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ABSTRACT
This study aims to evaluate the economic efficiency of linkage models between farmers and enterprises in the production of tea, custard apple, and cabbage in Thai Nguyen province using the Cost-Benefit Analysis (CBA) method. Survey data were collected from 384 farming households, including 164 tea households, 120 custard apple households, and 100 cabbage households. Economic indicators calculated in the study include Total Cost (TC), Total Revenue (TR), Net Profit (π), and the Benefit-Cost Ratio (BCR). The results reveal that households participating in linkages with enterprises achieve significantly higher economic efficiency than those not linked to coal enterprises. Specifically, the BCR for tea production reached 3,034; for custard apple 2,195 and for cabbage 4,133; all of which were above the overall average, confirming the sustainability and profitability of the linkage model. Furthermore, regression analysis shows that the “linkage” variable is significant at the 1% level in increasing household profit, demonstrating the crucial role of agricultural value-chain cooperation in enhancing production efficiency and farmers' income.
Keywords: Cost-Benefit Analysis (CBA), BCR, farmer-enterprise linkage, tea, custard apple, cabbage, Thai Nguyen.
1. Problem statement
In the context of Vietnam's agriculture shifting strongly towards increasing added value and sustainable development, assessing the economic efficiency of production models is becoming increasingly urgent. Along with the trend of international market integration, farmers not only face challenges of input price fluctuations and competition in product quality, but also have to ensure capital efficiency and adaptability to climate change. Therefore, choosing the right analytical tool to quantify benefits and costs in agricultural production is an inevitable requirement, contributing to providing practical evidence for policy making.
Cost-Benefit Analysis (CBA) is one of the commonly used economic tools to evaluate the effectiveness and feasibility of investment activities. According to David et al. (2013), CBA is a systematic approach to determine the correlation between costs and benefits, thereby supporting optimal investment decisions. Unlike simple cost or profit analysis methods, CBA allows direct comparison of the economic value of many different production options, which is especially useful in the agricultural sector - where risks, price fluctuations, and productivity are important (Boardman et al., 2018; Mishan & Quah, 2020). In practice, the application of CBA in agriculture not only helps determine the financial efficiency of each crop but also serves as a basis for assessing the impact of different production organization models. In Vietnam, many studies have demonstrated that the linkage model between farmers and enterprises has the potential to increase productivity, reduce input costs, and stabilize output for agricultural products (Le & Tran, 2022; Thang, Do, Kozan, & Catacutan, 2022). However, the effectiveness of this model depends on crop characteristics, household management level, and specific market conditions.
In Thai Nguyen province, crops such as tea, custard apple, and cabbage are key agricultural products, contributing greatly to farmers' income and livelihoods. However, there are still clear differences in productivity, selling price, profit, and capital efficiency between households with and without links to enterprises. Some farming households still maintain small-scale production models, lacking stable output, while the group of households with links is often supported in terms of technology, materials, and consumption markets. This difference raises the question: Does the linkage model really bring higher financial efficiency? And what is the difference between the two groups of households when analyzed using the CBA tool? Based on that reality, this study was conducted to apply the CBA method to evaluate the economic efficiency of farming households growing tea, custard apple, and cabbage in Thai Nguyen province, and at the same time, compare the two groups of households with and without links to enterprises.
2. Overview of research documents
CBA is a systematic approach to evaluate alternatives to maximize benefits while minimizing costs across a variety of activities and functional requirements. CBA allows for the quantification of both costs and benefits in monetary terms, thereby assisting policymakers, businesses, and households in making optimal investment decisions (Boardman et al., 2018; Mishan & Quah, 2020). The main indicators of CBA include Total Revenue (TR), Total Cost (TC), Net Profit, and Benefit-Cost Ratio (BCR). Jiang and Marggraf (2021) found that more than 54,000 scientific publications have used CBA, indicating its wide application, especially in fields sensitive to environmental risks and input fluctuations such as agriculture. Besides, Quilloy (2019) pointed out that farmer experience, education level, and production scale are key factors affecting production efficiency and net profit.
In Vietnam, the CBA method has been applied in many studies to evaluate the efficiency of agricultural production and investment activities. CBA is one of the powerful quantitative tools to measure the relationship between the total cost and the total benefit from a production activity (Boardman, Greenberg, Vining, & Weimer, 2018). In particular, the BCR (Benefit-Cost Ratio) index is often used because it is easy to understand and apply: if BCR > 1, the project or production model is considered "profitable" in terms of finance (Mishan & Quah, 2020). For crops such as tea (Camellia sinensis), custard apple (Annona spp.), and cabbage (Brassica oleracea var. capitata) - crops of economic value in Vietnam and many other countries - the application of CBA helps evaluate the efficiency of investment in seeds, fertilizers, labor, techniques, preservation, and marketing. However, in reality, the number of studies using BCR clearly for these three plants in Vietnam is still limited.
If BCR > 1, the project is economically efficient; if BCR = 1, the project is break-even; if BCR < 1, the project is inefficient. However, it should be noted that BCR only shows “how much each dollar spent brings in” and does not reflect the absolute size of the profit, the payback period, or the inherent risk (Mishan & Quah, 2020). CBA helps provide quantitative data to support investment decisions, crop selection, techniques, or crop restructuring.
Tea is a popular perennial industrial crop in Vietnam and many Asian countries. Currently, there are not many articles that clearly disclose the BCR of tea production in Vietnam. Instead, we can refer to research on agroforestry ecosystems with tea or similar to gain experience. The study “Cost-Benefit Analysis for Agroforestry Systems in Vietnam” (Thang, Do, Kozan & Catacutan, 2022) surveyed four models in the mountainous region of Northern Vietnam (including the Star Anise + tea model) and recorded large economic benefits (USD 6,527/ha/year in the model with the highest results) but did not clearly present the BCR index. Custard apple (Annona spp.) is a potential fruit tree in Vietnam, especially in the northern provinces. However, data on CBA/BCR for custard apple in Vietnam is very limited. References from studies on guava or custard apple show that BCR ranges from ~2.1 to ~2.5 (Rahman & Islam, 2020). Cabbage is a short-term vegetable crop, usually harvested after a few months, and has a relatively lower initial investment than perennial crops. In a study in Uganda: “Economic Feasibility of Iodine Agronomic Biofortification… cabbage and cowpea” (2021) noted that the average BCR for cabbage was 2.97, and if bio-fortification (iodine fertilization) was applied, it increased to 3.13 (Yadav et al., 2023). The study: “Cost-Benefit Analysis of Conventional and Integrated Crop Management for Vegetable Production” in Ghana showed that: BCR for cabbage (Brassica oleracea var. capitata) was 1.58 for the conventional method and 2.08 for the ICM method (Kuwornu et al., 2018), and the study in Bangladesh showed: BCR for cabbage in the survey was 1.91 (Batru et al).
3. Research methods
3.1. Research subjects and research areas
The study was conducted in Thai Nguyen province with 03 products representing the province's agricultural production, including: tea in Tan Cuong tea area, custard apple in La Hien custard apple area, and cabbage in Phu Binh clean vegetable production area.
3.2. Data collection method
Before researching economic efficiency, the author used the exploratory factor analysis (EFA) method to study the factors affecting the linkage between farmers and enterprises in the production, processing, and consumption of agricultural products, with 384 surveyed farming households. Based on the Yamane (1967) sampling formula:

