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ABSTRACT

	 The decomposition of crop residues, mediated by soil microorganisms, plays a central role in 
regulating soil organic carbon (SOC) stocks. During this process, microorganisms respire, releasing 
CO2 as a byproduct. The rate of CO2 emission and the extent of mineralization depend on several 
factors, including quality of the organic residue and environmental conditions like temperature and 
moisture. The experiment was conducted using a factorial completely randomized design (FCRD) 
comprising 36 treatments, which included six types of crop residues (pearl millet straw, wheat straw, 
sorghum straw, sugarcane trash, parthenium weed and cassia weed) evaluated under six temperature 
regimes (15, 20, 25, 30, 40, and 50°C). To maintain the particular temperature experimental bottles 
are kept in BOD incubator. During the 16-week incubation period, carbon dioxide (CO2 ) emissions 
initially increased and reached their peak at different stages depending on the organic residue. 
Maximum emissions occurred during the 7th week for cassia weed, sugarcane trash and parthenium 
weed; in the 8th week for pearl millet straw; in the 9th week for sorghum straw; and in the 14th week 
for wheat straw. Thereafter, CO2 emissions gradually declined until the 16th week. Among the tested 
residues, the highest CO2 emission rate was recorded in cassia weed (228.80 mg CO2 week-¹ kg-¹ 
soil at the 7th week), followed by sugarcane trash (220.73 mg CO2 week-¹ kg-¹ soil) and parthenium 
weed (217.80 mg CO2 week-¹ kg-¹ soil). Maximum CO2 release was recorded with pearl millet straw 
(206.80 mg CO2 kg-¹ soil week-¹ at the 8th week) and sorghum straw (215.80 mg CO2 kg-¹ soil week-¹ 
at the 9th week), both under the 50°C temperature regime. In contrast, wheat straw–amended soil 
consistently showed the lowest CO2 emissions across all incubation stages. Emissions from wheat 
straw increased steadily up to the 14th week, reaching a maximum of 110.00 mg CO2 week-¹ kg-¹ soil 
at 50°C, after which they declined indicating its relatively lower decomposability compared to other 
residues. A similar trend was observed for carbon mineralization, further supporting the variation 
in decomposition dynamics among different organic residues. The study demonstrates that high 
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temperatures (15°C to 50°C) and low C: N ratios (found in residues like Cassia weed) accelerate 
microbial metabolism, leading to rapid mineralization and peak CO2 emissions. 

Key words: CO2 emission, temperature regimes, carbon mineralization, cassia, parthenium.

INTRODUCTION

	 Carbon (C) is among the most versatile 
and dynamic elements in the biosphere. In case 
of greenhouse gases, carbon dioxide (CO₂) is 
particularly significant, contributing nearly 60% of 
the global greenhouse effect1. The decomposition of 
crop residues plays a central role in regulating soil 
organic carbon (SOC) stocks, which are critical both 
for maintaining soil fertility and for mitigating climate 
change2. Vegetation and soils function as major sinks 
for atmospheric CO₂; however, in recent decades, 
emissions of naturally occurring greenhouse gases 
such as CO₂, methane (CH₄), and nitrous oxide 
(N₂O) have increased markedly.

	 Carbon mineralization is a fundamental 
process that indicates how different organic and 
inorganic inputs influence soil functioning. The 
chemical, physical and biological breakdown of 
soil organic matter (SOM) leads to mineralization, 
releasing CO₂ 3, which contributes significantly to 
greenhouse gas emissions1. It is expected that CO₂ 
emissions from soil vary depending on the nature 
of the organic residues applied and the prevailing 
temperature conditions during decomposition. 
Effective management of organic inputs, however, 
can promote soil biodiversity, improve micro-
aggregation and reduce CO₂ emissions.

