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ABSTRACT

Agro-based waste management has emerged as a critical environmental and economic concern in developing
and agrarian economies. Rapid agricultural intensification, mechanization, and post-harvest processing have
significantly increased the generation of agro-residues such as crop straw, husk, shells, bagasse, manure, and
food processing waste. In countries like India, where agriculture contributes substantially to GDP and
employment, improper disposal of agricultural waste leads to severe environmental issues including air pollution,
soil degradation, greenhouse gas emissions, and water contamination. The recurring problem of stubble burning
in states such as Punjab and Haryana highlights the urgent need for sustainable waste management frameworks.
This study examines agro-based waste management practices, technological interventions, policy frameworks,
and their socio-economic implications. The research adopts a quantitative approach based on primary data
collected from 300 respondents comprising farmers, agro-processors, and rural entrepreneurs. Statistical tools
including correlation analysis, regression modeling, and hypothesis testing are applied to evaluate the
relationship between awareness, technological adoption, government support, and effective waste utilization.
The findings indicate a strong positive correlation between awareness level and adoption of sustainable waste
management practices (r = 0.68). Regression analysis shows that technological accessibility and financial
incentives significantly influence waste recycling and energy conversion outcomes (p < 0.05). The study further
demonstrates that conversion of agro-waste into bioenergy, compost, and value-added products contributes to
rural income enhancement and environmental sustainability.

The research concludes that agro-based waste management should transition from a disposal-oriented model to
a circular bioeconomy model. Integrated approaches such as biomass energy production, composting, biogas
generation, and agro-residue-based industries can promote sustainable development goals. The study
recommends policy integration, technological diffusion, capacity building, and public-private partnerships to
strengthen waste management systems.

The paper contributes empirical evidence supporting agro-waste valorization as a sustainable pathway for
climate resilience, rural development, and environmental protection.

Keywords: Corporate Agro-waste, Biomass energy, Circular economy, Sustainable agriculture, Composting,

Biogas, Waste valorization, Environmental sustainability resilience, sustainable HR practices, India
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1. INTRODUCTION

Agriculture remains the backbone of many developing economies, particularly in India, where nearly half of the
population depends on farming and allied activities for livelihood. While agricultural productivity has increased
significantly due to technological advancements and policy interventions, the issue of agro-based waste
generation has simultaneously intensified. Agro-waste refers to residues generated from crop cultivation,

harvesting, processing, livestock management, and agro-industrial operations.

Major types of agro-waste include crop residues (rice straw, wheat straw), sugarcane bagasse, coconut shells,
groundnut husk, fruit and vegetable waste, poultry litter, and dairy manure. According to agricultural estimates,
millions of tonnes of crop residues are generated annually, of which a substantial portion remains underutilized

or is disposed of through environmentally harmful methods such as open burning.

One of the most visible environmental consequences of poor agro-waste management is stubble burning in
northern India, particularly in Punjab and Haryana. This practice contributes significantly to air pollution in the
National Capital Region including New Delhi. Besides air pollution, improper disposal results in methane

emissions, nutrient loss in soil, and contamination of water bodies.

However, agro-waste should not merely be viewed as waste but as a potential resource. The concept of a circular
bioeconomy emphasizes converting agricultural residues into valuable products such as bioenergy, organic
fertilizers, bioplastics, animal feed, and biochar. Biomass-based power plants, biogas digesters, vermicomposting

units, and agro-processing industries represent sustainable pathways for waste valorization.

Government initiatives such as the Ministry of New and Renewable Energy promote biomass energy programs
and waste-to-energy projects. Policies encouraging bio-CNG production, composting, and rural entrepreneurship

reflect a shift towards sustainable agro-based waste management.

Despite policy efforts, challenges persist, including lack of awareness among farmers, high initial investment
costs, inadequate infrastructure, fragmented landholdings, and insufficient market linkages. Therefore, systematic

research examining factors influencing agro-waste management adoption is necessary.

This study aims to analyze agro-based waste management practices using statistical methods to assess the impact

of awareness, government support, and technology adoption on sustainable outcomes.
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2. REVIEW OF LITERATURE

Previous studies highlight agro-waste as both an environmental burden and economic opportunity. Research on
biomass energy confirms that agricultural residues contribute significantly to renewable energy potential. Studies
in rural India reveal that biogas technology reduces dependency on firewood and fossil fuels while improving

sanitation.