In there: 
n is the number of households to be surveyed
N is the total number of production households
e is the error
To ensure significance, the author uses a margin of error of 8%. With a total of 520 households growing custard apples in La Hien (Võ Nhai District), a total of 283 households growing cabbage in Nha Long (Phu Binh District), and a total of 60,000 households growing tea in Tan Cuong tea area (Thai Nguyen City). Applying the above formula, the author needs to investigate about 120.14 (rounded to 120) households growing custard apples, 100.28 (rounded to 100) households growing cabbage, and 155.94 (rounded to 156) households growing tea. Since the total number of households is 384, the author increases the number of households surveyed for tea products from 156 to 164.
3.3. Data analysis method
Descriptive statistics
Used to describe the demographic characteristics, cost structure, revenue, and production efficiency of two groups of households (linked and unlinked), through indicators such as mean value, standard deviation, and percentage.
Comparative analysis
Using comparative statistical methods to evaluate statistically significant differences between GAP and non-GAP groups in productivity, selling price, profit, and cost-benefit ratio.
Cost-Benefit Analysis CBA
The economic indicators calculated include:
Total Cost (TC)
Total Revenue (TR)
Net Profit (π = TR - TC)
Benefit-Cost Ratio (BCR = TR / TC)
Linear regression method
Linear regression method is applied to examine the impact of costs and linkages in the production of 03 agricultural products: tea, custard apple, cabbage in Thai Nguyen province, using STATA with the following model:
Profit = β 0 + + ε
With Xi is the cost of inputs for production is calculated in units of VND
Dk is a dummy variable: D = 1, production households are linked with cooperatives or enterprises for custard apple and cabbage products; production households are linked in the form of contracts for tea production households
D = 0: Production households have no association with cooperatives or enterprises for custard apple and cabbage products; production households have an association in non-contractual forms for tea production households.
4. Research results and discussion
4.1. Characteristics of production households
From Table 1, the group of tea-growing households has 164 households all implementing forms of association with enterprises in tea production, with 94 households having contracts, equivalent to 57.32%, and 70 households having other forms of association. Tea products are the most typical products in agricultural production in Thai Nguyen province. Farmers have long-standing experience inherited through many generations. Enterprises also develop quite comprehensive forms of association with farmers, so almost all tea-growing households in the Tan Cuong tea area are associated with enterprises in different forms. Regarding the cultural level of household heads, primary school graduation is worth 1, junior high school graduation is worth 2, and high school graduation is worth 3. The average of the two groups of households with contracts and other forms of association is greater than 2, showing that the common level of cultural level of tea-growing household heads is junior high school graduation. With this level of education, the household owner has the full capacity to receive technical support, sign contracts, and receive training from businesses and the government, ensuring production meets requirements.
Table 1: General information about tea-growing households
	[bookmark: _Hlk212098629]No
	Index
	Unit
	Contract
(n=94)
	Other
(n=70)

	
	
