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Abstract

Saltwater intrusion has increasingly impacted soil quality and crop productivity in the Mekong River Delta (MRD),
Vietnam. This study investigated the effects of rice straw mulching on mitigating salinity accumulation, conserving
soil moisture, and improving the yield of beetroot (Beta wvulgaris) under greenhouse conditions. The experiment was
designed with two factors: three irrigation salinity levels (S1: 0%o, S2: 2%o, and S3: 4%o of NaCl) and four rates of
straw mulch application (M1: 0, M2: 3.5, M3: 7.0, and M4: 10.5 tons ha ™). The results showed that rice straw
mulching significantly enhanced soil moisture retention by up to 25% compared to the non-mulched control. Applying
rice straw mulch at a moderate rate (M3) reduced salt accumulation, exchangeable Na * exchangeable sodium
percentage (ESP), and sodium adsorption ratio (SAR), while improving plant growth, beetroot yield, and water use
efficiency. Howewer, excessive mulching (M4) temporarily increased soil salinity, possibly due to ion release from straw
decomposition. Therefore, applying straw mulch at a moderate rate (M3) is recommended as an effective soil
management practice to enhance beetroot growth, productivity, and soil quality in salt-affected areas of the MRD
Keywords: Beta vulgaris, mulching, soil salinity, water use efficiency

1. INTRODUCTION

The Mekong River Delta is the most important region for food security in Vietnam, with the largest area
of rice cultivation and vegetable production. Recently, salinity intrusion has increased in agricultural
production in the MRD due to climate change, sea level rise, and drought during the dry season (Loc et
al., 2021; Morton et al., 2023). Salinity intrusion can increase the risk of salt accumulation in agricultural
soils, leading to inhibited water uptake, nutrient imbalances, and reduced crop yields (Machado &
Serralheiro, 2017; Majeed & Muhammad, 2019; Zorb et al., 2019).

Several studies have focused on mitigating the effects of saline intrusion on soil properties, water use
efficiency (WUE), and crop productivity through agronomic and soil management practices (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). Among these, mulching - the use of crop residues to cover the soil surface -
has been recognized as an effective technique for maintaining soil moisture and improving crop
productivity. Numerous studies have reported that the application of mulching has had a positive impact
on various crops, including wheat (Yang et al., 2018), maize (Li et al., 2018), sorghum (Mupangwa et al.,
2012), tomato (Mendonca et al., 2021), turmeric (Choudhary & Kumar, 2019; Kumar et al., 2017),
sunflower (Liang et al., 2015), and sesame (Behzadnejad et al., 2020; Teame et al., 2017). Organic
mulching can reduce soil water loss primarily by decreasing the soil surface temperature caused by solar
radiation and reducing evaporation.

In addition, covering the soil with crop residues can improve soil organic carbon content (Song et al.,
2025; Zhou et al., 2019). Mulching tends to slow the decomposition of crop residues and enhance the soil
environment for microbial activity by maintaining stable soil temperature and moisture (Wang et al., 2021;
Zhang et al., 2025). Moreover, the application of plant residues also reduces soil disturbance, limits the
microbial oxidation of organic matter, and thereby promotes greater retention of soil organic matter in
the topsoil (Chang & Zhang, 2023; Zhang et al., 2022).

Beetroot (Beta vulgaris L.), a root vegetable of the Amaranthaceae family, is widely cultivated in tropical and
subtropical regions due to its adaptability and high nutritional value. In Vietnam, beetroot is typically
grown during the dry season in southern provinces, especially in the MRD. However, beetroot cultivation
systems have recently been adversely affected by salinity intrusion and freshwater shortages during the dry
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season (Tran et al., 2025). Soil salinity can lead to stunted beetroot growth and decreased yields (He et al.,
2022).

Several studies have demonstrated that organic mulching can increase beetroot yields by 7.8-9.3%
compared to systems without crop residue application (Acharyya et al., 2020; Yordanova & Gerasimova,
2016). Furthermore, water use efficiency (WUE) in beetroot cultivation has been reported to improve
under optimized water management practices such as drip irrigation, organic amendments, and mulching
(Gadelha et al., 2021; Ribeiro et al., 2024; Zhang et al., 2009). Although some studies suggest that beetroot
possesses a certain level of salinity tolerance, research specifically examining the effects of crop residue
mulching on soil moisture, plant development, and yield under saline irrigation conditions in the MRD
remains limited.

