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ABSTRACT 

A major global concern is the decline in soil fertility and the resulting reduction in crop yields in 

developing nations due to improper soil fertility management practices. Furthermore, to improve food 

security and environmental sustainability in farming systems, both the national and international 

communities acknowledge that an integrated approach to managing soil fertility is necessary. 

Considering the importance of soil fertility, the study aimed to assess farmers‘ knowledge on farmers‘ 

knowledge on integrated soil fertility management as well as identify the influential factors that may 

affect their knowledge along with figuring out the problems faced by the farmers in practicing 

integrated soil fertility management. Data were collected from three villages of Mymensingh sadar 

upazila (sub-district) under Mymensingh district purposively and analyzed using Multiple Linear 

Regression Models. Findings indicated that the majority (66.66%) of the non-FFS farmers were found 

to have a low level of knowledge on integrated soil fertility management whereas 60% of the FFS 

farmers had a higher level of integrated soil fertility and nutrient management knowledge. There are 

several factors that influence the knowledge of farmers on integrated soil fertility management. For 

the Non-FFS famers farm size, annual family income, and training; and for FFS farmers, exposure to 

extension media and training significantly influence the knowledge level of the farmers on integrated 

soil fertility management. Analysis shows that these factors explained 91% variation (for Non-FFS) 

and 89% variation (for FFS) in the farmers‘ knowledge on integrated soil fertility management. There 

were notable differences between FFS and non-FFS farmers in terms of the problems they 

experienced while practicing integrated soil fertility management. In order to address the difficulties 

that non-FFS farmers face, a number of governmental and non-governmental organizations can 



 

actively work to raise farmers' awareness of and knowledge about integrated soil fertility management 

by putting appropriate policies in place. These include providing technical education, training, and 

group-based extension activities like Farmer Field School. 
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INTRODUCTION 

Since over 95% of the world's food originates from land, the availability of fertile soils is crucial to 

maintaining a sufficient supply of food for everyone. However, efforts are required to increase soil 

quality [1,2]. A major global concern is the decline in soil fertility and the resulting reduction in crop 

yields in developing nations due to improper soil fertility management practices [3,4]. Climate change 

is a contributing element to these concerns, as noted by Swaminathan and Kesavan [5]; IPCC [6]; 

Khatri-Chhetri et al. [7]. Extreme weather events, such as droughts, floods, intense heat waves, and 

an increase in the frequency of wildfires, are brought on by fluctuating climatic circumstances [4]. 

Bangladesh is known for its dense population on limited land, accelerated urbanization without 

planning, food and nutrition insecurity, and Asia's lowest level of climate change resilience [8].  Thus, 

in order to meet the demands of Bangladesh's growing population, sustainable soil fertility 

management and crop production are required [9]. 

Even though soil conservation and soil fertility maintenance techniques are widely recognized 

[10,3,4], farmers in developing countries like Bangladesh face several obstacles to their proper 

adoption and implementation, including a lack of adaptable technology, scarce financial and material 

resources, limited access to farm inputs, and growing population pressure on land resources [4]. 

Bangladesh's agriculture has been affected by a number of issues, including soil pollution and nutrient 

shortages, poor crop and soil management, conversion of agricultural land to other uses, pest and 

disease risks, and natural disasters [11]. In order to implement improved agricultural production 

technology, it is imperative to get over the obstacles that the majority of farmers in a community 

confront [12]. 

In order to achieve food security and environmental sustainability in farming systems, both the 

national and international communities acknowledge that an integrated approach to managing soil 

fertility is necessary. This approach should maximize crop productivity while minimizing the depletion 



 

of soil nutrients and the physical and chemical deterioration of soil, which can result in land 

degradation, including soil erosion [13,2,14,15]. 

The term Integrated Soil Fertility Management (ISFM) refers to the practice of utilizing organic 

resources including composts, green manures, crop residues, bovine manures, and biofertilizers in 

conjunction with mineral fertilizers [16,2]. Its fundamental idea is to maintain crop and soil productivity 

by optimizing all available plant nutrient sources in an integrated way. This system integrates all 

aspects of organic and mineral plant nutrient sources into the crop production system of the Food and 

Agriculture Organization of the United Nations [17,2]. It uses these resources wisely and efficiently to 

produce crops in a sustainable manner [18,2]. 

Due to farmers' knowledge of soil fertility and management [19,20,4], farming system diversity, and 

other factors, integrated soil fertility management approaches generally differ from farmer to farmer, 

even at the local scale [21,22,23]. Additionally, farmers and researchers typically have different levels 

of knowledge and information [24], which makes it difficult for farmers to implement suggestions for 

soil fertility management [25]. 

Several studies have been conducted on soil fertility and integrated soil fertility management in 

different parts of the world, e.g., Kome et al. [4]; Havlin and Heiniger [26]; Mugwe et al. [27]; 

Tesfahunegn et al. [28]; Martey and Kuwornu [29]; Adolwa et al. [30]; Dawoe et al. [19]; Vanlauwe et 

al. [31]; Mowo et al. [32]; Corbeels et al. [33]. However, very limited research has been carried out in 

Bangladesh on integrated soil fertility management, e.g., Farouque and Takeya [34]; Saleque et al. 

[35]; Farouque and Takeya [13]. Farouque and Takeya [34] revealed the farmers‘ perceptions of 

integrated soil fertility management for sustainable crop production. Soil fertility management is an 

important pre-requisite for maintaining soil fertility and enhancing crop productivity. Farmers‘ 

knowledge of integrated soil fertility management is necessary for sustaining agro-ecosystems 

through site-specific management. None of the research was conducted on farmers‘ knowledge of 

integrated soil fertility management in Bangladesh. Thus, this study intends to assess farmers‘ 

knowledge on integrated soil fertility management as well as explore influential factors affecting their 

knowledge of integrated soil fertility management and figure out the problems faced by farmers in 

practicing integrated soil fertility management. 

 



 

METHODOLOGY  

Study area, population, sample size and data collection 

For the purpose of performing this study, three villages—Vobokhali, Churkhai, and Narayanpur—of 

the Vobokhali union under the Mymensingh sadar Upazila were purposely selected (see Figure 1.) It 

is located between 24°40' and 7°32' North and between 90°26' and 90°15' East. The Brahmaputra 

river flows alongside the Mymensingh district.  

 

 

 

 

  

 

 

Fig. 1. Map of Bangladesh showing the study area 

Within the chosen villages, the selection of farmers was based on sampling criteria of whether 

farmers participated in Farmer Field School (FFS) or not. There were around 700 farmers in the 

selected three villages. Sixty (60) farmers were selected purposively for this study. Among these 60 

farmers, 30 farmers participated in the farmers field school (FFS) and rest 30 farmers did not 

participate in the FFS. Considering the size of the actual population was huge, selecting this sample 

size of 60 was arbitrary [36]. When deciding the sample size, the study budget, time, and data quality 

were also taken into account [37]. Data was collected in a face-to-face interaction using a structured 

questionnaire between April 2021 to June 2021. 