	 The use of organic amendments has 
been widely adopted as a sustainable agricultural 
practice to counter soil degradation. This approach 
not only supports soil restoration but also enhances 
its chemical, physical, biological and ecological 
functions4. Enhancement of soil organic matter 
(SOM) through organic amendments modifies 
the soil microenvironment, influences microbial 
community structure, regulates biomass turnover 
and enhances nutrient mineralization.

MATERIALS AND METHODS

	 An incubation experiment was conducted 
in a factorial completely randomized design (FCRD) 

with 36 treatment combinations, consisting of six 
crop residues (pearl millet straw, wheat straw, 
sorghum straw, sugarcane trash, parthenium weed 
and cassia weed) across the six temperature 
regimes (15, 20, 25, 30, 40 and 50 °C). The study 
was carried out in the laboratory of the Department 
of Soil Science, Post Graduate Institute, MPKV, 
Rahuri, during February to May 2023. The organic 
residues were mixed with local medium deep black 
soil collected from the PGI farm. According to the 
USDA soil taxonomy, the soil belongs to the order 
Inceptisols. The soil was well-drained, clayey in 
texture, with a neutral pH, medium organic carbon 
content, low nitrogen and phosphorus and very high 
potassium status (Table 1).

	 The choice of crop residues was made 
considering their availability and their potential 
role in carbon sequestration. Their total organic 
carbon (TOC), nitrogen content and C:N ratio were 
determined and are presented in Table 2.

Experiment details (Incubation Study) 
	 Organic residues (ground to 2 mm size) 
were mixed with soil based on their carbon content 
to provide the equivalent of 2.5 g C kg⁻¹ soil. For 
each treatment, 0.5 kg of soil was placed in airtight 
plastic pots. The experiment consisted of treatments 
incubated at six temperature regimes (15, 20, 25, 30, 
40, and 50 °C) arranged in a completely randomized 
design with three replications. BOD incubators 
were used to maintain the required temperatures. 
Soil moisture was maintained near field capacity 
by weekly application of water, ensuring the soil 
remained moist throughout the incubation period.

	 Carbon dioxide (CO₂) evolution was 
measured using the alkali (NaOH) trapping method 
followed by titration with hydrochloric acid (HCl). 
For each treatment, a trap was prepared by placing 
20 ml of 1 N NaOH in a 50 ml test tube, which was 
then placed inside the airtight pot. Control treatments 
consisted of soil without residue but with alkali traps. 
After every 7-day interval, the traps were removed 
and fresh traps were placed. The timing was 
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standardized so that CO₂ absorption was measured 
over consistent 7-day intervals. Data collection 
continued at weekly intervals for a total duration of 
16 weeks.

CO2 evolution, Emission loss of carbon and 
carbon degradation rate determination 
	 The CO₂ evolution was measured using the 
alkali trap method (Pramar and Schimidt5). The total 
organic carbon (TOC) was determined by the wet 
oxidation method (Walkley and Black6). The carbon 
emission loss (%) and the carbon degradation rate 
constant (k) were calculated using the standard 
formulae proposed by Stanford and Smith7.

i) Emission loss of carbon (%) 

  

ii) C degradation rate constant (k)  =

Where,
t  = Time
CO = Initial carbon content
C  = Final carbon content

RESULTS AND DISCUSSION

Carbon dioxide emissions from residue-amended 
soils under varying temperature regimes
	 The rate of CO2 emission varied significantly 
among the treatments. Among the organic residues, 
the maximum emission (228.80 mg CO2 week-1 
kg-1 soil) was observed in cassia at the 7th week 
of incubation under 50 °C (Fig. 6), followed by 
sugarcane (220.73 mg CO2 week-1 kg-1 soil; Fig. 4) 
and parthenium residue-amended soils (217.80 mg 
CO2 week-1 kg-1 soil; Fig. 5). In cassia amended soil, 
CO2 emission significantly increased from 214.87 to 
228.80 mg CO2 week-1 kg-1 soil as the temperature 
ranges from 15 °C to 50 °C. The interaction effect 
between residue type and temperature was found 
to be significant. After the 7th week, CO2 emission 
from cassia weed residue gradually declined up to 
the 16th week, although the values remained higher 
compared to other organic residues.
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	 For pearl millet crop residue (Fig. 1), the 
maximum CO2

