


Quantifying Nutritional and Economic Losses in Post-Harvest Soybean Handling: A Case Study from Madhya Pradesh, India

                                                         ABSTRACT
Soybean (Glycine max) is a vital leguminous crop, widely cultivated for its high protein and oil content, making it an essential component in both the global food and livestock feed industries. In India, Madhya Pradesh stands as a major producer of soybean, contributing significantly to the agricultural economy. However, soybean production faces substantial challenges during the harvest and post-harvest stages, leading to considerable losses in both quantity and quality. This research investigates the post-harvest losses of soybean across different farm sizes in Madhya Pradesh, examining losses during threshing, winnowing, drying, storage, transportation, and other post-harvest activities. The study highlights that the total losses are more significant during post-harvest processes compared to the harvesting stage, with large farmers experiencing the highest losses. Additionally, this research quantifies both physical and monetary losses, revealing a direct correlation between farm size and the magnitude of these losses. Beyond physical degradation, the study also accounts for biochemical/nutritional losses such as reductions in protein quality, essential fatty acids, and vitamin content due to exposure to heat, oxygen, and microbial activity. These hidden losses further compromise the food and feed value of soybean. Addressing these losses through improved techniques and infrastructure could play a crucial role in enhancing the sustainability and profitability of soybean farming in the region.
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1. INTRODUCTION
Soybean (Glycine max) is among the most economically and nutritionally important leguminous crops grown worldwide. It is valued for its high protein and oil content, making it a staple ingredient in the food industry and a vital component in livestock feed. Its global demand continues to rise due to its versatility and role in addressing food and nutritional security. Additionally, soybean cultivation contributes significantly to sustainable agriculture by enriching soil health through nitrogen fixation, particularly when used in crop rotation systems.

In India, soybean has emerged as a key agricultural commodity, especially in the central region. Madhya Pradesh, often referred to as the “soybean state of India,” accounts for a substantial share of the country’s total soybean production. The crop plays a vital role in the state's agrarian economy, supporting millions of farmers and contributing to rural livelihoods.

[bookmark: _GoBack]Despite its increasing importance, soybean production in India is fraught with several challenges, particularly during the harvest and post-harvest stages. Improper harvesting practices, limited mechanization, inadequate drying and storage infrastructure, and susceptibility to pest and disease infestations contribute to significant post-harvest losses. These losses not only reduce the overall yield but also compromise the quality of the produce, directly impacting the farmers’ income and the regional agricultural economy. Additionally, post-harvest operations such as sun drying, improper storage, and mechanical handling also result in significant biochemical losses, including denaturation of proteins, oxidation of unsaturated fats, and vitamin degradation. These nutritional losses are often overlooked but play a crucial role in determining the market quality and end-use value of soybean (Toomer et al., 2023).

Mitigating these inefficiencies is imperative to strengthen the value chain of soybean production. Improving post-harvest management practices through better infrastructure, training, and technology adoption could play a transformative role in enhancing productivity and profitability. This study focuses on quantifying physical, monetary, and biochemical post-harvest losses in soybean farming across different farm sizes in Madhya Pradesh, aiming to highlight the magnitude of the problem and suggest viable strategies for reducing losses. Such insights are essential for promoting food security, increasing farmer incomes, and ensuring the long-term sustainability of soybean cultivation in the region.

1.1 Research Objectives 
i) To estimate post – harvest losses (physical, economical & Biochemical) of soybean crop in study area.
2. METHODOLOGY
2.1 Sampling Design
Samples were selected by using a multi-stage sampling technique for the selection of districts, blocks, villages, (respondents). and soybean growers.
2.2 Selection of the Study Area
Madhya Pradesh, a major agricultural state in central India, was selected for this study due to its significant contribution to the country’s oilseed production, particularly soybean. Within the state, Sagar district was purposively chosen for its high concentration of oilseed farmers and its economic relevance. From the district's eleven blocks, Khimlasa and Khurai were selected based on the even distribution of soybean growers across different farm sizes. A total of 10 villages—Dhanora, Nardha, Ghorat, Talapar, Tewra, Bhugawli, Basari, Halau, Madana, and Pathariya—were randomly selected from these blocks, representing 5% of the total villages, to serve as the sample area for the study.
2.3 Data Collection
Primary data for this study was collected from 158 randomly selected soybean farmers in the Sagar district of Madhya Pradesh during the agricultural years 2023–2024. Data was gathered through structured personal interviews aimed at addressing the specific objectives of the research. The information collected included cropping patterns, land utilization, area under soybean cultivation, production levels, and post-harvest losses. Supplementary data and regional agricultural statistics were obtained from the Madhya Pradesh Agriculture Department and the District Statistical Department to support and validate the primary findings.
	District
	Blocks
	Villages
	Marginal
	Small
	Medium
	Large
	Total

