CHAPTER 4

RESULTS AND DISCUSSION

The findings of the present investigation are presented in this Chapter based on the analysis of data which were collected from the selected respondents in accordance with the drawn objectives. Keeping the objectives in mind, the findings of the study have been presented in this Chapter in eight sections. The first section deals with profile characteristics of the farmers. The second section deals with agricultural diversification The third section deals with the influence of the farmers’ selected characteristics on their agricultural diversification. The fourth section deals with the level of livelihood security. The fifth section deals with the association between agricultural diversification and livelihood security. The sixth section deals with the constraints faced by the farmers in agricultural diversification and suggestions to overcome the constraints. The seventh and eight section deals focus group discussion and case study respectively.
4.1 Profile Characteristics of the Farmers

Fifteen important profile characteristics of the farmers were selected and analyzed based on a thorough review of the literature, discussions with the supervisory committee, and consultations with social scientists. The data regarding these characteristics were categorized into three broad groups: socio-economic, psychological, and institutional. The findings related to these profile characteristics are presented under the following sections.

4.1.1 Socio-economic characteristics

Socio-economic characteristics of farmers play a crucial role in determining their level of agricultural diversification and, consequently, their livelihood security. For this study, eight key independent variables that may influence the livelihood of respondents through agricultural diversification were selected. These variables have been sequentially arranged and are presented under the following sub-headings.

4.1.1.1 Age

An individual’s physical and psychological development is interrelated with his or her age. This affects an individual’s wants and interests. The age of an individual influences decision making power and use of strategies in the farm. The respondents’ age in completed years was asked from them. On the basis of social standard, the age of the respondents was classified into three categories i.e., ‘Young’ (≤35), ‘Middle-aged’ (36-50), and ‘Old’ (> 50). The distribution of the farmers according to their age has been shown in Table 4.1.

Data contained in Table 4.1 shows that almost half (51.11%) of the Charland farmers belonged to the middle age group, whereas 31.85 percent of them in old age group and rest 17.04 percent were found in young age group. It was also reported that less than three fifth (57.14 %) of Upland farmers belong to the middle-aged group followed by 23.21 percent old and 19.64 percent were in young age group, respectively. In contrast, it was found that more than two fifth (43.56) of Barind Tract farmers belonged to middle age group, whereas 37.62 percent of them were in young age group and the rest 18.81 percent were in old group. In the pooled sample almost half of the respondents (50.86%) were in middle age category followed by 25.29 percent in old age category and 23.85 percent in young aged category. The results show that three fourth (76.15%) of the respondents had middle to old age group. The probable reason might be that middle-aged and old people belong to farming family backgrounds and are more interested in doing the proper way of farming, while young farmers may have migrated to cities in search of jobs. The similar finding has been reported by Hossain et al. (2024), Rathod (2023), Dudhatara (2021), Kumari (2021), Bagri (2020), Haque et al. (2020), Bharadwaj (2019), Sushantha (2017) and Rai (2015).
Table 4.1 Distribution of the respondents according to their age (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Young (≤ 35)
	23
	17.04
	22
	19.64
	38
	37.62
	83
	23.85

	Middle-aged (36-50)

	69
	51.11
	64
	57.14
	44
	43.56
	177
	50.86

	Old (> 50)
	43
	31.85
	26
	23.21
	19
	18.81
	88
	25.29

	Observed range

Possible range
	25- 64

(Unknown)
	26-65

(Unknown)
	25-65

(Unknown)
	25-65

(Unknown)

	Mean
	45.49
	44.75
	41.65
	44.14

	SD
	10.05
	8.81
	10.07
	9.79


4.1.1.2 Educational qualification
Education is the process of producing desired changes in the behavior of people. Formal education is essential for respondents, as it provides them with wide exposure, helps to accept new technologies in the right perspective and prepares them to face challenges. Based on overall educational qualification score the farmers were classified into five categories i.e., ‘Illiterate’ (0), ‘Ability to sign’ (0.5), ‘Primary’ (1-5), ‘Secondary’ (6-10) and ‘Higher secondary’ (>10). The distribution of the farmers according to their educational qualification has been shown in Table 4.2.

Table 4.2 Distribution of the respondents according to their educational qualification (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Illiterate (0)
	26
	19.26
	00
	0.00
	5
	4.95
	31
	8.91

	Ability to sign (0.5)
	23
	17.04
	31
	27.68
	21
	20.79
	75
	21.55

	Primary (1-5)
	46
	34.07
	25
	22.32
	18
	17.82
	89
	25.57

	Secondary (6-10)
	29
	21.48
	49
	43.75
	44
	43.56
	122
	35.06

	Higher secondary (>10)
	11
	8.15
	07
	6.25
	13
	12.87
	31
	8.91

	Observed range

(Possible range)
	0-14 (Unknown)
	0.5-14 (Unknown)
	0-14 (Unknown)
	0-14 

(Unknown)

	Mean (SD)
	4.40 (4.28)
	4.40 (4.28)
	6.33 (4.25)
	5.40 (4.25)


The data presented in Table 4.2 observe that a little more than one third (34.07%) of Charland farmers belong to primary level of education, followed by secondary (21.48%), illiterate (19.26%), ability to sign (17.04%), and higher secondary (8.15%), respectively. In this instance of Upland, more than two fifth (43.75%) of the respondents belong to secondary education level, followed by ability to sign (27.68%), primary (22.32%), and 6.25 percent belong to the higher secondary level, respectively. As regards to Baridtract farmers, more than two fifth (43.56%) belong to secondary level of education, followed by ability to sign (20.79%), primary (17.82%), higher secondary (12.87%) and illiterate (4.95%), respectively. In the pooled sample, more than one third of the farmers (35.06%) belong to secondary level of education followed by primary (25.57%), ability to sign (21.55%), and jointly 8.91 percent illiterate and higher secondary, respectively. Thus, three fifth (60.63%) of the farmers belonged to primary to secondary level of educational qualification. 
The probable reason for this result might be that majority (74.71%) of the farmers were from young and middle age groups who had available educational facilities in their villages. The similar finding has been reported by Rathod (2023), Dudhatara (2021), Kumari (2021), Bagri (2020), Bharadwaj (2019), Chowdhury (2017), Sushantha (2017) and Rai (2015).  As the majority of the farmers are literate, this is a positive sign for introducing agricultural diversification among the farmers. Literate farmers are relatively more innovative than illiterate farmers, in addition to that due to the interventions of different farming activities farmers could be more innovative. Therefore, it can be concluded that the farmers of the study area have been capable to understanding the importance of agricultural diversification for their livelihood diversification.

4.1.1.3 Family size

The family size plays an important role for taking a decision regarding management of agricultural diversification. The farming decisions and actions are influenced by the individual family members as a single unit. The higher family members can contribute to various tasks, increasing the overall labor force and potentially leading to higher productivity and income.  Hence, the family size of the respondents was studied in this regard. Following social standard of quantitative classification (Hasan et al., 2018), the total respondents were divided into three categories: ‘Small family’ (≤4), ‘Medium family’ (5 to 6) and ‘Large family’ (> 6) on the basis of family size scores (Table 4.3). 

Table 4.3 Distribution of the respondents according to their family size (n=348) 

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Small family (≤4)
	26
	19.26
	34
	30.36
	60
	59.41
	120
	34.48

	Medium family (5-6)
	63
	46.67
	50
	44.64
	31
	30.69
	144
	41.38

	Large family (>6)
	46
	34.07
	28
	25.00
	10
	9.90
	84
	24.14

	Observed range

Possible range
	3-10 (Unknown)
	2-9 

(Unknown)
	2-9 (Unknown)
	2-10 

(Unknown)

	Mean
	5.99
	5.42
	4.44
	5.36

	SD
	1.76
	1.63
	1.44
	1.74


Findings presented in Table 4.3 reveal that in case of Charland, 46.67 percent respondents had medium family size followed by 34.07 percent large family and 19.26 percent respondents had small family size. In case of Upland, 44.64 percent respondents had medium family size followed by 30.36 percent small family and 25.00 percent had large family size. As regards to Baridtract, almost three fifth (59.41%) respondents had small family size followed by 30.69 percent medium family size and 9.90 percent respondents had large family size. In the pooled sample, almost two fifth (41.38%) of the respondents had medium family size followed by 34.48 percent small family and the rest 24.14 percent had large family size. The average family size was 5.36 which is higher to the national average in the study areas (4.30) as the average family size in Charland was 5.99 which is close to the finding of Lutfunnahar et al. (2023). It was concluded that three fourth (75.86%) of the respondents had small to medium family size. The similar findings have been reported by Rathod (2023), Bagri (2020), Sushantha (2017) and Rai (2015). The possible reason for this finding may be majority of the respondents adopted family planning and lived with their parents as Bangladeshi culture. Moreover, medium and small families are also supportive in securing livelihood of the family members with better development opportunities as compare to large families.

4.1.1.4 Farm size

Farm size has been considered as one of the factors that determine the economic status and potentiality of farmers to use new agricultural enterprises and technologies on farm. It also plays an important role in adoption of agricultural diversification for livelihood security of farmers and their socio-economic development. According to the overall farm size score the respondents were classified into three categories as suggested by DAE (1999): ‘Marginal farm’ (0.20-0.20), ‘Small farm’ (0.21-1.0) and ‘Medium farm’ (1.01- 3.0). The distribution of the farmers according to their farm size is shown in Table 4.4. 

Table 4.4 Distribution of the respondents according to their farm size (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Marginal farm (0.02-0.20)
	01
	0.74
	10
	8.93
	5
	4.95
	16
	4.60

	Small farm (0.21-1.0)
	118
	87.41
	84
	75.00
	68
	67.33
	270
	77.59

	Medium farm (1.01-3.0)
	16
	11.85
	18
	16.07
	28
	27.72
	62
	17.81

	Observed range

Possible range
	0.146-2.21

(Unknown)
	0.13-2.99

(Unknown)
	0.14-2.99

(Unknown)
	0.13-2.99

(Unknown)

	Mean
	0.68
	0.64
	0.75
	0.69

	SD
	0.31
	0.49
	0.50
	0.43


It can be depicted from the results of Table 4.4 that the majority (87.41%) of Charland farmers had small farm size, whereas 11.85 percent had medium farm, and only 0.74 percent possessed marginal farm. In Upland, almost three-fourths (75%) of farmers had small farm, whereas 16.07% had medium farm, and the remaining 8.93 percent had medium farm. In Barind Tract, almost two-thirds (67.33%) of farmers had small farm, whereas 27.72 percent had medium farm, and the remaining 4.95 percent possessed marginal farm. In the pooled sample, a great majority (77.59%) of the respondents had small farm, followed by 17.82 percent with medium-size farm, and only 4.60 percent had marginal farm size. The average farm size of the respondents was 0.69 ha, which was found to be slightly higher than the national average (0.6 ha) reported by Khan (2021). The findings indicate that 95.41 percent of the farmers had small- to medium-size farm. Rahman (2021), Islam (2020), and Osman (2014), reported similar results in their respective studies. It might be due to the fact that landholding is being reduced continuously due to fragmentation of land because of separation of families.
4.1.1.5 Farming experience

Farming experience is an external factor that can influence a person's internal mindset, shaping their attitudes and perceptions accordingly. A person can learn positive and negative dimensions of a thing through experience, which has a strong impact on their mind. Farming experience significantly contributes to agricultural diversification. Based on the overall observed farming experience score, the farmers were classified into four categories, i.e., ‘One-decade’ (≤10), ‘Two-decades’ (11-20), ‘Three-decades’ (21-30), and ‘Four-decades’ (31-40), which are presented in Table 4.5.

Table 4.5 Distribution of the respondents according to their farming experience (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	One decade (≤10)
	25
	18.52
	13
	11.61
	33
	32.67
	71
	20.40

	Two decades (11-20)
	49
	36.30
	47
	41.96
	33
	32.67
	129
	37.07

	Three decades (21-30)
	33
	24.44
	36
	32.14
	25
	24.75
	94
	27.01

	Four decades (31-40)
	28
	20.74
	16
	14.29
	10
	9.91
	54
	15.52

	Observed range

Possible range
	3-40

(Unknown)
	4-40

(Unknown)
	4-40

(Unknown)
	3-40

(Unknown)

	Mean
	20.78
	22.30
	18.29
	20.55

	SD
	10.36
	8.95
	9.91
	9.89


The data from Table 4.5 revealed that less than two-fifths of the Charland farmers (36.30%) belong to two decades of farming experience, whereas 24.44 percent of them had three decades, 20.74 percent had four decades, and the remaining 18.52 percent had one decade of farming experience, respectively. In the case of Upland farmers, 41.96 percent had two decades of farming experience, while 32.14 percent of them had three decades, 14.29 percent had four decades, and the remaining 11.61 percent had one decade of farming experience, respectively. As regards Barind Tract, almost one-third (32.67%) of the farmers had jointly one and two decades of farming expense, followed by 24.75 percent of them who had three decades, and the remaining 9.90 percent had one decade of farming experience, respectively. 
In the pooled sample, less than two-fifths of the respondents (37.07%) had two decades of farming experience, followed by 27.01 percent with three decades, 20.40 percent with one decade, and 15.52 percent with four decades of farming experience, respectively. Thus, the majority (64.08%) of the farmers had two to three decades of farming experiences. The reason might be that the majority of the farmers belonged to middle age with secondary to higher secondary education and practiced agricultural diversification for their livelihood improvement. This result is in line with the finding of Islam (2020), who reported that 65.83 percent of the respondents had two to three decades of farming experience.

4.1.1.6 Non-agricultural income

It includes the amount of money earned during a year from non-agricultural sources. It is also assumed that the economic position of an individual affects the behavior of an individual. Generally, sound and different activities can only be possible when the money is available in hand. Based on the observed overall non-agricultural income score, the farmers were divided into three categories, e.g., ‘Low’ (≤ 120), ‘Medium’ (121-240), and ‘High’ (> 240), as shown in Table 4.6.

