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ABSTRACT

Straw mulching has become a common agricultural practice in the Mekong River Delta (MRD) of
Vietnam. This study evaluated the effects of straw mulching on soil moisture content, soil electrical
conductivity (ECe), maize productivity, and economic benefits in saline soils. The experiment was
conducted using a randomized complete block design with four straw mulching rates (0, 3.5, 7.0,
and 10.5 t ha™') and three replicates. The results showed that rice straw mulching significantly
improved soil moisture content at 45 days after sowing (DAS) but did not significantly affect soil
moisture retention at other crop stages. In addition, soil ECe showed no significant differences
among mulch rates of 0, 3.5, 7.0, and 10.5 t ha™! at both the initial and harvest stages in the 2021
and 2022 seasons. However, the application of straw mulching (3.5-10.5 t ha™") significantly
improved plant height, leaf length, leaf width, leaf area, and fresh biomass compared to the no-
mulch treatment. Maize yield in the treatments receiving 3.5-10.5 t ha™ of straw mulching was
significantly higher than in the treatments without straw mulching in both 2021 and 2022, by 0.58—
1.82 t ha™'. Furthermore, straw mulching at rates of 7.0-10.5 t ha™! also significantly increased net
benefits by 182—-184% in 2021 and 133-147% in 2022 compared with the no-mulch treatment.
Based on these findings, the application of straw mulching at rates of 7.0-10.5 t ha™ is
recommended for maize cultivation in salt-affected soils in the Vietnamese Mekong Delta.
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1. INTRODUCTION

Salinity intrusion and freshwater shortages are increasing in the MRD, the largest area agricultural
cultivation in Vietnam (Loc et al., 2021; Morton et al., 2023). Salinity and drought stress have
directly impacted in the crops cultivation, leading to significant crop productivity reduction
(Machado & Serralheiro, 2017; Majeed & Muhammad, 2019; Zorb et al., 2019). Therefore, the
selection of suitable crops for rotation in the saline-affected paddy soils during the dry season is
regarded as an agricultural strategy, contributing to climate change adaptation and enhancing soil

management efficiency.

Maize (Zea mays L.) is an upland crop, which is widely cultivated in the MD region, is used for
rotating in on the paddy fields (Phuoc et al., 2024; Vi et al., 2017). According to Faroog et al.
(2015), maize has moderate tolerance to salinity stress, particularly at the early vegetative stage.
Previous studies reported that the application of maize cultivation in the paddy soils is one of the
ways for increasing crop productivity, water use efficiency and farmer income (Han et al., 2020;
Jat et al., 2019).

Recently, numerous studies have explored strategies to mitigate the impacts of salinity intrusion
on soil characteristics, crop yield, and economic efficiency through soil and crop management
(Demo & Asefa Bogale, 2024; Dong et al., 2018; Farzi et al., 2017; Memon et al., 2017; Wang et
al., 2018; Wang et al., 2025; Zhang et al., 2020). Returning rice straw to the paddy field is
recognized as an effective method to improve a range of soil properties and crop productivity
(Chen et al., 2014; Han et al., 2020; Jat et al., 2019; Wang et al., 2017). Organic mulching are
beneficial in conserving soil moisture by reducing evaporation and promoting seeds germination
and root development (Kader et al., 2017). Several studied reported that applying organic mulching
resulted in significantly increase plant growth, leaf area index, biomass and crop productivity
(Acharyya et al., 2020; Gadelha et al., 2021; Li et al., 2018). In addition, the application of organic
mulches is also considered an effective practice for improving soil properties by increasing soil
moisture content, soil organic matter, pH, and microbial activity (Acharyya et al., 2020; Kader et
al., 2017; Nhien et al., 2025; Song et al., 2025; Teame et al., 2017; Yang et al., 2018; Zhou et al.,
2019). Although the effectiveness of organic mulching has been studied worldwide, study

conducted in MRD - particularly in the coastal zones frequently affected by salinity intrusion -
remains limited. Therefore, the objectives of this study were to evaluate the effects of rice straw
mulching on the growth, maize productivity, soil characteristics, and economic profitability on
salt-affected paddy soil in the MRD region, Vietnam.