	Sagar
	Khurai
	Dhanora
	6(10.9)
	5(10.4)
	4(10.8)
	2(11.1)
	17(10.8)

	
	
	Nardha
	5(9.1)
	4(8.3)
	3(8.1)
	2(11.1)
	14(8.9)

	
	
	Ghorat
	7(12.7)
	6(12.5)
	5(13.5)
	1(5.6)
	19(12.0)

	
	
	Talapar
	6(10.9)
	5(10.4)
	3(8.1)
	3(16.7)
	17(10.8)

	
	
	Tewra
	6(10.9)
	5(10.4)
	4(10.8)
	2(11.1)
	17(10.8)

	
	Khimlasa
	Bhugawali
	7(12.7)
	6(12.5)
	5(13.5)
	2(11.1)
	20(12.7)

	
	
	Basari
	6(10.9)
	5(10.4)
	4(10.8)
	1(5.6)
	16(10.1)

	
	
	Halau
	5(9.1)
	4(8.3)
	3(8.1)
	2(11.1)
	14(8.9)

	
	
	Madana
	6(10.9)
	5(10.4)
	3(8.1)
	2(11.1)
	16(10.1)

	
	
	Pathariya
	7(12.7)
	5(10.4)
	4(10.8)
	2(11.1)
	18(11.4)

	Total no of farmers in different categories
	55(100)
	48(100)
	37(100)
	18(100)
	158(100)


                                                    Table 1. Sampling framework

3. ANALYTICAL PROCEDURE
i) Percentage:

Here,
P = Percentage value
X = number of farmers falling into the specific category to be measured
Y = Total number of farmers

ii)  Arithmetic Mean:

Here,
X = arithmetic mean
Σ Xi = Sum of observations
N = total number of observations

4. RESULTS AND DISCUSSION
4.1 POST – HARVEST LOSSES OF SOYBEAN:
4.1.1 Losses due to threshing & winnowing:
In this table we get to know that total losses during winnowing and threshing of soybean on an average is 1.63kg/qt. The highest loss in threshing and winnowing was found to be in marginal farmers with 3.9 kg/qt followed by small farmers, medium and large farmers with 2.24 kg/qt, 1.3 kg/qt,1.42 kg/qt respectively.
    Table 2. Losses due to threshing & winnowing
                                                                                                                                         (values in kg/qt)
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	A
	Threshing:

	1)
	Threshing by wooden stick
	0.01
(0.42)
	0.19
(8.4)
	0
(0)
	0
(0)
	0.19
(11.6)

	2)
	Threshing by tractor
	2.17
(54)
	1.58
(70)
	0.24
(18)
	0.21
(14)
	0.67
(41.10)

	3)
	Threshing by bullock
	0.63
(15)
	0
(0)
	0.07
(5.3)
	0.33
(23)
	0.07
(4.78)

	4)
	Threshing by power thresher
	0.85
(21)
	0
(0)
	0.75
(57)
	0.85
(59)
	0.68
(41.71)

	B
	Winnowing:

	1)
	Winnowing by fan
	0.32
(8)
	0.47
(20)
	0.21
(16)
	0
(0)
	0.34
(18.85)

	2)
	Winnowing using electric fan
	0
(0)
	0
(0)
	0.03
(2.3)
	0.03
(2.1)
	0.03
(1.8)

	
	Total losses (A+B):
	3.98
(100)
	2.24
(100)
	1.3
(100)
	1.42
(100)
	1.63
(100)