Therefore, this study aimed to evaluate the effects of varying straw mulch application rates on soil moisture
dynamics, salinity accumulation, WUE, and the growth and yield of beetroot under different saline
irrigation regimes.

1I. MATERIALS AND METHODS

2.1 Characteristics of the experimental soil

Soil samples were collected from the top layer (0-20 cm) in the paddy field located in Tran De district,
Soc Trang province, Vietnam. The area has been frequently affected by salinity intrusion and rice
cultivation in the dry season is unfeasible. The soil was slightly acidic (pH = 5.07), saturated electrical
conductivity (ECe) was approximately 5.42 mS cm™; soil texture was classified as silty clay with the
contents of sand, silt and clay were 28.5%, 42.6%, 29.0%, respectively.

2.2 Experimental design and management

The experiment was arranged in pots under greenhouse conditions.at Can Tho University. A completely
randomized design (CRD) was used with two factors and three replicates. The two experimental factors
were: Salinity levels of irrigation water (S): S1 (0%o, control), S2 (2%o), and S3 (4%o0); and Straw mulch
application rates (M): M1 (0 tons ha™!, control), M2 (3.5 tons ha™), M3 (7.0 tons ha™'), and M4 (10 tons
ha™).

Soil sample was collected in January 2023, before after harvesting the autumn-winter rice crop in Long
Phu district (9°58'22.53” N 106°13°05.01” E), Soc Trang province, MRD. Soil samples were collected at
the surface layer of 0 -15 cm separately of the affected saline rice soil in the dry season. The soil samples
were treated by drying and chopping, mixed with organic fertilizer and lime at the ratio of 3 tons ha™ and
2 tons ha', respectively. Approximately 8 kg of soil was placed in pots (27 x 32 ¢cm) and moistened with
freshwater to reach field capacity.

For the initial soil, soil pH was measured at a ratio of 1:5 (soil:deionized water), soil-saturated electric
conductivity (ECe), available N, and available P, exchangeable Na", the exchangeable sodium percentage
(ESP) and the cation exchange capacity (CEC). The properties of the initial soil are shown in Table 1.
Table 1. Initial physicochemical properties of the experimental soil

Parameters Unit Value
pH (1:5 H,0O) 591
ECe mS/cm 5.42
Available nitrogen mg/ kg 17.8
Available phosphorus mg/kg 11.2
Exchangeable Na” cmol kg’ 1.33
The exchangeable sodium percentage (ESP) % 791
The cation exchange capacity (CEC) cmol kg’ 15.6

All pots were initially irrigated with freshwater at 80% of field capacity for the first two weeks. Then, saline
irrigation treatments were imposed using 2%o and 4%o salinity levels at 14 days after sowing (DAS). The
non-saline treatment (0%o) continued to receive freshwater irrigation throughout the experiment and
served as the control.

The saline water used in this study was derived from seawater collected in Soc Trang Province, Vietnam
the same location from which the soil samples were obtained. This seawater was diluted with freshwater
under greenhouse conditions to achieve the desired salinity concentrations.
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Beetroot (Beta vulgaris L.), which is known for its moderate tolerance to saline conditions (Yolcu et al.,
2021), was selected for this study. The variety used is resistant to bacterial leaf spot (Sharma et al., 2024),
produces smooth, dark red roots with a sweet flavor, and is rich in nutrients. Its growth period ranges
from 75 to 95 days, and the seeds were sourced from East-West Seed Vietnam.

2.3 Sampling and analyses

Soil moisture content and soil electrical conductivity were measured at 0, 15, 30, 45, 60, 75, and 90 DAS.
Soil moisture content was determined using the oven-drying method (Rayment & Higginson, 1992). Soil
salinity was measured using an EC meter with a soil-to-deionized water ratio of 1:5 (soil:water) and a
conductivity probe (Rayment & Lyons, 2011). The measured EC, s values were then converted to ECe
based on soil texture, following the method of Slavich & Petterson (1993).