2. MATERIALS AND METHODS

2.1 Experimental site and soil properties
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The field experiment was conducted in the double rice cropping system in Lieu Tu commune, Tran
De district, Soc Trang province (9°28'82.21'"N, 106°06'08.9"E), an area affected by salinity
intrusion during the dry season. In this site, rice was cultivated in the rainy season, including the
Summer—Autumn crop (from June to September) and Winter-Spring (from October to January)
seasons. Farmers leave fields fallow due to salinity intrusion in the dry season (from January to
June).

At the beginning of experiment, soil was classed as clay loam with the content of sand, silt, and
clay are 28.5%, 42.5%, and 29.0%, respectively. Soil bulk density was approximately 1.31 g cm™
3, reflecting a moderately compacted soil. The topsoil is slightly acidic (pH = 5.70), and electrical
conductivity was 3.36 mS cm !, indicating that the soil had entered the strongly saline level. Other
soil characteristics are shown in Table 1.

Table 1: Soil characteristics in the beginning of experiment

Soil characteristics Unit Value
Sand % 28.5
Silt % 42.5
Clay % 29.0
Bulk density gem= 1.31
pPHH20 (1:5) 5.70
ECe mS cm? 3.36
Cation exchange capacity cmol kg 14.0
Soil organic matter 3.08
Available N mg kg? 6.85
Available P mg kg? 4.32

2.2 Experimental design and management

The field experiment was arranged in a randomized complete block design with three replicates.
Four rice straw mulching rates were 0 (control), 3.5, 7.0, and 10.5 t ha!. The experiment used
Purple Sweet 099 maize variety , which has moderate tolerance to salinity. The straw used as
mulching material in this study was collected from rice residues remaining in the harvest in Winter-
Spring cropping season at the experimental site.

The fertilizer application formula for maize was as 180N - 70P>0s - 70K-O (kg ha™'), applied in
three split doses at 25 (50N - 20P,0s - 20K,0 kg ha™!), 35 (60N - 20P,0s - 20K,0 kg ha™!), and
45 (70N - 30P,0s - 30K>0 kg ha™!) days after sowing (DAS).

2.3 Sampling and analyses

www.ijaerin Copyright © 2025 by the authors. Licensed under CC BY-NC-SA 4.0 Page 1246




International Journal of Agriculture and Environmental Research

ISSN: 2455-6939

Volume: 11, Issue: 04 "July-August 2025"

Soil samples were collected at the beginning and end of the season, as well as at 15, 30, and 45
DAS in each season. Soil samples were taken from the top layer (0-20 cm) at five points within
each experimental plot and mixed to obtain one composite sample. Soil moisture content was
determined using the standard oven drying method as described by Rayment and Higginson
(1992). Soil salinity was assessed by measuring the EC of'a 1:5 ratio (soil : water) and conductivity
probe (Rayment & Lyons, 2011) and converting EC;.5 to ECe according to Slavich and Petterson

(1993).

The growth parameters, including plant height, leaf length, and leaf area were measured by hand
using a measuring tape at 50 DAS. Plant height (cm) was measured from the soil surface to the tip
of the highest leaf. Leaf length (cm) was measured from the leaf base to the apex on the fully
expanded uppermost leaf. Leaf width (cm) was measured at the widest point of the same leaf. Leaf
area (cm?) was calculated using formula:

Leaf area (cm?) = leaf length (cm) x leaf width (cm) x 0.75

where 0.75 is the correlation factor (Milford et al., 1985).

Dry biomass (t ha™!) and maize yield (t ha™!) were determined at the harvest stage.
2.4 Statistical analysis

The effects of straw mulch rates on soil moisture content, ECe, plant growth, grain yield, and
economic efficiency were analyzed using Minitab software (ver. 20.0). When significant treatment
effects were detected, Tukey’s test was performed at a significance level of 5%.