 emission (206.80 mg CO2 week-1 
kg-1 soil) was recorded at the 8th week of incubation 
under 50 °C, followed by a gradual decline until the 
16th week. In the case of sorghum crop residue (Fig. 
3), the highest CO2₂ emission (215.80 mg CO2 week-1 
kg-1 soil) was observed at 50 °C, peaking at the 9th 
week of incubation and then gradually decreasing 
until the 16th week. The wheat straw–amended soil 
consistently showed the lowest CO2 emission at all 
stages of incubation (Fig. 2). However, emission 
significantly increased from 99.00 to 110.00 mg CO2 
week-1 kg-1 soil as temperature increased from 15 °C 
to 50 °C.

	 The present findings are consistent with 
those of Hossain8, who reported maximum CO2 
emission from chicken manure during the 5th week 
of incubation, followed by rice straw, cow dung, 
vermicompost and rice husk biochar. The higher 
CO2 emission observed from cassia, parthenium and 
sugarcane residue may be attributed to their higher 
nitrogen content and favorable moisture levels, which 
promote rapid microbial decomposition and enhance 
carbon mineralization. Similar observations have 
been reported by Ray9.

Cumulative carbon dioxide emission during 
incubation study
	 Over the 16-week incubation period, 

Table 1: Initial properties and fertility 
status of experimental soil 

Sr. No.	 Parameters	V alue

A.	 Physical Properties	
1.	 Texture	 Clayey 
	 Sand (%)	 40
	 Silt (%)	 17.73
	 Clay (%)	 41.76
2.	 Bulk Density (Mg m-3)	 1.3
B.	 Chemical properties 	
1.	 pH (1:2.5, Soil: Water)	 7.86
2.	 EC (d Sm-1)	 0.41
3.	 Organic carbon (%)	 0.51
4.	 Available N (kg ha-1)	 178.75
5.	 Available P (kg ha-1)	 14.12
6.	 Available K (kg ha-1)	 472.87
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Table 2: Chemical Properties of organic residue

S .No	 Organic Residue	 TOC (%)	 N (%)	 C:N Ratio

1.	 Pearl Millet	 41.29 %	 0.7 %	 58.92
2.	 Wheat	 44.56 %	 0.56 %	 79.57
3.	 Sorghum	 42.57 %	 0.56 %	 76.01
4.	 Sugarcane	 46.92%	 0.42 %	 111.71
5.	 Parthenium	 43.72 %	 0.28 %	 156.14
6.	 Cassia	 50.92 %	 0.7 %	 71.71

Table 3: Cumulative carbon dioxide emission during incubation study

Cumulative CO2 emission
(Org.residue)/	 Pearl 	 Wheat	 Sorghum	 Sugarcane	 Parthenium	 Cassia 	 Mean
Temperature	 millet straw	 straw	  straw	  trash	  weed	 weed	

15°C	 2167	 1166.00	 2348.36	 2378.19	 2291.66	 2511.8	 2136.29
20°C	 2206.53	 1200.47	 2397.2	 2410.47	 2331.26	 2555.13	 2176.02
25°C	 2261.53	 1236.40	 2451.6	 2463.07	 2371.47	 2589.93	 2223.23
30°C	 2319.46	 1270.87	 2497.83	 2511.07	 2410.74	 2634.87	 2270.58
40°C	 2357.66	 1306.80	 2541.17	 2561.66	 2465.87	 2689.06	 2318.69
50°C	 2403.87	 1340.54	 2589.01	 2610.13	 2508.4	 2733.8	 2365.03
Mean	 2286.00	 1253.51	 2470.86	 2489.09	 2396.56	 2619.09	 2248.31
	 SE(m) ±	 C.D. at 5%
Org. residue (O)	 2.36	 6.62
Temperature (T)	 2.36	 6.62
O × T	 0.57	 1.62

