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Introduction

Wheat (Triticum aestivum L.) belongs to 
the Poaceae family and is one of the most 

important staple food crops globally (Anwaar et al., 
2020). Pakistan ranks as the eighth-largest wheat 
producer in the world, with approximately 42% of its 
total arable land dedicated to wheat cultivation (Sher 
et al., 2022). In 2024, Pakistan produced 31.4 million 

tons of wheat from 9.632 million hectares, achieving 
a record average yield of 3.26 tons ha-1 (Yaseen et al., 
2025). However, productivity in Khyber Pakhtunkhwa 
remained relatively low, with an average yield of 
1.9 t ha-¹ from 0.75 million hectares (Ambreen et 
al., 2025). Despite its significance, the country’s 
average yield remains low compared to major wheat-
producing nations (Kakar, 2015). Wheat is a crucial 
dietary component, with more than 70% of the global 
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population consuming it daily (Rizwan et al., 2017). 
However, continuous use of chemical fertilizers has 
led to soil degradation and declining productivity. 
Among the unsustainable practices, burning crop 
residues has contributed to the loss of valuable organic 
matter and essential nutrients, including nitrogen (N), 
phosphorus (P), and sulfur (S), in the soil. In contrast, 
returning crop residues to the soil is considered an 
effective strategy for improving soil fertility and 
enhancing crop productivity (Choudhary et al., 2018). 
Crop residues incorporation plays a vital role in 
sustainable agriculture by conserving soil structure and 
nutrient balance (Xu et al., 2018). When incorporated 
into the soil, organic residues help maintain soil 
fertility and promote nutrient availability (Chen et 
al., 2019; Dai et al., 2013). Studies have shown that 
crop residue application enhances plant growth and 
yield by improving the availability, concentration, 
and uptake of primary nutrients such as nitrogen, 
phosphorus, and potassium ( Jiang et al., 2019; Sui et 
al., 2015), ultimately enhancing soil tilth and overall 
productivity. Cereal straw is one of the primary organic 
inputs used in conservation agriculture, enriching the 
soil with organic matter, boosting microbial life, and 
improving the soil’s biological functions (Sendetsky, 
2018). Microbial waste decomposers accelerate 
the breakdown of complex organic materials like 
cellulose, promoting the activity of beneficial soil 
microbes and suppressing harmful pathogens (Zhan, 
2024). Microbial waste decomposers have emerged 
as an eco-friendly alternative to conventional residue 
management practices. These formulations accelerate 
the breakdown of complex organic compounds such 
as cellulose, thereby enhancing nutrient cycling and 
promoting the activity of beneficial soil microbes 
while suppressing soil-borne pathogens (Zhou et 

al., 2025). Waste decomposer is a consortium of 
beneficial microorganisms, including Lactobacillus 
spp., Bacillus subtilis, Bacillus megaterium, Pseudomonas 
fluorescens, Azotobacter spp., phosphobacteria, and 
yeasts (Saccharomyces spp.), which work synergistically 
to decompose organic matter, improve nutrient 
availability, and enhance soil health and crop 
productivity (Kora, 2022). The application of waste 
decomposers has been shown to significantly 
increase microbial biomass (by 3–5 t ha-1), stimulate 
nutrient mineralization, and restore soil fertility 
more efficiently than traditional methods like residue 
burning or deep tillage (Panfilova, 2021). Furthermore, 
they have demonstrated potential in increasing 
crop yields by 10–30% and reducing dependency 
on synthetic fertilizers, thereby contributing to 
sustainable and cost-effective farming systems 
(Panf﻿ilova, 2021; Sendetsky, 2019). The objective of 
this study was to evaluate the effect of integrated 
maize residue management and waste decomposer 
application on the growth and productivity of 
wheat under the maize–wheat cropping system.

Materials and Methods 

Research site 
In the winter of 2023-2024, a field experiment was 
carried out at the Agriculture University Peshawar’s 
Agronomy Research Farm. The average summer 
temperature at the research location was 40°C (May 
to September), while the average winter temperature 
was 25°C (December to the end of March). The 
climate was semi-arid and subtropical. The area 
receives 360 mm of rainfall yearly, with the majority 
of winter rainfall occurring in winter (Iqbal and Ali, 
2022) ( Figure 1).