	
	Quantity
	%
	Quantity
	%

	1
	Average age of household head
	Year
	48.05
	
	47.5
	

	2
	Sex
	Male
	39
	41.49
	39
	55.71

	3
	Cultural level
	Education
	2.15
	
	2.18
	

	4
	Production experience
	Year
	17.7
	
	18.45
	

	5
	Average area
	Hectares
	0.90
	
	0.91
	

	6
	Average productivity
	tons/hectare
	145.8
	
	144.9
	


Source: Calculated from the author's survey data
In terms of production experience, the average of the two groups of households is not much different with about more than 17 years of experience in tea production, compared to the average age of more than 47 years old, showing that tea growing households have many years of experience in intensive tea cultivation, farming households have had a stable cultivation process and accumulated significant practical experience. Farmers can master technical processes, are proficient in care, harvesting, and preliminary processing stages, and know how to cope with weather conditions and pests, contributing to stabilizing productivity and product quality. Long-term experience helps households easily absorb, adjust, and apply new production processes, such as VietGAP, organic production, or value chain linkage. They have a practical basis to evaluate the suitability of new technologies to local farming conditions.
Regarding the cultivated area and average yield, there is not much difference between the two groups of households. In fact, all the households are trained by the Department of Agriculture in the same way on tea cultivation techniques according to VietGAP standards, and at the same time, the farmers also apply the technical process to achieve similar cultivation efficiency.
Table 2 shows that out of 100 cabbage-growing households, 48 are linked with enterprises (accounting for 48%) and 52 are not linked. The average age of the household head, production experience, and average area between the two groups of linked and non-linked households are not much different. The indicators show that the household head is capable of receiving the trained farming techniques as well as signing and agreeing during the process of linking with enterprises.
The average educational level of the two groups is below 2, which shows that the average group of cabbage-growing households is a primary school graduate, which will lead to limitations in accessing information, new techniques, and advanced production processes. Households often rely on traditional experiences, old farming practices, and learn from each other instead of accessing technical knowledge through documents or formal training, making it difficult to receive and apply sustainable production processes (such as VietGAP). However, many farming households are industrious, hard-working, and have extensive farming experience, which is a good basis for them to acquire new techniques if properly guided.
Table 2: General information about products cabbage-growing households
	No
	Index
	Unit
	Linkage 
(n=48)
	No linkage
(n=52)

	
	
	
	Quantity
	%
	Quantity
	%

	1
	Average age of household head
	Year
	46.6
	
	48.9
	

	2
	Sex
	Male
	24
	50.00
	29
	55.77

	3
	Cultural level
	Education
	1.9
	
	1.78
	

	4
	Production experience
	Year
	12.8
	
	12.7
	

	5
	Average area
	Hectares
	0.28
	
	0.27
	

	6
	Average productivity
	tons/hectare
	35.06
	
	33.7
	


Source: Calculated from the author's survey data
[bookmark: _Hlk212101330]The average productivity of the group of households linked to enterprises is about 5.64% higher than that of the group of households not linked. This difference reflects that participating in linkages helps farmers have better access to quality seeds, guaranteed input materials, as well as advanced technical processes and standardized farming instructions supported or transferred by enterprises. At the same time, linked households often comply with stricter production processes, are regularly controlled for quality and monitored technically, leading to stable and higher productivity than independent producers. This difference also affirms the positive role of value chain linkages in improving production efficiency, reducing risks, and increasing the competitiveness of agricultural products.
Table 3 shows that there is not much difference between households associated and not associated with enterprises in the production of custard apple products in terms of age of household head, educational level, and production experience. However, the group of households associated with enterprises has an average educational level of 2.01, indicating that, on average, households associated with enterprises have a secondary school education level, while the group of households not associated has an average of 1.97, which is close to a secondary school education level. This difference, although small, can affect the ability to access advanced farming techniques as well as the process of implementing linkage with enterprises, as the number of surveyed households in the non-associated group is 66, higher than that of the associated group, which is 54.
Table 3: General information about custard apple growing households
	STT
	Index
	Unit
	Linkage 
(n=54)
	No linkage
(n=66)

	
	
	
	Quantity
	%
	Quantity
	%

	1
	Average age of household head
	Year
	48.2
	
	49.71
	

	2
	Sex
	Male
	34
	62.96
	43
	65.15

	3
	Cultural level
	Education
	2.01
	
	1.97
	

	4
	Production experience
	Year
	16.63
	
	15.39
	

	5
	Average area
	Hectares
	1.74
	
	1.70
	

	6
	Average productivity
	tons/hectare
	14.95
	
	13.94
	


Source: Calculated from the author's survey data
The average productivity of the group of households associated with enterprises is about 7.24% higher than that of the group of households not associated with enterprises, showing that participating in the association helps farmers better access the cultivation process with strict standards for higher productivity. From there, the associated households can get better selling prices for different types of custard apple products compared to households not associated with enterprises.
4.2. Cost-benefit analysis
Table 4: Cost-benefit analysis of Custard Apple production
	No
	Indicators
	Unit
	Linkage 
(n= 54)
	No linkage
(n=66)

	1
	Total average revenue (TR)
	1000 VND
	669092.22
	604605.45

	2
	Total average cost (TC)
	1000 VND
	304746.85
	300006.81

	3
	Average total profit (Pr)
	1000 VND
	364345.37
	304598.63

	4
	Average profit per hectare
	1000 VND
	216666.42
	185527.26

	5
	BCR (TR/TC)
	
	2.195
	2.015


Source: Calculated from the author's survey data
The results of Table 4 show that the average total cost of the group of households associated with enterprises is not different from that of the group of households not associated. This shows that the two groups of households growing custard apples have the same ability to receive and apply custard apple cultivation techniques according to VietGAP standards. However, in terms of average total revenue, the group of households associated with enterprises is 10.67% higher than the group of households not cultivating, leading to the average total profit and the average profit per hectare being much higher than the group of households not associated. In fact, the group of households associated with enterprises is guaranteed to purchase custard apple products at a better price than the group of households not associated, although when the enterprise purchases all the custard apple products of the associated group, it will support the purchase of the group of households not associated, but it cannot compensate for this difference.
The BCR index of both household groups is greater than 2, showing that La Hien custard apple is a product that brings economic efficiency to farmers. The group of linked households has a higher BCR index combined with higher revenue and profit, showing that the linkage between La Hien custard apple growing households and enterprises brings higher economic efficiency than the group of non-linked households.
For tea products, tea growers are all linked with businesses, so VietGAP cultivation processes are strictly applied, products have high quality and stable purchase prices, leading to quite high profits.
Table 5: Benefit-cost analysis of Tea production
	No
	Indicators
	Unit
	Linkage
(n= 164)