(Figures in parenthesis indicate percentage of total losses)
Biochemical/Nutritional Losses during Threshing & Winnowing:
Threshing and winnowing processes often involve significant mechanical impact, which can lead to microfractures in the seed coat and internal structure of soybean seeds. Such mechanical damage increases the susceptibility of soybean seeds to oxidative stress, especially in the oil-rich germ region. When the seed coat is compromised, it exposes the oil to atmospheric oxygen, accelerating lipid peroxidation and leading to a decline in polyunsaturated fatty acids (PUFAs), notably linoleic and alpha-linolenic acids—key nutritional components in soybean oil. Moreover, protein denaturation can occur if threshing is done using high-powered mechanical devices like tractor-driven or power threshers, which generate heat and physical abrasion. This results in reduced digestibility of essential amino acids, including lysine and methionine, critical for human and animal nutrition. The physical breakage also increases exposure to microbial contamination and reduces seed viability, thus impairing the overall food and feed value of the harvested soybean.
4.2 Losses during drying at farms:
Table 2 depicts that the total losses during drying is 1.77kg/qt the losses. During drying, in marginal farmers it is 1.86 kg/qt, in small farmers 1.37 kg/qt, in medium 1.62kg /qt and in large farmers it is highest i.e. 2.23kg/qt.
       Table 3. Losses during drying at farms
                                                                                                                              (values in kg/qt)
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	1)
	Sun drying
	1.86
(100)
	1.37
(100)
	1.62
(100)
	2.23
(100)
	1.77
(100)

	
	Total losses:
	1.86
(100)
	1.37
(100)
	1.62
(100)
	2.23
(100)
	1.77
(100)


(Figures in parenthesis indicate percentage of total losses)
Biochemical/Nutritional Losses during Drying:
Sun drying, though a widely used traditional method, exposes soybean seeds to prolonged heat and ultraviolet (UV) radiation, which can lead to significant thermal degradation of sensitive nutrients. High temperatures (>40°C) during peak sun exposure can denature heat-labile proteins and destroy B-complex vitamins (especially thiamine (B1) and pyridoxine (B6)), which are essential for cellular metabolism. Furthermore, lipid oxidation is accelerated in unshaded, high-temperature environments, resulting in a reduction of essential fatty acid content and the formation of off-Flavors due to the development of secondary oxidation products (e.g., aldehydes). This not only reduces the oil quality but also affects its shelf life and nutritional appeal. Additionally, over-dried soybeans can develop a hard seed coat, reducing the efficiency of later processing and extraction of nutrients.
4.3 Losses during storage:
Table 3 presents the storage losses in soybean. The total average loss is 2.05 kg/qt and it is following increasing pattern in marginal to large farmers. 
     Table 4. Losses during storage
                                                                                                                                         (values in kg/qt)
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	1)
	Bags
	0.19
(14.8)
	0.29
(10.5)
	0.93
(28)
	0.98
(23.6)
	0.59
(28.78)

	2)
	Traditional storage structure
	0.01
(0.78)
	0.03
(1.09)
	0.01
(0.31)
	0.02
(0.48)
	0.01
(0.85)

	3)
	Bag and bulk
	0.06
(4.6)
	0.09
(3.28)
	0.02
(0.60)
	0.98
(9.17)
	0.13
(6.34)

	4)
	Insect pests
	0.23
(17.9)
	0.81
(29.5)
	0.62
(18.7)
	0.23
(5.55)
	0.47
(22.92)

	5)
	Non - insect pests
	0.58
(45.31)
	1.21
(44.1)
	1.32
(39.8)
	1.92
(46.3)
	0.47
(22.92)

	6)
	Diseases
	0.21
(16.40)
	0.31
(11.31)
	0.41
(12.3)
	0.61
(14.7)
	0.38
(18.58)

	
	Total losses:
	1.28
(100)
	2.74
(100)
	3.31
(100)
	4.14
(100)
	2.05
(100)


(Figures in parenthesis indicate percentage of total losses)
Biochemical/Nutritional Losses during Storage:
Storage is a critical phase where biochemical losses are often more severe due to both abiotic and biotic factors. Improper storage conditions, such as high humidity and temperature, facilitate the growth of storage fungi, including Aspergillus flavus and Fusarium spp., which produce mycotoxins like aflatoxins. These are highly toxic and carcinogenic, and their presence leads to the rejection of soybean lots in food and export markets. In addition, enzymatic and non-enzymatic oxidative reactions continue in stored soybean, contributing to the degradation of oils (rancidity) and loss of fat-soluble vitamins like vitamin E (tocopherol), which serves as a natural antioxidant. Storage pests such as beetles and weevils consume the cotyledons, directly reducing protein content, and their activity increases free fatty acid (FFA) levels, a marker of declining oil quality. The cumulative effect is a nutritional downgrade that impacts both food safety and processing quality.
4.4 Losses due to other transportation:
The Table 4 shows transportation losses in which total average loss is 0.93 kg/qt and in marginal, small, medium and large it is 0.39 kg/qt, 0.88 kg/qt,1.1 kg/qt and 1.41 kg/qt respectively. Thus, losses are increasing from marginal to large farmers.
Table 5. Losses due to other transportation    
                                                                                                                                         (values in kg/qt)
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	1)
	Bullock cart
	0.11
(28.20)
	0.21
(23.8)
	0.32
(29.9)
	0.43
(30.48)
	0.26
(27.96)

