables of interest is ascertained on the basis of F-Statistics estimation. 

 

EMPIRICAL RESULTS AND DISCUSSIONS 
 
Unit Root Test Results 

 

The results of the Phillips-Perron unit root test with intercept, followed by both intercept and trend, and the 

Augmented Dickey-Fuller unit root test are presented in Table 2. 
 

Table 2. Results of augmented dickey–fuller and Phillips–Perron unit root test 
 

Variables At Level First Difference At Level First Difference 

Phillips–Perron Unit Root Test Augmented Dickey–Fuller Unit Root Test 
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LnLr -1.18579 -14.6106* -2.93931 -21.0787** 

LnLa -1.82795 -11.2113* -2.79473 -17.8183* 

LnTr -0.91894 -6.06235* -6.03922 -4.69567* 

LnHC -2.61705 -3.55872* -0.85825 -4.40961** 

LnW -1.36485 -4.53943 -2.53872 -4.48891 

LnAVA -1.6508 -3.6607*** -1.85675 -22.1291* 

LnCr -1.46649 -5.76922 -1.46467 -3.7014 
 

*, **, *** showed the rejection of null hypothesis at 1%, 5% and 10% level of significance 
 

In order to determine the significance of the variables at 1%, 5%, and 10% and the fact that none of the 

variables had been integrated with the order of I(2), the results of the augmented Dickey-Fuller unit root test 

and Phillips-Perron unit root test were combined. The Autoregressive Distributed Lag (ARDL) model was 

then used. The ARDL bounds testing is suggested as being superior and preferable due to its many 

advantages, including not requiring that all of the system’s variables be of an equal order of integration; 

being a very efficient estimator even with small samples; and even accepting some endogenous regressors. 

We choose to use the ARDL approach to cointegrate because it is very efficient even with small samples. 
 

Bounds Testing Procedure 
 

To determine whether there was a long-term link between the dependent and independent variables, a limits 

test was used. To determine the value of F or Wald statistics for the importance of the lagged variables, the 

OLS method is used. Table 3 provides an illustration of the significance of F or Wald statistics. The F- 

statistic has a value of 5.61889205, which is higher than the critical values at the upper bound at the (1% 

and 5%) significant level. These findings demonstrate that human capital and a measure of the performance 

of the agriculture industry are linked throughout time. 
 

Table 3. ARDL bounds test for co-integration results 
 

ARDL Bounds test for Co-integration results 

F-Statistic Significance Level Lower Bound Upper Bound Decision 

 
5.61889205 

10% 3.3681 4.5217  
Co-integrated 05% 2.7089 3.7286 

01% 3.0076 3.2342 

 

The limits tests shown in table 3 summarize whether dependent and independent variables exhibit 

cointegration associations at the (1%, 5%, and 10%) significant levels. Additionally, we applied the 

Johansen and Juselius (1990) cointegration test, and Table 4’s interpretation of the results using trace 

statistics and the greatest eigenvalues. 
 

Table 4: Results of the Johansen cointegration test using trace statistic and maximum eigenvalues. 
 

Trace Statistic 

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical Value Prob.** 

None * 0.91117 399.29536 171.77320 0.00000 

At most 1 * 0.90197 204.95980 126.59113 0.00000 

At most 2 * 0.85854 297.57133 91.54734 0.00000 
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At most 4 * 0.74739 104.59748 72.28438 0.00010 

At most 5 * 0.87087 78.49731 51.68442 0.01782 

At most 5 * 0.57561 38.20794 26.54207 0.00000 

At most 6 * 0.26874 9.48622 16.94443 0.32394 

At most 7 * 0.00083 0.07200 4.24351 0.94739 

Maximum Eigenvalue Statistic 

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical Value Prob.** 

None * 0.9838 125.4783 48.3884 0.0000 

At most 1 * 0.9671 93.2238 42.3445 0.0011 

At most 2 * 0.9348 71.4430 36.2639 0.0020 

At most 4 * 0.8080 41.9162 30.1352 0.0000 

At most 5 * 0.7309 33.1816 23.9176 0.2391 

At most 5 * 0.5572 20.4793 17.6193 0.9106 

At most 6 * 0.2445 7.0218 11.1126 0.0176 

At most 7 * 0.0006 0.0150 4.0886 0.0000 
 

Denotes rejection of the hypothesis at the 0.05 level, ** p-values. 
 