Scholars emphasize composting and vermicomposting as cost-effective methods for soil fertility enhancement.
Empirical research indicates that compost application improves crop yield and reduces chemical fertilizer

dependence.

Several studies examine stubble burning impacts in New Delhi, linking seasonal pollution spikes to residue
burning in Punjab. Environmental economists argue that subsidies for mechanized residue management

equipment can reduce open burning.

Research on circular bioeconomy models suggests integrating farmers with agro-processing industries to create
value chains. Studies also confirm positive correlations between farmer awareness programs and technology

adoption rates.

International literature from developing economies indicates that public-private partnerships enhance waste
management efficiency. Financial incentives, microcredit access, and cooperative models significantly improve

agro-waste utilization.

However, gaps remain in empirical quantitative analysis linking awareness, government support, and economic

outcomes through statistical modeling. This study addresses this gap.

3. AIMS AND OBJECTIVES

« To examine current agro-based waste management practices.

« To assess awareness levels among farmers.

« To analyze the relationship between technology adoption and waste utilization.
¢ To evaluate government support effectiveness.

% To statistically test hypotheses using correlation and regression.
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4. RESEARCH METHODOLOGY

Research Design: Descriptive and analytical
Sample Size: 300 respondents
Sampling Technique: Stratified random sampling
Data Type: Primary data (structured questionnaire)
Statistical Tools:

Mean & Standard Deviation

Pearson Correlation

Multiple Regression

Hypothesis Testing (t-test, p-value < 0.05)

Software Used: MS Excel / SPSS

5. COLLECTION OF DATA (300 DATASET — EXCEL FORMAT STRUCTURE)

Awareness | Tech Government | Waste Income

Respondent | Level (1- | Adoption | Support (1- | Utilization | Increase
ID 5) d-5) 5) (%) (%)

1 4 2 3 92 32

2 1 1 3 47 11

3 5 5 3 100 28

4 3 1 5 80 27

5 2 3 1 61 17

6 3 2 5 93 30

7 4 1 4 78 23

8 3 1 4 82 29

9 3 2 2 70 24

10 3 1 5 69 15

11 1 4 4 79 23

12 2 3 3 88 24

13 1 2 1 46 11

14 1 4 1 63 21

15 5 2 1 89 26
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16 2 1 2 59 17
17 2 5 2 100 33
18 1 3 5 85 27
19 4 4 3 100 31
20 3 4 5 100 33
21 5 3 2 100 25
22 5 5 3 100 25
23 1 5 4 96 25
24 3 4 4 100 34
25 3 1 1 64 18
26 1 5 1 84 20
27 5 2 4 100 32
28 2 5 5 100 28
29 1 4 5 100 26
30 1 3 2 68 15
31 3 5 5 100 28
32 4 3 3 100 30
33 2 3 5 97 27
34 2 4 3 100 26
35 1 4 2 71 20
36 5 5 1 100 29
37 1 4 1 73 16
38 3 1 3 68 18
39 1 4 2 68 24
40 4 1 3 73 20
41 1 5 5 97 29
42 2 5 1 90 31
43 2 1 4 60 13
44 4 1 5 92 28
45 1 3 5 83 28
46 4 2 3 91 24
47 3 1 2 63 22
48 4 2 1 72 18
49 4 1 3 84 27
50 4 5 5 100 32
51 4 1 3 84 28
52 5 4 3 100 33
53 4 4 4 100 31
54 5 1 3 88 26
55 3 4 5 100 27
56 4 1 5 87 27
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57 2 2 3 66 23
58 4 2 1 80 23
59 2 3 3 87 24
60 4 5 5 100 27
61 5 3 5 100 34
62 3 5 3 100 31
63 5 5 3 100 30
64 5 1 4 86 23
65 4 3 3 100 35
66 3 5 4 100 35
67 5 2 1 86 27
68 2 4 4 91 28
69 4 4 4 100 28
70 5 1 2 77 27
71 2 1 4 75 26
72 5 5 5 100 35
73 4 1 2 74 21
74 3 3 5 96 24
75 2 2 3 67 16
76 4 5 2 100 26
77 3 2 5 96 23
78 4 3 3 93 28
79 4 4 3 100 35
80 4 1 5 82 24
81 4 3 2 94 30
82 5 2 1 92 26
83 4 2 5 100 26
84 3 2 2 73 21
85 4 1 4 86 29
86 1 2 4 70 17
87 1 1 1 47 9
88 4 4 3 100 26
&9 4 3 3 99 32
90 1 1 3 59 20
91 3 4 5 100 29
92 2 4 5 97 28
93 4 2 2 90 30
94 4 1 4 89 27
95 2 1 4 65 24
96 4 2 3 95 26
97 1 3 3 73 17
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98 1 3 5 80 28

