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ABSTRACT

Background: Continuous cereal cultivation in maize—wheat systems, coupled with the widespread practice of residue burning,
has accelerated the depletion of soil organic carbon (SOC) and micronutrient reserves across intensively cropped regions,
threatening long-term productivity and environmental quality.

Objective: This study evaluated the effects of crop residue recycling on soil fertility indicators and grain yield of maize and
wheat under field conditions.

Methods: A two-year field trial was conducted using a randomized complete block design with five residue-management
treatments replicated thrice. Soil samples (0—15 cm) were analyzed for organic carbon, available N, P, K, microbial biomass
carbon, bulk density and water-holding capacity; grain yields were recorded at harvest and data were analyzed by one-way
ANOVA.

Results: Full residue incorporation combined with recommended NPK (T3) increased SOC by 43.8%, available N by 30.8%
and maize and wheat yields by 43.6% and 43.8%, respectively, over the no-residue control (p < 0.05), with parallel
improvements in microbial biomass carbon and water-holding capacity.

Conclusion: Crop residue recycling, particularly when integrated with balanced fertilization, substantially improves soil
fertility and cropping-system productivity, offering a viable alternative to residue burning for sustainable intensification.

Keywords: Crop residue recycling; Soil organic carbon; Maize—wheat system; Soil fertility; Microbial biomass carbon;
Sustainable intensification

1. Introduction

The maize—wheat crop rotation is the second most practiced cereal rotation system in South Asia after rice—wheat, being a crucial
factor for food security and agricultural livelihood of millions of farmers [* 51, However, long years of over-cultivation, incorrect
fertilizer application and lack of organic matter return translate into stagnant crop.yields as a result, soil organic carbon, nitrogen and
beneficial microbial population are on the decline B 71,

The maize—wheat cropping system creates huge amount of crop harvest residues which are still burnt in the field to simplify timely
sowing of the following crop [ °. Crop residue burning leads to air pollution, loss of organic matter and destruction of
microorganisms and aggravates the existing soil fertility problem [ 81,

On the contrary, using crop residues in alternative ways, such as tillage and mulching has been proved to increase soil organic carbon
and nutrients, thereby raising stability of aggregates [> 1% 19 Using plant residues in agriculture has also improved soil water
infiltration and reduced evaporation, which is vital under uncertain rainfall conditions [**-2°l, Nonetheless, data on the comparison of
residue recycling efficiency in the maize-wheat system are still scarce in many agro-ecological regions.

The current research was organized to analyze the significance of the different residue-recycling systems and the application of
fertilizers in terms of soil fertility indices and productivity of maize—wheat system in general.

Materials and Methods

Experimental site and climate

The two-year field experiment (2023-2025) was conducted on a semi-arid, sub-tropical research farm characterized by hot summers,
a monsoon-dominated rainy season and mild winters, receiving approximately 750 mm mean annual rainfall.
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Initial soil characteristics
The experimental soil was a sandy-loam Inceptisol, slightly
alkaline (pH 7.8), with low initial organic carbon (4.6 g/kg),
medium available nitrogen (176 kg/ha) and adequate available
phosphorus and potassium.

Experimental design and treatments

A randomized complete block design with three replications was
used, comprising five treatments: TO (no residue, control), T1
(50% residue incorporation), T2 (100% residue incorporation),
T3 (100% residue incorporation + recommended NPK) and T4
(residue retained as surface mulch), as illustrated in Figure 1.

TO
No Residue
(Control)

TO Tl T2 T3
Rep 3 No Residue 50% Residue 100% Residue 100% Residue +
(Control) Incorporation Incorporation Recommended NPK
T3 T2 T1
Rep 2 100% Residue + 100% Residue 50% Residue
Recommended NPK Incorporation Incorporation
TO Tl T2 T3
Rep 1 No Residue 50% Residue 100% Residue 100% Residue +
(Control) Incorporation Incorporation Recommended NPK

Fig 1: Experimental layout of crop residue recycling treatments in the maize—wheat cropping system (randomized complete block design, three
replications)

Crop, fertilizer and soil management

Maize and wheat were grown in sequence following locally
recommended agronomic packages; recommended treatments
received 120:60:40 kg N:P20s:K2O per hectare for maize and
120:60:40 kg/ha for wheat. Residues from the preceding crop
were incorporated to 15 cm depth using a rotavator within one
week of harvest, or retained as surface mulch in T4.

Soil sampling and laboratory analysis

Composite soil samples (0-15 cm) were collected at crop
maturity each season and analyzed for organic carbon (Walkley—
Black), available N (alkaline permanganate), available P
(Olsen), available K (flame photometry), microbial biomass
carbon (chloroform fumigation-extraction), bulk density (core
method) and water-holding capacity (Keen—Raczkowski
method).

Yield measurement and statistical analysis

Grain yield was recorded from net plot area at 14% moisture
content. Data were subjected to one-way analysis of variance
(ANOVA), and treatment means were compared using the least
significant difference (LSD) test at p < 0.05.