Table 4: Total organic carbon at start and at the end of incubation study

Sr.	 Organic carbon (%)		  Soil 	 Soil +	 Soil +	 Soil +	 Soil +	 Soil +
			   + Pearl	  Wheat	 Sorghum 	  Sugarcane 	 Parthenium 	 Cassia
			   millet straw	  straw	 straw	 trash	 weed	  weed

1.	 At start of incubation 		  0.62	 0.62	 0.64	 0.70	 0.67	 0.7
	  study (Initial 
	 Organic carbon)		  0.62	 0.62	 0.64	 0.70	 0.67	 0.71
2.	 At the end of	 Temperature
	 incubation 	 15°C	 0.58	 0.61	 0.56	 0.61	 0.60	 0.63
	 period (after 	 20°C	 0.57	 0.60	 0.54	 0.58	 0.58	 0.60
	 16 weeks)	 25°C	 0.52	 0.58	 0.52	 0.57	 0.55	 0.57
		  30°C	 0.51	 0.57	 0.49	 0.52	 0.51	 0.55
		  45°C	 0.49	 0.55	 0.48	 0.51	 0.49	 0.52
		  50°C	 0.48	 0.54	 0.47	 0.46	 0.45	 0.48

cumulative CO2 emissions were highest at 50°C 
(Table 3). Cassia weed recorded the maximum 
emission (2731.60 mg kg-¹ 16 wk-¹), followed by 
sugarcane trash (2610.13 mg kg-¹ 16 wk-¹), sorghum 
straw (2595.61 mg kg-¹ 16 wk-¹), parthenium weed 

(2508.40 mg kg-¹ 16 wk-¹) and pearl millet straw 
(2403.87 mg kg-¹ 16 wk-¹). Wheat straw showed the 
lowest cumulative emission, ranging from 1166.00 to 
1340.54 mg kg-¹ 16 wk⁻¹ across temperatures from 
15°C to 50°C.
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	 Likewise, field studies have shown higher 
CO2 emissions from cow dung, whereas the relatively 
lower C:N ratio of chicken manure, compared with 
cow dung, rice straw and rice husk biochar promoted 
greater CO2 release10,11. 

Carbon mineralization from residue-amended 
soils under varying temperature regimes
	 The carbon mineralization rate varied 
significantly among the treatments. The highest 
mineralization (32.69 mg C Day-¹) was observed 
in cassia (Fig. 12) at the 7th week of incubation 
under 50 °C, followed by sugarcane (Fig. 10) (31.53 
mg C Day-¹) and parthenium residue-amended 
soils (Fig. 11) (31.11 mg C Day-¹). In cassia 
residue, mineralization increased significantly with 
temperature, ranging from 30.70 to 32.69 mg C Day-¹ 
as temperature rose from 15 °C to 50 °C.

	 For pearl millet straw (Fig. 7), the maximum 
mineralization (29.54 mg C Day-¹) occurred at the 8th 
week under 50 °C, after which it declined steadily 
until the 16th week. In sorghum straw–amended 
soil (Fig. 9), the highest mineralization (30.80 mg C 
Day-¹) was recorded at the 9th week, followed by a 
gradual decline until the end of the incubation period. 
In contrast, wheat straw residue (Fig. 8) consistently 
exhibited the lowest mineralization at all stages. 
Mineralization in wheat straw residue increased 
until the 14th week, reaching a peak of 15.71 mg C 
Day-¹ at 50 °C, and declined thereafter, reflecting its 
lower decomposability compared with other residues. 

The interaction effect between residue type and 
temperature was significant across all stages of 
incubation.