Figure 1: Average monthly temperature and rainfall pattern at the experimental site under semi-arid and subtropical 
climate conditions.
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Soil analysis (before sowing)
Before sowing, composite soil samples were collected 
from the experimental field and analyzed for physico-
chemical properties (Table 1). Soil texture (%) was 
determined by the hydrometer method (Bouyoucos, 
1951), while bulk density was measured using 
undisturbed soil cores (Sahlemedhin and Taye, 2000). 
Soil pH (1:2.5 soil–water suspension) and electrical 
conductivity were measured potentiometric ally 
( Jackson, 1973). Organic matter (%) was determined 
by the Walkley–Black method (Walkley and Black, 
1934). Total nitrogen was analyzed using the Kjeldahl 
method ( Jackson, 1973). Available phosphorus 
was determined by the Olsen method (Olsen et al., 
1954) and available potassium was extracted with 1 
N ammonium acetate and measured using a flame 
photometer ( Jackson, 1973).

Table 1: The physico-chemical properties of the experi-
mental soil.
Soil Property Value
Soil texture Silt loam
pH 8
Electrical conductivity (EC) 0.85 dS m-1

Organic matter 0.78%
Total nitrogen (N) 0.04%
Available phosphorus (P) 6.4 mg kg-1

Available potassium (K) 130 mg kg-1

Bulk density 1.24 g cm-3

Treatment details
For the experiment, a wheat-maize cropping system 
was followed, which had been continuously practiced 
for the last three years. Maize crop residue was managed 
in four different ways: the biomass produced by maize 
crops (except grains) was retained in the field in the 
form of crop residue as 50% (7.5 t ha-1) and 100% (15 
t ha-1) incorporated, and 50% and 100% mulching. 
Two levels of waste decomposer (0 and 500 L ha-1) 
were applied at the tillering and booting stages. The 
solution was prepared by dissolving 2 kg of jaggery 
in 200 L of clean water in a plastic drum, followed 
by the addition of 30 g of waste decomposer culture. 
The mixture was stirred thoroughly, covered with a 
breathable cloth to permit gas exchange, and allowed 
to ferment for 7 days with daily stirring to ensure 
microbial activation. The fermented solution was 
applied using a hand-operated knapsack sprayer at the 
rate of 500 L ha-1. All agronomic practices, including 
land preparation, fertilization, and irrigation, were 

uniformly applied throughout the experimental field.

Experimental design 
The experiment was laid out using a randomized 
complete block design (RCBD) with a split-plot 
arrangement, consisting of main plots with crop 
residue management (RM) and subplots with waste 
decomposer (WD), with four replications. The plot 
measuring 4.2 m x 4 m (16.8 m2) was used. The wheat 
variety Gulzar-2019 was sown on the 18th November 
at a seed rate of 120 kg ha-1 with row-to-row spacing 
of 30 cm, maintaining fourteen rows in each subplot. 

The data on seven key parameters, including days to 
physiological maturity, plant height (cm), spikes m-2, 
number of grains spike-1, thousand-grain weight (g), 
biological yield (kg ha-1), and grain yield (kg ha-1), 
were recorded.

Statistical analysis 
For the statistical analysis of the collected data, the 
ANOVA method was applied to the RCB split-
plot design. Following a significant F-test, means 
were compared using the least significant differences 
(LSD) test at P < 0.05 ( Jan et al., 2009).

Results and Discussion 

Days to physiological maturity 
Wheat physiological maturity was significantly affected 
by residue management, while waste decomposer and 
their interaction showed no significant effects (Table 
2). The maximum days to maturity (160.3 days) were 
recorded with 15 t ha-1 residue as mulch, followed 
by 15 t ha-1 incorporated (159.8), 7.5 t ha-1 mulch 
(159.8), and 7.5 t ha-1 incorporated (159.0). The 
shortest maturity period (158.9 days) was observed 
in control plots. The application of waste decomposer 
(WD) had no significant effect, with a slight decrease 
in DTPM from 159.6 (no WD) to 159.4 (WD at 
500 L ha-1).

The slight delay in maturity under full mulching could 
be attributed to improved soil moisture and moderated 
soil temperature, which prolongs the photosynthetic 
phase and enhances assimilate availability during grain 
filling. This is supported by Ali (2015), who found 
that mulch-based residue management extended the 
phenological stages of wheat due to improved soil-
water balance and microclimate regulation.