	1
	Total average revenue (TR)
	1000 VND
	519295.97

	2
	Total average cost (TC)
	1000 VND
	171143.53

	3
	Average total profit (Pr)
	1000 VND
	348152.43

	4
	Average profit per hectare
	1000 VND
	384756.09

	5
	BCR (TR/TC)
	
	3,034


Source: Calculated from the author's survey data
The average profit of 384,756.09 thousand VND/ha (equivalent to about 384.76 million VND/ha) of tea-growing households shows the high economic efficiency and significant profitability of tea trees in the agricultural crop structure. This profit level reflects that tea is a crop that brings stable income, contributes significantly to the lives and livelihoods of farmers, and affirms the key role of the tea industry in the development of the local agricultural economy. In addition, this figure shows that tea growers have accumulated experience in production and effective cost management, know how to take advantage of natural advantages and appropriate cultivation techniques, helping to optimize input costs and increase output value. Compared to many other crops, such profit per hectare of tea shows sustainability and high competitiveness, especially when households apply production processes according to VietGAP standards or are associated with a stable consumption chain. However, this result also requires maintaining and improving the quality of tea products, applying processing technology and traceability, as well as expanding the consumption market to ensure that this profit is not only stable but can also increase in the long term.
The BCR index of 3.034 of tea plants shows very high economic efficiency in production. Specifically, the BCR index represents the ratio between total revenue and total production cost, meaning that for every 1 VND spent, tea growers earn about 3.034 VND in revenue. In other words, after covering all input costs, tea growers still earn profits more than twice the initial investment capital, showing an attractive level of profitability and the ability to quickly recover capital. Such a high BCR index reflects that tea growing activities have good capital efficiency, costs are managed reasonably, while the selling price and productivity are relatively stable. This also shows that tea is a key crop with high competitiveness, contributing positively to income and stabilizing the household economy. This index also shows the potential for expanding production and replicating the model of growing tea in association or producing according to VietGAP standards, because this is a type of plant that is both economically efficient and suitable for local ecological conditions.
From the results of Table 6, cabbage is one of the short-term vegetables that brings very high economic efficiency to farmers. The group of households that are linked with enterprises in cabbage production and consumption has a revenue and profit that is much higher than the group of households that are not linked, respectively 14.21% and 18.52%. This difference comes from the fact that cabbage is a short-term agricultural product. If not harvested and consumed at the right time, it will cause great damage to the producer because if left in the field for a long time, the cabbage will crack and break, and if harvested and not consumed in time, it will be damaged. Therefore, farmers who are linked with enterprises will have an advantage in accessing consumption at the right time and have a better selling price.
Table 6: Cost-benefit analysis of Cabbage production
	No
	Indicators
	Unit
	Linkage 
(n= 48)
	No linkage
(n=52)

	1
	Total average revenue (TR)
	1000 VND
	56981.29
	49891.04

	2
	Total average cost (TC)
	1000 VND
	13787.06
	13447.44

	3
	Average total profit (Pr)
	1000 VND
	43194.23
	36443.59

	4
	Average profit per hectare
	1000 VND
	145891.63
	131911.29

	5
	BCR (TR/TC)
	
	4.133
	3.71


Source: Calculated from the author's survey data
The BCR index of the group of linked cabbage-growing households reached 4.133, while the group of non-linked households reached 3.71, showing that the economic efficiency of the linked model is significantly higher than that of independent production. This difference reflects that participating in links with enterprises helps farmers use resources more effectively, reduce risks, and increase profits. The main reason is that linked households are often provided with technical support, seeds, and standard input materials, and are guaranteed stable output with higher selling prices thanks to clear consumption contracts. In addition, compliance with safe and synchronous production processes helps reduce loss, control costs, and improve product quality, thereby increasing economic value per unit area. In contrast, the group of non-linked households often depends on traders, lacks market orientation, has high input costs and unstable selling prices, leading to lower capital efficiency. Thus, the difference in BCR between the two groups shows that the linkage model brings outstanding economic benefits, contributing to increasing income, stabilizing production, and promoting sustainable agricultural development. This result also affirms the importance of expanding linkages between farmers and enterprises in the agricultural value chain, especially for short-term crops such as cabbage.
4.3. Regression results
[bookmark: _Toc208842237]Based on data from 120 custard apple growing households, productivity still varies greatly among households, with the smallest yield being about 6 tons/ha, while the largest is about 14.5 tons/ha. However, due to the relatively high and stable selling price of custard apples, the difference in productivity is the cause of large fluctuations in profits among custard apple-growing households. The average profit is about 331 million VND/household/crop. With the characteristic of having only 01 main crop and 01 spread crop, but in reality, the spread crop is only implemented as a pilot, with low productivity, and production results mainly fall in the main crop. 
[bookmark: _Toc208842238][bookmark: _Hlk206283962]Production costs mainly include the purchase of initial seedlings, subsequent crops are only supplementary planting, fertilizers, labor, pesticides, irrigation, and other costs. The regression results give the empirical function:
[bookmark: _Toc208842239]loinhuan = -363000000*** + 7751.16***Giaban + 1.36*thueld + 17.88**chikhac + 0.15NSgiongbandau + 2.92**bvtv + 1.87NStuoitieu - 0.24NSphanbon + 39300000***lk
[bookmark: _Toc208842240]with: *** : significant at 1% level; ** : significant at 5% level; * : significant at 10% level; NS : not significant
[bookmark: _Toc208842241]The economic efficiency of custard apple production is evaluated based on linear regression, with the dependent variable being the average profit for 1 custard apple crop. The regression results show that the variable lk is significant at the 1% level, which shows that for each farming household that has a link with an enterprise (specifically VNPost and the Provincial Trade Promotion Center), it will be possible to increase the average profit by about 39.3 million VND for 1 crop. This is evidence that the link between farming households and enterprises that support production inputs and support the purchase and sale of products increases profits for production households, thereby increasing economic efficiency.
[bookmark: _Toc208842242]Table 7: Regression results of custard apple
	[bookmark: _Toc208842243]Number of households
	[bookmark: _Toc208842244]F(8, 111)
	[bookmark: _Toc208842245]Significance level F
	[bookmark: _Toc208842246]R 2
	[bookmark: _Toc208842247]R2 adjustment​