Table 4.6 Distribution of the respondents according to their non-agricultural income (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low (≤120)
	69
	51.11
	83
	74.10
	83
	82.18
	235
	67.53

	Medium (121-240)
	55
	40.74
	23
	20.54
	14
	13.86
	92
	26.44

	High (>240)
	11
	8.15
	06
	5.36
	04
	3.96
	21
	6.03

	Observed range

Possible range
	22-350

(Unknown)
	0-350

(Unknown)
	0-360

(Unknown)
	0-360

(Unknown)

	Mean
	132.97
	109.19
	81.13
	110.27

	SD
	71.21
	67.72
	72.76
	73.48


The results of Table 4.6 showed that the majority (51.11%) of Charland farmers had low non-agricultural income, whereas 40.74 percent had medium non-agricultural income, and the remaining 8.15 percent possessed high non-agricultural income. In Upland, almost three-fourths (74.11%) of farmers were with low non-agricultural income, whereas 20.54 percent had medium non-agricultural income and the remaining 5.36 percent possessed high non-agricultural income. In Barind Tract, more than four-fifths (82.18%) of farmers had low non-agricultural income, whereas 13.86 percent had medium non-agricultural income, and the remaining 3.96 percent possessed high non-agricultural income. In the pooled sample, the majority of the respondents (67.53%) had low non-agricultural income, followed by 26.44 percent of them with medium and 6.03 percent with high non-agricultural income.
The great majority (93.96%) of the farmers in the study area had low to medium non-agricultural income, as their livelihood heavily depends on agriculture and there is limited opportunity to be involved in other activities. This result is in line with the finding of Chowdhury (2017). Among the three agricultural situations, the non-agricultural income of the farmers is highest in Charland, followed by Upland and Barind Tract. It is indicating that farmers in Charland have diversified their income to cope with the frequent natural calamities.

4.1.1.7 Irrigation intensity

Irrigation is crucial for agriculture. Irrigation intensity has been calculated using the formula of dividing the gross irrigated area by the gross cropped area in a given agricultural year and multiplying by 100 (Reddy & Reddy 1992). Following the mean plus minus standard deviation of the overall irrigation intensity score, the farmers were classified into three categories, e.g., ‘Low’ (≤70), ‘Medium’ (71 to 99), and ‘High’ (>99), as presented in Table 4.7.

Table 4.7 Distribution of the respondents according to their irrigation intensity (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low (≤70)
	17
	12.59
	1
	0.89
	52
	51.49
	70
	20.12

	Medium (71-99)
	84
	62.22
	95
	84.82
	44
	43.56
	223
	64.08

	High (>99)
	34
	25.19
	16
	14.29
	5
	4.95
	55
	15.80

	Observed range

Possible range
	48.77-121.80

(Unknown)
	52.38-103.45

(Unknown)
	52.09-110.81

(Unknown)
	48.77-121.80

(Unknown)

	Mean
	87.28
	94.60
	71.38
	85.02

	SD
	13.38
	6.79
	12.78
	14.72


It is evident from the results of Table 4.4 that the majority of the Charland farmers (62.22%) had medium irrigation intensity, followed by 25.19 percent with high irrigation intensity and 12.59 percent of them with low irrigation intensity. As regards Upland farmers, the majority of the respondents (84.82%) had medium irrigation intensity, followed by 14.29 percent who had low and a negligible proportion (0.89%) who had high irrigation intensity. In the case of Barind Tract, the majority of the respondents (51.49%) had low irrigation intensity, followed by 43.56 percent who had medium and only 4.95 percent who had high irrigation intensity. In the pooled sample, the majority of the respondents (64.08%) had medium irrigation intensity, followed by 20.11 percent with low and 15.80 percent with high irrigation intensity. The findings indicate that overall 84.19 percent of the farmers had low to medium irrigation intensity where farmers in Upland areas had higher irrigation intensity followed by Charland and Barind Tract. The average overall irrigation intensity was 85.02, which is close to Islam and Hossain's (2017) findings.

4.1.1.8 Farm mechanization

Farm mechanization refers to the development and use of machines that can take the place of human and animal power in agricultural activities. It implies the use of various power sources and improved farm tools and equipment with a view to reduce the labor of the human beings and draught animals, enhance the cropping intensity, precision in metering and placement of inputs, and timelines of efficiency of utilization of various crop inputs (seed, chemical, fertilizer, irrigation, water, etc.) and reduce the losses at different stages of crop production. The aim of farm mechanization is to enhance the productivity and production with the lowest cost of production. Following the mean plus minus standard deviation of the overall farm mechanization score, the farmers were classified into three categories, e.g., ‘Low’ (≤61), ‘Medium’ (62 to 134), and ‘High’ (>134), as presented in Table 4.8.

Table 4.8 Distribution of the respondents according to their farm mechanization (n=348)
	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low (≤61)
	27
	20.00
	8
	7.14
	28
	27.72
	63
	18.10

	Medium (62-134)
	100
	74.07
	67
	59.82
	58
	57.43
	225
	64.66

	High (>134)
	8
	5.93
	37
	33.04
	15
	14.85
	60
	17.24

	Observed range

Possible range
	24-147

(Unknown)
	20-185 (Unknown)
	12-192 (Unknown)
	12-192 (Unknown)

	Mean
	88.30
	114.66
	90.28
	97.36

	SD
	30.04
	34.33
	39.66
	36.36


The data presented in Table 4.8 indicates that the majority (74.07 percent) of Charland farmers had medium degree of farm mechanization, whereas 20.00 percent were with low degree of farm mechanization and 5.93 percent were with high degree of farm mechanization. In Upland, more than three-fifths (59.82%) of farmers had medium degree of farm mechanization, whereas 33.04 percent were in high degree and only 7.14 percent were in low degree of farm mechanization. In Barind Tract, the majority (57.43%) of farmers had medium degree of farm mechanization, whereas 27.7 percent in low degree, and only 14.85 percent had high degree of farm mechanization. In the pooled sample, almost three-fifths (64.66%) of the respondents were in the medium farm mechanization category, followed by 18.10 percent in the low farm mechanization category and 17.24 percent of them in the high farm mechanization category. Thus, the great majority (82.76%) of the farmers were in the low- to medium-farm mechanization category. The highest mean farm mechanization score (114.66) was obtained for Upland farmers, and the lowest (88.30) was obtained for Charland farmers for their lack of proper road communication and limited access to farm machinery. All the mean scores indicated medium level of farm mechanization. This result is in line with the finding of Bharadwaj (2019).

4.1.2 Psychological characteristics

4.1.2.1 Decision-making ability

Decision-making is a mental judgment process that changes much of the behavior of an individual. Some people can make quick decisions, while others rely on others' opinions. It changes one’s interaction behavior with others. The one who can take a quick decision may influence others, but one who himself cannot take a decision is usually influenced by others. Following the mean plus minus standard deviation of the overall decision-making score, the farmers were classified into three categories, e.g., ‘Low ability’ (≤13), ‘Medium ability’ (14-23), and ‘High ability’ (>23), as presented in Table 4.9. 

Table 4.9 Distribution of the respondents according to their decision-making ability (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low ability (≤13)
	15
	11.11
	26
	23.21
	38
	37.62
	79
	22.70

	Medium ability (14-23)
	100
	74.07
	76
	67.86
	44
	43.47
	219
	62.93

	High ability (>23)  
	20
	14.81
	10
	8.93
	19
	18.81
	50
	14.37

	Range: Observed (Possible)
	10-28 (10-30)
	10-28 (10-30)
	10-28 (10-30)
	10-28 (10-30)

	Mean
	18.83
	17.64
	16.56
	17.79

	SD
	4.44
	4.79
	5.94
	5.10


It is apparent from the data presented in Table 4.9 that in the case of Charland, somewhat less than three-fourths (74.07%) of the respondents had medium-level decision-making ability, while 14.81 percent had high decision-making ability, and only 11.11 percent of them had low-level decision-making ability. In the case of Upland, the majority of the respondents (67.86%) had medium level of decision-making ability, followed by 23.21 and 8.93 percent who had low and high levels of decision-making ability, respectively. Conversely, it was found that almost half (43.46%) of Barind Tract farmers had medium level of decision-making ability, followed by 37.62 and 18.81 percent of them who had low and high levels of decision-making ability, respectively. In the pooled sample, about two-thirds (62.93%) of respondents had medium level of decision-making ability, followed by 22.70 percent of them with a low level and 14.37 percent with a high level of decision-making ability, respectively. Thus, a great majority (85.63%) of the total farmers had low to medium decision-making ability. This finding is in line with those reported by Dudhatara (2021), Islam (2020), and Rai (2015). The probable reason for this result might be the respondent’s education, risk orientation, extension media contact, and marker accessibility, which help improve their efficiency in making decisions about the effective functioning of agricultural diversification for livelihood security.

4.1.2.2 Risk orientation
The farming is generally characterized by uncertainty and risk involvement. Risk orientation refers to the degree to which an individual is oriented towards risk and uncertainty and has the courage to face the problems in farming. Therefore, it was felt appropriate to study the risk orientation of the farmers. Following the possible overall risk orientation score, the farmers were divided into three categories: ‘Low level’ (≤ 19), ‘Medium level’ (20-30), and ‘High level’ (> 30), as shown in Table 4.10.
Table 4.10 Distribution of the respondents according to their risk orientation (n=348)
	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low level (≤19)
	14
	10.37
	27
	24.11
	25
	24.75
	66
	18.96

	Medium level (20-30)
	83
	61.48
	49
	43.75
	43
	42.58
	175
	50.29

	High level (>30)
	38
	28.15
	36
	32.14
	33
	32.67
	107
	30.75

	Range: Observed (Possible)
	12-35 (8-40)
	12-35 (8-40)
	12-35 (8-40)
	12-35 (8-40)

	Mean
	28.37
	27.15
	26.14
	27.33

	SD
	4.57
	5.88
	6.37
	5.63


It can be depicted from the results of Table 4.10 that almost three-fifths (61.48%) of Charland farmers were medium-level in risk orientation, followed by 28.15 percent who were higher-level, and the remaining 10.37 percent of farmers were low-level in risk orientation. The data in Table 4.10 further indicated that 43.75 percent of Upland farmers were medium-level in risk orientation, whereas 32.14 percent of them were higher-level in risk orientation, and 24.11 percent were lower-level in risk orientation. In the case of Barind Tract, 42.57 percent of farmers were at a medium level of risk orientation, followed by 32.67 percent of them at a higher level of risk orientation and 24.75 percent at a lower level of risk orientation. In the pooled sample, half (50.29%) of respondents had medium risk orientation, followed by 30.75 percent of them with high and 18.97 percent with low-risk orientation. Among the three situations, farmers of the Charland had a higher risk orientation followed by Upland and Barind Tract. Thus, the great majority (81.04%) of the farmers had medium to high level of risk orientation. This finding is in line with those reported by Rathod (2023), Dudhatara et al. (2022), Kumari (2021), Bharadwaj (2019), and Rai (2015). The probable reason for the above situation might be that the majority of the farmers are willing to put their available resources into new enterprises or activities because they might have considered agricultural diversification as more remunerative as compared to monocropping or a single enterprise to sustain their family livelihood. This might also be because the majority of the respondents were educated and had good social participation and extension media contact, which enabled them to take risks for their enterprises in order to gain profit.

4.1.2.3 Attitude towards agricultural diversification

Attitude refers to the degree of favorableness or unfavorableness towards some psychological object. The psychological object of the present study has been conceptualized as agricultural diversification. The outcome of this objective provides sample spheres to produce suitable extension strategies to increase agricultural diversification for livelihood security. Following the mean plus minus standard deviation of the overall attitude score, the farmers was divided into three categories e.g. ‘Least favourable’ (≤33), ‘Favourable’ (34-52) and ‘Most favourable’ (>52) as shown in Table 4.11.

Table 4.11 Distribution of the respondents according to their attitude towards diversification (n=348)

	   Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Least favourable (≤36)
	35
	25.93
	14
	12.50
	31
	30.69
	80
	22.99

	Favourable (37-52)
	90
	66.67
	65
	58.04
	55
	54.46
	210
	60.34

	Most favourable (>52)
	10
	7.40
	33
	29.46
	15
	14.85
	58
	16.67

	Range: Observed (Possible)
	29-57 (14-70)
	28-58(14-70)
	28-57 (14-70)
	28-58 (14-70)

	Mean
	42.88
	47.49
	42.52
	44.26

	SD
	7.90
	7.45
	8.18
	8.13


The results presented in Table 4.11 indicate that two-thirds (66.66%) of the Charland farmers were having the most favorable attitude towards agricultural diversification, whereas 25.93 percent were having the least favorable attitude, and only 7.40 percent of the farmers were having the most favorable attitude. In Upland, a little more than half of the respondents (54.46%) had favorable attitude towards agricultural diversification, followed by 29.46 percent had the most favorable attitude towards agricultural diversification, and only 12.50 percent of them had least favorable attitude towards agricultural diversification. As regards Barind Tract, almost three-fifths (54.46%) of the respondents had favorable attitude towards agricultural diversification, followed by 30.69 percent had the least favorable and 14.85 percent had the most favorable attitude towards agricultural diversification. In the pooled sample, three-fifths (60.34%) of respondents had favorable attitudes towards agricultural diversification, followed by 22.99 percent of them who had the least favorable and 16.67 percent who had the most favorable attitude towards agricultural diversification. Thus, the great majority (77.01%) of the farmers had favorable to most favorable attitude towards agricultural diversification. This might be due to the reason that the farmers had medium to high level educational levels, risk orientation, credit-seeking behavior, extension media contact and market accessibility. This result is in line with the findings of Rathod (2023), Dudhatara et al. (2022), Bharadwaj (2019), and Rai (2015).

4.1.3 Institutional characteristics

4.1.3.1 Social participation

The level of social participation reflects how actively involved a person is in local issues. People with more extensive social networks are likely to be more civic-minded, adaptable, and resourceful, which may aid in the spread of inventions. Following the mean plus minus standard deviation of the overall social participation scores, the respondents were classified into three categories, e.g., ‘Low participation’ (≤1), ‘Medium participation’ (2-4), and ‘High participation’ (>4), as presented in Table 4.12.