Plant height (cm)
Plant height was significantly affected by both residue 
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management and waste decomposer application, 
while the interaction was not significant (Table 2). 
The tallest plants (87.6 cm) were observed in 15 t ha-1 
mulch, followed by 15 t ha-1 incorporation (85.2 cm), 
7.5 t ha-1 mulch (84.1 cm), and 7.5 t ha-1 incorporation 
(81.1 cm). The shortest plants were found in the 
control plots (73.1 cm). The waste decomposer 
significantly increased plant height from 79.4 cm (no 
WD) to 85.1 cm (WD at 500 L ha-1).

Table 2: Residue management and waste decompos-
er were significantly influenced by DTA, DTPM, PH, 
NSPMS, and NGPS.

Residue Management 
(ton ha-1)

DTPM PH NSPMS NGPS

Control 158.9 73.1 270 50
7.5 159.0 81.1 284 54
7.5 159.8 84.1 297 57
15 159.8 85.2 304 58
15 160.3 87.6 310 59
LSD 0.94 6.25 23.1 5.72
Waste decomposer  (L ha-1)
0 159.6 79.4 286 54
500 159.4 85.1 300 57
LSD 3.95

DTPM (days to physiological maturity), PH (plant height), NSPMS 
(number of spikes m-2), NGPS (number of grains spike-1)

This improvement in plant stature is likely due 
to better soil structure, moisture availability, and 

nutrient dynamics created by surface mulch and 
microbial enhancement from waste decomposer. 
Dhar et al. (2014) and Feizabady (2013) also reported 
similar findings, attributing enhanced plant height 
to improved soil physical conditions and nutrient 
release under straw and residue retention strategies. 
Microbial decomposers further accelerate residue 
breakdown, improving nitrogen availability and plant 
growth (Sahu et al., 2017).

Number of spikes m-2

Residue management had a significant effect on spike 
density, while waste decomposer and interactions 
were non-significant (Table 2). The highest spike 
count (310 m-2) was observed under 15 t ha-1 mulch, 
followed by 15 t ha-1 incorporation (304), 7.5 t ha-1 
mulch (297), 7.5 t ha-1 incorporated (284), and control 
(275). Waste decomposer at 500 L ha-1 marginally 
increased spike number (300) over untreated plots 
(286).

The increased spike density under mulch treatments 
could be linked to favorable soil moisture levels and 
decreased weed pressure, which allows for higher tiller 
survival. According to Feizabady (2013), returning 
100% of crop residues improved spike production 
due to consistent nutrient availability and enhanced 
tillering. Decomposer use may also boost microbial 
activity, promoting nitrogen release that supports 
spike differentiation.

Figure 2: Impact of maize residue management and waste decomposer use on days to physiological maturity and plant 
height (cm).
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Number of grains spike-1

Residue management had a significant influence on 
grains per spike, while waste decomposer and their 
interactions had no significant impact (Table 2). The 
highest number of grain spikes-1 was recorded under 
15 t ha-1 mulch (59), followed by 15 t ha incorporation 
(58), 7.5 t ha-1 mulch (57), 7.5 t ha-1 incorporation (54), 
and control (50). The waste decomposer application 
resulted in a slight improvement in grains per spike 
(57) compared to untreated plots (54).

The improvement may stem from better soil nutrient 
retention and increased reproductive efficiency due to 
mulching. Kamkar et al. (2014) also observed higher 
spike fertility under residue retention, attributing it to 
improved source-sink relationships and a longer grain 
filling period.

Thousand-grain weight (g)
Both residue management and waste decomposer 
significantly influenced TGW, with no interaction 
effect (Table 3). The heaviest grains (49.9 g) were 
recorded in 15 t ha-1 mulch, followed by 15 t 
ha-1 incorporated (46.5 g), 7.5 t ha-1 mulch and 
incorporation (45.3 g), and the control (44.0 g). 
Waste decomposer at 500 L ha-¹ produced heavier 
grains (47.7 g) compared to untreated plots (44.7 g).