Measurement of the variables and analysis of data 

Farmers‘ knowledge regarding integrated soil fertility management was the dependent variable of this 

study. Farmers‘ knowledge was measured based on their responses to the selected questions. For 

Study area 



 

this purpose, twelve aspects such as knowledge on integrated soil fertility management related 

concept, soil health, soil testing, Balanced nutrient supply, Tillage, Irrigation , Weeding , Crop residue 

management, Soil erosion , Crop rotation , Cropping pattern and Best practices were considered. 

Each respondent was asked to answer 16 selected questions from these aspects. These 16 

questions were selected based on literature review and informal discussion with farmers of the study 

area (prior to data collection). A total of 35 marks were assigned against these questions and the 

score was assigned for each question based on the importance, difficulty and depth of the knowledge. 

The researcher gave marks to each of the question according to the correctness of responses of the 

respondents. The range of the overall knowledge score for all aspects is from 0 to 35 where ―0‖ 

indicated no knowledge and ―35‖ indicated the highest knowledge on soil fertility management. The 

independent variables in this study included age, education, size of the household, experience in 

farming, size of the farm, annual family income, exposure to extension media, and training received. 

The respondents‘ age, education, household size, and annual family income were classified using the 

most commonly used classification in Bangladesh [38,39]. Farm size of the respondents was 

classified based on Department of Agricultural Extension (DAE) farm land classification. Other 

variables such as farming and training experience, and exposure to extension media were classified 

based on observed and possible range. 

Multiple regression analysis (both enter and stepwise methods) was used to identify factors affecting 

the knowledge of farmers on soil fertility management. Once insignificant variables have been 

eliminated from the model, stepwise regression analysis assists in quantifying the individual 

contributions of factor variables [40]. The equation is as follows (Equation 1). 

𝑦𝑖 =  𝛽0 + 𝛽1𝑋1 +  𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 + 𝛽5𝑋5 + 𝛽6𝑋6 + 𝛽7𝑋7 + 𝛽8𝑋8 … … … … … … … … . . (1) 

Where, yi = problems in getting agricultural extension services, β0 = constant, X1= age, X2= education, 

X3 = household size, X4 = farming experience, X5 = farm size, X6 = annual family income, X7 = 

exposure to extension media, X8 = training received. 

The problems faced by the farmers were assessed using a 4-point rating scale. To ascertain the 

problem rating, the problem-facing index (PFI) was calculated. The weights assigned to each cell on 

the scale, which varied from 3 for high frequency to 2 for medium frequency to 1 for low frequency to 



 

0 for not at all, were multiplied by the frequency counts of each cell for each problem. Equation 2 was 

used to calculate PFI for each of the eight problems that were chosen. The equation is as follows [41]. 

PFI= (Ph×3) + (Pm×2) + (Pl×1) + (Pn×0) ……………………….(2) 

Where; PFI = Problem Facing Index, Ph = number of farmers with high problems, Pm = number of 

farmers with medium problems, Pl = number of farmers with low problems, and Pn = Number of 

farmers with no problem.  

In this study, both descriptive and inferential statistics were utilized to elucidate the data. The analysis 

of the data was performed using the Statistical Package for Social Science (SPSS) version 25. 

RESULTS AND DISCUSSION 

Socio-economic characteristics of the farmers 

Table 1 provides a simple overview of the socioeconomic traits of the respondents. It shows that the 

majority of respondents in both the FFS and Non-FFS categories were middle-aged (36–50) at 75% 

and 53%, respectively, while only 15% of FFS respondents and 47% of Non-FFS respondents were 

older (>50). There was a very small proportion of young people. This is most likely may be due to the 

fact that younger people are becoming more and more interested in non-agricultural and educational 

pursuits. The results resemble those of Hasibuan et al. [42]; Uddin et al. [43,38]. 

Table 1. Socio-Economic Characteristics of the Respondents 

Characteristics 

(Measuring Unit) 

Category Non-FFS farmers FFS farmers 

% Mean SD % Mean SD 

Age (Years) 

Young (18-35) 0 

 

49.6 

 

7.3 

10 

 

44.14 

 

5.88 
Middle aged (36-50) 53 75 

Old (above 50) 47 15 

Education 

(Years of schooling) 

No schooling (0) 27 

 

5.1 

 

3.68 

4 

 

9.5 

 

4.01 

Primary (1-5) 33 18 

Secondary (6-10) 36 39 

Above secondary (>10) 4 39 

Household Small (upto 4) 17   21   



 

Size  

(No. of members) 

Medium (5-6) 43 6.3 1.78 42 5.8 1.5 

Large (above 6) 40 37 

Farming Experience 

(Years) 

Up to 11 years  0 

 

28.46 

 

8.21 

8 

 

22.35 

 

8.08 
Medium (12-23) 37 50 

High (24-35) 63 42 

Farm size (Hectares) 

Landless (upto 0.02) 0 

 

 

1.06 

 

 

0.41 

0 

 

 

1.01 

 

 

0.435 

Marginal (0.021-0.2) 14 0 

Small (0.21-0.99) 46 54 

Medium (1-2.99) 40 46 

Large (3 and more) 0 0 

Annual family income 

(‗000‘ Tk.) 

Low (250-350) 30 

 

417.56 

 

100.2 

33 

 

421.3 

 

109.5 
Medium (351-450) 30 25 

High (more than 450) 40 42 

Exposure to 

extension 

Media (Scale score) 

Low (9-16) 57 

 

15.7 

 

4.05 

0 

 

25.14 

 

3.82 
Medium (17-24) 43 50 

High (25-31) 0 50 

Training 

Received (Days) 

No training (0) 33 

 

4.70 

 

4.02 

7 

 

9.10 

 

4.93 

Short (1-6) 24 28 

Medium (7-14) 43 50 

High (more than 14) 0 15 

Source: Field Survey, 2021 

The majority of Non-FFS participants (69%) had primary to secondary level education, according to 

data on their educational qualifications, 4% of the participants had above secondary education, and 

27% had no education. Conversely majority of the FFS participants had (78%) secondary to above 

secondary level education, 18% of the participants had primary education, and only 4% had no 

education. The findings are consistent with those of Moumeni-Helali and Ahmadpour [44], who 

discovered that farmers engaging in the FFS had a Diploma and an associate degree, whereas 

framers who did not participate in the FFS had a primary and a secondary level of education. Average 

household size of FFS and Non-FFS farmers were 5.8 and 6.3 respectively which is higher than the 

national average of 4.06 [45]. The FFS farmers had an average of 22.35 years of experience, and the 



 

Non-FFS farmers had an average of 28.46 years of experience. With regard to farming experience, 

the majority of FFS farmers (50%) had medium farming experience, followed by 42% had high 

experience, and 8% by low farming experience. However, none of the non-FFS farmers had low 

farming experience, with the majority (50%) having high farming experience and the remainder (37%), 

having medium farming experience.  

The average farm size for both FFS and non-FFS farmers was larger than the national average of 0.6 

hectares, with an average of 1.01 and 1.06 ha, respectively [38]. The mean annual income of the 

Non- FFS farmers was 0.417 million Bangladeshi taka (4920 US dollars), while the mean annual 

income of the FFS farmers was 0.421 million BDT (4967 US dollars).  