At harvest, soil samples were collected to determine the levels of exchangeable sodium (Na*), exchangeable
potassium (K*), ESP, and sodium adsorption ratio.

Exchangeable cations (Na*, K, Ca®*, Mg"): that were obtained by subtracting soluble cations from
extractable cations. Extractable cations were analyzed by extracting soil sample (2.5 g) three times with 0.1
M BaCl, solution (each time 30 ml) and with 1 hour shaking and determined with flame photometry.
The exchangeable sodium percentage (ESP) was calculated asESP (%) = Exch Na"/CEC x100 (Richards,
1954) where the cation exchange capacity (CEC) is expressed in cmol kg” (Gillman, 1979).

The sodium adsorption ratio (SAR) was calculated using the formula from Kamphorst & Bolt (1978):

0.015x SAR = ESP
I ESAR T 100 — ESP)
Water use efficiency (WUE, g L™!) was calculated as the ratio of total beetroot yield per pot to the total
amount of water used during the experiment as the following formula (Jensen, 1983):
WU _fruit vield (kg ha')

water applied (m? ha’l)
Leaching requirement (LR) - Minimum leaching fraction: The minimum leaching fraction, also referred
to as the leaching requirement (LR), is the minimum amount of water needed to prevent salt accumulation
above a threshold level in the root zone. Although various formulas exist for estimating LR, they all reflect
the functional relationship between irrigation water salinity and crop yield. In this study, LR was calculated
based on FAO guidelines using the following equation LR = ECw / (5 x ECe — ECw) where ECw is the
electrical conductivity of the irrigation water (dS m™!), and ECe is the electrical conductivity of the soil
saturation extract (dS m™!) (Ayers & Westcot, 1985).
Total annual crop water demand (ET) was estimated using the following formula AW = ET / (1 — LR)
where ET is the total crop evapotranspiration or annual water demand (mm), and AW is the applied water
requirement (mm) (Ayers & Westcot, 1985).
At harvest, yield-related parameters were recorded, including plant height (cm), leaf area (cm?), SPAD
chlorophyll index, fresh biomass (g pot™!), and beetroot yield (g pot™?).
2.4 Statistical analysis
The effects of salinity levels of irrigation water, straw mulch rates and their interaction were performed
using Minitab software (ver. 20.0). When significant treatment effects were detected, Tukey’s test was
performed with a significance level of 5%.

RESULTS AND DISCUSSION

3.1 Soil moisture content

In general, soil moisture content was affected by both of saltwater irrigation and straw mulch rates,
particularly at 30, 45, 60, and 75 days after sowing (DAS) (Table 2). Soil moisture content generally
increased in the higher salinity levels, especially the S3 salinity treatment showed a significantly higher
value than the S1 and S2 treatments at 30, 60, and 75 DAS (p<0.05). An increase in soil moisture content
corresponding with rising salinity levels can explain by the enhanced water retention capacity in the saline
soils. The presence of high soluble salts concentration increase the osmotic potential of the soil solution,
and reduce soil water potential (Marschner, 2017; Sheldon et al., 2017; Weil & Brady, 2017). This result
agreed with Pachepsky et al., (2024), who reported that a strong relationship between the logarithm of the
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soil moisture content and the osmotic potential with osmotic potential decreasing as salinity increases,
limiting water uptake by plants.

In addition, applying straw mulch at a rate of 10 tons ha™ (M4) resulted in significantly higher soil
moisture content than the treatments received fewer mulching rates (M1 and M2) at 45 DAS (p<0.05). At
60 DAS, soil moisture content in the treatment mulched rice straw at a rate of 7 tons ha™' (M3) was
significantly higher than the treatment with no rice straw mulch (p<0.05). There was no significant
difference in soil moisture content among the mulching treatments at 0, 15, 30, 75, and 90 DAS (p>0.05).
This can be explained by the fact that the water requirement characteristics of beetroot vary across different
growth stages. The crop coefficient (Kc) values for beetroot are 0.15, 1.1, and 0.5 for the initial (Kc ini),
mid-season (Kc mid), and late season stages, respectively (Feddesl et al., 1985). Water demand during the
mid-season stage was significantly higher, which influenced soil moisture levels under different straw
mulch treatments (Heilman et al., 1982; Allen et al., 1198; Allen et al., 2003). Statistically significant
differences in soil moisture were observed between 30 and 60 days after DAS. In contrast, during the
initial and late growth stages, the crop’s water requirement was lower, leading to no significant differences
in soil moisture among the various mulching treatments. The results of this study demonstrated that rice
straw residues mulching can reduce evaporation and improve soil water retention. Previous studies also
confirmed that the application of plant residues mulch increased soil moisture content (Demo & Asefa
Bogale, 2024; Teame et al., 2017; Yang et al., 2018).