Improved TGW under residue and decomposer 
treatments may be linked to sustained soil moisture 
during grain filling, ensuring better translocation of 
assimilates. This aligns with (Kamkar et al., 2014) 
and (Bakht et al., 2009), who reported that mulch 
and organic inputs enhance grain development by 

optimizing nutrient availability and water retention. 
Bio-fertilizers like waste decomposer further aid 
nutrient mineralization and improve grain density 
(Attia and Barsoum, 2013).

Biological yield (kg ha-1)
Significant effects of residue management and waste 
decomposer on biological yield were observed (Table 
3). The highest BY (13,118 kg ha-1) was achieved with 
15 t ha-1 mulch, followed by 15 t ha-1 incorporated 
(12,677), 7.5 t ha-1 mulch (12,360), 7.5 t ha-1 
incorporated (12,165), and the lowest in control plots 
(11,853). Waste decomposer at 500 L ha-1 increased 
BY (12,679) compared to no WD (12,191).

Table 3: Residue management and waste decomposer 
were significantly influenced by TGW, BY and GY.

Residue Management (ton ha-1) TGW BY GY
Control 44 11853 3057
7.5 45.3 12165 3078
7.5 45.3 12360 3246
15 46.5 12677 3345
15 49.9 13118 3484
LSD 3.9 759.5 235.5
Waste decomposer (L ha-1)
0 44.7 12191 3165
500 47.7 12679 3318
LSD 2.5 480.4 149

TGW (thousand grains weight), BY (biological yield), GY (grain 
yield)

The enhanced BY is likely the result of improved 
canopy structure, chlorophyll retention, and vegetative

Figure 3: Impact of maize residue management and waste decomposer use on spikes per square meter, grains per spike, 
and thousand-grain weight (g) of wheat.
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Figure 4: Impact of maize residue management and waste decomposer use on biological and grain yield.

biomass accumulation under mulch and decomposer 
treatments. Similar results were reported by Aslam 
et al. (2021), who found that maize residue mulch 
significantly increased wheat BY. (Hussein et al., 
2022) It was also confirmed that increasing residue 
levels significantly improves total biomass due to 
improved nutrient availability.

Grain yield (kg ha-1)
Grain yield was significantly influenced by both 
residue management and waste decomposer 
application (Table 3). The highest GY (3484 kg ha-1) 
occurred at 15 t ha-1 mulch, followed by 15 t ha-1 
incorporation (3345), 7.5 t ha-1 mulch (3246), 7.5 t 
ha-1 incorporation (3078), and control plots (3057). 
Waste decomposer at 500 L ha-1 enhanced yield 
(3318) compared to no WD (3165).

The increased grain yield can be attributed to 
improvements in all yield components, particularly 
grain number and grain weight. The application 
of crop residues plays a vital role in enhancing soil 
fertility and water retention, which in turn promotes 
nutrient uptake and efficient grain filling. (Kamkar 
et al., 2014) reported comparable yield advantages 
under full residue application. Although the effect 
was relatively modest, the application of waste 
decomposer contributed to nutrient cycling and soil 
microbial activity, ultimately improving grain yield. 
This observation aligns with the findings of Panfilova 
(2021), who documented increased wheat yields 
following the application of microbial decomposers.

Figure 5: Principal component analysis (PCA) biplot 
showing the relationship among wheat growth and yield 
traits.

The PCA biplot revealed a clear separation between 
the two waste decomposer treatments, with 
PC1 accounting for the majority of the variation 
(83.4%) shown in Figure 2. Traits such as grain 
yield (GY), biological yield (BY), and thousand 
grain weight (TGW) exhibited strong positive 
associations with PC1, contributing significantly 
to treatment differentiation. WD2 treatments were 
clustered along the positive axis of PC1, indicating 
their favorable influence on key yield and growth 
attributes. This multivariate approach underscores the 
superior performance of WD2 in enhancing wheat 
productivity.
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Conclusions and Recommendations 

The study concluded that the integration of crop 
residue management significantly enhanced wheat 
yield and soil health, particularly when combined 
with waste decomposer application. Incorporating 
wheat residue along with waste decomposer proved 
most effective in improving crop performance. It is 
recommended that farmers adopt this integrated 
approach to sustainably increase wheat productivity 
and maintain soil fertility under similar agroecological 
conditions.
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