Both mean incomes were higher than the national average of 0.142056 million Bangladeshi taka 

(1675 USD) [39]. The extension media contact levels of FFS farmers were found to be medium to 

high, while those of Non-FFS farmers were low to medium. According to the study, Non-FFS farmers 

received training for an average of only five days, whereas FFS farmers received training for nine 

days on average. 

Farmers’ knowledge on integrated soil fertility management 

The observed score of farmers‘ knowledge ranged from 7 to 28. The findings revealed that the 

majority of non-FFS farmers (66.66 percent) had low knowledge on soil fertility management, followed 

by medium-level knowledge (33.33%), and no one had higher level of knowledge. Conversely, 

majority (60%) of the FFS farmers possessed a higher level of Knowledge on soil fertility 

management, 40% FFS farmers had a medium level, and none of them had low level of knowledge.. 

The results are consistent with those of Moumeni-Helali and Ahmadpour [44]. The mean difference 

suggests that the FFS improved the farmers' level of knowledge who attended. Similar findings were 

observed in the studies conducted by Diab [46]; Red et al. [47]; Van den Berg et al. [48]. 

Table 2. Knowledge on Integrated Soil Fertility Management 

Possible 

Range 

Observed 

Range 

Categories Non-FFS farmers FFS farmers Mean 

Difference 

% Mean SD % Mean SD  

   Low (7-14) 66.66   0   



 

0-35 7-28 Medium (15-21) 33.33 12.53 3.83 40 23.8 2.68 11.27 

High (more than 

21) 
0 60 

Source: Field Survey, 2021 

Fertilizer use pattern of the farmers  

Table 3 indicates the fertilizer usage pattern of the respondents. The majority (70%) of the non-FFS 

farmers were found to use a high level of fertilizers. Only 13% were found in the low fertilizer usage 

category. On the contrary, almost half of the FFS farmers belong to the medium usage category, 

whereas 33.4% were found to be using a higher level of fertilizer. The negative mean difference 

indicates that FFS motivated the farmers in reducing fertilizer usage which is further indicated by 

lower means of FSS farmers compared to non-FFS farmers. Victor et al. [49]; van Huis and Yajima 

[50] had similar findings regarding fertilizer use by FFS attending and non-attending farmers. 

Table 3. Fertilizer Use Pattern of the Respondents 

Possible 

Range 

Observed 

Range 

Categories Non-FFS farmers FFS farmers Mean 

difference 

% Mean SD % Mean SD 

 

 

-0.66 

 

0-16 

 

4-16 

Low (4-8) 13 

 

12.3 

 

1.91 

17 

 

11.64 

 

3.66 

Medium (9-12) 27 49.6 

High (more 

than 12) 
70 33.4 

Source: Field Survey, 2021 

Manure use pattern of the farmers  

Manure application not only increases aggregate stability and soil porosity [51] and decreases bulk 

density [52] but also improves the soil biochemical properties [53]. That is why manure usage is one 

of the prime concerns of FFS. This study reveals that only 11 percent of the FFS farmers use manure 

to a high level while 45 percent have medium level usage, and 44 percent were found to have a low 

level of manure usage. On the other hand, the majority (76.66%) of the non-FFS farmers were in the 

low usage category, followed by medium manure usage by 23.33 percent. None was found to be in 



 

the high manure usage category. Thus, though the manure usage was less frequent than the fertilizer 

use, the mean difference represents that FFS farmers used manure more than the non-FFS ones. 

Phillips et al. [54] had identical findings in their study. 

Table 4. Manure Use Pattern of the Respondents 

Possible 

Range 

Observed 

Range 

Categories Non-FFS farmers FFS farmers Mean 

difference 

% Mean SD % Mean SD 

 

 

1.32 

 

0-14 

 

0-8 

Low (0-3) 76.66 

 

2.1 

 

1.65 

44 

 

3.42 

 

1.34 

Medium (4-6) 23.33 45 

High (more than 

6) 
0 11 

Source: Field Survey, 2021 

Factors affecting the knowledge of farmers’ on integrated soil fertility management 

Multiple linear regression analysis was used to identify the influential factors and their contribution to 

predicting the focus variable, i.e., farmers‘ knowledge on soil fertility management. 

Non-FFS farmers 

The results of the regression analysis (Table 5) revealed that all the explanatory variables, such as 

age, education, household size, farming experience, farm size, annual family income, exposure to 

extension media and training received significantly influence knowledge on soil fertility management 

(Adjusted R
2 

= 0.91) and these variables contributed for 91% of the variation of farmers' knowledge 

collectively. Among them, farm size (t=2.209; p < 0.05), annual family income (t=3.677; p < 0.01), and 

training (t=5.809; p < 0.01) had substantial impact on farmers‘ knowledge of soil fertility management. 

The Variance Inflating Factors (VIF) used to detect multi-collinearity among independent variables 

were less than 10, indicating that multi-collinearity was not a major problem in the model. 

 

 

 



 

Table 5: Summary of Multiple Regression Explaining Farmers’ Knowledge on Integrated Soil 

Fertility Management (Non-FFS Farmers) 

Note. * = p < 0.10; ** = p < 0.05; *** = p < 0.01 

Results showed that farmers' knowledge of integrated soil fertility management was significantly 

increased with the increase of their farm size, indicating that if farm size changes by 1 unit (one 

number), then knowledge of soil fertility management changes by 0.283 units. 

Farm size is a significant determinant in developing world, exerting a direct impact on educational 

facilities and other physical infrastructure crucial for fostering farming skills, information acquisition, 

and enhanced communication capabilities [34]. Agricultural farmers with more large farms engage in 

the year-round cultivation of diverse crop varieties. They are consequently more concerned about soil 

fertility. The same finding was discovered by Farouque and Takeya [34]; Chikowo et al. [55].  

Results also indicated that farmers with more annual family income positively influenced the 

knowledge level of the non-FFS, indicating that if annual family income received score changes by 1 

Model B Std. Error Beta t P-Value 

Collinearity 

Statistics 

Tolerance VIF 

(Constant) 10.228 3.013  3.394 0.003   

Age 0.002 0.078 0.003 0.023 0.982 0.125 8.022 

Education -0.053 0.070 -0.051 -0.747 0.463 0.615 1.625 

Household size -0.070 0.143 -0.033 -0.493 0.627 0.639 1.564 

Farming experience -0.035 0.064 -0.074 -0.542 0.594 0.152 6.599 

Farm size 2.604 1.179 0.283 2.209 0.038 0.172 5.824 

Annual family income 0.008 0.002 0.210 3.677 0.001 0.870 1.150 

Exposure to extension 

media 
0.076 0.054 0.080 1.410 0.173 0.870 1.150 

Training received 0.697 0.120 0.732 5.809 0.000 0.178 5.625 

F (8, 21)                                                                                    41.61*** 

R
2
 = 0.941,   Adjusted R

2
= 0.91 



 

unit (one number) then the knowledge changes by 0.210. Findings showed that farmers' having more 

family income had a substantial positive impact on the knowledge of soil fertility management. 