	[bookmark: _Toc208842248]120
	[bookmark: _Toc208842249]23.65
	[bookmark: _Toc208842250]0.0000
	[bookmark: _Toc208842251]0.6303
	[bookmark: _Toc208842252]0.6036

	[bookmark: _Toc208842253]STT
	[bookmark: _Toc208842254]Variable
	[bookmark: _Toc208842255]Estimated coefficient
	[bookmark: _Toc208842256]t value
	[bookmark: _Toc208842257]Significance level P

	[bookmark: _Toc208842258]1
	[bookmark: _Toc208842259]Giaban (selling price of custard apple)
	[bookmark: _Toc208842260]7751.16
	[bookmark: _Toc208842261]5.57
	[bookmark: _Toc208842262]0.000

	[bookmark: _Toc208842263]2
	[bookmark: _Toc208842264]thueld (labor cost)
	[bookmark: _Toc208842265]1.36
	[bookmark: _Toc208842266]1.76
	[bookmark: _Toc208842267]0.082

	[bookmark: _Toc208842268]3
	chikhac
	[bookmark: _Toc208842270]17.88
	[bookmark: _Toc208842271]2.43
	[bookmark: _Toc208842272]0.017

	[bookmark: _Toc208842273]4
	[bookmark: _Toc208842274]giongbandau (seed cost)
	[bookmark: _Toc208842275]0.15
	[bookmark: _Toc208842276]0.38
	[bookmark: _Toc208842277]0.707

	[bookmark: _Toc208842278]5
	[bookmark: _Toc208842279]bvtv (pesticide costs)
	[bookmark: _Toc208842280]2.92
	[bookmark: _Toc208842281]2.16
	[bookmark: _Toc208842282]0.033

	[bookmark: _Toc208842283]6
	tuoitieu
	[bookmark: _Toc208842285]1.87
	[bookmark: _Toc208842286]0.82
	[bookmark: _Toc208842287]0.414

	[bookmark: _Toc208842288]7
	[bookmark: _Toc208842289]phanbon (fertilizer cost)
	[bookmark: _Toc208842290]-0.24
	[bookmark: _Toc208842291]-0.97
	[bookmark: _Toc208842292]0.336

	[bookmark: _Toc208842293]8
	[bookmark: _Toc208842294]lk (linkage)
	[bookmark: _Toc208842295]39300000.00
	[bookmark: _Toc208842296]4.56
	[bookmark: _Toc208842297]0.000

	[bookmark: _Toc208842298]9
	[bookmark: _Toc208842299]_cons (constant)
	[bookmark: _Toc208842300]-363000000.00
	[bookmark: _Toc208842301]-4.53
	[bookmark: _Toc208842302]0.000