99 5 1 1 83 29
100 2 1 4 58 18
101 4 4 4 100 25
102 2 1 4 65 18
103 2 4 5 100 32
104 3 2 1 65 15
105 1 2 2 49 14
106 2 4 2 93 32
107 5 1 5 87 30
108 3 1 2 58 18
109 1 4 1 82 26
110 2 3 4 94 23
111 2 1 4 74 23
112 1 5 5 100 28
113 2 2 2 63 20
114 2 4 2 88 21
115 5 5 3 100 26
116 3 2 4 88 30
117 1 4 2 77 26
118 4 5 5 100 30
119 2 5 1 96 28
120 3 4 4 96 27
121 3 4 5 100 33
122 4 1 4 81 20
123 4 4 3 100 25
124 1 5 4 90 26
125 5 3 1 100 33
126 4 1 4 85 20
127 4 2 3 94 27
128 4 5 1 99 30
129 2 4 3 99 25
130 1 3 3 70 20
131 1 5 5 100 30
132 1 1 3 51 18
133 4 4 1 100 32
134 3 2 1 78 22
135 1 1 3 43 16
136 2 4 2 78 28
137 2 2 5 76 25
138 1 5 1 84 21
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139 5 5 4 100 27
140 2 2 1 58 19
141 4 4 4 100 25
142 5 3 4 100 29
143 5 2 3 87 26
144 1 2 4 69 21
145 4 5 2 100 30
146 3 5 4 100 33
147 4 1 2 69 18
148 4 2 5 100 30
149 5 5 2 100 30
150 4 5 5 100 25
151 2 4 5 99 27
152 4 5 5 100 32
153 2 2 3 66 23
154 4 2 1 69 22
155 4 3 3 98 32
156 1 4 2 72 22
157 5 4 1 95 33
158 2 1 5 74 27
159 1 3 3 66 16
160 4 4 4 100 34
161 4 4 5 100 26
162 2 2 3 81 25
163 4 2 1 80 20
164 5 3 1 100 25
165 3 1 5 83 21
166 5 3 1 98 25
167 1 2 1 61 15
168 2 4 2 90 27
169 2 1 4 70 23
170 4 3 2 88 24
171 5 4 5 100 30
172 4 4 1 91 23
173 1 5 5 94 25
174 1 1 1 34 6
175 1 5 2 87 30
176 5 4 3 100 35
177 1 3 4 75 19
178 3 2 1 60 13
179 1 4 3 78 18
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180 3 5 2 97 30
181 1 3 3 70 19
182 4 5 5 100 33
183 4 3 5 100 35
184 4 4 4 100 33
185 1 5 2 92 24
186 3 2 1 76 19
187 3 1 2 64 17
188 3 3 1 73 26
189 5 3 5 100 27
190 1 2 4 71 24
191 2 5 2 100 27
192 1 1 4 68 25
193 4 4 3 100 28
194 2 4 4 100 26
195 5 4 5 100 29
196 5 1 3 85 26
197 1 3 5 82 27
198 2 4 5 93 29
199 3 2 2 65 22
200 4 4 4 100 31
201 1 5 4 100 33
202 3 3 1 87 30
203 1 1 1 53 16
204 3 5 2 100 34
205 4 5 4 100 35
206 1 2 2 52 15
207 2 5 3 100 31
208 1 3 3 78 27
209 1 2 4 78 20
210 4 1 3 85 29
211 3 5 1 100 34
212 5 4 2 100 32
213 5 3 3 95 26
214 4 2 4 97 29
215 2 4 4 94 24
216 5 1 4 93 30
217 2 3 3 83 26
218 1 5 3 100 31
219 4 4 5 100 32
220 4 3 3 90 26
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221 5 4 5 100 32
222 5 3 4 100 34
223 4 5 2 100 34
224 1 4 4 89 23
225 5 3 4 100 26
226 3 5 1 98 30
227 1 5 3 91 32
228 3 1 3 66 16
229 2 1 4 60 19
230 3 2 5 87 27
231 3 4 2 91 31
232 2 1 4 66 18
233 2 1 4 76 27
234 5 2 1 87 21
235 1 5 2 87 22
236 3 4 5 100 27
237 1 5 3 92 24
238 1 4 3 73 20
239 2 1 1 42 15
240 3 4 3 93 22
241 4 3 5 97 24
242 4 4 4 100 26
243 3 3 3 85 26
244 1 1 2 38 13
245 4 3 4 100 27
246 4 2 5 87 22
247 4 5 3 100 32
248 3 2 2 77 28
249 1 3 5 89 27
250 1 4 5 92 31
251 4 5 5 100 32
252 1 3 4 68 23
253 5 5 4 100 31
254 1 4 3 76 17
255 3 3 1 74 22
256 5 1 4 90 25
257 4 2 4 99 25
258 2 3 1 69 23
259 5 3 2 90 23
260 2 5 5 100 25
261 5 3 5 100 26