Farmers with higher income are capable of maintaining year-round crop cultivation, hence increasing 

their opportunities to use knowledge pertaining to soil fertility management. Similar results were also 

discovered by Roy [56]; Danso-Abbeam et al. [57] in their study the annual income had a positive 

influence on knowledge. 

Results also indicated that farmers with more training are more knowledgeable on integrated soil 

fertility management, indicating that if training received score changes by 1 unit (one number) then 

the knowledge changes by 0.732. Findings showed that non-FFS farmers' increased exposure to 

training had a substantial positive impact on the knowledge level of soil fertility management. Training 

has been identified as an effective method to enhance farmers' knowledge on integrated soil fertility 

management, according to findings by Kpadonou et al. [58]; Caffaro et al. [59], which support similar 

conclusions. 

A stepwise multiple regression analysis was employed to understand the individual contribution of the 

explanatory variables in predicting the variation of farmers‘ knowledge on integrated soil fertility 

management. Table 6 presents the summary of stepwise multiple regression analysis. 

Table 6: Summary of Stepwise Multiple Regression of the Non-FFS Farmers 

Model Variables Entered Multiple 

R 

Multiple 

R
2
 

Variation 

Explained 

(Percent) 

Significance 

level 

Constant+ X8 + Training (X8) 0.887 0.88 88 0.000 

Constant+ X8 + X6 Training+ Annual family 

income (X6) 

0.906 0.2 1.9 0.000 

Constant+ X8 + 

X6+ X5 

Training+ Annual family 

income+ Farm size (X5) 

0.913 0.06 0.6 0.000 

 

Table 6 shows that these three variables (R
2
 = 0.91) account for 91 percent of the variation in the 

farmers‘ knowledge on integrated soil fertility management. The findings indicate that training (R
2
 = 

0.887) was the first in the model that explained the most prominent variation (88%) in farmers 



 

knowledge. The results suggest that farmers can gain necessary knowledge regarding soil fertility 

management through training activity [58,59]. The second variable in the model was the annual family 

income of the farmers. Annual family income accounted for 1.9 percent of the variation in the focus 

variable. The model‘s third aspect was farm size and it explained 0.6 percent variation. 

FFS farmers 

The results of the regression analysis (Table 7) revealed that all the explanatory variables, such as 

age, education, household size, farming experience, farm size, annual family income, exposure to 

extension media and training received significantly influence knowledge on soil fertility management 

(R
2
 = 0.92) and these variables contributed for 92% of the variation of farmers' knowledge collectively. 

Among them, exposure to extension media (t=2.567; p < 0.05), and training (t=4.756; p < 0.01) had 

substantial impact on farmers‘ knowledge of soil fertility management. The Variance Inflating Factors 

(VIF) used to detect multi-collinearity among independent variables were less than 10, indicating that 

multi-collinearity was not a major problem in the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 7: Summary of Multiple Regression Explaining Farmers’ Knowledge on Integrated Soil 

Fertility Management (FFS Farmers) 

Note. * = p < 0.10; ** = p < 0.05; *** = p < 0.01 

The first significant factor was exposure to extension media (β = 0.308, t = 2.567, p < 0.05).  Exposure 

to extension media is important because if farmers have high extension exposure, they can easily 

know about integrated soil fertility and nutrient management. These findings are consistent with the 

findings stated by Tesfahunegn et al. [28].  

Extension media contact of farmers had a significant effect on knowledge level of integrated soil 

fertility management, indicating that if extension media contact of the farmer increases by one unit 

(one day), knowledge level of integrated soil fertility management increases by 0.308 units. This may 

suggest that farmers' access to extension media contacts enables them the chance to acquire new 

agricultural techniques and information, which can substantially enhance their knowledge of 

integrated soil fertility management [28]. Extension media engagement, particularly through 

Model B Std. Error Beta t P-Value 

Collinearity 

Statistics 

Tolerance VIF 

(Constant) 11.884 3.078  3.862 0.001   

Age 0.072 0.076 0.159 0.948 0.355 0.145 6.896 

Education 0.008 0.060 0.012 0.137 0.892 0.500 2.001 

Household size -0.064 0.125 -0.036 -0.510 0.616 0.801 1.249 

Farming experience -0.022 0.050 -0.067 -0.441 0.664 0.179 5.597 

Farm size 0.594 0.940 0.096 0.633 0.535 0.175 5.717 

Annual farm income 0.001 0.004 0.060 0.400 0.694 0.180 5.566 

Exposure to extension 

media 
0.216 0.084 0.308 2.567 0.019 0.282 3.548 

Training received 0.316 0.066 0.581 4.756 0.000 0.273 3.664 

               F (8,19)                                                                                     28.34*** 

R
2
 = 0.92,   Adjusted R

2
= 0.89 



 

interpersonal and face-to-face modes of communication, provides valuable information for the efficient 

management of diversified farm activities [60,61,38]. 

A stepwise multiple regression analysis was employed to understand the individual contribution of the 

explanatory variables in predicting the variation of farmers‘ knowledge on integrated soil fertility and 

nutrient management. Table 8 presents the summary of stepwise multiple regression analysis. 

Table 8: Summary of Stepwise Multiple Regression of the FFS farmers 

Model Variables Entered Multiple 

R 

Multiple 

R
2
 

Variation 

Explained 

(Percent) 

Significance 

level 

Constant+ X8 Training (X8) 0.816 0.81 81 0.000 

Constant+ X8 + 

X7 

Training (X8) + Exposure to 

extension media (X7) 

0.894 0.08 8 0.000 

 

Table 8 presents the summary of stepwise multiple regression analysis. Table 8 shows that these two 

variables (R
2
 = 0.89) account for 89 percent of the variation in the farmers‘ knowledge of integrated 

soil fertility and nutrient management. The findings indicate that training (R
2
 = 0.81) was the first in the 

model that explained the most prominent variation (81%) in farmers‘ knowledge. The result is almost 

similar to the non-FFS farmers. The second variable in the model was exposure to extension media. 

Exposure to extension media accounted for 8 percent of the variation in the focus variable. 

Problems faced by the farmers in practicing integrated soil fertility management 

The efficacy and productivity of soil as a medium for plant growth are significantly influenced by the 

careful management of soil fertility by farmers. In contrast, for agricultural production to increase, use 

of plant nutrients from both organic and inorganic sources must be enhanced and/or optimized. 

Consequently, in order to increase agricultural crop production, it is equivalently critical to utilize 

nutrients from each of these sources [62]. Farmers faced different types of problems while practicing 

soil fertility management. Table 2 shows the problems respondents experienced while practicing soil 

fertility management. According to the results, 53.33% of the non-FFS farmers and 46.66% of the 

FFS farmers had medium level of problem for practicing soil fertility management. 