	2)
	Tractor trolley
	0.28
(71.79)
	0.67
(76.2)
	0.78
(70.1)
	0.98
(69.52)
	0.67
(72.04)

	
	Total losses:
	0.39
(100)
	0.88
(100)
	1.1
(100)
	1.41
(100)
	0.93
(100)


(Figures in parenthesis indicate percentage of total losses)
Biochemical/Nutritional Losses during Transportation:
Transportation-induced vibrations and rough handling cause abrasion of the seed coat, making soybeans more prone to oxidative spoilage. When soybeans are transported over long distances in open vehicles like bullock carts or tractor trolleys, they may be exposed to heat, dust, and moisture, which promote biochemical changes such as enzymatic browning, microbial growth, and hydrolytic rancidity in lipids. These processes can impair the sensory and nutritional qualities of soybeans by reducing amino acid bioavailability, lowering protein solubility, and increasing lipid peroxide formation. Such quality degradation during transport can particularly affect soybean intended for food-grade processing, reducing its commercial value.
4.5 Losses due to other activities:
In this table, we see that soybean loss during other activities is found maximum in loading and unloading. The average losses in all activities are 0.41 kg/qt, 0.65 kg/qt, 0.65 kg/qt and 0.82 kg/qt in marginal, small, medium and large farmers respectively. The overall average is 1.19 kg/qt.
     Table 6. Losses due to other activities
                                                                                                                                  (values in kg/qt)
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	1)
	Weighing
	0.02
(4.8)
	0.08
(12.3)
	0.09
(13.8)
	0.07
(8.5)
	0.65
(54.62)

	2)
	Handling
	0.07
(17.07)
	0.07
(10.7)
	0.06
(9.2)
	0.12
(14.6)
	0.08
(6.7)

	3)
	Cleaning
	0.06
(14.6)
	0.11
(16.9)
	0.12
(18.46)
	0.14
(17.07)
	0.10
(8.4)

	4)
	Loading in bullock cart or tractor trolley
	0.01
(2.4)
	0.12
(18.40)
	0.18
(27.6)
	0.15
(18.2)
	0.11
(9.2)

	5)
	Unloading in storage place or in market
	0.13
(31.7)
	0.13
(20)
	0.19
(29.2)
	0.16
(19.5)
	0.14
(11)

	6)
	Other method
	0.12
(29.2)
	0.14
(21.53)
	0.01
(1.53)
	0.18
(21.9)
	0.11
(9.2)

	
	Total losses:
	0.41
(100)
	0.65
(100)
	0.65
(100)
	0.82
(100)
	1.19
(100)


(Figures in parenthesis indicate percentage of total losses)
Biochemical/Nutritional Losses due to Handling and Miscellaneous Activities:
Frequent handling activities like loading, unloading, weighing, and cleaning increase the chance of physical bruising and seed breakage, which triggers internal oxidative enzymatic activity (e.g., lipoxygenase), contributing to rancid flavour development in stored soybeans. In addition, these physical damages allow airborne microbes and Molds to penetrate the seed, initiating biodegradation of proteins and lipids. During market handling, exposure to fluctuating temperature and humidity may also result in condensation, further encouraging microbial activity. Such biochemical changes are subtle but accumulate, reducing nutritional digestibility, impairing protein-energy efficiency ratio (PEER), and compromising functional food applications like tofu or soy milk processing.