[bookmark: _Toc208842303]Source: Calculated from the author's survey data
[bookmark: _Toc208842304]The variable of labor cost (thueld) is statistically significant at the 10% level, showing that increasing current labor costs can increase profits. Because custard apples are grown on hills, the growing area and terrain require a lot of labor for care and harvesting. According to custard apple growers in La Hien, when the season comes, cooperative officials cannot find members because all members are in the garden. Along with other cost variables and the cost of purchasing pesticides, all are statistically significant and have positive coefficients, so increasing these variables will increase profits (due to increased output). 
[bookmark: _Toc208842305]The selling price (Giaban) variable alone is significant at the 1% level with a coefficient of 7.751.16, showing that a 1 VND increase in selling price will increase the average profit for 1 hectare by about 7.751.16 VND. With an adjusted R2 coefficient of 0.6036, it shows that the fluctuations of the variables included in the model reflect 60.36% of the fluctuations in average profit.
[bookmark: _Toc208842306]Regarding the Giongbandau, the custard apple is a perennial fruit tree, so the tree will be planted once and harvested for many crops in the following years. With 03 cooperatives currently growing custard apple according to VietGAP standards in La Hien, custard apple seedlings often do not need to be replanted/supplemented because they have been planted according to the correct techniques and requirements of VietGAP standards. Therefore, it is understandable that the initial cost of the seed is not statistically significant. Custard apple is also a drought-resistant fruit tree; the fertilizer requirements are not too special, so in the regression model, it shows no significant impact on profits.
[bookmark: _Toc208842353]From the survey results of 164 tea-growing households meeting VietGAP standards in Tan Cuong, the average tea-growing area of each household is about 0.9 hectares, of which the smallest is 0.58 hectares and the largest is about 1.31 hectares, with an average yield of about 144.94 quintals/1 hectare. According to data from the General Statistics Office (GSO), the output of fresh tea buds in the period of 2020 - 2024 in Thai Nguyen is the highest in Vietnam (244.4 - 273.7 thousand tons), significantly higher than other tea regions such as Phu Tho (181.8 - 179.9 thousand tons), Ha Giang (87.4 - 90.1 thousand tons) and Lam Dong (130.4 - 114.2 thousand tons). The average profit for 01 hectare of tea is about 348 million VND. This is a relatively high profit level because the surveyed households have all met VietGAP standards in commercial tea production and have close links with businesses and consumption channels. Along with the development of society, the requirements for quality and safety of tea products are increasingly improved, and tea-producing households in Tan Cuong quickly converted and invested in tea types with very high-quality products, such as premium Dinh tea with a selling price of about 5 million VND per kg. If compared with the country with the highest tea production in the world, China, Thai Nguyen tea, in particular, and Vietnam in general, has a much higher yield (China's average yield is only about 11.2 quintals/ha), but the production area is significantly lower.
[bookmark: _Toc208842354]In recent years, there has been significant progress in the application of quality and safety standards. By the end of 2024, more than 5,588 hectares of tea in Thai Nguyen had been certified VietGAP, along with 125.6 hectares of organic tea. This shows a steady transition to safe and sustainable farming, although challenges remain in ensuring uniform application across all households.
[bookmark: _Toc208842355]Table 8: Regression results of tea
	[bookmark: _Toc208842356]Number of households
	[bookmark: _Toc208842357]F(7, 156)
	[bookmark: _Toc208842358]Significance level F
	[bookmark: _Toc208842359]R 2
	[bookmark: _Toc208842360]R2 adjustment​

	[bookmark: _Toc208842361]164
	[bookmark: _Toc208842362]177.87
	[bookmark: _Toc208842363]0.0000
	[bookmark: _Toc208842364]0.8887
	[bookmark: _Toc208842365]0.8837

	[bookmark: _Toc208842366]STT
	[bookmark: _Toc208842367]Variable
	[bookmark: _Toc208842368]Estimated coefficient
	[bookmark: _Toc208842369]t value
	[bookmark: _Toc208842370]Significance level P

	[bookmark: _Toc208842371]1
	[bookmark: _Toc208842372]pche (tea price)
	[bookmark: _Toc208842373]3739.13
	[bookmark: _Toc208842374]2.25
	[bookmark: _Toc208842375]0.026

	[bookmark: _Toc208842376]2
	[bookmark: _Toc208842377]phanbon (fertilizer cost)
	[bookmark: _Toc208842378]3.07
	[bookmark: _Toc208842379]2.87
	[bookmark: _Toc208842380]0.005

	[bookmark: _Toc208842381]3
	[bookmark: _Toc208842382]thueld (labor rental costs)
	[bookmark: _Toc208842383]- 0.18
	[bookmark: _Toc208842384]-3.04
	[bookmark: _Toc208842385]0.001

	[bookmark: _Toc208842386]4
	[bookmark: _Toc208842387]seed (seed cost)
	[bookmark: _Toc208842388]10.79
	[bookmark: _Toc208842389]0.45
	[bookmark: _Toc208842390]0.651

	[bookmark: _Toc208842391]5
	[bookmark: _Toc208842392]tuoitieu (irrigation costs)
	[bookmark: _Toc208842393]3.85
	[bookmark: _Toc208842394]3.08
	[bookmark: _Toc208842395]0.002

	[bookmark: _Toc208842396]6
	[bookmark: _Toc208842397]bvtv (pesticide costs)
	[bookmark: _Toc208842398]9.19
	[bookmark: _Toc208842399]2.62
	[bookmark: _Toc208842400]0.010

	[bookmark: _Toc208842401]7
	[bookmark: _Toc208842402]lk (link)
	[bookmark: _Toc208842403]54400000.00
	[bookmark: _Toc208842404]10.01
	[bookmark: _Toc208842405]0.000

	[bookmark: _Toc208842406]8
	[bookmark: _Toc208842407]_cons (constant)
	[bookmark: _Toc208842408][bookmark: _Hlk206283975]- 8006535,00
	[bookmark: _Toc208842409]-0.12
	[bookmark: _Toc208842410]0.902