 

Table 9: Distribution of Farmers Based on Their Problems about Practicing Integrated Soil 

Fertility Management 

Possible 

Range 

Observed 

Range 

Categories Non-FFS farmers 

(%) 

FFS farmers 

(%) 

 

0-39 

 

12-33 

Low (12-18) 13.33 30.01 

Medium (29-26) 53.33 46.66 

High (more than 27) 33.33 23.33 

 

The problems of Non-FFS farmers were ranked according to the problem-facing index (PFI), and they 

were then listed in Table 10. According to Table 10's findings, the respondents rated lack of 

knowledge about soil fertility management as the greatest problem, with problem-facing index (PFI) 

score of 75. Similar conclusions were reached by De Valença et al. [63].  

There were 21 respondents who faced this problem to a high extent out of 30 Non-FFS farmers. Lack 

of knowledge about the beneficial aspect of combined use of organic manures and fertilizers was the 

respondents' second major problem, receiving a PFI score of 73. The study's findings showed that 

among 30 Non-FFS farmers, 20 farmers facing this problem was in higher category, 4 farmers in 

medium, 4 in low category, and only one respondent had no problem at all. This finding supports 

Itelima et al. [64]; Srinivasarao et al. [65] which also revealed that Non-FFS farmers had poor 

knowledge about the beneficial aspect of combined use of organic manures and fertilizers.  

Third-ranked problem with a PFI score of 70 was lack of technical knowledge in preparing organic 

manure and its role in maintaining soil fertility and enhancing crop productivity.  

Table 10: Rank Order of the Problems Faced by the Non-FFS Farmers 

 

Problems 

Extent of problems PFI Rank 

order High  Medium  Low  Not at 

all  

Lack of knowledge about integrated soil fertility  

management 

21 4 4 1 75 1 

Lack of knowledge about the beneficial aspect of 20 4 5 1 73 2 



 

combined use of organic manures and fertilizers 

Lack of technical knowledge in preparing organic 

manure and its role in maintaining soil fertility and 

enhancing crop productivity 

19 4 5 2 70 3 

Limited training opportunity about appropriate 

techniques of soil fertility and nutrient management 

for crop production 

17 5 5 3 66 4 

Lack of knowledge about the beneficial aspect of 

legume and cover crops 

15 5 7 3 62 5 

Limited initiative by the extension department to 

motivate farmers about use of ISF and NM system 

14 5 6 5 58 6 

Lack of knowledge about the beneficial aspect of 

crop rotational and crop residue management 

13 6 4 7 55 7 

Limited demonstration plots emphasizing balanced 

fertilization 

11 5 7 7 50 8 

Unavailability and unstable market price of fertilizers 

during crop season 

9 4 9 8 44 9 

Scarcity of lands for cultivating green manure crops 8 3 9 10 39 10 

Use of cow dung and crop residues for cooking due 

to shortage of bio-fuel 

6 3 8 13 32 11 

Financial inability to buy fertilizers in time 4 3 8 15 26 12 

Lack of availability of raw materials for preparing 

organic manure 

2 2 10 16 20 13 

Notes: high = 3, medium = 2, low = 1 and not at all = 0; PFI = Problems Facing Index, Source: Field 

survey, 2021 

The problems of FFS farmers were ranked according to the problem-facing index (PFI), and they 

were then listed in Table 11. According to Table 11's findings, the respondents rated unavailability 

and the unstable market price of fertilizers during the crop season as the greatest problem, scoring it 

at 72 on the problem-facing index (PFI). This finding concurs the conclusions drawn by Olaniyan [66]; 

Shah et al. [67], which stated that constraints in accessing markets and unavailability were the 



 

challenges associated with fertilizer utilization throughout the growing season. Financial inability to 

buy fertilizers in time (PFI-71) was ranked second problem.   

Additionally, the issue was documented in the research conducted by Mgbenka et al. [68]; Nina et al. 

[69], which indicated that financial constraints restrict farmers in many global locations from 

purchasing fertilizers necessary for cultivating crops. Third-ranked problem with a PFI score of 69 was 

'scarcity of lands for cultivating green manure crops‘. Grard et al. [70]; Xu et al. [71] also found similar 

findings. 

Table 11: Rank Order of the Problems Faced by the FFS Farmers 

 

Problems 

Extent of problems PFI Rank 

order High  Medium  Low  Not 

at all  

Unavailability and the unstable market price of 

fertilizers during the crop season 

20 4 4 2 72 1 

Financial inability to buy fertilizers in time    21 2    4 3 71 2  

Scarcity of lands for cultivating green manure crops 19 4    4 3 69 3 

Lack of availability of raw materials for preparing 

organic manure 

18 4 4 4 66 4 

Limited demonstration plots emphasizing balanced 

fertilization 

18 3 2 7 62 5 

Limited initiative by the extension department to 

motivate farmers about the use of ISF and NM 

system 

16 3 4 7 58 6 

Use of cow dung and crop residues for cooking due 

to shortage of bio-fuel 

17 3 4 6 54 7 

Lack of technical knowledge in preparing organic 

manure and its role in maintaining soil fertility and 

enhancing crop productivity 

14 2 3 11 49 8 

Limited training opportunity about appropriate 

techniques of soil fertility and nutrient management 

12 3 3 12 45 9 



 

for crop production 

Lack of knowledge about the beneficial aspect of 

legume and cover crops 

10 2 6 12 40 10 

Lack of knowledge about the beneficial aspect of crop 

rotational and crop residue management 

8 2 6 14 34 11 

Lack of knowledge about the beneficial aspect of 

combined use of organic manures and fertilizers 

5 2 8 15 27 12 

Lack of knowledge about integrated soil fertility  

management  

3 2 8 17 21 13 

Notes: high = 3, medium = 2, low = 1 and not at all = 0; PFI = Problems Facing Index, Source: Field 

survey, 2021 

CONCLUSIONS 

This paper has analyzed farmers' knowledge on integrated soil fertility management and to identify 

the variables affecting their knowledge level. Based on the results of the study, the following 

conclusions were drawn: 

First, there were substantial variations between Non-FFS and FFS farmers regarding knowledge on 

integrated soil fertility management. The study's analyses showed that most FFS farmers had high to 

medium levels of knowledge, whereas non-FFS farmers had low to medium levels of knowledge on 

Integrated Soil fertility management.  Therefore, it can be concluded that the level of knowledge of the 

Non-FFS farmers on the mentioned issue was not satisfactory. There is scope to improve the farmers' 

knowledge on soil fertility management through training, and intensive group-based participator 

approaches like FFS.  

Second, there were several factors that influence the knowledge of farmers on integrated soil fertility 

management. For the Non-FFS famers farm size, annual family income, and training; and for FFS 

farmers, exposure to extension media and training significantly influence the knowledge level of the 

farmers on integrated soil fertility management. Analysis shows that these factors explained 91% 

variation (for Non-FFS) and 89% variation (for FFS) in the farmers‘ knowledge on integrated soil 

fertility management. Therefore, decision-makers and pertinent authorities should emphasize the 

factors while implementing policy measures into operation in this regard. 