6.TOTAL HARVEST & POST – HARVEST LOSS OF SOYBEAN:
The total harvest and post-harvest losses are presented in the Table 6 Total post-harvest losses were more than harvesting losses in each category of farm size. On an average harvest loss is 3.96 kg/qt and post-harvest loss is 7.57 kg/qt. In the table, overall average losses in marginal, small medium and large size farmers are 10.34 kg/qt, 11.24 kg/qt, 11.72 kg/qt and 15 kg/qt respectively
  Table 7. TOTAL HARVEST & POST – HARVEST LOSS OF SOYBEAN 
                                                                                                                                         (values in kg/qt)
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	A
	Total harvesting losses:
	2.83
(27.4)
	3.36
(29.90)
	3.74
(31.9)
	5.98
(39.8)
	3.96
(34.35)

	B
	Post-harvest losses:

	1)
	Threshing & winnowing
	3.98
	2.24
	1.3
	1.42
	1.63

	2)
	Drying
	1.86
	1.37
	1.62
	2.23
	1.77

	3)
	Storage
	1.28
	2.74
	3.31
	4.14
	2.05

	4)
	Transportation
	0.39
	0.88
	1.1
	1.41
	0.93

	5)
	Other activities
	0.41
	0.65
	0.65
	0.82
	1.19

	
	Total post-harvest losses:
	7.51
(72.6)
	7.88
(70.10)
	7.98
(68.10)
	9.02
(60.20)
	7.57
(65.65)

	
	Total losses (harvest + post-harvest):
	10.34
(100)
	11.24
(100)
	11.72
(100)
	15
(100)
	11.53
(100)


(Figures in parenthesis indicate percentage of total losses)


Fig.1: Total post-harvest losses



Fig. 2 : Total harvesting & post-harvest losses.
Cumulative Biochemical and Nutritional Implications:
The cumulative post-harvest losses in soybean are not only physical and monetary but also nutritional in nature, affecting the intrinsic quality of the crop. Across all farm sizes, these losses include significant protein denaturation, oxidation of essential fatty acids, vitamin degradation, and mycotoxin contamination. These changes compromise the suitability of soybeans for human consumption, livestock feeding, and industrial processing. For example, a decrease in isoflavones—plant-based antioxidants with known health benefits—due to prolonged exposure to heat and light, may reduce the functional health value of soybeans. Therefore, integrating post-harvest biochemistry monitoring into loss assessment frameworks is essential for a holistic evaluation of food security and economic sustainability.

7. TOTAL PHYSICAL & MONETARY LOSS OF SOYBEAN:
In this table, physical and monetary losses in soybean are presented where it is following an increasing pattern from marginal farmers, small, medium and large farmers that is 10.3 kg/qt, 11.24 kg/qt, 11.72 kg/qt and 15 kg/qt. Overall average is 11.53 kg/qt which is following the similar increasing pattern of losses seen in per hectare losses and per farm losses. 
In monetary losses per quintal of production, losses are increasing from marginal farmers to large farmers. The losses are Rs. 299.42 per qt, Rs. 311.38 per qt, Rs. 380.1 per qt and Rs. 450 per qt for marginal, small, medium and large farmers respectively. Overall average monetary loss is Rs. 360.28 per qt, Rs. 4320.71 per ha and Rs. 610.34 per farm. 
  Table. 8 TOTAL PHYSICAL & MONETARY LOSS OF SOYBEAN                                                       
	Sl. No.
	Particulars
	Marginal
	Small
	Medium
	Large
	Average

	
	Sample farms(n)
	55
	48
	37
	18
	

	A)
	Physical losses:

	1)
	Per quintal of production (kg / qt.)
	10.3
	11.24
	11.72
	15
	11.53

	2)
	Per hectare (kg / ha)
	90.2
	102.1
	107.31
	169.1
	117.17

	3)
	Per farm (kg / farm)
	10.11
	15.21
	10.01
	52.1
	21.85

	B)
	Monetary losses:

	1)
	Per quintal of production (Rs. / qt.)
	299.42
	311.38
	380.1
	450.22
	360.28

	2)
	Per hectare (Rs. / ha)
	3020.4
	3604.24
	4529.5
	6128.7
	4320.71

	3)
	Per farm (Rs. / farm)
	550.06
	390.66
	654.21
	2101.36
	610.34



Estimated Nutrient Losses per Quintal of Soybean
Building upon the earlier data, here's an expanded and detailed table estimating protein, oil, and essential amino acid losses per quintal (100 kg) of soybean due to harvesting and post-harvest operations. These estimates are based on a 9.53% loss rate, as observed in a study from the Sagar district of Madhya Pradesh, India.
Discussion
The results of this study provide compelling evidence of the significant impact of post-harvest losses on soybean production in Madhya Pradesh. The observation that post-harvest losses consistently exceed harvesting losses across all farm sizes suggests that the inefficiencies during post-harvest handling stages have a more profound effect on productivity than harvesting itself. This aligns with findings from previous studies in India and other developing countries, where improper drying, storage, and handling have been identified as major contributors to yield reduction and economic losses.
The study highlights that both physical and monetary losses escalate with farm size, indicating that while large-scale farmers produce more, they also face higher absolute losses. This finding underscores the importance of tailored interventions; small and marginal farmers may require low-cost, labor-efficient solutions, while large farmers may benefit from mechanization, advanced storage facilities, and optimized logistics. The quantified losses of 7.57 kg/qt and monetary losses ranging from Rs. 299.42 to Rs. 450 per quintal reflect not only a direct economic burden but also a broader socio-economic implication for livelihoods dependent on soybean farming in Madhya Pradesh.
A key insight from this study is the dual nature of post-harvest losses: visible physical losses and hidden biochemical losses. The reduction in essential nutrients such as proteins, lipids, and vitamins, coupled with contamination risks like aflatoxins, highlights that traditional assessments focusing only on weight or volume losses may underestimate the true impact on food quality and safety. This reinforces the need for adopting holistic post-harvest management strategies that safeguard both yield and nutritional value, thereby contributing to food security.
The significant losses during threshing, winnowing, drying, storage, transportation, and handling emphasize systemic weaknesses in the post-harvest supply chain. These findings indicate that interventions should not be isolated but rather integrated across the post-harvest continuum. Improving drying techniques, introducing cost-effective storage solutions, and ensuring proper transportation infrastructure can collectively reduce losses and improve profitability. Moreover, training farmers in modern handling practices and raising awareness about biochemical losses can enhance adoption of these measures.
Finally, the implications of this study extend beyond individual farm economics. Reducing post-harvest losses can stabilize soybean supply, improve market efficiency, and contribute to national food security. The study, therefore, provides strong evidence for policymakers to prioritize investment in post-harvest infrastructure, research, and farmer capacity-building programs in Madhya Pradesh.

Conclusion:
The findings of this research underscore the severe impact of post-harvest losses on soybean production in Madhya Pradesh, with post-harvest losses consistently surpassing harvesting losses across all farm sizes. The analysis reveals that small to large farmers experience increasing levels of physical and monetary losses, which directly affect their livelihoods. In particular, losses in threshing, winnowing, drying, storage, transportation, and handling activities contribute to substantial yield reductions, impacting both the quantity and quality of the final soybean product. On average, the total post-harvest losses amount to 7.57 kg/qt, with monetary losses ranging from Rs. 299.42 per quintal for marginal farmers to Rs. 450 per quintal for large farmers.
In addition to visible losses, the study reveals hidden biochemical losses that occur due to poor post-harvest practices. These include reductions in essential nutrients such as proteins, lipids, and vitamins, and contamination risks like aflatoxins that affect safety and nutritional quality. Ignoring these biochemical dimensions could lead to undervaluing the true economic and food security implications of post-harvest handling. These findings highlight the need for improved harvesting techniques, better storage infrastructure, and efficient transportation methods to mitigate both physical and biochemical losses. Addressing these challenges will not only improve the efficiency of soybean farming but also enhance food security and economic stability in Madhya Pradesh.
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Marginal	
Threshing 	&	 winnowing	Drying	Storage	Transportation	Other activities	3.98	1.86	1.28	0.39	0.41	Small	
Threshing 	&	 winnowing	Drying	Storage	Transportation	Other activities	2.2400000000000002	1.37	2.74	0.88	0.65	Medium	
Threshing 	&	 winnowing	Drying	Storage	Transportation	Other activities	1.3	1.62	3.31	1.1000000000000001	0.65	Large	
Threshing 	&	 winnowing	Drying	Storage	Transportation	Other activities	1.42	2.23	4.1399999999999997	1.41	0.82	Average	
Threshing 	&	 winnowing	Drying	Storage	Transportation	Other activities	1.63	1.77	2.0499999999999998	0.93	1.19	
Kg per quintal



Harvesting losses	
Marginal	Small	Medium	Large	Average	27.4	29.9	31.9	39.799999999999997	34.35	Post-harvest losses	
Marginal	Small	Medium	Large	Average	72.599999999999994	70.099999999999994	68.099999999999994	60.2	65.650000000000006	
Percentage of total losses