Table 4.12 Distribution of the respondents according to their social participation (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low participation (≤1)
	18
	13.33
	44
	39.29
	40
	39.60
	102
	29.31

	Medium participation (2-4)
	88
	65.19
	66
	58.93
	57
	56.44
	211
	60.63

	High participation (>4)
	29
	21.48
	2
	1.78
	4
	3.96
	35
	10.06

	Observed range

Possible range
	1-8 

(Unknown) 
	1-5 

(Unknown)
	1-5

(Unknown)
	1-8 

(Unknown)

	Mean
	3.27
	1.80
	1.94
	2.41

	SD
	1.84
	.84
	1.05
	1.52


As shown in Table 4.12 indicate that the majority (65.19%) of Charland farmers had medium social participation, while 21.48 percent and 13.33 percent had high and low social participation, respectively. In the case of Upland, about three-fifths (58.93%) of the farmers had medium participation, followed by 39.29 percent had low and only 1.79 percent had high social participation, respectively. As regards Barind Ttract, the majority (56.44%) of the respondents had medium social participation, followed by 39.60 percent had low and 3.96 percent had high social participation, respectively. In the pooled sample, three-fifths (60.63%) of the respondents had medium social participation, followed by 29.31 percent had low and 10.06 percent had high social participation, respectively. Thus, the great majority (89.94%) of the farmers had low to medium social participation. The findings were in line with Islam (2020) and Bagri (2020), who found the majority of the farmers, had low to medium social participation. The farmers could take part in low discussion with their membership of the organization to identify the problems as well as solutions and exchange views on different ideas. The extension agents of various GOs and NGOs, as well as mass media, could play a vital role in raising awareness among the large number of farmers to participate in different social organizations. Therefore, it is expected that increased social participation among farmers will lead to greater adoption of agricultural diversification for livelihood security.

4.1.3.2 Credit seeking behavior

Credit plays an important role in poverty alleviation. It is always a prime concern for the small and marginal farmers to start new enterprises and diversify their agriculture for their livelihood security. In order to obtain a sufficient amount of credit by the respondents on time, their credit-seeking behavior plays an important role. Following the mean plus minus standard deviation of the overall credit-seeking behavior score, the respondents were classified into three categories, e.g., ‘Low’ (≤6), ‘Medium’ (7-10), and ‘High’ (>10), as presented in Table 4.13.

Table 4.13 Distribution of the respondents according to their credit seeking behaviour (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)


	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low (≤6)
	29
	21.48
	39
	34.82
	34
	33.66
	102
	29.31

	Medium (7-10)
	85
	62.96
	67
	59.82
	62
	61.39
	214
	61.49

	High (>10)
	21
	15.56
	6
	5.36
	05
	4.95
	32
	9.20

	Observed range

Possible range
	5-12

(5-15)
	5-12

(5-15
	5-12

(5-15)
	5-12

(5-15)

	Mean
	8.48
	7.25
	6.92
	7.63

	SD
	1.92
	1.73
	1.49
	1.87


Table 4.13 reveals that more than three-fifths (62.96%) of the Charland farmers had medium credit-seeking behavior, followed by 21.48 percent and 15.56 percent of the respondents with low and high credit-seeking behavior, respectively. In the case of Upland, three-fifths (59.82%) of the respondents had medium credit-seeking behavior, followed by 34.82 percent and 5.36 percent of the respondents with low and high credit-seeking behavior, respectively. As regards Barind Tract, almost three-fifths (61.39%) of the respondents had medium credit-seeking behavior, followed by 33.66 percent and 4.95 percent of the respondents who had low and high credit-seeking behavior, respectively. In the pooled sample, almost three-fifths (61.49%) of the respondents had medium credit-seeking behavior, followed by 29.31 percent who had low and 9.20 percent of the respondents who had high credit-seeking behavior. The average credit-seeking behavior score among the three situations was higher for Charland farmers (8.48) than for Upland farmers (7.25) and Barind Tract farmers (6.92). The average credit score of the pooled sample was 7.63, indicating medium credit-seeking behavior, as most respondents were small and marginal farmers who are economically disadvantaged and seek credit from various sources to maintain multiple enterprises or engage in activities that promote diversification and enhance livelihood security. This finding is in line with those reported by Rathod (2023), Kavitha (2021) and Rai (2015).

4.1.3.3 Extension media contact

Extension media contact refers to the ways that agricultural extension services communicate with the farmers and rural communities through various media platforms.  This includes traditional media like newspapers and television, as well as newer forms such as social media, websites, and even direct communication channels like email and text messages.  The goal is to disseminate information about agricultural practices, research findings, and other relevant resources to improve farming practices and livelihoods.  Following the possible overall extension media contact score, the respondents were classified into three categories, e.g., ‘Low contact’ (≤7), ‘Medium contact’ (8-14), and ‘High contact’ (>14), as shown in Table 4.14.

Table 4.14 Distribution of the respondents according to their extension media contact (n=348) 

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low contact (≤7)
	8
	5.93
	6
	5.36
	28
	27.72
	42
	12.07

	Medium contact (8-14)
	101
	74.81
	87
	77.68
	64
	63.37
	252
	72.41

	High contact (>14)
	26
	19.26
	19
	16.96
	9
	8.91
	54
	15.52

	Range: Observed (Possible)
	4-19 (0-22)
	4-18 (0-22)
	4-19 (0-22)
	4-19 (0-22)

	Mean
	12.48
	12.70
	9.46
	11.67

	SD
	2.96
	2.69
	3.11
	3.24


It can be inferred from the results of Table 4.14 that three-fourths (74.81%) of Charland farmers had medium contacts, whereas 19.26 percent had high contacts, and the remaining 5.93 percent had low contacts. The data in Table 4.14 also observed that the majority (77.68 percent) of Upland farmers had medium contacts, whereas 16.96 percent had high contacts and only 5.36 percent possessed low extension contacts. In Barind Tract, less than three-fifths (63.3%) of farmers had medium contacts, whereas 27.72 percent had low contacts, and the remaining 8.91 percent had high extension contacts. In the case of the pooled sample, about three-fourths (72.41%) of the farmers had medium extension media contact, followed by 15.52 percent had high contact and 12.07 percent had low extension media contact. It could be concluded that a great majority (87.93 percent) of the farmers had medium to high level of extension contact, which might be due to regular participation in various extension activities such as trainings, farmers field days, Internet based- What’s app, Krishi app, Facebook, watching agricultural TV programs, etc. Another reason would be that the majority of respondents were educated up to the higher secondary level and willing to contact the NGO worker, private company personnel, or DAE/DLS/DoF to adopt advanced technologies like agricultural diversification. Kavitha (2021) and Islam (2020) observed similar results in their respective studies.

4.1.3.4 Market accessibility
Market access has a deep impact on farmers’ decisions, influencing their choice of crops and technology adoption. Agricultural diversification depends on the availability of markets to trade the agricultural portfolio. Following the mean plus minus standard deviation of the overall marketing accessibility score, the respondents were classified into three categories, namely ‘Low’ (≤8), ‘Medium’ (9-11), and ‘High’ (>11), as shown in Table 4.15.

Table 4.15 Distribution of the respondents according to their market accessibility (n=348)

	Categories 
	Charland
(n1=135)
	Upland (n2=112)
	Barind Tract
(n3=101)
	Total

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low (≤8)
	50
	37.04
	12
	10.72
	18
	17.82
	80
	22.99

	Medium (9-11)
	60
	44.44
	81
	72.32
	58
	57.43
	199
	57.18

	High (>11)
	25
	18.52
	19
	16.96
	25
	24.75
	69
	19.83

	Range: Observed (Possible)
	5-14 (5-15)
	5-14 (5-15)
	5-14 (5-15)
	5-14 (5-15)

	Mean
	9.41
	10.12
	9.82
	9.76

	SD
	2.31
	1.69
	2.40
	2.18


The data given in Table 4.15 indicate that 44.44 percent of Charland farmers belonged to the medium level of market accessibility, followed by 37.05 and 18.52 percent in the low and high levels of market accessibility, respectively. Table 4.15 also indicates that 72.32 percent of Upland farmers belonged to the medium level of market accessibility, followed by 16.96 and 10.71 percent of Upland farmers in the high- and low-level market accessibility categories, respectively. In the case of Barind Tract, 57.43 percent of farmers belonged to the medium level of market accessibility, followed by 24.75 and 17.78 percent of farmers in the high and low levels of market accessibility, respectively. In the pooled sample, the majority (57.18%) of respondents had medium market accessibility, followed by 22.99 percent of them with low and 19.25 percent with high market accessibility.  Thus, the majority of the respondents (80.17%) were having low to medium levels of market accessibility. The possible reason might be the inadequate accessibility of market intelligence, lack of infrastructural facilities for storage of produce, and non-availability of cold storage and warehouses within the village premises for storage of produce. Similar results were reported by Kavitha (2021) in the study on integrated farming systems, Reddy (2019) in the study on livelihood diversification, and Chowdhury (2017) on vertical crop diversification.

4.2 Agricultural Diversification in Northern Bangladesh

Agriculture diversification has tremendous impact on the agro-socio-economic situation and upliftment of resource-poor farming communities for securing their livelihood. In present study, agricultural diversification conceptualized as reallocation of the available resource to the new enterprises, crops or shift from the less remunerative crop or enterprise to more remunerative crops/enterprises or their suitable combination to meet ever increasing demand for cereals, pulses, vegetables, fruits, oilseeds, fibers, fodder, meat and fuel etc. of the rural farm families in order to secure their livelihood. Therefore, it was thoughtful to study the extent of agricultural diversification of the study area.

4.3.1 Extent of agricultural diversification 

The extent of agricultural diversification in different agricultural situation of northern Bangladesh was measured into ADI which is shown in Table 4.16.  The value of ADI scores range between 0 and 1 where zero (0) represents perfect specialization and one (1) represents perfect diversification. The average ADI value across three situations was 0.599, indicating a medium level of agricultural diversification in the study area. Among these three locations, the farmers of Charland in Kurigram district had the highest ADI value (0.610), followed by Upland in Thakurgaon district (0.596) and Barind Tract in Dinajpur district (0.588).

Table 4.16 Distribution of the respondents according to their agricultural diversification index value
	Categories
	Charland

(n1=135)
	Upland (n2=112)
	Barind Tract

(n3=101)
	Overall

(n=348)

	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	Low (≤0.533)
	11
	8.15
	20
	17.86
	24
	23.76
	55
	15.8

	Medium (0.53-0.66)
	109
	80.74
	77
	68.75
	55
	54.46
	241
	69.3

	High (>0.665)
	15
	11.11
	15
	13.39
	22
	21.78
	52
	14.9

	Observe range
	0.433-0.720
	0.314-0.749
	0.314-0.722
	0.314-0.749

	Mean (SD)
	0.610 (0.050)
	0.596(0.065)
	0.588 (0.081)
	0.599 (0.066)


In Charland areas, almost four fifth of the respondents (80.74%) had medium level of agricultural diversification followed by 8.15 percent of them had low level of agricultural diversification and 11.11 percent of them had high level of agricultural diversification. Likewise in the Upland areas, more than two third of the respondents (68.75%) had medium level of agricultural diversification subsequently 17.85 percent and 13.39 percent had low and high level of agricultural diversification, respectively. More than half of the respondents (54.46%) fell under medium level agricultural diversification afterward low (23.76%) and high (21.78%) levels of agricultural diversification in Barind Tract. In pooled situation, 69.3 percent of the respondents belonged to medium level of agricultural diversification, followed by 15.8 percent and 14.9 percent had low and high levels of agricultural diversification, respectively. 
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Figure 4.1 Distribution of farmers (%) according to agricultural diversification index

The Figure 4.1 clearly describes that medium level of agricultural diversification was dominating in three areas. It can be concluded that overwhelming majority (85.1%) of the farmers had medium to low level of agricultural diversification. The probable reason of above findings might be that the farmers had small farm size but they have good cropping intensity which reflects the efficient use of farm land. It is also important because majority of the respondents are depending on farm produces for ensuring household food security. Moreover, they also have medium to high level of risk orientation, decision-making, extension media contact, access to credit, and market which might have determining factors for agricultural diversification at farm level. The results of the present study are in harmony with the results of Rathod (2023); Dudhatara et al. (2022); Kumari (2021); Bhardwaj (2019); and Rai (2015) who reported that majority of the respondents, had medium extent of agriculture diversification. The findings of the present study are, however contradictory to that of Bagri (2020) who reported that majority of the respondents (47.50%) were under low agricultural diversification category followed by 29.17 percent under medium and 23.33 percent high level of agricultural diversification.
4.3.2 Pattern of agricultural diversification 

This study examined the pattern of agricultural diversification across three locations based on the percentage share of income from different agricultural activities (Table 4.17), which reflects the dominant nature of diversification in the study area. In Charland, farm income was relatively more diversified, with major contributions from cereal crops (37.92%) and ruminant rearing (28.70%), supported by pulses as an important dominant crop and commercial crops—particularly jute—playing a notable role. Additional income from vegetables, oilseeds, spices, and fisheries further indicates a balanced crop–livestock production system, contributing to the highest level of diversification among the three locations. In the Upland, income was largely derived from cereals (40.20%) and ruminants (21.84%), with substantial contributions from tubers (18.30%) and vegetables (10.32%), suggesting a moderate level of diversification but with income concentrated in a few activities.

In contrast, the Barind Tract showed the highest dependence on cereals (51.63%), followed by ruminants (23.21%) and tubers, reflecting a more specialized and risk-averse farming system. However, fruit cultivation—particularly mango orchards—has been increasing steadily in the Barind Tract, indicating a gradual shift toward perennial and high-value crops despite prevailing agro-climatic constraints.

Table 4.17 Share of various income sources from agricultural activities at three locations (%)

	Agricultural

sub-sector and its activities
	Charland
	Upland
	Barind Tract
	Overall

	Crop
	Cereals
	37.92
	40.20
	51.63
	43.01

	
	Pulses
	4.04
	0.03
	0.01
	1.19

	
	Oilseeds
	3.97
	0.23
	3.80
	2.40

	
	Tubers
	2.85
	18.30
	17.00
	13.41

	
	Commercial crops
	2.37
	0.54
	0.19
	0.96

	
	Vegetables
	10.54
	10.32
	0.73
	7.46

	
	Spices
	3.71
	2.39
	0.30
	2.14

	
	Fruits
	1.09
	1.36
	1.46
	1.31

	
	Wooded
	0.13
	0.87
	0.53
	0.55

	Livestock
	Ruminants
	28.70
	21.84
	19.79
	23.21

	
	Poultry
	0.76
	0.69
	1.94
	1.09

	Fisheries
	Culture fishery
	2.76
	2.72
	2.04
	2.52

	
	Capture fishery
	1.16
	0.54
	0.60
	0.74

	Total
	100.00
	100.00
	100.00
	100.00


Overall, cereals and ruminants together accounted for the largest share of agricultural income across all locations. Nevertheless, the broader range of income sources in Charland, along with the emerging role of fruit cultivation in the Barind Tract, explains the observed variation in Agricultural Diversification Index (ADI) values, with Charland recording the highest ADI (0.610), followed by the Upland (0.596) and the Barind Tract (0.588).