Results and Performance Evaluation

Residue recycling produced a consistent, dose-dependent
improvement across all measured soil fertility indicators (Table
1, Figure 2). Soil organic carbon increased progressively from
4.8 g/kg in TOto 6.9 g/kg in T3, a 43.8% gain, with T4 (surface
mulch) also outperforming incorporated residue at the 50%
level.

Table 1: Effect of crop residue recycling treatments on soil fertility parameters and maize—wheat grain yield (mean of two years)

Treatment SOC (g/kg)lAvail. N (kg/ha)lAvail. P (kg/ha)lAvail. K (kg/ha)Maize Yield (t/ha)Wheat Yield (t/ha)
TO — No residue (control) 4.8 182 16.2 148 3.9 3.2
T1 —50% residue incorporation 5.6 201 18.4 163 4.4 3.6
T2 — 100% residue incorporation 6.3 219 20.1 179 49 4.0
T3 — 100% residue + recommended NPK 6.9 238 22.7 196 5.6 4.6
T4 — Residue mulch (surface retained) 6.5 226 21.0 185 5.2 4.3
LSD (p <0.05) 0.31 9.4 1.2 8.6 0.28 0.22

Available nitrogen, phosphorus and potassium followed a
similar trend, with T3 recording the highest values (238, 22.7
and 196 kg/ha respectively), significantly higher than the control
(p <0.05). Microbial biomass carbon nearly doubled under full

residue incorporation with fertilization, while bulk density
declined from 1.52 to 1.38 Mg/m3 and water-holding capacity
improved by approximately 18%, reflecting enhanced soil
structure and porosity.
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Grain yield responded strongly to residue management: maize
yield rose from 3.9 t/ha (TO) to 5.6 t/ha (T3), and wheat yield
from 3.2 to 4.6 t/ha, both representing gains of about 44% over
the control. Water-use efficiency and nitrogen-use efficiency

https://www.agrofieldjournal.com/

were highest under T3, indicating synergistic benefits of
combining residue recycling with balanced fertilization rather
than residue application alone.
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Fig 2: Influence of crop residue recycling on (a) soil organic carbon and (b) maize and wheat grain yield across treatments

All treatment differences were statistically significant at p <
0.05, with T3 consistently superior, followed by T4, T2, T1 and
TO. The residue-only treatments (T1, T2) improved soil fertility
and vyield relative to the control but did not match the
performance of the fertilized residue treatment, underscoring the
importance of adequate nutrient supplementation during residue
decomposition.

Discussion

The consistent improvement in SOC and available nutrients
under residue recycling reflects enhanced organic-matter input,
slower decomposition-driven nutrient release, and stimulation of
microbial biomass, which together strengthen nutrient cycling
and aggregate formation 210 281 The decline in bulk density and
rise in water-holding capacity corroborate earlier reports that
residue-derived organic matter improves soil porosity and
moisture retention, buffering crops against short-term dry spells
[19, 20]_

The superior performance of T3 over residue-only treatments
highlights a well-documented mechanism: initial residue
decomposition can transiently immobilize soil nitrogen, and
supplementary fertilization is required to offset this
immobilization while sustaining crop nutrient demand 3 41,
This finding aligns with previous maize—wheat and rice—wheat
studies reporting maximal productivity gains when residue
incorporation is paired with balanced inorganic fertilization
rather than applied alone (1221,

From a carbon-sequestration perspective, the SOC gains
observed here are consistent with the concept that repeated
residue return over multiple seasons progressively builds a more
stable soil carbon pool, contributing to climate-change
mitigation alongside productivity benefits [& 1. Compared with
residue burning, recycling avoids particulate and greenhouse-
gas emissions while retaining nutrients on-site, offering both
agronomic and environmental value [7- 9,

Economically, reduced burning lowers the health and regulatory
costs associated with regional air pollution, while improved

fertility can reduce long-term dependence on inorganic
fertilizers 2 21 Nonetheless, this study was limited to two
seasons at a single site; longer-term trials across diverse soils
and climates are needed to confirm the durability of these gains
and to refine site-specific residue and nutrient management
guidelines [16-22, Adoption barriers such as machinery access for
residue incorporation and short turnaround windows between
harvest and sowing also warrant further socio-economic and
engineering research [® 21,

Conclusion

There are notable advances in soil organic carbon, nutrient
availability, microbial biomass and physical properties of the
soil, which directly correlate with the improvement in the
performance of the maize-wheat rotation. When combined with
proper NPK fertilization, the usage of crop residue contributes
to a significant increase in agricultural productivity. Thus, crop
residue recycling can be suggested as a useful practice in
agricultural production since it helps in enhancing soil quality
and minimizing the use of harmful practices like burning. It is
worth noting, however, that the applicability of this practice
should be tested in different climate and soil conditions.
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