	 The higher cumulative respiration observed 
with frequent residue additions may also be linked 
to an enhanced priming effect12, where the addition 
of fresh organic inputs stimulates the mineralization 
of native soil organic matter. Similar results have 
been demonstrated with glucose additions to 
soil13. Consistent with the findings of Sahoo14, 
the application of various organic residues, such 
as vermicompost (VC) and farmyard manure 
(FYM), resulted in significant cumulative carbon 
mineralization and a larger potentially mineralizable 
carbon pool. This enhancement is attributed to the 
fact that these organic inputs serve as effective 
drivers for nitrogen kinetics, yielding higher nitrogen 
mineralization and a larger active N fraction. Within 
the context of our varying temperature regimes, the 
mineralization rates likely accelerated as thermal 
levels increased. This highlights how organic 
amendments interact with temperature to dictate the 
pace of nutrient release and carbon dioxide evolution 
in coastal soils.
	
Total organic carbon at start and at the end of 
incubation study
	 At the beginning of the incubation study, 
the highest organic carbon content (Table 4) was 
recorded in cassia weed amended soil (0.71%). 
This value declined with rising temperature (15–50 

Table 5: Emission loss of carbon from residue-amended soils under varying temperature regimes

Emission loss of carbon (%)
(Org.residue)/	 Pearl 	 Wheat	 Sorghum	 Sugarcane	 Parthenium	 Cassia 	 Mean
Temperature	 millet straw	 straw	  straw	  trash	  weed	 weed	

15°C	 28.51	 15.34	 30.90	 31.29	 30.15	 33.05	 28.11
20°C	 29.03	 15.80	 31.54	 31.72	 30.67	 33.62	 28.63
25°C	 29.76	 16.27	 32.26	 32.41	 31.20	 34.08	 29.25
30°C	 30.52	 16.72	 32.87	 33.04	 31.72	 34.67	 29.88
40°C	 31.02	 17.19	 33.44	 33.71	 32.45	 35.38	 30.51
50°C	 31.63	 17.64	 34.07	 34.34	 33.01	 35.97	 31.12
Mean	 30.05	 16.49	 32.50	 32.75	 31.53	 34.37	 29.58
	 SE(m) ±	 C.D. at 5%
Org. residue (O)	 0.02	 0.07
Temperature (T)	 0.02	 0.07
O × T	 0.05	 0.16
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Fig. 1: CO2 emission (mg kg-1 week-1) from 
Pearl millet straw added soil under different 

temperature regimes for 16 weeks

Table 6: Carbon turnover from residue-amended soils under varying temperature regimes

Carbon turnover (% day-1) at 16th week
(Org.residue)/	 Pearl 	 Wheat	 Sorghum	 Sugarcane	 Parthenium	 Cassia 	 Mean
Temperature	 millet straw	 straw	  straw	  trash	  weed	 weed	

15°C	 0.19	 0.21	 0.24	 0.23	 0.22	 0.23	 0.22
20°C	 0.20	 0.22	 0.26	 0.24	 0.23	 0.25	 0.23
25°C	 0.22	 0.23	 0.28	 0.25	 0.25	 0.27	 0.25
30°C	 0.24	 0.24	 0.30	 0.28	 0.28	 0.29	 0.27
40°C	 0.26	 0.25	 0.32	 0.30	 0.30	 0.31	 0.29
50°C	 0.28	 0.26	 0.34	 0.33	 0.31	 0.35	 0.31
Mean	 0.25	 0.23	 0.29	 0.27	 0.27	 0.28	 0.26
	 SE(m) ±	 C.D. at 5%
Org. residue (O)	 0.002	 0.01
Temperature (T)	 0.002	 0.01
O × T	 0.005	 0.01

Fig. 2: CO2 emission (mg kg-1 week-1) from 
wheat straw added soil under different 

temperature regimes for 16 weeks

°C), reaching 0.48% at the end of the incubation 
period. In sugarcane trash and parthenium weed, 
the initial organic carbon contents were 0.70% 
and 0.67%, which decreased to 0.46% and 0.45%, 
respectively, after incubation. The smallest reduction 
was observed in wheat straw, where organic carbon 
decreased only from 0.62% initially to 0.54% at 
the end of the study. The decrease in organic 
carbon content was due to the part of carbon 
release as CO2 during decomposition and part was 
assimilated by microbes as a source of energy during 
decomposition of organic matter9. Hulage15 identified 
that Cassia biomass possessed the most significant 
initial total organic carbon (TOC) concentration, 
recorded at 50.21%. Across the experimental 
treatments, a consistent reduction in organic carbon 
levels was observed as composting progressed, 
indicating active microbial mineralization and the 

conversion of organic matter into stable humus.