Different agricultural activities practiced by the farmers in different locations are presented in Figure 4.2, providing a comprehensive view of the pattern of agricultural diversity. At the individual practice level, the results showed that 100% of farmers across all locations participated in cereal cultivation to meet the demand for staple food. In Charland, the second most common practice was rearing ruminants, undertaken by nearly 99% of respondents due to the availability of grassy land and maize cultivation, whose leaves are used as fodder. Vegetable cultivation was practiced by about 89% of respondents, making it the third most common activity due to availability of irrigation water and suitable land. About 85% of respondents were involved in fruit growing (fourth ranked) and about 74% in poultry rearing (fifth ranked), mostly for household consumption. Other farm practices included pulses (72%), capture fishery (63%), oilseeds (56%), spices (39%), culture fishery (34%), commercial crops (25%), tubers (20%), and wooded crops (14%).
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Figure 4.2 Agricultural activities practiced by farmers 

In the Upland, a similar trend was observed: the second most practiced activity was ruminant rearing (98%), followed by vegetable cultivation (96%), fruit growing (96%), and poultry rearing (94%). Other practices included tubers (93%), spices (81%), culture fishery (60%), capture fishery (57%), wooded crops (52%), commercial crops (22%), oilseeds (10%), and pulses (2%).

In the Barind Tract area, the trend was slightly different. The second most common activity was oilseed cultivation (95%), followed by tuber production (93%), poultry rearing (90%), and fruit growing (89%). Other practices included vegetables (74%), capture fishery (45%), culture fishery (38%), wooded crops (33%), spices (19%), commercial crops (2%), and pulses (1%). These findings across the three locations indicate that farmers in Charland were proportionately engaged in a wider range of agricultural activities compared to the Upland and Barind Tract. Consequently, the Agricultural Diversification Index (ADI) was higher in Charland, followed by the Upland and Barind Tract.

4.3 Influence of the Farmers’ Selected Characteristics on their Agricultural Diversification 

Four steps were followed to determine the influences of the selected characteristics of the farmers on their agricultural diversification: first, the correlation analysis; second, the multiple linear regression; third, the stepwise multiple regression; and finally, the path analysis. The steps are given in the following sub-sections:

4.3.1 Correlation analysis between selected characteristics of the farmers with their agricultural diversification

The determination of the relationship between independent and dependent variables helps in the identification of explanatory variables to better describe agricultural diversification. The 15 selected characteristics constituted the independent variables, while agricultural diversification was the dependent variable of this study. Pearson’s Product Moment Correlation Coefficient (r) was computed. A five percent (0.05) level of probability was used as the basis for the rejection of the null hypothesis. The relationship between the dependent and independent variables is presented in Table 4.18, and the correlation matrix of the independent and dependent variables of the farmers is presented in Appendix IV.

Among the 15 characteristics, 10 selected characteristics (educational qualifications, family size, farming experience, decision-making ability, risk orientation, attitude towards agricultural diversification, social participation, credit-seeking behaviour, extension media contact, and market accessibility) of the farmers were found to have a significant positive relationship, but only farm size was found to have a significant negative relationship. This may be due to the fact that large farms support specialization, whereas small and marginal farmers may be considered subsistence family farms in nature, which actually practice various types of crops; and animal husbandry, fishery, and crop cultivation co-exist here. The remaining four characteristics (age, non-agricultural income, irrigation intensity, farm mechanization) had non-significant relationship with agricultural diversification.

Table 4.18 Relationships between selected characteristics of the farmers and their agricultural diversification

	Dependent variable
	Independent variables
	Coefficient of correlation (r)

	
	
	

	Agricultural diversification 
	Age (X1)
	0.058

	
	Educational qualifications (X2)
	0.162**

	
	Family size (X3)
	0.165**

	
	Farm size (X4)
	-0.341**

	
	Farming experience (X5)
	0.201**

	
	Non-agricultural income (X6)
	       -0.075

	
	Irrigation intensity (X7)
	        0.025

	
	Farm mechanization (X8)
	       -0.028

	
	Decision making ability (X9)
	0.445**

	
	Risk orientation (X10)
	0.438**

	
	Attitude towards agricultural diversification (X11)
	0.188**

	
	Social participation (X12)
	0.178**

	
	Credit seeking behaviour(X13)
	0.387**

	
	Extension media contact (X14)
	0.466**

	
	Market accessibility (X15)
	0.482**


** Significant at 0.01 level; tabulated value (r) = 0.138 & with 346 d.f
The educational qualification is similar to Islam et al., 2024; Rathod, 2023; Dudhatara, 2021; Bagri, 2020; Bharadwaj, 2019; Devi, 2018; Chowdhury, 2017; and Rai, 2015, but dissimilar to Kumari, 2021. Family size is similar to Islam et al., 2024, and Islam & Hossain, 2017, but dissimilar to Bagri, 2020, and Rai, 2015. Farm size is similar to Nirmala et al., 2024; Felix & Ramappan, 2024; Kankwamba et al., 2018; and Pfeifer et al., 2009, but dissimilar to Islam et al., 2024; Rathod, 2023; Dudhatara, 2021; Kumari, 2021; and Bagri, 2020. Farming experience is similar to Islam et al., 2024. Risk orientation is similar to Rathod, 2023; Dudhatara, 2021; Bagri, 2020; Bharadwaj, 2019; and Rai, 2015. Attitude towards agricultural diversification is similar to Dudhatara, 2021; Mittra et al., 2021; and Bharadwaj, 2019. Social participation is similar to Rai, 2015, and Culas, 2012, but dissimilar to Bagri, 2020. Credit-seeking behaviour is similar to Rathod, 2023; Bagri, 2020; and Rai, 2015. Extension media contact is similar to Rathod, 2023; Dudhatara, 2021; Kumari, 2021; Bagri, 2020; Bharadwaj, 2019; and Rai, 2015. Market accessibility is similar to Jackson et al., 2021; Kavitha, 2021; Rehan, 2020; Reddy, 2019; and Chowdhury, 2017, but dissimilar to Miah et al., 2013.

4.3.2 Multiple linear regressions for the contribution of the selected characteristics of the farmers on their agricultural diversification

As per the results presented in Table 4.18, the correlation analysis only depicts the direction of relationships of variables but cannot highlight their influences (Sarmin & Hasan, 2019). So, the multiple regression analysis was run to determine the influence of different explanatory variables on agricultural diversification of the farmers. Out of the 15 independent variables, 11 variables viz., educational qualifications (X2), family size (X3), farm size (X4), farming experience (X5), decision making ability (X9), risk orientation (X10), attitude towards agricultural diversification (X11), social participation (X12), credit seeking behaviour (X13), extension media contact (X14),  and market accessibility (X15) were included in the analysis of the regression due to their significant values in the correlation analysis. The results of multiple regression analysis are presented in Table 4.19.

Table 4.19 Regression co-efficient of dependent variable with the independent variables in the multiple linear regression models
	Variable codes
	Independent variables
	Unstandardized 
co-efficient
	Standardized 
co-efficient
	t values
	Significance level

	
	
	B
	Std. error
	Beta
	
	

	X2
	Educational qualifications 
	.001
	.001
	.053
	1.189
	.235

	X3
	Family size 
	.002
	.002
	.058
	1.418
	.157

	X4
	Farm size 
	-.032
	.006
	-.210
	-5.141
	.000

	X5
	Farming experience 
	.000
	.000
	.060
	1.412
	.159

	X9
	Decision making ability 
	.003
	.001
	.244
	5.932
	.000

	X10
	Risk orientation
	.002
	.001
	.169
	3.622
	.000

	X11
	Attitude towards agril. diversification 
	.000
	.000
	.026
	.613
	.541

	X12
	Social participation 
	-.002
	.002
	-.035
	-.797
	.426

	X13
	Credit seeking behaviour
	.004
	.002
	.123
	2.710
	.007

	X14
	Extension media contact 
	.003
	.001
	.153
	3.216
	.001

	X15
	Market accessibility 
	.007
	.001
	.229
	5.221
	.000


Constant = .344, R= .715, R2 =0.512, Adjusted R2 =0.496, F value=32.019, P= 0.000 

The findings indicate that the regression coefficient of only six variables namely farm size, decision making ability, risk orientation, credit seeking behaviour, extension media contact, and market accessibility had significant contribution to the extent of agricultural diversification of the farmers. The other five variables had no significant contribution to the same.

The multiple correlation coefficient between all the predictor variables and agricultural diversification was 0.715, which indicates a strong relationship between the set of predictors and agricultural diversification. Moreover, the coefficient of determination (R²) indicates that a total of 51.2 percent of the variance in agricultural diversification could be explained by all the independent variables included in the study. The value of the F-test was 32.019, which was significant at p < 0.000, implying that the multiple regression model provides a better fit to the data than a model that contains no independent variables. This finding is good because it means that the independent variables in this model improve the fit. R-squared measures the strength of the relationship between the model and the dependent variable; however, it is not a formal test for statistical significance. The F-test of overall significance is the hypothesis test for this relationship. As the overall F-test is significant, it can be concluded that R-squared does not equal zero, and the correlation between the model and dependent variable is statistically significant.

It was observed that inter-correlations existed among the independent variables. Such inter-correlations among the independent variables suggest possible multicollinearity, which violates the assumptions of the classical linear regression model and may make the estimated coefficients unreliable. In this context, Cohen and Cohen (1975) mentioned, “When some or all of the variables are substantially correlated with each other, the coefficient obtained for the entire set may be highly misleading.”

However, in order to avoid the above-mentioned misleading results, the method of step-wise multiple regression was employed. The objective of this regression model was to find out the influences of the variables which were significant only, apart from the multicollinearity, on agricultural diversification for livelihood security. All the six independent variables were fitted together in step-wise multiple regression analysis. According to Draper and Smith (1981), “Purpose of step-wise multiple regression analysis is to insert variables in turn until the regression equation is satisfactory.”

4.3.3 Stepwise multiple regression for contribution of the selected characteristics of the farmers on their agricultural diversification

The six significant variables of the multiple regression model were included in the stepwise regression analyses and their results are presented in the Table 4.20. 

The multiple R and R2 values found in the step-wise regression were 0.709 and 0.503 while corresponding F-ratio was 57.522 and significant at p < 0.001. The regression equation obtained is presented below:

ý = 0.359 +0.248 X15+0.240X9 + 0.175 X14 - 0.201X4 + 0.181 X10 + 0.122 X13

Here, Constant = 0.359, X15= Market accessibility, X9= Decision making ability, X14= Extension media contact, X4= Farm size, X10= Risk orientation, X13= Credit seeking behaviour, and ý= Agricultural diversification

Table 4.20 Summary of step-wise multiple regression analysis showing contributing variables to agricultural diversification (n = 348)
	Variable Codes
	Individual characteristics
	Unstandardized 
co-efficient(B)
	Standardized co-efficient (β)
	t values
	Significance

Level

	
	
	Beta
	Std. error
	Beta
	
	

	X15
	Market accessibility 
	.008
	.001
	.248
	5.868
	.000

	X9
	Decision making ability 
	.003
	.001
	.240
	5.885
	.000

	X14
	Extension media contact 
	.004
	.001
	.175
	3.869
	.000

	X4
	Farm size 
	-.031
	.006
	-.201
	-5.090
	.000

	X10
	Risk orientation
	.002
	.001
	.181
	4.142
	.000

	X13
	Credit seeking behaviour
	.004
	.002
	.122
	2.818
	.005


Constant = .359, R= 0.709, R2 = 0 .503, F value= 57.522, P=0.000

Results of Table 4.20 indicate that the whole model of 11 variables explained about 51.2 percent of the total variation in agricultural diversification of the farmers, whereas six variables explained 50.3 percent of the variation (Table 4.19 and 4.20). But since the standardized regression coefficients (Beta weight) of the six variables formed the equation and were significant, it might be assumed that whatever contribution was there, it was due to these six variables. 

The above facts indicate that only six variables were mainly responsible for agricultural diversification of the farmers. The unique contribution of each of the six variables was also determined by taking the changes in R² value that occurred with the entry of a particular variable in the stepwise regression model. Table 4.21 indicates that among the six contributing variables, market accessibility had the highest contribution (23.2%) in predicting agricultural diversification, followed by decision-making ability (12.1%), extension media contact (6.9%), farm size (3.7%), risk orientation (3.3%), and credit-seeking behaviour (1.2%).

Table 4.21 Changes in multiple R2 for enter of a variable into the step-wise multiple regression analysis models for agricultural diversification

	
Model
	Variables entered
	R2
	R2 change
	Variance explained (%)
	Significance

level

	X15
	Market accessibility 
	0.232
	0.232
	23.2
	0.000

	X9
	Decision making ability 
	0.353
	0.121
	12.1
	0.000

	X14
	Extension media contact 
	0.422
	0.069
	6.9
	0.000

	X4
	Farm size 
	0.458
	0.037
	3.7
	0.000

	X10
	Risk orientation
	0.491
	0.033
	3.3
	0.000

	X13
	Credit seeking behaviour
	0.503
	0.012
	1.2
	0.000

	
	Total
	-
	-
	50.4
	-


On the basis of the step-wise regression analysis, contributions of these significant six independent variables on agricultural diversification are presented here in order of their importance:

Market accessibility (X15): Market accessibility is crucial for promoting agricultural diversification. Improved market access provides farmers with better opportunities to sell their diverse product, leading to increased income and food security which empowers farmers and improves their livelihoods. The findings of the regression analysis indicate that the market accessibility of farmers had significant and positive effect on agricultural diversification. This may be because in the rural areas of Bangladesh, farmers are now better connected to markets through better roads, transportation, and communication technologies, allowing them to reach a wider customer base and access timely information. Similar results were also argued by Jackson at al. (2025) and Reddy (2019) in livelihood security, Kavitha (2021) in integrated farming system, Rehan (2020) in on farm diversification and Chowdhury (2017) in vertical crop diversification too. In this study, market accessibility solely contributed around 23.2 % to agricultural diversification which is very important. 

Decision making ability (X9): Effective decision-making is vital for successful agricultural diversification, which contributes to improving farmer livelihoods, enhancing food security, and building a more resilient agricultural sector. The finding of regression analysis of the study reveals that a farmer’s decision-making ability showed a significant and positive effect on agricultural diversification. The probable reason for this result is that farmers in the study area have increased access to information and technology and now they are transitioning from subsistence farming to commercial agriculture. The similar results were found in other studies related to agricultural development. In this study, decision making ability solely contributed around 12.1% to agricultural diversification, which is very significant.