3. RESULTS AND DISCUSSION
3.1 Soil moisture content

The effects of straw mulching on soil moisture content in the growth stages of maize in 2021 and
2022 seasons are shown in Table 2. In general, no significant differences were found among the
mulching rate treatments at 15, 30 DAS and harvest stage in both seasons (p>0.05). However, the
study showed that the application of straw mulch resulted in a significantly affected soil moisture
content at 45 DAS in both cropping seasons (p<0.05). In 2021, soil moisture content in the
treatment applied rice straw mulching at a rate of 10.5 t ha™! was significantly higher than the
treatments with 0, 3.5, and 7 t ha™'. Similarly, the application of straw residues at a rate of 7.0 —
10.5 t ha™' on the soil surface was significantly increased soil moisture content compared to the
treatment applied 0 — 3.5 t ha .

Soil moisture content reflects the soil-water conditions and is closely associated with
evapotranspiration processes (Verstraeten et al., 2008). According to Li et al. (2018), mulching
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organic residues on the soil surface acts as a physical barrier that reduces soil surface temperature
and wind exposure, thereby lowering evaporative water loss, especially in tropical and subtropical
agroecosystems. In this study, applying rice straw mulching higher 7.0 t ha' resulted in a
significantly increase soil moisture content compared with treatments applied 0-3.5 t ha™!. Similar
findings have been reported in previous studies, indicating that mulching enhances soil moisture
content during crop growth stages (Chen et al., 2014; Nhien et al., 2025; Yang et al., 2018).

Table 2: Soil moisture content under rice straw mulching rates at different
growth stages of maize in 2021 and 2022

Mulching 30 20215 15 30 202245
(tha™)  Das Das pas Havest oo pas pag  Harvest
0 306 39.2 24.2° 32.3 29.8 306 21.7° 25.6
35 324 368 26.1° 32.7 299 308 216° 304
7.0 327 363 27.6° 33.8 299 337 27.0° 31.7
10.5 314 365 31.42 33.4 29.9 308 30228 302
F-test ns ns kel ns ns ns kel ns

ns: p>0.05; ** p<0.01; In the same column, means followed by the different letters (a, b) are
significantly different at 5% by Tukey’s test.

3.2 Soil electrical conductivity

Table 3 shows the changes in soil ECe under different rice straw mulching rates at the beginning
and end ofthe 2021 and 2022 cropping seasons. Generally, the results indicated that the application
of 0, 3.5, 7.0, and 10.5 t ha™! did not significantly affect soil ECe at two stages (beginning and end
of the experiment) in both 2021 and 2022 seasons (p>0.05). In this study, applying rice straw
mulch (3.5 — 10.5 t ha!) tended to reduce soil ECe compared with bare soil in both seasons.
Numerous studies have also reported that the application of mulches significantly decreased soil
ECe compared to no mulched soil (Chen et al., 2021; Haque et al., 2018; Nhien et al., 2025). This
suggests that long-term experiments are necessary to evaluate the potential of mulching

applications in mitigating soil salinity in the MRD region.
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Table 3: Soil ECe under rice straw mulching rates at the beginning
and end of the 2021 and 2022 seasons

Soil ECe (mS cm™)

Mulching 2021 2022
(tha™) — —
Initial Harvest Initial Harvest

0 3.21 6.95 2.55 4.66

3.5 3.22 7.40 2.22 5.24

7.0 3.26 6.98 2.75 3.98

10.5 3.13 6.77 2.38 3.90

F-test ns ns ns ns
ns: p>0.05

3.3 Crops productivity

In general, the growth, biomass, and maize yield in both 2021 and 2022 were significantly
influenced by mulch treatments (Table 4). The results showed that bare soil (treatments without
mulch control) had the lowest performance in all cases. The application of rice straw mulch at s
rates of 7.0-10.5 t ha™! resulted in a significantly higher plant height, leaf length, leaf width, leaf
area, fresh biomass, and maize yield than the control treatment (no mulch application). In this
study, applying 10 t ha™! of straw mulch increased by 51.0-72.8% maize yield compared with the
no mulched soil treatment. Recent studies found that using mulches can improve maize yield by
15-26% (Dong et al., 2019; Xu et al., 2015), 26.7% (Zhang et al., 2020), 70% (Liu et al., 2015),
and 71.8% (Xiukang et al., 2015). These findings strongly demonstrate that rice straw mulching is
a supreme agronomic practice for enhancing maize productivity, particularly under conditions of
water shortage or salinity intrusion.
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Table 4: The growth and maize yield under rice straw mulching
rates in 2021 and 2022 seasons