 

Third, Additionally, there were notable differences between FFS and non-FFS farmers in terms of the 

problems they experienced while practicing integrated soil fertility management.  

The analysis reveals that Non-FFS farmers faced several problems and among them major three 

problems included lack of knowledge about soil fertility management, lack of knowledge about the 

beneficial aspect of combined use of organic manures and fertilizers, and lack of technical knowledge 

in preparing organic manure and its role in maintaining soil fertility and enhancing crop productivity.  

On the contrary, FFS farmers also faced some problems while practicing integrated soil fertility 

management and among them major three problems included unavailability and the unstable market 

price of fertilizers during the crop season, financial inability to buy fertilizers in time, and scarcity of 

lands for cultivating green manure crops.  

To tackle these challenges face by the Non-FFS farmers, various governmental and non-

governmental organizations can play active role to increase awareness and knowledge of farmers on 

integrated soil fertility management by implementing suitable measures, such as offering technical 

education, training and group based extension activities like FFS. 

RECOMMENDATIONS FOR FURTHER STUDIES 

There is huge opportunity to pursue further research related to this issue. Some of them are 

listed below: 

 Three specifically chosen villages—Vobokhali, Churkhai, and Narayanpur—within the 

Vobokhali union under the Mymensingh sadar Upazila were the sites of the current study. To 

generalize the results, similar research might be done across the country.  

 This study investigated the influence of eight selected characteristics of the farmers. Further 

study may be conducted considering other characteristics of the farmers and the situational 

factors. 

Consent 

1. Respondent participation: 

a) Voluntary participation and informed consent: Participants consents were obtained without outside 

pressure or constraints on individual freedom of action. 



 

b) Formally well informed: A statement of letter that describes the study and the researcher and 

formally requests participation. 

c) Informants are informed about recording during conducting interview. 

d) Respect for the values and motives of others: Respect for the individuals and institutions values 

and views that are being studied. 

e) Anonymity and confidentiality: Personal data of the respondents were collected anonymously and 

confidentially. 

REFERENCES 

1. Joshi NV, Vesey AT, Williams MC, Shah AS, Calvert PA, Craighead FH, ... van Beek EJ. 18F-

fluoride positron emission tomography for identification of ruptured and high-risk coronary 

atherosclerotic plaques: a prospective clinical trial. The Lancet. 2014;383(9918):705–713. 

https://doi.org/10.1016/S0140-6736(13)61754-7. 

2. Bayu T. Review on contribution of integrated soil fertility management for climate change 

mitigation and agricultural sustainability. Cogent Environmental Science. 2020;6(1): 1-21. 

https://doi.org/10.1080/23311843.2020.1823631. 

3. Lal R. Restoring soil quality to mitigate soil degradation. Sustainability. 2015;7:5875- 5895. 

https://doi.org/10.3390/su7055875. 

4. Kome GK,  Enang RK, Yerima BPK. Knowledge and management of soil fertility by farmers in 

western Cameroon. Geoderma Region. 2018;13:43-51. 

https://doi.org/10.1016/j.geodrs.2018.02.001. 

5. Swaminathan MS, Kesavan PC. Agricultural research in an era of climate change. Agricultural 

Research. 2012;1(1):3-11. https://doi.org/10.1007/s40003-011-0009-z. 

6. IPCC. Climate Change 2014: Impacts, adaptation and vulnerability, fifth assessment report. 

In: Intergovernmental Panel on Climate Change. Cambridge, UK: Cambridge University 

Press. 2014. Accessed 15 May 2023. Available: https://www.ipcc.ch/report/ar5/wg2/ 

7. Khatri-Chhetri A, Aggarwal PK, Joshi PK, Vyas S. Farmers‘ prioritization of climate-smart 

agriculture (CSA) technologies. Agricultural Systems. 2017;151:184-191. 

https://doi.org/10.1016/j.agsy.2016.10.005. 



 

8. Mondal MSH. The implications of population growth and climate change on sustainable 

development in Bangladesh. Jàmbá: Journal of Disaster Risk Studies. 2019;11(1):1-10. 

https:// doi.org/10.4102/jamba. v11i1.535. 

9. Tabassum N, Rezwana F. Bangladesh agriculture: A review of modern practices and 

proposal of a sustainable method. Engineering Proceedings. 2021;11(1):12. 

https://doi.org/10.3390/ASEC2021-11190. 

10. Dumanski J, Peiretti R. Modern concepts of soil conservation. International Soil and Water 

Conservation Research. 2013;1(1):19-23. https://doi.org/10.1016/S2095-6339(15)30046-0. 

11. Moslehuddin AZM, Abedin MA, Hossain MA, Habiba U. Soil health and food security: 

perspective from southwestern coastal region of Bangladesh. Food security and risk reduction 

in Bangladesh. 2015; 187-212. https://doi.org/10.1007/978-4-431-55411-0_11. 

12. Roesch-McNally GE, Basche AD, Arbuckle JG, Tyndall JC, Miguez FE, Bowman T, Clay R. 

The trouble with cover crops: Farmers‘ experiences with overcoming barriers to adoption. 

Renewable Agriculture and Food Systems. 2018;33(4):322-333. 

https://doi.org/10.1017/S1742170517000096. 

13. Farouque MG, Tekeya H. Farmers‘ use of integrated soil fertility and nutrient management 

practices for sustainable crop production: a field-level study in Bangladesh. American Journal 

of Agricultural and Biological Sciences. 2008;3(4):716-723. 

14. IAEA. International Atomic Energy Agency. Improving soil fertility. 2023. Accessed 27 June 

2023. Available: https://www.iaea.org/topics/improving-soil-fertility. 

15. Zerssa GW, Hailemariam M, Tadele KT. Improving the Sustainability of Agriculture: 

Challenges and Opportunities. In: Lousada S, editor. Land-Use Management-Recent 

Advances, New Perspectives, and Applications. Intech Open. 2023. http://doi.org/ 

10.5772/intechopen.112857. 

16. Antil RS. Integrated plant nutrient supply for sustainable soil health and crop productivity. 

Focus Global Reporter. 2012;3. 

17. FAO. Plant nutrition for food security: A guide for integrated nutrient management. 

2006. Accessed 11 August 2023. Available: 

https://www.fao.org/publications/card/en/c/8ff6bf78-8d65-5bcf-97d8-8e192582b045/ 



 

18. Singh A, Kang JS, Hundal RK, Singh H. Research need and direction for sustainability for rice 

based cropping system. Discovery Nature. 2012;1(2):23-35. 

19. Dawoe EK, Quashie-Sam J, Isaac ME, Oppong SK. Exploring farmers‘ local knowledge and 

perceptions of soil fertility and management in the Ashanti Region of Ghana. Geoderma. 

2012;179:96–103. https://doi.org/10.1016/j.geoderma.2012.02.015. 

20. Masso C, Nziguheba G, Mutegi J, Galy-Lacaux C, Wendt J, Butterbach-Bahl K, ... Datta A. 

Soil fertility management in sub-Saharan Africa. Sustainable agriculture reviews. 

2017;25:205-231. https://doi.org/10.1007/978-3-319-58679-3_7. 