Extension media contact (X14): Extension media contact plays an important role in facilitating agricultural diversification by connecting farmers with information, new technologies, and market opportunities. Besides, it is useful for disseminating information about new crops, farming techniques, and market trends. The findings of the regression analysis showed a positive and significant effect of extension media contact on agricultural diversification. The reason behind this kind of result might be the availability of extension agents and services from the ongoing efforts of government and non-government organisations to promote agricultural development. The similar results were found in the study on agricultural diversification in India by Rathod (2023), Dudhatara et al. (2022), Kumari (2021), Bagri (2020), Bharadwaj (2019), and Rai (2015) too. In this study, extension media contact solely contributed around 6.9% to agricultural diversification, which is also significant.

Farm size (X4): Farm size plays a complex role in agricultural diversification decisions, exhibiting both positive and negative influences. It is generally observed that large landholding farmers tend to be less diversified in their agricultural practices than smallholder farmers. This is often because larger farms can focus on a few high-yield, profitable crops, while smaller farms often diversify to mitigate risks, ensure food security, and potentially increase income through various revenue streams. The results of the regression analysis showed a significant negative effect of farm size on agricultural diversification. This means that as farm size increases, the extent of agricultural diversification tends to decrease. This finding is in line with the results of Nirmala et al. (2024) in livelihood diversification; Felix and Ramappa (2023), Kankwamba et al. (2018), Islam and Hossain (2017) in crop diversification; and Pfeifer et al. (2009) in farm diversification. This finding is also in conformity with those of Islam et al. (2024) in crop diversification; Rathod (2023), Dudhatara et al. (2022), Kumari (2021), Bagri (2020), and Bharadwaj (2019) in agricultural diversification. In this study, farm size contributed 3.7% to agricultural diversification, which is also important.
Risk orientation (X10): A farmer's willingness to embrace risk is a significant factor in whether they diversify their agricultural practices. Farmers who are more risk-averse are more likely to diversify their crops to reduce the potential for significant losses from a single crop. The results of the regression analysis revealed that risk orientation has a significant positive effect on agricultural diversification. This may be because farmers in the study area exhibit a high degree of risk orientation towards agricultural diversification to adapt to climate change, address food security concerns, and manage income volatility. Smallholder farmers, in particular, are often compelled to diversify due to limited resources and the vulnerability of monoculture farming systems to environmental and market fluctuations. Similar results were found in studies on agricultural diversification by Rathod (2023), Dudhatara et al. (2022), Kumari (2021), Bagri (2020), Bharadwaj (2019), and Rai (2015). In this study, risk orientation contributed 3.3% to agricultural diversification, which is substantial.

Credit seeking behaviour (X13): Credit seeking behaviour is a catalyst for agricultural diversification, enabling farmers to make the necessary investments and manage the associated risks, ultimately leading to improved livelihoods and more resilient agricultural systems. The results of the regression analysis showed a significant and positive effect of credit seeking behaviour on agricultural diversification. The reason behind these results is that farmers in Bangladesh exhibit high credit-seeking behaviour towards agricultural diversification due to limited access to formal credit, the need to diversify income sources, and the potential benefits of adopting new technologies and crops. This finding is in line with results of Rathod (2023); Bagri (2020); Rai (2015). In this study, credit seeking behaviour contributed only 1.2% to agricultural diversification, which is not too substantial.

4.3.4 Path analysis for measuring direct and indirect effects of the independent variables on agricultural diversification
Path analysis is an extension of the regression model used to test the fit of the correlation matrix against two or more casual model which are being compared by the researchers. Since stepwise regression analysis does not show separately the direct and indirect influence of the independent variables on the dependent variable, path analysis was computed in order to minimize the short fall of analysis. According to Dewey and Lu (1959), ‘Path coefficient’ is simply a ‘standardized partial regression coefficient’ and as such measures the direct influence of one variable upon another and permits the separation of correlation coefficient into component of direct and indirect effects. Path coefficient analysis is superior to multiple regression analysis as it is free of effects of measuring unit of variables, whatever are the actual units of measurement for the variables (Li, 1954).
Table 4.22 Path coefficients showing the direct and indirect effects of selected independent variables on agricultural diversification

	Independent variables
	Effect of independent variable
	Variable through which substantial indirect effects were channelized

	
	Direct
	Total Indirect
	

	Market accessibility (X15)
	0.248
	0.234
	0.0525
	Decision making ability(X9)

	
	
	
	0.0588
	Extension media contact (X14)

	
	
	
	0.0414
	Farm size (X4)

	
	
	
	0.0546
	Risk orientation (X10)

	
	
	
	0.0268
	Credit seeking behaviour (X13)

	Decision making ability(X9)
	0.240
	0.205
	0.0432
	Extension media contact (X14)

	
	
	
	0.0367
	Farm size (X4)

	
	
	
	0.0403
	Risk orientation (X10)

	
	
	
	0.0297
	Credit seeking behaviour (X13)

	
	
	
	0.0748
	Market accessibility (X15)

	Extension media contact (X14)
	0.175
	0.291
	0.0245
	Farm size (X4)

	
	
	
	0.0747
	Risk orientation (X10)

	
	
	
	0.0489
	Credit seeking behaviour (X13)

	
	
	
	0.0833
	Market accessibility (X15)

	
	
	
	0.0592
	Decision making ability(X9)

	Farm size (X4)
	-0.201
	-0.140
	-0.0124
	Risk orientation (X10)

	
	
	
	-0.0114
	Credit seeking behaviour (X13)

	
	
	
	-0.0510
	Market accessibility (X15)

	
	
	
	-0.0439
	Decision making ability(X9)

	
	
	
	-0.0213
	Extension media contact (X14)

	Risk orientation (X10)
	0.181
	0.257
	0.0425
	Credit seeking behaviour (X13)

	
	
	
	0.0729
	Market accessibility (X15)

	
	
	
	0.0535
	Decision making ability(X9)

	
	
	
	0.0722
	Extension media contact (X14)

	
	
	
	0.0138
	Farm size (X4)

	Credit seeking behaviour(X13)
	0.122
	0.265
	0.0545
	Market accessibility (X15)

	
	
	
	0.0585
	Decision making ability(X9)

	
	
	
	0.0701
	Extension media contact (X14)

	
	
	
	0.0188
	Farm size (X4)

	
	
	
	0.0631
	Risk orientation (X10)


In the present study, ‘path analysis’ was done to have clear understanding of direct and indirect effects of six variables which were entered into the stepwise regression model on the agricultural diversification. Variable through which substantial indirect effect was channeled were also explored. The ‘path coefficient’ of selected independent variables with respect to agricultural diversification is shown in Table 4.22. The direct and indirect effect of the independent variables on agricultural diversification is also presented in Figure 4.3.

Data shown in Table 4.22 indicate that 6 variables namely market accessibility, decision making ability, extension media contact, risk orientation, and credit seeking behaviour had direct positive and farm size had direct negative effect on agricultural diversification of the farmers. The mentioned variables also indicate that among the independent variable market accessibility highest direct positive effect (0.248) and its total indirect effect was 0.234, which was exerted through decision making ability (0.0525), extension media contact (0.0588), farm size (0.0414), risk orientation (0.0546), and credit seeking behaviour (0.0268). The decision-making ability had the second highest direct positive effect (0.240) and its total indirect effect was 0.205, which was exerted through extension media contact (0.0432), farm size (0.0367), risk orientation (0.0403), credit seeking behaviour (0.0297), and market accessibility (0.0748). The channel effects of the significant variables through other variables on the agricultural diversification are briefly discussed here:  
Market accessibility (X15): It is clear from the path analysis that the direct effect of market accessibility (X15) on agricultural diversification was positive and substantial (0.248) which indicated that the market accessibility had high direct effect on agricultural diversification. The total indirect effect was also positive and substantial (0.234) which showed that market accessibility had substantial indirect effect on agricultural diversification. The indirect effect of market accessibility on agricultural diversification was channelled via decision making ability (0.0525), extension media contact (0.0588), farm size (0.0414), risk orientation (0.0546), and credit seeking behaviour (0.0268). Thus, it could be concluded that if other variables remaining constant, market accessibility would substantial direct as well as indirect influence on agricultural diversification. 

Decision making ability (X9): The direct effect of decision-making ability (X9) on agricultural diversification was positive and substantial (0.240) which indicate that the decision-making ability had high direct effect on agricultural diversification. The total indirect effect was also positive and substantial (0.205) which show that market accessibility had substantial indirect effect on agricultural diversification. The indirect effect of decision-making ability was channeled through which extension media contact (0.0432), farm size (0.0367), risk orientation (0.0403), credit seeking behaviour (0.0297), and market accessibility (0.0748). So, it may be inferred that if other variables remain constant, the decision-making ability have substantial direct as well as indirect influence on agricultural diversification.

Extension media contact (X14): The direct effect of extension media contact (X9) on agricultural diversification was positive and substantial (0.175) which indicate that the extension media contact had high direct effect on agricultural diversification. The total indirect effect was also positive and substantial (0.291) which showed that market accessibility had substantial indirect effect on agricultural diversification. The indirect effect of extension media contact was channeled through which farm size (0.0245), risk orientation (0.0747), credit seeking behaviour (0.0489), market accessibility (0.0833), and decision-making ability (0.0592). Thus, it may be inferred further that if other variables remaining constant, extension media contact would substantial direct as well as indirect influence on agricultural diversification.
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Figure 4.3 Path modeling showing direct and indirect effect of selected independent variables on agricultural diversification
Farm size (X4): The direct effect of farm size (X4) on agricultural diversification was negative and substantial (-0.201) which showed that farm size had direct negative effect on agricultural diversification. The total indirect effect was also negative and substantial (-0.140) which exhibited that the farm size had substantial indirect negative effect influence on agricultural diversification. The total indirect negative effect of farm size was channeled through which risk orientation (-0.0124), credit seeking behaviour (-0.0114), market accessibility (-0.0510), decision-making ability (-0.0439), and extension media contact (-0.0213). Thus, it could be concluded that if other variables remaining constant, farm size would substantial direct and indirect negative influence and also an important determinant of agricultural diversification for livelihood security of the farmers.

Risk orientation (X10): The direct effect of risk orientation (X10) on agricultural diversification was positive and substantial (0.181) which show that risk orientation had direct positive effect on agricultural diversification. The total indirect effect was also positive and substantial (0.257) which exhibited that the risk orientation had substantial indirect positive effect influence on agricultural diversification. The indirect effect of risk orientation was channeled through which credit seeking behaviour (0.0425), market accessibility (0.0729), decision-making ability (0.0535), extension media contact (0.0722), and farm size (0.0138). So, it may be inferred that if other variables remain constant, the risk orientation have substantial direct as well as indirect influence on agricultural diversification.

Credit seeking behaviour (X13): The direct effect of credit seeking behaviour (X13) on agricultural diversification was positive and substantial (0.122) which show that credit seeking behaviour had direct positive effect on agricultural diversification. The total indirect effect was also positive and substantial (0.265) which exhibited that the credit seeking behaviour had substantial indirect positive effect influence on agricultural diversification. The total indirect effect of credit seeking behaviour was channeled through which market accessibility (0.0545), decision-making ability (0.0585), extension media contact (0.0701), farm size (0.0188), and risk orientation (0.0631). Hence, it may be inferred that if other variables remaining constant, credit seeking behaviour had direct positive and substantial indirect influence on agricultural diversification.

4.4 Level of Livelihood Security of Farmers 

4.4.1 Component wise analysis of livelihood security

Livelihood comprises the capabilities, assets and activities required as the means of living. A livelihood is considered secure when it can cope with and recover from stress or shocks and maintain or enhance its capabilities and assets. In the present study, livelihood security was operationalized as adequate access to food security, financial security, habitat security, educational security, health security, social security, and environmental security. Following the mean plus minus the standard deviation of the overall livelihood security score, the respondents were classified into three categories, e.g., ‘Poor,’ ‘Average,’ and ‘Better.’ The component-wise livelihood security of the respondents is presented in Table 4.23.

4.4.1.1 Food security
Food security refers the availability and access to balanced food at household level that means a family has the availability of food and can regularly access it through a combination of production, market purchases. The result in Table 4.23 depicts that in Charland, 45.19 percent of the respondents had poor food security, followed by average (42.22%) and better (12.59%) food security. In the case of Upland, 45.54 percent of the respondents were having average food security, followed by poor (34.82%) and better (19.64%) food security. Almost half of the respondents (50.50%) fell under average food security afterward, with better (26.73%) and poor (22.77%) levels of food security in the Barind Tract. While overall 45.69 percent of the respondents were having an average level of food security, followed by 35.34 percent and 18.97 percent had poor and better food security, respectively. Thus, almost four fifths (81.03%) of the respondents had poor to average categories of food security. It can be concluded that the respondents had less food availability and average access to food throughout the year in the study area. Dhakade (2020) reported that almost three-fourths (68.75%) of the respondents had low to medium levels of food security in the respective study.  

4.4.1.2 Financial security
It is the ability of people to access and manage income, savings, and other financial resources to cover basic needs and cope with shocks. 