Trends of carbon emission loss and carbon 
degradation rate constant
Emission loss of carbon 
	 The maximum carbon emission loss 
(Table 5) was recorded in cassia weed residues 
amended soil, followed by sugarcane trash residue, 
parthenium weed residue, sorghum straw residue 
and pearl millet straw residue, whereas the lowest 
value was observed in wheat straw at 50 °C. In cassia 
weed, carbon emission loss ranged from 32.94% to 
35.94% as temperature increased from 15 °C to 50 
°C. Similar trends were noted in sugarcane trash 
(31.21–34.34%), parthenium weed (29.97–33.01%), 
sorghum straw (30.70–34.15%) and pearl millet 
straw (28.46–31.63%) across the same temperature 
range. The minimum loss, 17.64%, was observed 
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Fig. 3: CO2 emission (mg kg-1 week-1) from 
sorghum straw added soil under different 

temperature regimes for 16 weeks

Fig. 4: CO2 emission (mg kg-1 week-1) from 
sugarcane trash added soil under different 

temperature regimes for 16 weeks

Fig. 5: CO2 emission (mg kg-1 week-1) from 
parthenium weed added soil under different 

temperature regimes for 16 weeks

Fig. 6: CO2 emission (mg kg-1 week-1) from 
cassia weed added soil under different 

temperature regimes for 16 weeks

in wheat straw at 50 °C. During the process of 
incubation, the carbon present in soil and organic 
residues is converted into CO2 due to microbial 
activities. When the decomposition rate of organic 
material increases the rate of carbon emission 
also increases16. Research by Gill17 indicated 
that CO2 emission from non-amended control plots 
escalated between 10°C and 30°C across both 
soil types. Notably, the Immokalee soil exhibited 
a more pronounced thermal sensitivity, which can 
be attributed to its higher organic carbon density. 
With a carbon concentration of 1.60%—nearly 2.5 
times that of the Citra soil (0.62%)—the Immokalee 
soil provides a larger substrate pool for microbial 
respiration, thereby facilitating greater cumulative 
carbon emissions as temperatures rise.

	 These findings are in agreement with 
Hossain8, who reported significantly higher carbon 
losses in soils treated with chicken manure (19.69%) 

and rice straw (18.60%) compared with other 
organic inputs. In contrast, cow dung (12.01%) 
and vermicompost (12.16%) showed similar but 
lower values, while rice husk biochar recorded the 
lowest carbon loss (7.96%), which was less than 
half of that observed in chicken manure and rice 
straw treatments. As evidenced by Heikkinen18, the 
observed depletion of SOC stocks under increased 
temperature and precipitation regimes shows a 
reduction in carbon residence time. This loss is 
primarily driven by the intensification of heterotrophic 
respiration, which systematically outpaces the 
compensatory sequestration of carbon, leading to 
a progressive decline in soil organic reserves.