Table 5. Long-run analysis results ARDL Co-integrating and Long-Run Form 
 

Co-integrating Form 

Variables Coefficient Std. Error t-Statistic Prob. 

D(LnHC) 0.5993 0.2386 2.5618 0.0214 

D(LnLr) 21.2043 8.3974 2.5756 0.0214 

D(AVA) -1.8654 2.0320 -0.9363 0.3859 

D(LnLa) 0.7167 0.2052 3.5630 0.0020 

D(LnTR) 0.1692 0.0551 3.1350 0.0061 

D(LnW) 0.2358 0.0486 4.9545 0.0000 

D(LnCr) 0.0841 0.0166 5.1612 0.0000 

Coint. Equation(-1) -0.5793 0.2404 -2.4578 0.0000 

Long-Run Coefficients 

Variables Coefficient Std. Error t-Statistic Prob. 

LnHC 1.7647 1.2602 3.4911 0.0337 

LnLr 16.4887 9.3117 0.0260 0.0908 

LnAVA 0.3859 3.3576 0.4060 0.7123 

LnLa 1.0018 1.3487 4.0878 0.0092 

LnTR 2.3340 3.1595 0.1668 0.0041 

LnW 0.4063 1.9084 1.1113 0.0000 

LnCr 0.6983 9.1596 7.2271 0.0908 

C -1.0821 26.2184 -7.7801 0.0000 

 

Concentrating on the elasticity of variables in long-run analysis, the results naked that the human capital of 

Bangladesh has optimistic and significant impact, as the economic growth has coefficient of 1.7647 with p- 

value of 0.0337, Likewise (e.g., the coefficients of employed labor force, agriculture value-added growth, 
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agriculture land area, agriculture machinery tractor, water ability and agriculture credits) had encouraging 

and significant impact upon each other and with economic growth. The coefficients of the employed labor 

force, agriculture value-added growth, agriculture land area, agriculture machinery, water availability, 

agriculture credit are 16.4887,0.3859, 1.0018, 2.3340, 0.4063 and 0.6983 with their p-values of 0.0908, 

0.7123, 0.0092, 0.0041, 0.00, and 0.0908, respectively. 
 

Short-Run Analysis 
 

The outcomes of the short-run analysis were shown in Table 6. The co-integration existing among the set of 

variables necessitates an error correction model (ECM) to capture the dynamics of the short-run relationship 

with its co-efficient, which measures the speed of adjustment. The speed of adjustment towards the long-run 

equilibrium following a short-run shock is indicated by the error correction model. The major benefit of the 

(ECM) representation is that it avoids the issues of spurious correlation between dependent and explanatory 

factors, which must be bestowed to co-integrated variables. The short-run dynamic parameters were 

analyzed using the unrestricted error correction model (UECM). Engle and Granger developed the error 

correction model to compare the long-run stability of economic variables with their short-term performance. 
 

The short-run relationship’s dynamics have an R-squared value of 0.9938, which shows that there is about 

(99%) variation in economic growth as described by the model’s independent variables. The independent  

variables’ joint importance established the F-statistic at a (1%) level of significance. The Durbin-Watson 

(DW) statistic for the absence of any auto-correlation has a value of 3.4743, which did not match the usual 

DW value. However, this is sufficient to show whether the model contains any auto-correlation. 
 

Table 6: Short-run analysis results 
 

Variable Coefficient Std. Error t-Statistic Prob. 