Table 2. Soil moisture under applied saline water irrigation and straw mulch rates at the different growing
stages of beetroot

Soil moisture content (%)

Factors
Das 15DAS 30DAS 45DAS 60DAS 75DAS |
S1  22.1 326 25.5" 26.4 23.0° 30.7° 30.11
Salinity (S) S2  22.7 324 27.2° 26.2 27.5" 28.7° 27.95
S3 221 321 28.8" 29.2 34.7° 31.0° 31.04
M1 22.0 329 26.3 24.5" 26.2° 32.0 28.71
Mulching M2 223 317 27.17 25.0° 27.7% 31.6 29.72
M) M3 228 33.0 26.7 27.4° 30.7° 33.0 30.73
M4 21.7 318 279 32.1° 28.9% 32.5 30.63
S ns ns o ns b b ns
M ns ns ns * b ns ns
SxM ns b ns ns b ns ns

ns: p>0.05; * 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
The effects of saline water irrigation and straw mulch rates on soil ECe are shown in Table 3. The results
showed that soil ECe tended to increase over the beetroot growing time, especially under saline water
irrigation (S2 and S3). Generally, irrigating saline water at S2 and S3 levels resulted in significantly higher
soil ECe than the treatment applied fresh water at 15, 45, 60, 75 and 90 DAS (p<0.05). Previous studies
also indicated that applying saline irrigation increased soil ECe and reduced crop yields compared to the
treatment without applied saline irrigation (Han et al., 2024; Nagaz et al., 2012; Wang et al., 2022).
Rice straw mulching at a rate of 3.5-10 tons ha™' did not significantly affect soil ECe at 0, 15, and 30 DAS
(p>0.05). However, a significant difference of soil ECe was found in the mulching treatments at 45, 60,
75, and 90 DAS.-At 90 DAS, the results indicated that soil ECe in the M3 and M4 treatments was
significantly lower than in the treatment without mulching straw. Moreover, a significant interaction
between saline irrigation and straw mulch was observed at 45, 60, 75, and 90 DAS (p < 0.05). These results
confirmed that applying straw mulch can effectively mitigate salt accumulation in the soil. (Chen et al.,
2021; El-Beltagi et al., 2022; Haque et al., 2018).
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Table 3. Soil ECe under applied saline irrigation and straw mulch rates at the different growing stages of
beetroot

ECe (mS cm™)

Factors 90
ODAS 15DAS 30DAS 45DAS 60DAS 75 DAS

DAS
S1 0.94 1.29* 2.06 2.06° 2.78" 2.89¢ 3.30°
Salinity (S) S2 0.90 L.17° 2.70 4.70° 5.64 7.41° 9.02°

S3 1.04 2.03* 2.47 4.65° 5.42° 8.96" 9.77°
M1 0.77 1.29 2.41 4.18* 4.81* 6.54 8.42°

M2 081  1.77 245 4.02° 447" 694 7.70°
Mulching M) s g9 118 2.23 353 419 6.68° 7.19°
M4 081 137 2.57 4.35° 4.98° 553 613
S N X N " " " "
M N e N o o " "
SxM ns ns ns * * * *