[bookmark: _Toc208842411]Source: Calculated from the author's survey data
[bookmark: _Toc208842412]The regression results give the empirical function:
[bookmark: _Toc208842413]loinhuan = -8006535NS + 3739.13**pche + 3.07***phanbon - 0.18***thueld + 10.79nsgiong + 3.85***tuoitieu + 9.19***bvtv + 54400000***lk
[bookmark: _Toc208842414]with: *** : significant at 1% level; ** : significant at 5% level; * : significant at 10% level; NS : not significant
[bookmark: _Toc208842415]From the regression results, the variable lk (linkage) is significant at the 1% level, showing that when tea farmers link with enterprises, they will be able to increase their profits by 54,400,000 VND per tea crop compared to only participating in cooperatives. The main reason is that enterprises have purchase contracts at pre-agreed prices or prices that fluctuate according to the market but are very stable, while cooperatives only support collection, preservation, processing, and linking with output channels. The arising intermediate costs, as well as price fluctuations, affect the profits of production households. In the opposite direction, the contract between enterprises and production households will also bind the quality standards of the products and the production support that enterprises will provide to farming households, making the products of these households have better quality than those of households that do not sign contracts with enterprises.
[bookmark: _Toc208842416]Similar to custard apple products, tea is also a perennial plant, so the seeds are planted initially and harvested in many subsequent crops. The subsequent plantings only improve or replant damaged plants, so the seed cost does not have statistical significance in reflecting the reality of tea production households. 
[bookmark: _Toc208842417]Because most tea-producing households participate in one or several forms of association and apply VietGAP standards to the production process, the products are relatively uniform, the tea purchase price is also relatively stable, and does not differ much between the group of households associated in the form of contracts and other forms. The variable pche (tea price) is statistically significant at the 5% level, reflecting that each additional VND in tea price will increase the household's profit by about 3,800 VND per crop. This means that the association between farming households and enterprises is of great significance in stabilizing tea prices and positively affecting the economic efficiency of tea-growing households.
[bookmark: _Toc208842418]Other input cost variables, such as phanbon (cost of fertilizers), tuoitieu (cost of irrigation), and bvtv (cost of pesticides, pest control), are significant at the 1% level, but the coefficients are positive and very small, causing little impact on the profits of tea production and business activities when they change. However, they have indirect statistical significance, showing that the activities of linking technical support and inputs (seeds, fertilizers, pesticides) are effective in affecting the profits of households.
[bookmark: _Toc208842419]The variable thueld (labor cost) is significant at the 1% level, with a negative sign indicating that labor cost reduces the efficiency of tea production and business activities. This reflects the reality because during the harvest season (from April to July of the solar calendar every year), with very high productivity, the amount of fresh tea buds that need to be harvested and processed is very large, taking a lot of time and labor to avoid damage. Although in Hong Thai 2 hamlet, Tan Cuong commune, there is a Tan Cuong Xanh tea factory with an area of about 12,000 m2, with a modern production process and meeting FDA and ISO 22000 standards, it cannot handle all the harvested tea during the main season. Other companies, such as Loc Tan Cuong, Hoang Binh, Viet Co Tra, and Thai Minh, also participate in collecting and processing commercial tea products in large quantities, but still need a lot of labor for care and harvesting, causing the cost of this activity to increase when the tea is in season.
[bookmark: _Toc208842459]Table 9: Regression results of cabbage
	[bookmark: _Toc208842460]Number of households
	[bookmark: _Toc208842461]F(7, 92)
	[bookmark: _Toc208842462]Significance level F
	[bookmark: _Toc208842463]R 2
	[bookmark: _Toc208842464]R2 adjustment​

	[bookmark: _Toc208842465]100
	[bookmark: _Toc208842466]14.42
	[bookmark: _Toc208842467]0.0000
	[bookmark: _Toc208842468]0.5231
	[bookmark: _Toc208842469]0.4868

	[bookmark: _Toc208842470]STT
	[bookmark: _Toc208842471]Variable
	[bookmark: _Toc208842472]Estimated coefficient
	[bookmark: _Toc208842473]t value
	[bookmark: _Toc208842474]Significance level P

	[bookmark: _Toc208842475]1
	[bookmark: _Toc208842476]giabapcai (cabbage price)
	[bookmark: _Toc208842477]6880.40
	[bookmark: _Toc208842478]4.11
	[bookmark: _Toc208842479]0.000

	[bookmark: _Toc208842480]2
	[bookmark: _Toc208842481]giong (seed cost)
	[bookmark: _Toc208842482]12.23
	[bookmark: _Toc208842483]1.79
	[bookmark: _Toc208842484]0.077

	[bookmark: _Toc208842485]3
	[bookmark: _Toc208842486]lamdat (land preparation cost)
	[bookmark: _Toc208842487]19.07
	[bookmark: _Toc208842488]1.75
	[bookmark: _Toc208842489]0.083

	[bookmark: _Toc208842490]4
	[bookmark: _Toc208842491]phanbon (fertilizer cost)
	[bookmark: _Toc208842492]-3.14
	[bookmark: _Toc208842493]-1.47
	[bookmark: _Toc208842494]0.144

	[bookmark: _Toc208842495]5
	[bookmark: _Toc208842496]bvtv (pesticide costs)
	[bookmark: _Toc208842497]-7.32
	[bookmark: _Toc208842498]-1.01
	[bookmark: _Toc208842499]0.315

	[bookmark: _Toc208842500]6
	[bookmark: _Toc208842501]ldthue (labor rental cost)
	[bookmark: _Toc208842502]-1.64
	[bookmark: _Toc208842503]-0.69
	[bookmark: _Toc208842504]0.490

	[bookmark: _Toc208842505]7
	[bookmark: _Toc208842506]lk (linkage)
	[bookmark: _Toc208842507]5546593.00
	[bookmark: _Toc208842508]6.01
	[bookmark: _Toc208842509]0.000

	[bookmark: _Toc208842510]8
	[bookmark: _Toc208842511]_cons (constant)
	[bookmark: _Hlk206361019][bookmark: _Toc208842512]-10700000 .00
	[bookmark: _Toc208842513]-1.06
	[bookmark: _Toc208842514]0.292