The data present in Table 4.23 observed that the majority (57.78%) of Charland farmers had an average level of financial security, followed by poor (25.93%) and better (16.30%) levels of financial security. In Upland, 47.32 percent of the respondents were having average level financial security, followed by 33.93 percent and 18.75 percent had poor and better livelihood security towards financial security. In the case of Barind Tract, half (49.50%) of the respondents had average level of financial security, followed by poor (39.60%) and better (10.89%) level financial security.  
Table 4.23 Distribution of respondents based on their levels of livelihood security components 

	Sl. No.
	Level
	Categories
	Charland

(n1=135)
	Upland (n2=112)
	Barind Tract

(n3=101)
	Overall

(n=348)

	
	
	
	F1
	%
	F2
	%
	F3
	%
	F
	%

	1.
	Food security


	Poor (≤5)
	61
	45.19
	39
	34.82
	23
	22.77
	123
	35.34

	
	
	Average (6-10)
	57
	42.22
	51
	45.54
	51
	50.50
	159
	45.69

	
	
	Better (>10)
	17
	12.59
	22
	19.64
	27
	26.73
	66
	18.97

	2.
	Financial security
	Poor (≤5)
	35
	25.93
	38
	33.93
	40
	39.60
	113
	32.47

	
	
	Average (6-10)
	78
	57.78
	53
	47.32
	50
	49.50
	181
	52.01

	
	
	Better (>10)
	22
	16.30
	21
	18.75
	11
	10.89
	54
	15.52

	3.
	Habitat security
	Poor (≤5)
	39
	28.89
	11
	9.82
	42
	41.58
	92
	26.44

	
	
	Average (6-10)
	75
	55.56
	81
	72.32
	46
	45.54
	202
	58.05

	
	
	Better (>10)
	21
	15.56
	20
	17.86
	13
	12.87
	54
	15.52

	4.
	Educational security


	Poor (≤5)
	47
	34.81
	18
	16.07
	26
	25.74
	91
	26.14

	
	
	Average (6-10)
	72
	53.33
	76
	67.86
	59
	58.42
	207
	59.48

	
	
	Better (>10)
	16
	11.85
	18
	16.07
	16
	15.84
	50
	14.37

	5.
	Health security
	Poor (≤5)
	39
	28.89
	15
	13.39
	49
	48.51
	103
	29.60

	
	
	Average (6-10)
	86
	63.70
	84
	75.00
	42
	41.58
	212
	60.92

	
	
	Better (>10)
	10
	7.41
	13
	11.61
	10
	9.90
	33
	9.48

	6.
	Social security
	Poor (≤5)
	30
	22.22
	46
	41.07
	47
	46.53
	123
	35.34

	
	
	Average (6-10)
	97
	71.85
	55
	49.11
	52
	51.49
	204
	58.62

	
	
	Better (>10)
	8
	5.93
	11
	9.82
	2
	1.98
	21
	6.03

	7.
	Environmental security
	Poor (≤5)
	34
	25.19
	13
	11.61
	35
	34.65
	82
	23.56

	
	
	Average (6-10)
	92
	68.15
	86
	76.79
	63
	62.38
	241
	69.25

	
	
	Better (>10)
	9
	6.67
	13
	11.61
	3
	2.97
	25
	7.18


Overall, 52.01 percent of the respondents were having an average level of financial security, followed by 32.47 percent and 15.52 percent had poor and better livelihood security towards financial security. The great majority (84.48%) of respondents had poor to average levels of financial security, indicating that farmers had low savings habits with financial access. Therefore, there is an urgent need to enhance economic activities in the research area to improve financial security. Dhakade (2020) reported that almost three-fourths (76.20%) of the respondents had a low to medium level of financial security.

4.4.1.3 Habitat security

Habitat security means people having a safe, secure, and decent place to live, which include having reliable access to clean water and sanitation facilities. It can be depicted from the results of Table 4.23 reveal that 55.56 percent of Charland farmers were having average level of habitat security, followed by 28.89 percent and 15.56 percent had poor and better habitat security. In the case of Upland, about three fourth (72.32%) of the respondents were having average level of habitat security, followed by 17.86 percent and 9.82 percent had better and poor level livelihood security towards habitat security. When it comes to the Barind Tract, 45.54 percent of the respondents had an average level of habitat security, and 41.58 percent and 12.87 percent had poor and better levels of habitat security. In the pooled sample, the majority of the respondents (58.05%) had an average level of habitat security, followed by 26.44 percent and 15.52 percent had poor and better levels of habitat security, respectively. Less than three-fourths (73.57%) of the respondents were having average to better levels of livelihood security towards habitat security. Thus, it may be concluded that the greatest number of respondents were having good infrastructural facilities to improve their overall livelihood security. Dhakade (2020) reported that almost three-fourths (76.25%) of the respondents had a low to medium level of financial security in the respective study.

4.4.1.4 Educational security

It means people can access educational opportunities, from early childhood through higher education, without fear or barriers. It is evident from the results of Table 4.23 that the majority (53.33%) of the Charland farmers had an average level of educational security, followed by 34.81 percent and 11.85 percent had poor and better levels of educational security, respectively. When it comes to Upland, more than two-thirds (67.86%) of the respondents had an average level of educational security, and jointly 16.07 percent had poor and better educational security. The majority (58.42%) of the respondents were having an average level of educational security, followed by 25.74 percent and 15.84 percent had poor and better educational security in the Barind Tract. Overall, three-fifths (59.48%) of the respondents reported an average level of educational security, while 26.14 percent had poor educational security and 14.37 percent had better educational security. Thus, the great majority (85.62%) of the respondents had medium- and low-level educational security. It may be concluded that the level of educational security was inadequate; thus, effort should be made to improve the educational facilities, which in turn enhances their livelihood security.

4.4.1.5 Health security

Health security means people having access to essential healthcare services, preventative care, and the ability to manage illness without risking other essential resources. It is clear from the results present in Table 4.23 that 63.70 percent of the Charland farmers had an average level of health security, followed by 28.89 percent and 7.41 percent had poor and better health security. In the case of Upland, three-fourths (75.00%) of the respondents were having an average level of health security, followed by 13.39 percent and 11.61 percent had poor and better levels of health security. In Barind Tract, about half (48.51%) of the respondents were having a poor level of health security, followed by 41.58 percent and 9.90 percent had average and better levels of health security. In the pooled sample, three-fifths (60.92%) of the respondents were having an average level of health security, followed by 29.60 percent and 9.48 percent had poor and better levels of health security. It can be said that the respondents were very well aware of their health conditions and able to access the required health services to maintain the healthy lifestyle.

4.4.1.6 Social security

Social security involves social participation, community support and social status of the family. It is apparent from the data present in Table 4.23 that in the case of Charland, 71.85 percent of the respondents had an average level of social security, followed by 22.22 percent and 5.93 percent had poor and better social security, respectively. In the case of Upland, 49.11 percent of the respondents were having an average level of social security, followed by 41.07 percent and 9.82 percent had poor and better levels of social security. Almost half of the respondents (51.49%) fell under the average level of social security afterward, with poor (46.53%) and better (1.98%) levels of social security in the Barind Tract. In the case of the pooled sample, 58.62 percent of the respondents were having an average level of social security, followed by 35.34 percent and 6.03 percent had poor and better levels of social security. A little less than two-thirds (64.65%) of the respondents were having average to better social security. It can be concluded that there is a lack of social participation among the respondents.

4.4.1.7 Environmental security

Environmental security includes a pollution free environment, access to water resources, eco-friendly farm management practices and protection of soil health. As shown in Table 4.23 indicates that more than two third (68.15%) of Charland farmers had average level of environmental security, followed by 25.19 percent of them had poor level of environmental security and only 6.67 percent of them had better level of environmental security. Likewise in the Upland, more than three-fourths of the respondents (76.79%) had an average level of environmental security, and jointly 11.61 percent fit under poor and better levels of environmental security, respectively. The majority (62.38%) of the respondents fell under the average level of environmental security, followed by poor (34.65%) and high (2.97%) levels of environmental security in Barind Tract. In the pooled sample, 69.25 percent of the respondents belonged to the average level of environmental security, followed by 23.56 percent who were poor, and only 7.18 percent had poor and better levels of environmental security. It can be concluded that farmers didn’t have enough access to water sources and had less adoption of eco-friendly practices. 
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Figure 4.4 Component wise mean score of livelihood security in three locations

The Figure 4.4 indicates that the mean score of food security among the three locations was highest in Barind Tract (8.64), followed by Upland (7.71) and Charland (7.31), which means that farmers in Barind Tract had greater availability and access to balanced food throughout the year compared to those in Charland and Upland. The financial security mean score of the farmers in Charland (7.56) was better than Upland (7.54) and Barind Tract (6.50), as they had better financial saving habits with more migration to cities for jobs compared to the other two locations. While the habitat security score was better in Upland (8.67) compared to Charland (7.76) and Barind Tract (6.94), that means housing conditions and related facilities in Upland were better than in Charland and Barind Tract.

The education and health security were better in Upland compared to Charland and Barind Tract, as the education and health institutions were numerous and had easy access there. In terms of social security, the farmers of Charland were better compared to Upland and Barind Tract, as they had higher social participation with decision-making roles. The environmental security mean score in Upland (8.90) was higher, followed by Charland (7.84) and Barind Tract (7.35), which means that farmers had better access to water sources and higher adoption of eco-friendly practices. It is concluded that farmers of Upland had the highest mean score in four components (habitat, education, health and environmental security), while Charland farmers had the highest mean score in two components (financial and social), and farmers of Barind Tract had the highest score only in food security.

 4.2.2 Overall livelihood security of farmers 

The overall livelihood security scores ranged from 25 to 68 against the possible range of 0 to 70, the average being 44.88 and the standard deviation 9.25. Following the mean plus minus standard deviation, the farmers were classified into three categories, e.g., ‘Poor’ (≤36), ‘Average’ (37-54), and ‘Better’ (>54), as presented in Figure 4.5.
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Figure 4.5 Distribution of respondents (%) based on their levels of livelihood security

Figure 4.5 indicates that in Charland, nearly three fifths (61.48%) of the respondents experienced average livelihood security, followed by poor (23.70%) and better (14.82%) livelihood security. In Upland, 69.64 percent of the respondents had average livelihood security, followed by better (19.64%) and poor (10.72%) livelihood security. Almost two third of the respondents (63.37%) fell under average livelihood security, followed by poor (25.74%) and poor (10.89%) levels of livelihood security in the Barind Tract. Among the three locations, livelihood security of farmers in Upland was better compared to Charland and Barind Tract, as the higher percentage of farmers belongs to average categories (69.64%) of livelihood security. In the pooled sample, almost two-thirds (64.66%) of farmers had an average level of livelihood security, followed by 20.11 percent who had poor and 15.23 percent had a better level of livelihood security, respectively. Therefore, it can be said that the great majority of the farmers (84.77%) had average to poor levels of livelihood security. The probable reason for the above finding is that the great majority (85.1%) of the farmers had a medium to low level of agricultural diversification, and also around 94% of the farmers had low to medium non-agricultural income. This finding is similar to Abhishek (2023); Rathod (2023); Gajera (2021); Sajan (2021); Harshitha and Prasad (2018); Kowsalya (2017); Rai (2015).

4.5 Association of Agricultural Diversification with Livelihood Security 

Agricultural diversification plays a crucial role in enhancing livelihood security by contributing to food security, financial security, habitat security, educational security, health security, social security, and environmental security. To examine the association between agricultural diversification and livelihood security, a cross-tabulation (crosstab) analysis was conducted. The results are presented in Table 4.24, where the categories of agricultural diversification are shown in the rows and the categories of livelihood security are presented in the columns.

The results in Table 4.24 clearly show that the highest proportion of farmers (47.13%) had average livelihood security while practicing a medium level of agricultural diversification. In contrast, only 0.86% of the farmers with a high level of agricultural diversification belonged to the poor livelihood security category. These findings indicate that higher levels of agricultural diversification are associated with improved livelihood security among farmers.

Table 4.24 Association between extent of agricultural diversification and level of livelihood security 

	Agricultural Diversification
	Livelihood security
	Chi square

	
	Poor (≤36)
	Average (37-54)
	Better (>54)
	Total
	

	
	No
	%
	No
	%
	No
	%
	No
	%
	

	Low (<0.533)
	20
	5.75
	28
	8.05
	07
	2.01
	55
	15.80
	24.328**



	Medium (0.533-0.665)
	47
	13.51
	164
	47.13
	30
	8.62
	241
	69.25
	

	High (> 0.665)
	03
	0.86
	33
	9.48
	16
	4.60
	52
	14.94
	

	Total=
	70
	20.11
	225
	64.66
	53
	14.23
	348
	100
	


**1% level of significance, Phi = 0.264 and Cramer’s V =0.187**

The chi-square test result (χ² = 24.328) confirms a statistically significant association between the extent of agricultural diversification and the level of livelihood security. Furthermore, the values of Phi (0.264) and Cramer’s V (0.187) validate a positive and meaningful association between these two variables. Although the strength of association is moderate, the relationship is statistically significant and developmentally relevant. Overall, these results suggest that agricultural diversification and livelihood security are closely linked in ways that contribute to human well-being and rural development. The findings are consistent with those of Rai (2015), who reported a positive relationship between livelihood security and agricultural diversification. Similarly, Pandey (2024) found that livelihood diversification has a positive relationship with livelihood security.

4.6 Constraints Faced by the Farmers in Adopting Agricultural Diversification and Proposed Suggestions 

4.6.1 Farmers’ constraints in adopting agricultural diversification 

Constraint refers as situation or circumstances which impede restrict or limit the activity or performance of an individual. In this study it was operationalized as items of difficulties experienced by the respondents in adopting agricultural diversification. Constraints play a vital role in adoption as well as transfer of technology. To obtain better results from any type of agricultural enterprises, it is very essential to minimize the constraints. As such constraints in flow should be studied carefully by extension functionaries and efforts should be made for rapid action. 

The information regarding constraints faced by the farmers in adopting agricultural diversification was collected using close-ended questions. The frequency distribution of the farmers according to the constraints faced in adopting agricultural diversification was considered. For better understanding of the constraints faced by the farmers in adopting agricultural diversification, a Constraints Faced Index (CFI) was computed using the formula shown in Chapter 3. The CFI varied from 1 to 268.97 against the possible range of 0 to 300. The distribution of the farmers according to their CFI is shown in Table 4.25.

Table 4.25 
Rank order of the constraints of agricultural diversification realized by the farmer

	Sl. 
No.
	Constraints
	Percentage
	CFI
	Rank order

	
	
	High
	Medium
	Low
	No
	
	

	1.
	Lack of awareness about agricultural diversification
	42.82
	41.95
	13.22
	2.01
	225.57
	5th

	2.
	Lack of finance to start a new enterprise
	71.26
	22.13
	6.61
	0.00
	264.66
	2nd

	3.
	Inadequate information regarding agricultural diversification
	22.13
	47.99
	28.16
	1.72
	190.52
	8th

	4.
	Lack of proper marketing channels at village level
	54.02
	33.05
	12.93
	0.00
	241.09
	4th

	5.
	Inadequate extension services
	24.14
	51.44
	24.43
	0.00
	199.71
	7th

	6.
	Lack of fair price of farm products
	62.93
	30.75
	6.32
	0.00
	256.61
	3rd

	7.
	Scarcity of labour and its higher price in peak session 
	20.69
	43.39
	32.18
	3.74
	181.03
	9th

	8.
	Untimely availability of good quality inputs
	13.22
	52.59
	32.47
	1.72
	177.30
	10th

	9.
	Lack of veterinary support like vaccination, diagnosis of disease etc.
	37.07
	42.24
	20.69
	0.00
	216.38
	6th

	10.
	Higher price of inputs like seeds, fertilizers, pesticides etc.
	74.14
	20.69
	5.17
	0.00
	268.97
	1st


The data presented in Table 4.25 indicated that out 14 constraints “Higher price of inputs like seeds, fertilizers, pesticides etc.” was found as the 1st ranked (CFI=268.97) constraint faced by the farmers. The finding is logical because three fourth (77.59%) of the farmers had small farm size, so the cost of inputs may really be very high to them. Although the government of Bangladesh provide a little bit subsidy on agricultural inputs like fertilizers but it is not applicable for all inputs thus, cost of production is increased which affected farmers in adopting new practice like agricultural diversification. This finding was in line with results of Rathod (2023), Dudhatara (2021) and Rai (2015).
 “Lack of finance to start a new enterprise” was the second (CFI=264.66) most constraint as mentioned by the farmers. Successful creation and development of faming is unthinkable without a considerable amount of financing. The field of farm financing needs is seasonal working capital to purchases of input, labour, machinery, equipment etc. In case of new farming activities, the farmers assume that it may be required huge amount of money which is not meet by him. This finding was in line with results of Rathod (2023), Dudhatara (2021), Bagri (2020) and Rai (2015).