D(AVA(-1)) 2.2501 0.4134 5.4970 0.0000 

D(AVA(-2)) 1.4357 0.3022 4.7982 0.0002 

D(AVA(-3)) 0.4022 0.1575 2.5784 0.0202 

D(Lr) -134.4963 40.3832 -3.3638 0.0037 

D(Lr(-1)) -82.7512 37.3045 -2.2404 0.0400 

D(La) -0.6582 0.5421 -1.2265 0.2427 

D(Tr) 0.0482 0.0559 0.8724 0.4031 

D(Tr(-1)) -0.2788 0.0742 -3.7945 0.0014 

D(HC) -7.3962 5.2017 -1.4361 0.1739 

D(HC(-1)) -10.2491 5.4687 -1.8929 0.0780 

D(W) 0.4601 0.1137 4.0861 0.0008 

D(Cr) 0.0898 0.0244 3.7082 0.0017 

D(Cr(-1)) -0.0647 0.0178 -3.6803 0.0019 

C -198.0215 25.9614 -7.7038 0.0000 

CointEq(-1) -0.5736 0.2380 -2.4337 0.0000 

R-squared 0.99380 Mean dependent var. 7.4728 

Adjusted R-squared 0.99434 S.D. dependent var. 0.3370 

S.E. of regression 0.02780 Akaike info criterion. -4.2706 

Sum squared resid. 0.02080 Schwarz criterion -3.7401 

Log likelihood 62.85231 Hannan-Quinn criter -4.0599 

F-statistic 198.22760 Durbin-Watson stat 3.4743 
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Prob(F-statistic) 0.00000   

 

Table 7 shows the Breusch–Godfrey Serial Correlation Test, and heteroskedasti city test with p-values of 

0.05572 and 0.10764 respectively. 
 

Table 7. Diagnostic and stability tests outcomes 
 

Diagnostic and Stability tests 

Test Statistics (LM Version) Stability Tests Prob. 

Breusch–Godfrey Serial Correlation 3.33902 0.05572 

Heteroscedasticity 0.80892 0.10764 

CUSUM (Cumulative Sum)  Stable 

CUSUMSQ (Cumulative Sum of Square)  Stable 

 

Structural Stability Test 
 

The long-run and short-run constraints are stabilized using stability tests that use the CUSUM and CUSUM 

square point. Figures 1 and 2 show the graphs for the CUSUM test and CUSUM square test, both of which 

show that all of the values fall inside the crucial ranges at a significance level of 5%. It demonstrates that the 

long-run and short-run parameters are stable. 
 

 

Figure 1. Plot of CUSUM 
 

 

Figure 2. Plot of CUSUM of square
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CONCLUSIONS 
 
ARDL bound testing approach to co-integration was used to evaluate the link between the research variables 

with the analysis of both the long-run and short-run in order to determine the association between human 

capital and agricultural expansion. The preliminary findings suggested that factors such as agricultural 

financing, labor force, tractors, water accessibility, and human capital index have a major impact on 

Bangladesh’s agricultural growth. In order to strengthen the agricultural sector, the government of 

Bangladesh should implement new policies involving human capital. In addition, the government must 

ensure that agricultural finance is timely and reasonably priced. It is also advised that the growth of 

agriculture be accelerated by both the quality and quantity of human capital. 
 

Human capital has been identified as a significant aspect in the advancement and growth of the financial 

sector. This study has made an effort to analyze how human capital affects Bangladesh’s actual GDP or 

development in the agricultural sector. The human capital is the information factor of generation, according 

to the neoclassical development theory, but people tend to think of it more like physical capital, which 

consistently loses value. Recent years have seen an increase in the relevance of human capital due to 

growing sectoral growth concerns. In the context of Bangladesh, this was the time when the government 

placed a strong emphasis on the increased use of human capital policies and sectoral growth-promoting 

initiatives. Policymakers, economists, and researchers can evaluate the performance of human capital and 

sectoral growth in Bangladesh and examine the status of human capital in this direction of sectoral growth 

using the review offered in this study. Less research, however, has been done on identifying additional 

human capital resources and factors that limit the expansion of the agriculture sector’s contribution to 

overall economic growth. Future study may be conducted in this area. 
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