[bookmark: _Toc208842515]Source: Calculated from the author's survey data
[bookmark: _Toc208842516]The regression results give the empirical function:
[bookmark: _Toc208842517]loinhuan = -10700000NS + 6880.4***giabapcai + 12.23*giong + 19.07*lamdat -3.14nsphanbon + -7.32NSbvtv - 1.64NSldthue + 5546593***lk
[bookmark: _Toc208842518]with: *** : significant at 1% level; * : significant at 10% level; NS : not significant
[bookmark: _Toc208842519]From the regression results, the variable lk (linkage) is statistically significant at the 1% level, showing that production households participating in linkages with agricultural cooperative models and cooperatives cooperating with enterprises will be able to increase about 5.54 million VND for 1 production crop. Cooperation between farming households in agricultural cooperatives will support technical training for the production process. Households will be advised on cabbage seeds to plant, care techniques, and pest prevention; at the same time, the cooperative will support farmers in consuming finished cabbage, so cabbage will be harvested promptly and have a more stable selling price than households not participating in the cooperative. Because cabbage is a short-term vegetable, the requirement for pre-processing and post-harvest preservation to maintain quality when transported to the point of consumption is a very important step in the production chain, and the linkage between cooperatives and enterprises and consumption channels is very important, especially for short-term contracts. Through these contracts, the level of trust of enterprises towards production households will increase, and at the same time, production households will also realize the benefits from this association, which will strengthen the long-term association in the future. However, this association still faces many challenges, such as the production scale still being small and fragmented, leading to difficulty in controlling quality and harvest time. Because production is not yet centralized, the coordination of planting schedules between production households is not well controlled, and at the same time, consumption partners do not coordinate accurately with production households, leading to the phenomenon of oversupply.
[bookmark: _Toc208842520]The variable giabapcai (cabbage price) is significant at the 1% level, showing that with an additional VND 1 increase in cabbage price, the average profit of a household will increase by VND 6,880 for 1 production crop. This is a relatively high level because cabbage prices fluctuate quite a lot from the beginning of the season to the end of the season. If the linkage between farming households is good, with the majority participating in cooperatives, the combination of distributing planting schedules and harvest times will be tightly controlled, making cabbage prices stable and higher, leading to an increasing trend in profits. Currently, only 48% of surveyed households participate in linkages with each other in the agricultural cooperative model, so large fluctuations in cabbage prices from the beginning of the season to the end of the season are inevitable.
[bookmark: _Toc208842521]The variables giong (seed cost) and lamdat (land preparation cost) are statistically significant at the 10% level, showing that the cost of applying cabbage seeds and the cost of renting machines for land preparation and bed making have an impact on profits, although the coefficient is relatively small, the impact is not much. However, agricultural cooperatives organize training on production techniques, so there will be links with seed suppliers for higher productivity, and households applying VietGAP standards have better care techniques, so they will have higher profits than households not participating in cooperatives.
[bookmark: _Toc208842522]The variables phanbon (fertilizer cost), bvtv (pesticide cost), and ldthue (labor rental cost) are not statistically significant and have negative coefficients, indicating that these costs do not affect the profits of production households. This is relatively difficult to explain for fertilizers and pesticides, possibly because the number of observed households is not enough to reflect the impact of these two variables. For hired labor, because the production area is relatively small, the cost of hiring labor does not affect profits much, which is relatively realistic.
5. Conclusion
The research results confirm that cost-benefit analysis (CBA) is an effective economic tool in assessing the financial efficiency of agricultural production models, especially in the context of linkages between farmers and enterprises (David et al., 2013; Boardman et al., 2018; Mishan & Quah, 2020). The application of CBA in this study has helped quantify the relationship between costs and benefits, thereby reflecting the capital utilization capacity, profitability, and production management efficiency of household groups. For the three main crops of Thai Nguyen province - tea, custard apple, and cabbage - the results show that households with linkages with enterprises have significantly higher economic efficiency than households without linkages. Specifically, the BCR index of tea reached 3.034, showing that tea growing activities have high and stable profitability, and are a key crop in the local agricultural economic structure. Custard apple has a BCR of 2.195, reflecting positive financial performance and production expansion when there is a stable output linkage (Rahman & Islam, 2020). Meanwhile, cabbage - a short-term vegetable crop - achieved a BCR of 4.133 for linked households, compared to 3.71 for non-linked households, indicating that linkage helps farmers optimize costs and stabilize selling prices (Kuwornu et al., 2018; Yadav et al., 2023).
Linear regression analysis further confirms the importance of linkages in agricultural production. The variable “linkage” (lk) is statistically significant at the 1% level in all three models, showing that each household participating in the linkage can increase profits by 5.54 million to 54.4 million VND/crop, depending on the type of crop. This result is consistent with international studies on the impact of CBA and agricultural linkage models (Thang et al., 2022; Gaetano et al., 2017; Chaturvedi et al., 2024; Sharma, 2021). In addition, factors such as selling price, fertilizer costs, irrigation, and pesticides also significantly affect profits, demonstrating the role of technical support and inputs from affiliated enterprises. The linkage model not only helps to improve productivity, quality, and income but also reduces market risks and price fluctuations, creating conditions for farmers to participate more deeply in the agricultural value chain (Quilloy, 2019; Jiang & Marggraf, 2021). This result confirms the effectiveness and practicality of the farmer-enterprise linkage model, and proves that CBA is a reliable quantitative tool in agricultural policy making in Vietnam.
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