21. Knowler D, Bradshaw B. Farmers‘ adoption of conservation agriculture: a review and 

synthesis of recent research. Food policy. 2007;32:25-48. 

https://doi.org/10.1016/j.foodpol.2006.01.003. 

22. Nkamleu GB. Modeling farmers‘ decisions on integrated soil nutrient management in sub-

Saharan Africa: a multinomial logit analysis in Cameroon. In: Bationo A, Waswa B, Kihara J, 

Kimetu J. editors. Advances in integrated soil fertility management in sub-Saharan Africa: 

challenges and opportunities. Springer: Dordrecht; 2007:891-904.  

23. Castellanos-Navarrete A, Tittonell P, Rufino MC, Giller KE. Feeding, crop residue and manure 

management for integrated soil fertility management–A case study from Kenya. Agricultural 

Systems. 2015;134:24-35. https://doi.org/10.1016/j.agsy.2014.03.001. 

24. Vandeplas I, Vanlauwe B, Merckx R, Deckers J. Bridging the gap between farmers and 

researchers through collaborative experimentation. Cost and labour reduction in soybean 

production in South-Nyanza, Kenya. 12th Congress of the European Association of 

Agricultural Economists-EAAE. 2008. http://doi.org/10.22004/ag.econ.43935. 

25. Lambrecht I, Vanlauwe B, Maertens M. Integrated soil fertility management: from concept to 

practice in Eastern DR Congo. International Journal of Agricultural Sustainability. 

2016;14(1):100-118. https://doi.org/10.1080/14735903.2015.1026047. 

26. Havlin J, Heiniger R. Soil fertility management for better crop production. Agronomy. 

2020;10(9):1349. https://doi.org/10.3390/agronomy10091349. 

27. Mugwe J, Ngetich F, Otieno EO. Integrated soil fertility management in sub-Saharan Africa: 

Evolving paradigms toward integration. Zero Hunger. Cham: Springer International 

Publishing. 2019;1-12. https://doi.org/10.1007/978-3-319-69626-3_71-1. 



 

28. Tesfahunegn GB, Tamene L, Vlek PL, Mekonnen K. Assessing farmers' knowledge of weed 

species, crop type and soil management practices in relation to soil quality status in 

mai‐negus catchment, Northern Ethiopia. Land degradation & development. 2016;27(2):120-

133. https://doi.org/10.1002/ldr.2233. 

29. Martey E, Kuwornu JK. Perceptions of climate variability and soil fertility management choices 

among smallholder farmers in northern Ghana. Ecological Economics. 2021;180:106870. 

https://doi.org/10.1016/j.ecolecon.2020.106870. 

30. Adolwa IS, Schwarze S, Buerkert A. Impacts of integrated soil fertility management on yield 

and household income: The case of Tamale (Ghana) and Kakamega (Kenya). Ecological 

Economics. 2019;161:186-192. https://doi.org/10.1016/j.ecolecon.2019.03.023. 

31. Vanlauwe B, Bationo A, Chianu J, Giller KE, Merckx R, Mokwunye U, Sanginga N. Integrated 

soil fertility management: operational definition and consequences for implementation and 

dissemination. Outlook on agriculture. 2010;39(1):17-24. 

https://doi.org/10.5367/0000000107911699. 

32. Mowo JG, Janssen BH, Oenema O, German LA, Mrema JP, Shemdoe RS. Soil fertility 

evaluation and management by smallholder farmer communities in northern Tanzania. 

Agriculture, ecosystems & environment. 2006;116(1-2):47-59. 

https://doi.org/10.1016/j.agee.2006.03.021. 

33. Corbeels M, Shiferaw A, Haile M. Farmers‘ Knowledge of Soil Fertility and Local Management 

Strategies in Tigray, Ethiopia. Russell Press: Nottingham; 2000. 

34. Farouque MG, Takeya H. Farmers' perception of integrated soil fertility and nutrient 

management for sustainable crop production: a study of rural areas in Bangladesh. Journal of 

Agricultural Education. 2007;48(3):111-122. 

35. Saleque MA, Uddin MK, Ferdous AKM, Rashid MH. Use of farmers' empirical knowledge to 

delineate soil fertility‐management zones and improved nutrient‐management for lowland rice. 

Communications in Soil Science and Plant Analysis. 2007;39(1-2):25-45. 

https://doi.org/10.1080/00103620701758915. 

36. Cochran WG. Sampling Techniques. 3rd Ed. John Wiley & Sons: New York; 1977. 

37. Lynn P. Weighting for non-response. Survey and statistical computing. 1996; 205-214.  



 

38. Uddin MN, Kabir A, Farouque MG, Akter S, Rahman S. Determinants of training needs of the 

tilapia (Oreochromis sp.) fish farmers: An empirical study from selected area in Bangladesh. 

International Journal of Agricultural Extension. 2022;10(02):387-398. 

http://doi.org/10.33687/ijae.010.03.4063. 

39. BBS. Bangladesh population census. Bangladesh Bureau of Statistics, Ministry of Planning, 

Government of the People‘s Republic of Bangladesh, Dhaka; 2019. 

40. Quddus A, Kropp J. Constraints to agriculture production and marketing in the lagging regions 

of Bangladesh. Sustainability. 2020;12(10):3956. https://doi.org/10.3390/su12103956. 

41. Hamid MI, Datta S, Islam MM. Problems faced by the sub-assistant agriculture officers 

(SAAOs) working in the department of agricultural extension. Research in Agriculture, 

Livestock and Fisheries. 2020;7(1):61-73. 

42. Hasibuan AM, Gregg D, Stringer R. Accounting for diverse risk attitudes in measures of risk 

perceptions: A case study of climate change risk for small-scale citrus farmers in Indonesia. 

Land use policy. 2020;95:104252. https://doi.org/10.1016/j.landusepol.2019.104252.  

43. Uddin ME, Q Gao, Mamun-Ur-Rashid MD. Crop farmers' willingness to pay for agricultural 

extension services in Bangladesh: cases of selected villages in two important agro-ecological 

zones. The Journal of Agricultural Education and Extension. 2016;22(1):43-60. 

https://doi.org/10.1080/1389224X.2014.971826. 

44. Moumeni-Helali H, Ahmadpour A. Impact of Farmers' Field School approach on knowledge, 

attitude and adoption of rice producers toward biological control: the case of babol township, 

Iran. World Applied Sciences Journal. 2013;21(6):862-868. 

http://10.5829/idosi.wasj.2013.21.6.190. 

45. BBS. Household Income and Expenditure Survey Bangladesh, Bangladesh Bureau of 

Statistics, Ministry of Planning, Goverment of the Peoples‘ Republic of Bangladesh, Dhaka; 

2016. 

46. Diab AM. Learning impact of farmer field schools of integrated crop–livestock systems in Sinai 

Peninsula, Egypt. Annals of Agricultural Sciences. 2015;60(2):289-296. 

https://doi.org/10.1016/j.aoas.2015.10.014. 