Plant Leaf Dry

Mulching ) Leaf length Leaf width ) Yield
Year (t ha'®) height (cm) (cm) area biomass (t ha™®)
(cm) (cm?) (tha™)
0 86,2¢ 47,2° 7,43° 262° 2,53° 2.87°
3.5 106° 53,7° 7,59° 306° 3,11° 3.58°
2021 7.0 123P 62.0°% 8,26° 3842 3,82% 4.432
10.5 130° 64.42 8,482 410° 5,307 4.69°
F_test ** ** *%* ** ** **
0 78,1° 52,6° 6,49° 256° 3,03° 3,45°
3.5 75,3° 56,6° 6,81° 289° 3,66° 4,03
2022 7.0 1142 73,0 7,55% 4132 4,11° 4,84
10.5 113? 73,9 7,507 415 5,49° 5,21°
F_test ** *%* *%* *%* *%* *%*

ns: p>0.05; ** p<0.01; In the same column, means followed by the different letters (a, b) are
significantly different at 5% by Tukey’s test.

3.4 Economic efficiency

Generally, the economic performance indicators of maize cultivation were significantly affected
by the straw mulching treatments in both 2021 and 2022 (Table 5). The results showed that
applying straw mulch at rates of 7.0-10.5 t ha™! resulted in significantly higher cost, total income,
profit, and benefit-cost ratio compared to the unmulched and mulched 3.5 t ha™!' straw mulching
treatments (p>0.05). There was no significant difference in benefit between the treatment applied
3.5t ha! straw mulching and unmulched soil treatment (0 t ha™!). However, benefits in the
treatments applied 7.0-10.5 t ha™! were significantly higher than those without straw mulching in
both 2021 and 2022 seasons by 21.1-21.3 million Vietnamese Dong (VND) and 17.8-19.7 VND,
respectively. Straw mulching is a common agricultural practice in the MRD region aimedat
improving soil health, nutrients availability, crops productivity and economic benefits (Dinh et al.
2024; Nhien et al., 2025; Thinh et al., 2025). The application of straw residues to soil surface
increased the production cost compared with unmulched soil treatment. However, it also enhanced
the growth and maize yield (Table 4), therefore leading to higher the total income and profit (Table
5). In this study, applying straw mulching at rates from 7.0 to 10.5 t ha ! resulted in a significantly
higher profit than the treatment without applied straw mulching in 2021 and 2022 seasons, by
182-184% and 133—-147%, respectively.
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Table S: Economic performance indicators of maize under different rates
of straw mulching in 2021 and 2022 seasons

Straw mulching treatments

Year Indicators 0 3.5 7.0 10.5 F-test

(tha') (tha') (tha') (tha™)

Cost (million VND ha™) 31.9¢ 35.9° 34.6° 38.3* %
Total income (million VND ha™) 43.5¢ 543" 67.2" 71.3* **
202 Profit (million VND ha™") 11.6° 18.4° 32.7% 32.9° o
Benefit-cost ratio 1.36" 1.51° 1.94* 1.86 o
Cost(million VND ha™") 37.8¢ 423" 40.6° 44.1* o
Total income (million VND ha™) 51.1¢ 59.8%  71.8" 77.2% ko
2022 Profit (million VND ha™) 13.4° 18.6" 31.2° 33.1° ko
Benefit-cost ratio 1.35¢ 1.45" 1.77% 1.75% ok

** p<0.01; In the same column, means followed by the different letters (a, b) are significantly
different at 5% by Tukey’s test.

4. CONCLUSION

This study investigated the influences of straw mulching application on the soil characteristics,
crop growth, maize yield, and economic benefits in the saline soils of the MRD. Applying straw
mulching at rates of 7.0-10.5 t ha™' significantly enhanced plant growth, maize yield, total income,
net benefits, and benefit-cost ratio compared to treatments without mulch. These results highlight
the potential of straw mulching as an effective agronomic practice for improving maize production
and profitability in salt-affected soils.
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