Carbon degradation rate constant (K) from 
residue-amended soi ls  under  varying 
temperature regimes
	 Among the organic residues, the carbon 
degradation rate constant (k) (Fig. 13) ranged from 



1322Margal et al., Orient. J. Chem., Vol. 42(4), 1315-1324 (2026)

Fig. 8: Carbon mineralization (mg C day-1) 
from wheat straw added soil under different 

temperature regimes for 16 weeks

Fig. 9: Carbon mineralization (mg C day-1) from 
sorghum straw added soil under different 

temperature regimes for 16 weeks

Fig. 10: Carbon mineralization (mg C day-) 
from Sugarcane trash added soil under 

different temperature regimes for 16 weeks

Fig. 7: Carbon mineralization (mg C day-1) from 
pearl millet straw added soil under different 

temperature regimes for 16 weeks

0.0056 to 0.0043% day-¹ in cassia weed residue-
amended soils, followed by sugarcane trash residue-
amended soils (0.0053–0.0042% day-¹), sorghum 
straw residue-amended soils (0.0053–0.0041% 
day-¹), parthenium weed residue-amended soils 
(0.0052–0.0040% day-¹), and pearl millet straw 
residue-amended soils (0.0054–0.0044% day-

¹) over the temperature range of 15 to 50 °C. In 
contrast, wheat straw showed relatively higher 
values (0.0056–0.0048% day-¹) across the same 
temperature range.

	 A higher k value indicates slower 
degradation of organic material. For instance, rice 
husk biochar (0.0139% day-¹) degraded more slowly 
than rice straw (0.0078% day-¹), which is consistent 
with their respective cumulative CO2 emissions as 
reported by Hossain8.

	 It is noteworthy that the carbon degradation 
rate of all organic residues declined with longer 
incubation periods and a similar trend was observed 
with increasing temperature. Elevated temperature 
accelerated the decomposition of organic matter in 
soil, as reflected by the reduction in k values under 
higher temperature regimes. 

	 The temperature sensitivity of SOC 
mineralization acts as a critical indicator for 
measuring the rate of SOC degradation via 
microbial respiration. Evaluating this parameter 
is indispensable for forecasting the trajectory of 
carbon sequestration and the resilience of terrestrial 
organic reservoirs under various climate change 
projections19.
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Fig. 11: Carbon mineralization (mg C day-) 
from Parthenium weed added soil under 

different temperature regimes for 16 weeks

Fig. 12: Carbon mineralization (mg C day-1) 
from cassia weed added soil under different 

temperature regimes for 16 weeks

Fig. 13: Carbon degradation rate constant (K)

Carbon turnover from residue-amended soils 
under varying temperature  regimes
	 The carbon turnover rate (Table 6) 
increased consistently with rising temperature. 

The highest turnover was observed in cassia weed 
(0.35% day-¹) at 50 °C, followed by sorghum straw 
(0.34% day-¹), sugarcane trash (0.33% day-¹), 
parthenium weed (0.31% day⁻¹) and pearl millet 
straw (0.28% day-¹), whereas the lowest turnover 
occurred in wheat straw amended soil (0.26%  
day-¹). The increase in turnover rate can be attributed 
to the higher CO2 release during the incubation 
period under elevated temperatures10,11. According 
to Meyer 20, soil carbon turnover is highly sensitive 
to environmental forcing, specifically the synergistic 
effects of optimal thermal conditions and the 
magnitude of soil moisture availability

CONCLUSIONS
	
	 This study demonstrates that temperature 
and residue quality (C:N ratio) are the primary 
drivers of carbon mineralization in agricultural soils. 
Higher temperatures (up to 50°C) and low C:N 
ratios—most notably in Cassia weed—synergistically 
accelerate microbial metabolism, leading to peak 
CO2 emissions and rapid depletion of soil organic 
carbon.

	 In contrast, high C: N residues like wheat 
and pearl millet straw exhibit greater resistance to 
degradation, resulting in significantly lower carbon 
loss even under elevated temperature regimes. 
While cumulative emissions rose with heat, the 
decreasing degradation rate constant (k) suggests a 
shift in microbial efficiency or substrate availability at 
higher temperatures. Ultimately, the results suggest 
that incorporating slow-decomposing materials like 
wheat straw is a superior sustainable strategy. This 
approach not only enhances soil structural health 
but also serves as a vital mitigation tool against 
greenhouse gas emissions in warming climates.
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