“Lack of fair price of farm products” was another important constraint (CFI=256.61) faced by the farmers. Fair price is the estimated value at which a product can be exchanged between seller and buyer under normal market conditions. It considers quality, performance, supply conditions, time of delivery etc. In case of farm production, the marginal and small farmers are selling their commodities just after harvest and thus availability of commodities in the local market. Therefore, the farmers do not get fair price of their product in season.  This finding is in conformity with those of Rai et al., (2015) and Khatun & Roy, (2012).

 “Lack of proper marketing channels at village level” was 4th most important constraint (CFI=241.09) reported by the respondents. Marketing channels through which farm products move from producers to consumers. Small proportion of farm produce moves directly from farmers to consumers in Bangladesh. The role played by marketing agencies and in situations in the marketing system in quite essential. They also help in expanding the markets for farm products and enhance value to the products. Hence, there is a need for their marketing channels through development of infrastructure in the rural areas. This finding was in line with results of Rathod (2023), Dudhatara (2021), Bagri (2020) and Rai (2015). 
“Lack of awareness about agricultural diversification” was another constraint (CFI=225.57) reported by the respondents. This may be due to shortage of agricultural information services about agricultural diversification. The situation indicated poor involvement of farmers in extension services like agricultural training, workshops etc. and thus the farmers are not aware agricultural diversification, which demand advanced agricultural information services. This finding is in conformity with those of Rai et al., (2015) and Khatun & Roy (2012).

“Lack of veterinary support like vaccination, diagnosis of disease etc.” (CFI=216.38) was the 7th important constraint. In Bangladesh, the Department of Livestock Service provide veterinary service to the farmers. At upazila level one Upazila Livestock Officer and one Veterinary Searson provide the service and thus it is not possible for them to provide adequate service. If the government can take initiative to trained skilled person in the village through the supervision of DLS the farmer may be got better service.

“Inadequate extension services” (CFI=199.71) was the 8th important constraint. Considering the organizational chart of DAE three SAAOs are assigned for a union but most of the cases the post is vacant thus, one or two SAAOs prove extension services to the farmers from each of the union. In addition to the SAAOs the NGO worker was also provided extension service to the farmers but in reality, the NGO services in Bangladesh is very limited. Therefore, the respondents mention this constraint for their extension service. 

“Inadequate information regarding agricultural diversification” (CFI=190.52) was the 10th important constraint. Agricultural diversification is a new practice in Bangladesh due to climate change but the DAE did not disseminate sufficient information in this regard. There is no poster, booklet, leaflet or any other printed materials on agricultural diversification thus, the farmers had inadequate information regarding agricultural diversification.

“Scarcity of labour and its higher price in peak season” (CFI=181.03) was another constraint (9th) as mentioned by the farmers. Agriculture is the largest sector of employment in Bangladesh and remains the predominant sector in terms of employment and livelihood. The agricultural labourers are mostly neglected in society but in the pic session scarcity of labour and its higher price were found in the rural areas.

“Untimely availability of good quality inputs” (CFI=177.30) was the last constraint (10th) reported by the respondents. The commonly used inputs for farming activities in Bangladesh are fertilizers, seeds, crop protection chemicals, herbicides and weedicides, farm machinery, soil testing kits, breeding stock, etc. Among these inputs scanty amount is produce in our country but a large amount is imported. The BADC supplies good only quality seeds (25.00 %), and non-nitrogen fertilizer to the farmers. Thus, the large amount of input is supplied by the private sector. Therefore, most of the cases the farmers are facing a great problem for their good quality input. 

4.6.2 Farmers’ overall constraints in adopting agricultural diversification

The overall constraints scores faced by farmers for the 10 selected constraints ranged from 11 to 29 with the possible range of 0 to 30, mean being 21.83, and standard deviation of 2.86. Using mean plus minus standard deviation, the farmers were divided into three categories i.e. ‘Low constraints’ (up to 19), ‘Medium constraints’ (20-25) and ‘High constraints’ (>25) as shown in Table 4.26. 

Data contained in Table 4.26 indicates that three fifth (70.11%) of the respondents had faced medium constraint while 19.25 percent had low and rest 10.63 percent had high constraint in adopting agricultural diversification. Thus, the great majority (89.37%) of the respondents had faced low to medium constraint.
Table 4.26 Distribution of the respondents according to their overall constraints (n=348)
	Range
	Categories
	Respondents
	Mean
	SD

	Observed 
(Possible)
	
	Number
	Percent
	
	

	11-29

(0-30)
	Low constraints (≤19)
	67
	19.25
	21.83
	2.86

	
	Medium constraints (20-25)
	244
	70.11
	
	

	
	High constraints (>25)
	37
	10.63
	
	


Almost similar results were obtained by Islam (2020) and Kabir (2017) in their respective studies. It can be opined that the desired level of adopting agricultural diversification will not occur if the constraints of the respondents are not minimized. Therefore, DAE and other concern organizations should take initiatives to assist the farmers in adopting agricultural diversification.

4.6.3 Measures suggested by the farmers to overcome the constraints in adopting agricultural diversification

The suggestion refers as opinion about constraints which can be used as solution to overcome or to minimize them. In order to develop extension strategy, it is essential to seek the opinions of the respondents who are directly involved in agricultural diversification. The constraints faced by them may be sometimes imaginary and sometimes due to lack of co-ordination at different levels. Hence, the respondents were requested to offer their appreciated suggestions for eliminating the above constraints. The information regarding constraints opined by the farmers was collected by using open-ended questions. The frequency for each suggestion was calculated identified constraints and then converted into percentage and rank was assigned. The suggestion receiving high percentage was considered as an important suggestion and the suggestion receiving low percentage considered as less important suggestion. However, the suggestions obtained from the respondents are presented following the arrangement of the above identified constraints (Tables 4.27). 

It is noted from the data in Table 4.27 that the foremost (85.00%) suggestion cited by the farmers was “Proper market facilities should be made available at village level” to overcome the 4th constraint (Lack of proper marketing channels at village level). Operating in the rural market presents a number of challenges, including warehousing issues, weak customer relationship management practices, seasonal demand, inadequate credit facilities, cultural factors, and transportation issues. The lack of organization and the influence of middlemen in the rural marketing system result in producers not receiving a fair price for their produce. Therefore, enhancing infrastructure, transportation, communication, storage, and packaging facilities, the constraints associated with rural marketing may be resolved.

Table 4.27
Suggestions offered by the farmers to overcome the constraints of agricultural diversification

	Sl. No.
	Suggestion
	F
	%
	Rank

	1.
	Agricultural diversification related poster should be distributed at village level for increasing awareness of the farmers 
	138
	39.65
	10th

	2.
	Easy institutional credit facility should be made available 
	284
	81.50
	2nd


	3.
	Training should be organized on agricultural diversification

	261
	75.00
	3rd

	4.
	Proper market facilities should be made available at village level
	296
	85.00
	1st

	5.
	Extension service should be strengthened through establishing private extension services
	252
	72.50
	4th

	6.
	Cooperative based marketing system should be established for ensuring fair price of products
	189
	54.31
	8th

	7.
	Production cost may be reduced through farm mechanization
	161
	46.26
	9th

	8.
	Provision for availability of timely and good quality inputs to the farmers
	230
	66.00
	6th

	9.
	Adequate veterinary facilities should be provided by government and also taken initiative to develop local service provider 
	192
	55.25
	7th

	10.
	Government should increase subsidies on critical inputs
	249
	71.50
	5th


 “Easy institutional credit facility should be made available” was the second most important (81.50%) suggestion proposed by the farmers to overcome the 2nd constraint. The government and Bangladesh bank set agricultural credit targets to ensure that farmers have access to credit for crop production, livestock, fisheries, agricultural mechanization and rural development. These targets are usually aligned with agricultural production goals and development priorities. Providing agricultural credit to poor farmers (small, marginal and landless farmers) from formal credit sources can facilitate the timely and sufficient supply of agricultural inputs in order to promote the food production and improve the livelihoods of poor farmers.

“Training should be organized about agricultural diversification” was the third important suggestion (75.00%) offered by the respondents to overcome the 8th constraint. The training programs could enable the farmers to obtain the latest information and equip themselves with necessary knowledge and skills related to agricultural diversification. 

“Extension service should be strengthening through establishing private extension services” was another (72.50%) suggestion as cited by the farmers to overcome the 7th constraint. All kinds of extension services play a significant role in the extension system of Bangladesh however, they differ significantly based on client access, geographical coverage, institutional capacity, motive, efficiency, effectiveness, and sustainability of extension work. Private extension services are not only delivering information but also investing in building the capacity of farmers. Private extension services cover seeds, fertilizers, pesticides, machinery, credit, insurance, contract farming, export, advisory, etc.

“Government should increase subsides on critical inputs” was fifth important suggestion (71.50%) cited by the farmers to overcome the 1st constraint. Input subsidy is a financial incentive provided by the Government of Bangladesh to the farmers. The government provides subsidy on fertilizer, farm machinery like combine harvester, liquefied natural gas (LNG), power etc. The respondents suggest increase subsides on critical inputs like hybrid seed, insecticide, rather than existing subsidized input, so that their production cost may be reduced.

“Provision for availability of timely and good quality inputs to the farmers” was another suggestion (66.00%) to overcome the constraint to overcome the 10th constraint (Untimely availability of good quality inputs). One of the most important factors is the timely availability of different agricultural inputs, such as; seeds, fertilizers, credit, irrigation, pesticides, etc. to the farmers. Delay of getting or sometimes not getting of some agricultural inputs causes reduction of the average yield.  So, timely availability of the agricultural inputs is essential for higher crop production.

“Adequate veterinary facilities should be provided by government and also taken initiative to develop local service provider” (55.25%) was seventh suggestion to overcome the 6th constraint constraint (Lack of veterinary support like vaccination, diagnosis of disease etc.”) In Bangladesh, 83.9 percent of total households’ own livestock (animals or poultry or both). About 45.9 percent households possess bovine stack, and 76.3 percent possess poultry. On average, each household owns 1.52 bovine animals, 0.9 goat and sheep and 6.8 chicken and ducks. Through government sponsorship, institutions working in the livestock sector have expanded their activities over the past decade.

“Cooperative based marketing system should be established for ensuring fair price of products” (54.31%) was another suggestion to overcome the 3rd constraint. The objectives of co-operative marketing are reduction of marketing margins and costs, improving operational efficiency and influencing supply and demand in the market. Efforts to reduce marketing margins originally concentrated on elimination of the middlemen and capturing his profits. In order to reduce the marketing margins, efficiencies had to be developed in which the co-operative could do the job more economically than other agencies.

“Production cost may be reduced through farm mechanization” was ninth important suggestion (46.26%) opined by the farmers to overcome the 7th constraint. One of the most important means to boost up the vertical expansion of agricultural production is to adopt small scale agricultural mechanization suitable for the small farmers. It is difficult to reduce the cost of production by reducing the cost of input materials but is possible by mechanizing the transplanting and harvesting operations. Farm mechanization for the smallholders in Bangladesh is expected to reduce the cost of production through introducing community based agricultural mechanization. 

The least suggestion (39.65%) provided by the farmers was “Agricultural diversification related poster should be distributed at village level” to overcome the 5th constraint. Posters effectively communicate complex ideas through visual stimulation involving images, charts, diagrams, and infographics, allowing farmers to understand concepts at their own pace. A good art poster design helps reinforce information through repetition, leading to better retention and recall. Therefore, if agricultural diversification related posters are distributed among rural areas farmers awareness will be created. 

4.7 Focus Group Discussion (FGD)
The purpose of the FGDs was to gain a deeper understanding of the context, meanings, and nuances underlying the quantitative findings. Information regarding the farming system, major income shares from agricultural activities, the top five constraints faced by farmers in adopting agricultural diversification, current livelihood status, and support needs was documented to triangulate the results of the quantitative study. A total of six FGDs—one in each village were conducted, and the findings are presented as follows: 

4.7.1 Focus group discussion findings in Charland
A total of two FGDs were conducted in Charland, one in Char Jatrapur village and another in Garuhara village. In these FGDs, 26 farmers (20 men and 6 women) participated, with ages ranging from 25 to 65 years and representing different categories of farm size. The FGD sessions were carried out with the support of a local facilitator who helped organize the discussions and provided assistance with interpretation where needed. 

At the beginning, farmers were asked to share the major cropping patterns of their locations. Farmers from both villages confirmed that T. Aman–Fallow–Boro is the dominant cropping pattern, covering more than 50 percent of the area. The next most common pattern was T. Aman–Mustard–Boro, followed by T. Aman + Pulses–Boro, T. Aman–Potato–Jute, T. Aman–Maize–Jute/Fallow, and T. Aman–Vegetables. Farmers mentioned that maize, mustard, sweet pumpkin, and watermelon were recently introduced crops in Charland, while jute had been replaced by other crops such as vegetables. Maize cultivation is becoming increasingly popular due to its suitability for Charland conditions and the growing demand for animal feed, particularly in the poultry sector. Meanwhile, many farmers have changed crop varieties, adopted good agricultural practices, and started using machinery. 
In livestock, farmers introduced new breeds of cattle through replacement or Artificial Insemination (AI) and adopted new rearing methods, especially improved feeding practices and regular vaccination. There were no major changes in fish production; however, a few farmers began culturing indigenous fish and using commercial feeds. The farmers agreed that the major share of income comes from cereal crops (40%), followed by livestock rearing (30%) and vegetable growing (10%). Most farmers noted that maize–livestock integration in Charland offers a promising pathway for economic development and improved livelihoods for Char dwellers. However, farmers also mentioned several constraints to adopting diversified agricultural activities. The top five constraints were frequent natural calamities such as floods, droughts, and river erosion; high prices of inputs such as seeds, fertilizers, and pesticides; lack of finance to start new enterprises; lack of fair prices for farm products; and inadequate road networks and transport facilities. 
Despite these challenges, farmers observed positive changes in their livelihoods in terms of food security, financial security, and social security. They emphasized the need for government support in areas such as infrastructure development, easy access to institutional credit, incentives and subsidies for critical inputs, and training to promote proper agricultural diversification. The survey respondents also identified similar constraints and provided comparable suggestions to overcome them.