 

47. Red FS, Amestoso NT, Casinillo LF. Effect of farmer field school (FFS) on the knowledge, 

attitude, practices and profitability of rice farmers. Philippine Social Science Journal. 

2021;4(4):145–154. https://doi.org/10.52006/MAIN.V4I4.420. 

48. Van den Berg H, Phillips S, Dicke M, Fredrix M. Impacts of farmer field schools in the human, 

social, natural and financial domain: a qualitative review. Food Security. 2020;12:1443-1459. 

https://doi.org/10.1007/s12571-020-01046-7. 

49. Victor AN, Luqman M, Shiwei X, Wen Y, Majeed MZ. Farmer field school's training on 

knowledge level of citrus growers regarding improved production practices. Ciência Rural. 

2017;47. 

50. Van Huis A, Yajima M. The perception of farmers on Farmer Field School (FFS) in Malawi. 

2009. 

51. Karami A, Homaee M, Afzalinia S, Ruhipour H, Basirat S. Agriculture, Ecosystems and 

Environment Organic resource management: Impacts on soil aggregate stability and other 

soil physico-chemical properties. Agriculture, Ecosyst Environ. 2012;148:22–28. 

https://doi.org/10.1016/j.agee.2011.10.021. 

52. Edmeades DC. The long-term effects of manures and fertilisers on soil productivity and 

quality: a review. Nutrient cycling in Agroecosystems. 2003;66(2):165-180. 

https://doi.org/10.1023/A:1023999816690. 

53. Jiang G, Zhang W, Xu M, Kuzyakov Y, Zhang X, Wang J, Di J, Murphy DV. Manure and 

mineral fertilizer effects on crop yield and soil carbon sequestration: a meta-analysis and 

modeling across China. Global Biogeochem Cycles. 2018; 32:1659–1672. 

https://doi.org/10.1029/2018GB005960. 

54. Phillips D, Waddington H, White H. Better targeting of farmers as a channel for poverty 

reduction: a systematic review of Farmer Field Schools targeting. Development Studies 

Research. An Open Access Journal. 2014;1(1):113-136, 

https://doi.org/10.1080/21665095.2014.924841. 

55. Chikowo R, Zingore S, Snapp S, Johnston A. Farm typologies, soil fertility variability and 

nutrient management in smallholder farming in Sub-Saharan Africa. Nutrient Cycling in 

Agroecosystems. 2014; 100:1-18. https://doi.org/10.1007/s10705-014-9632-y. 



 

56. Roy P. Knowledge on food and nutrition of rural women involved in BRAC program in 

Mymensingh district. In: MS Thesis. Department of Agricultural Extension Education, 

Bangladesh Agricultural University, Mymensingh; 2017. 

57. Danso-Abbeam G, Ehiakpor DS, Aidoo R. Agricultural extension and its effects on farm 

productivity and income: insight from Northern Ghana. Agriculture & Food Security. 

2018;7(1):1-10. https://doi.org/10.1186/s40066-018-0225-x. 

58. Kpadonou RAB, Owiyo T, Barbier B, Denton F, Rutabingwa F, Kiema A. Advancing climate-

smart-agriculture in developing drylands: Joint analysis of the adoption of multiple on-farm soil 

and water conservation technologies in West African Sahel. Land use policy. 2017;61:196-

207. https://doi.org/10.1016/j.landusepol.2016.10.050. 

59. Caffaro F, Cremasco MM, Roccato M, Cavallo E. Drivers of farmers‘ intention to adopt 

technological innovations in Italy: The role of information sources, perceived usefulness, and 

perceived ease of use. Journal of Rural Studies. 2020;76:264-271. 

https://doi.org/10.1016/j.jrurstud.2020.04.028. 

60. Odini S. Access to and use of agricultural information by small-scale women farmers in 

support of efforts to attain food security in Vihiga County, Kenya. Journal of Emerging Trends 

in Economics and Management Sciences. 2014;5(2):80-86. 

https://hdl.handle.net/10520/EJC152937. 

61. Hoque MJ, Hossain MI. Sarker MA. Mithun M. Problem confrontation of sugarcane farmers in 

Natore district of Bangladesh. International Journal of Agricultural Research, Innovation and 

Technology. 2021;11:101-108. http://doi.org/10.22004/ag.econ.312388. 

62. Selim MM. Introduction to the integrated nutrient management strategies and their 

contribution to yield and soil properties. International Journal of Agronomy. 2020. 

https://doi.org/10.1155/2020/2821678. 

63. De Valença AW, Bake A, Brouwer ID, Giller KE. Agronomic biofortification of crops to fight 

hidden hunger in sub-Saharan Africa. Global food security. 2017;12:8-14. 

https://doi.org/10.1016/j.gfs.2016.12.001. 

64. Itelima JU, Bang WJ, Onyimba IA, Sila MD, Egbere OJ. Bio-fertilizers as key player in 

enhancing soil fertility and crop productivity: A review. Direct Research Journal of Agriculture 

and Food Science. 2018;6(3):73-83. http://hdl.handle.net/123456789/1999. 



 

65. Srinivasarao CH, Venkateswarlu B, Lal R, Singh AK, Kundu S, Vittal KPR, ... Patel MM. 

Long‐term manuring and fertilizer effects on depletion of soil organic carbon stocks under 

pearl millet‐cluster bean‐castor rotation in Western India. Land Degradation & 

Development. 2014;25(2):173-183. https://doi.org/10.1002/ldr.1158. 

66. Olaniyan AB. Maize: Panacea for hunger in Nigeria. African Journal of Plant 

Science. 2015;9(3):155-174. https://doi.org/10.5897/AJPS2014.1203 

67. Shah H, Siderius C, Hellegers P. Cost and effectiveness of in-season strategies for coping 

with weather variability in Pakistan's agriculture. Agricultural Systems. 2020;178: 102746. 

https://doi.org/10.1016/j.agsy.2019.102746. 

68. Mgbenka RN,  Mbah EN, Ezeano CI.  A review of smallholder farming in Nigeria: Need for 

transformation. Agricultural Engineering Research Journal. 2015;5(2):19-26, 

http://10.5829/idosi.aerj.2015.5.2.1134. 

69. Nina AF, Bosselmann AS, Asare R, and de Neergaard A. The impact of certification on the 

natural and financial capitals of Ghanaian cocoa farmers. Agroecology and Sustainable Food 

Systems. (2017);41(2):143-166. https://doi.org/10.1080/21683565.2016.1258606. 

70. Grard BP, Bel N, Marchal N, Madre F, Castell JF, Cambier P, ... Aubry C. Recycling urban 

waste as possible use for rooftop vegetable garden. Future of Food: Journal on Food, 

Agriculture and Society, 2015;3(1):21-34. 

https://www.thefutureoffoodjournal.com/index.php/FOFJ/article/view/119. 

71. Xu H, Huang X, Zhong T, Chen Z, Yu J. Chinese land policies and farmers‘ adoption of 

organic fertilizer for saline soils. Land Use Policy. 2014;38:541-549. 

https://doi.org/10.1016/j.landusepol.2013.12.018. 