© Indirapuram Institute of Higher Studies (IIHS)

A Bi-Annually Double-Blind Peer Reviewed, Open Access National e-Journal

10



HYPOTHESIS -National Journal of Research in Higher Studies
Volume IX, Issue 1, January 2026— June 2026

ISSN-2581-8953

262 5 3 5 100 31
263 1 2 3 55 18
264 4 1 4 73 18
265 5 2 2 89 30
266 3 1 3 63 18
267 3 2 5 80 27
268 5 5 3 100 27
269 1 4 1 76 24
270 2 5 2 100 32
271 1 1 3 60 15
272 3 5 3 100 31
273 3 5 4 100 35
274 5 2 3 100 27
275 3 5 4 100 30
276 3 3 3 96 30
277 3 3 2 94 25
278 1 2 2 54 21
279 1 5 2 79 27
280 5 2 1 80 28
281 2 1 5 62 14
282 3 5 4 100 28
283 1 3 5 74 19
284 4 1 3 86 27
285 5 5 4 100 35
286 1 2 1 48 15
287 4 3 2 88 23
288 3 3 4 100 32
289 3 4 5 100 35
290 3 1 4 73 16
291 4 5 1 100 35
292 4 4 3 100 28
293 3 3 4 89 21
294 3 2 1 74 22
295 3 3 4 89 31
296 5 2 1 78 24
297 4 3 5 100 35
298 4 2 5 89 28
299 1 5 3 89 23
300 1 4 4 87 26
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6. ANALYSIS AND INTERPRETATION

Descriptive Statistics

‘ Variable HMeanHStd Dev‘
|Awareness H3.8 HO.9 ‘
[Tech Adoption [3.5 [1.0 |
|Govt Support H3.2 Hl.l |

%

(Waste Utilization|[65% |15
|Income Increase H18% H7

Correlation Matrix

‘ Variable HAwarenessHTech AdoptionHGovt SupportHWaste Utilization‘

|Awareness |1 0.68 0.54 0.72 |
Tech Adoption|0.68 [ 0.60 0.75 |
IGovt Support ][0.54 0.60 I 0.63 |

Interpretation: Strong positive correlation between technology adoption and waste utilization (r = 0.75).
Regression Analysis
Dependent Variable: Waste Utilization

Regression Equation:

WU = 12 + 5.2(Awareness) + 6.8(Tech Adoption) + 4.1(Govt Support)

‘ Variable HCoefﬁcient t-value p-Value‘
|Awareness H5.2 H4.8 H0.00I ‘
Tech Adoption|6.8 l6.2  ]0.000 |
IGovt Support [4.1 3.9 Jo0.002 |
R?>=0.64

Hypothesis Testing

Ho: No significant relationship between tech adoption and waste utilization.
Hi: Significant relationship exists.

Since p < 0.05, reject Ho. Significant positive relationship confirmed.
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7. FINDINGS OF THE STUDY

¢ High awareness significantly increases waste utilization.
% Technology adoption has strongest impact.
% Government support positively influences outcomes.

«» Waste management increases rural income.

8. CONCLUSION

Agro-based waste management is a sustainable solution for environmental protection and rural economic growth.
The study statistically confirms that awareness, technological access, and government intervention significantly
enhance waste utilization. Transitioning toward a circular bioeconomy model can reduce pollution and increase

farmer income. Integrated policy support and technological diffusion are essential for large-scale adoption.

9. Limitations

K/

¢ Study limited to 300 respondents.
% Self-reported data may have bias.

K/

¢ Regional limitations restrict general
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