4.7.2 Focus group discussion findings in Upland
A total of two FGDs were conducted in Upland, one in Uttar Bochapukur village and another in Purbo Nargun. In these FGDs, 29 farmers (22 men and 7 women) of different age groups and farm sizes participated. The sessions were organized with the support of a local facilitator. At the beginning of the FGDs, farmers shared the current situation of farming activities and discussed the challenges they face in agriculture.

It was found in both FGD sessions that T. Aman–Maize is the dominant cropping pattern in this area, covering more than 60 percent of the cultivated land. The second most common pattern is Aman–Potato–Vegetables, followed by T. Aman–Fallow–Boro, T. Aman–Vegetables–Vegetables, and T. Aman–Mustard/Potato–Boro. The majority of farmers mentioned that crops such as vegetables, mustard, and sweet pumpkin have been recently introduced in Upland, while interest in jute and wheat is declining. Vegetable cultivation is becoming increasingly popular in these areas, with farmers diversifying crops and adopting new techniques to enhance yields and profitability. The pumpkin–potato cropping system is becoming more popular in Thakurgaon district, likely due to its profitability and relatively low production costs. Farmers are finding success with this system, which also allows for more efficient land use. In crop cultivation, farmers extensively use hybrid seeds and have introduced new technologies and farm machinery.

In livestock, several poultry and cattle farms have been established, where farmers adopted new rearing methods, especially improved feeding practices and regular vaccination. Farmers noted that fish farming has limited potential due to the small number of ponds, low water retention capacity, and lack of natural water bodies. As a result, the major share of income comes from cereal crops (45%), followed by livestock rearing (25%), potato cultivation (20%), and vegetable growing (15%).

Farmers highlighted several constraints to adopting diversified farming activities. The top five constraints were: high prices of inputs such as seeds, fertilizers, and pesticides; lack of finance to start new enterprises; lack of fair prices for farm products; limited veterinary support, including vaccination and disease diagnosis; and lack of awareness about agricultural diversification. Despite these challenges, farmers have made good progress in agricultural diversification, increasing their income and food security. 

Overall, the livelihood status of farmers has improved compared to the last ten years, with better access to food security, habitat security, educational security, health security, and environmental security. However, farmers suggested initiatives such as market linkage development, easy access to institutional credit, incentives and subsidies for critical inputs, and training support to expand agricultural diversification. Survey respondents also identified similar constraints and made comparable suggestions to ensure proper implementation of agricultural diversification.

4.7.3 Focus group discussion findings in Barind Tract
According to the research design, two FGDs were conducted in the Barind Tract, one in Alihat village and another in Koktara. In these FGDs, 25 farmers (21 men and 4 women) of different age groups and farm sizes attended. A local facilitator was engaged to organize the FGDs and provided assistance with interpretation where needed.

At the beginning of the FGDs, farmers were asked to share the existing cropping patterns in their area. They reported that T. Aman–Fallow–Boro is the dominant cropping pattern, covering more than 75 percent of the cultivated land. Farmers also mentioned that potato and mustard cultivation in between rice is becoming increasingly popular. Very few farmers are currently growing vegetables, while the Department of Agricultural Extension (DAE) has established several demonstration plots on maize for dissemination purposes. Farmers noted that rice varieties have changed over time, and now fine rice varieties with shorter durations during the T. Aman season are gaining popularity due to higher market demand and increased profitability.

In livestock, farmers have changed cattle breeds through replacement or Artificial Insemination (AI) and introduced new rearing methods, especially improved feeding practices and regular vaccination. There were no major changes in fish production; however, a few farmers have begun culturing indigenous fish using commercial feeds. The agricultural earnings of these farm families are primarily dependent on cereal crops (55%), followed by livestock rearing (20%), potato cultivation (15%), and mustard cultivation (5%).

Farmers highlighted several constraints in adopting diversified agricultural activities. The top five constraints were: high prices of inputs such as seeds, fertilizers, and pesticides; lack of finance to start new enterprises; lack of fair prices for farm products; inadequate marketing channels at the village level; and limited awareness about agricultural diversification. Despite these constraints, farmers have made progress in agricultural diversification, increasing their income and food security.

Overall, the livelihood status of farm families has improved compared to the last ten years, with better access to food security, habitat security, educational security, and social security. Farmers suggested initiatives such as market linkage development, easy access to institutional credit, incentives and subsidies for critical inputs, and training support to properly expand agricultural diversification. Survey respondents also identified similar constraints and made comparable suggestions to ensure the effective implementation of agricultural diversification.

4.7.4 FGDs finding in Charland, Upland and Barind Tract
The FGD findings from the three locations were summarized on the basis of key aspects, like cropping patterns, recently introduced crops and technologies, the current status of livestock and fisheries practices, major income shares from different agricultural activities, key constraints faced by farmers, overall livelihood status, and support needs. However, notable 

Table 4.28
Comparison of the FGDs finding in the tree locations
	Aspect
	Charland
	Upland
	Barind Tract

	Dominant Cropping Patterns
	T. Aman-Fallow-Boro (50%), T. Aman-Mustard-Boro, T. Aman + Pulses - Boro, T. Aman-Potato-Jute, T. Aman-Maize-Jute/Fallow, T. Aman-Vegetables
	T. Aman-Maize (60%), Aman-Potato-Vegetables, T. Aman-Fallow-Boro, T. Aman-Vegetables-Vegetables, T. Aman-Mustard/Potato-Boro
	T. Aman-Fallow-Boro (75%), Potatoes & mustard introduced between rice, few vegetables, maize demonstration plots

	Recently Introduced Crops/Technologies
	Maize, mustard, sweet pumpkin, watermelon; new rice varieties; machinery and new technologies
	Vegetables, mustard, sweet pumpkin; pumpkin-potato cropping system; hybrid seeds and new machinery
	Potatoes, mustard; fine rice varieties (short-duration); maize demonstration plots

	Livestock/Fish Updates
	New cattle breeds via replacement or AI; improved feeding practices and regular vaccination; minor indigenous fish culture
	Poultry and cattle farms established; improved feeding practices and vaccination; limited fish farming due to few ponds
	Cattle breed replacement or AI; improved feeding practices and vaccination; minor indigenous fish culture

	Major Income Shares (%)
	Cereals 40%, Livestock 30%, Vegetables 10%
	Cereals 45%, Livestock 25%, Potato 20%, Vegetables 15%
	Cereals 55%, Livestock 20%, Potato 15%, Mustard 5%

	Top 5 Constraints
	Natural calamities (flood, drought, river erosion), high input prices, lack of finance, lack of fair prices, poor road/transport
	High input prices, lack of finance, lack of fair prices, lack of veterinary support, lack of awareness
	High input prices, lack of finance, lack of fair prices, poor marketing channels, lack of awareness

	Current Livelihood Status
	Improved food security, financial security, and social security
	Better access to food security, habitat security, educational security, health security, and environmental security.
	Increased income and food security; habitat, educational, social,  and health, security

	Support Needs
	Infrastructure development, institutional credit facilities, subsidies and incentives for critical inputs, training support
	Market linkage development, institutional credit facilities, subsidies and incentives for critical inputs, training support
	Market linkage development, institutional credit facilities, subsidies and incentives for critical inputs, training support


variations were observed among the three locations in terms of crop diversification, adoption of new technologies, income composition, and livelihood security, reflecting differences in resource availability, market access, and institutional support.

4.8 Case Studies

The purpose of the case study was to gain an in-depth understanding of a particular phenomenon and its associated issues. Accordingly, three case studies were conducted to document the success stories of agricultural diversification across the three locations, considering contextual variations and recent innovations. The personnel of the DAE assisted the researcher in selecting the appropriate respondents for these case studies. Multiple visits were undertaken to carry out the studies. The detailed findings of these case studies are presented in the following sub-sections.
	4.8.1 Case Study 1: Maize and livestock integration in the Charland of Kurigram
Hafizul Islam (42 years) is a small-scale farmer in the village of Char Jatrapur in Kurigram Sadar upazila. His family has been involved in farming activities for the last 15 years, cultivating diversified crops on 240 decimals of family land. Five years ago, Mr. Islam observed that maize cultivation was gaining popularity in the Charlands of Kurigram due to its high profitability, resistance to floods, and suitability for the sandy char soil. Farmers were increasingly adopting maize because it provided financial stability, offered good profits, and enabled self-reliance, especially compared to less profitable traditional crops like rice.

Recognizing these benefits, Mr. Islam decided to grow Rabi maize on 30 decimals of land in 2020–21. He achieved high yields and greater profit compared to other crops. Encouraged by this success, he expanded maize cultivation to 100 decimals last year. Hafizul Islam and his wife, Ahena Begum, are also involved in cattle rearing. Traditionally, they fed their cattle rice straw and grass collected from crop fields. After starting maize cultivation, they realized that green maize leaves could serve as nutritious fodder. Consequently, they increased their herd to six cows, including two milking cows. Fodder scarcity is a common problem in the Charlands during flooding, so they preserved maize leaves as silage, ensuring a continuous feed supply during lean periods. They emphasized that proper preservation techniques, such as chopping and drying, are crucial for effective silage making.

This case illustrates how maize and livestock integration in the Charlands of Kurigram creates a symbiotic farming system. Maize serves as a key livestock feed, while cattle provide manure that improves soil fertility, enhancing farm sustainability. This integrated approach addresses challenges such as sandy soils and limited irrigation, which hinder rice cultivation, while promoting resilient and diversified farming systems. It increases crop yields, improves animal welfare, and contributes to the economic development of the Char region.

	4.8.2 Case Study 2: Intercropping pumpkin in potato fields in Upland areas of Thakurgaon

Mr. Dobirul Islam (48) is the son of the late Mofizuddin and resides in Purbo Nargun village of Thakurgaon Sadar upazila. Thakurgaon Sadar is characterized by medium- to high-land types with loam to clay loam soils, belonging to the Old Himalayan Piedmont Plains agro-ecological zone. These fertile alluvial soils are nutrient-rich and well-suited for agriculture.

Mr. Dobirul is a medium-scale farmer who has been engaged in farming for the past 20 years. During his childhood, rice, wheat, and jute were the main crops in the locality. Around 2005, he noticed that some farmers started growing maize after harvesting Aman rice, and the area coverage of maize gradually increased due to its high productivity and profitability. Medium and large farmers also introduced high-yielding and short-duration potatoes in this region.

In 2011, Mr. Dobirul began cultivating maize in the Rabi season instead of wheat, followed by jute and Boro rice on the same land. Over time, he observed a decline in maize productivity. In 2020, he replaced maize with potatoes in the Rabi season and introduced vegetables during Kharif-1. However, the early rains led to poor vegetable yields. Searching for alternatives, he learned that neighboring farmers had been successfully intercropping pumpkin in potato fields since 2015, achieving good harvests.

Recognizing the potential, Mr. Dobirul adopted this intercropping technique in the 2022–23 season, growing pumpkins on 100 decimals of potato fields. He achieved a good harvest with high profits and expanded the practice to 200 decimals in 2023–24, earning around Tk. 200,000. The additional income allowed him to invest in other crops, improve his family’s livelihood, and purchase farm machinery, which helped address labor shortages and reduce production costs.

Mr. Dobirul maintained strong relationships with lead farmers, local traders, input dealers, and DAE personnel for technical support and marketing guidance. Over time, most farmers in Purbo Nargun have adopted the pumpkin-potato intercropping technique. A local marketing and storage system developed, enabling buyers to collect pumpkins directly from the fields, reducing the need for farmers to travel to markets. Farmers also store pumpkins at home to sell during lean periods when prices are higher. Today, Mr. Dobirul is recognized as a successful farmer in his village, benefiting from increased income and improved farm management.

4.8.3 Case Study 3: Introducing potato and mustard between aman and boro rice in the Barind Tract, Dinajpur

Md. Noor Mohammad (33) is a young farmer from Alihat Village of Hakimpur upazila in Dinajpur district. This area belongs to the Barind region, and the soil is classified as Tista Meander Floodplain, Level Barind. The soils are mainly loamy bunnett and acidic, historically making the region suitable for rice cultivation. The dominant cropping pattern is T. Aman–Fallow–Boro rice, with irrigation mainly from groundwater via STW and DTW systems, widely accessible to farmers.

Md. Noor Mohammad is the younger son of Nobab Ali Mondal, who is 95 years old. Noor Mohammad completed his master’s degree in 2018 but could not secure a suitable government or non-government job. In 2019, he decided to engage in farming to maintain the family enterprise. His household includes six members, with only him and his wife actively involved in agriculture, while the children attend school. He learned farming from his father and older brothers and later joined a farmers’ club organized by DAE in 2019.

After receiving multiple trainings from DAE on crop management, protection, and diversification, Noor Mohammad introduced potato cultivation on 50 decimals of land immediately after harvesting T. Aman rice in 2019–20 and obtained a good harvest. Encouraged by this success, he gradually expanded the area. By 2023–24, he cultivated potatoes on 195 decimals, earning approximately Tk. 300,000. He also started growing mustard after T. Aman from 2021–22, and last year cultivated 50 decimals, selling it for around Tk. 20,000. Additionally, with DAE support, he established a 15-decimal maize demonstration after T. Aman harvest in 2023–24.

By integrating these new crops, Noor Mohammad transformed his land management. Following potato and mustard harvests, he cultivated Boro rice on the same land, creating a triple cropping system on 250 decimals of land: T. Aman, followed by potato (195 decimals), mustard (50 decimals), and Rabi maize (15 decimals). This example illustrates efficient land utilization and diversification, ensuring continuous production and income throughout the year.

The additional income from these new crops enabled Noor Mohammad to build a brick house and purchase a motorbike, reflecting improved livelihood outcomes. Around 30% of the land in the region has now adopted the T. Aman–Potato/Mustard–Boro rice pattern, while the rest remains under the traditional T. Aman–Fallow–Boro rice system. 
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