ns: p>0.05; * 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.
3.3 Exchangeable Na, ESP, SAR and K+/Na+ ratio
At the harvest stage, the saline irrigation and straw mulching treatments had significant impact on
exchangeable Na’, ESP, SAR and K'/Na" ratio (Table 4). The results showed that increasing saline
irrigation levels from 2-4%o resulted in a significant increase exchangeable Na', ESP, and SAR compared
to the treatment used freshwater for irrigation (p<0.05). In contrast, K’/Na" ratio in treatment S1 was
significantly higher than that in treatments S2 and S3 (p<0.05).
Similarly, the application of rice straw mulching also had a positively significant impacts on exchangeable
Na’, ESP, and SAR. The results indicated that applying straw mulch at 3.5-10 tons ha™' significantly
decreased exchangeable Na®, ESP, and SAR parameters as compared to the treatment without straw
mulching. In additions, the application of 10 tons ha™ (M4) straw mulching resulted in significantly higher
K'/Na" ratio as compared with the treatment with no applied rice straw mulch. The mechanisms for
reducing salt accumulation via straw mulching under saline irrigation included the inhibition of upward
salt movement by limiting soil water evaporation, and the enhancement of salt leaching by improving
physical soil properties such as bulk density (Huang et al., 2019; Samui et al., 2020; Zhang et al., 2022).
Table 4. Exchangeable Na', ESP, SAR and K'/Na'" ratio under applied saline irrigation and straw mulch
rates at the harvest stage of beetroot

Exchangeable Na* (cmol

Factors k') ESP (%) SAR K’/Na" ratio
S1 0.80¢ 341° 2.36° 4.80*

Salinity (S)  S2 2.37° 12.2° 9.43" 0.92°
S3 3.26° 23.0° 21.7% 1.42°
M1 2.53* 18.5° 18.2* 1.23°

Mulching M2 2.10* 11.8° 9.44° 1.91®

M) M3 2.08° 11.1° 8.84° 1.92%
M4 1.88° 10.2° 8.09° 2.76"

S * % * % * % * %

M * % * % * % *

S X M * % * % * % ns

ns: p>0.05; * 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 Leaching requirement (LR), total annual crop water demand (ET) and water use efficiency (WUE)
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The effects of different straw mulching rates on leaching requirement (LR), total evapotranspiration (ET)
and water use efficiency (WUE) under varying saline irrigation levels were statistically significant (p <
0.001) (Table 5).

The LR values significantly increased in the S2 and S3 treatments as compared to S1 under saline
irrigation conditions. This indicated that under higher salinity levels, crops require greater amounts of
water to leach accumulated salts from the root zone, thereby preventing salinity from exceeding harmful
thresholds. These findings are consistent with the recommendations of FAO (Ayers & Westcot, 1985),
which emphasize that maintaining an appropriate LR is essential to mitigate the risk of salt accumulation
in agricultural soils. Meanwhile, ET values declined as salinity levels increased, suggesting that higher
osmotic stress reduced the plant's ability to absorb and transpire water. The decreased water demand
reflects a physiological response of plants to salinity stress, which limits fresh biomass accumulation and
inhibits growth (Munns, 2002; Jabeen & Ahmad, 2012). Addition,_ increasing WUE in the salinity
conditions is the strategy employed by moderate tolerance crops to mitigate high salt concentrations in
the crop cultivation (Oliveira et al., 2022; Ribeiro et al., 2024). In this study, the application of freshwater
increased WUE up to 43.6% than the saline irrigation. Recent studies also reported that the WUE
increased in the treatments which were reduced salt water irrigation levels (Ribeiro et al., 2024; Sousa et
al., 2022).

Under saline conditions, straw mulching not only reduces ET but also helps maintain LR at an effective
level without requiring additional irrigation water. The experimental results suggested that straw mulching
is an effective agronomic practice for improving irrigation WUE and enhancing salt control in cultivated
soils. The combination of straw mulching and proper adjustment of LR according to salinity levels
presents a promising strategy for increasing crop productivity in salt-affected areas while ensuring
sustainable water resource use. According to Li et al. (2018), the use of various mulching materials
significantly increased soil moisture content compared to non-mulched treatments. Specifically, straw
mulching improved soil moisture by 62-66% relative to bare soil. Similarly, Wang et al. (2018) reported
that straw mulch reduced daily average evapotranspiration by 25%-41% in wheat as compared to the
treatments without mulch.

Table 5. LR, ET and WUE under applied saline water irrigation and straw mulch rates at the harvest
stages of beetroot

Factors LR ET WUE (gL
S1 0.01¢ 9.26 6.06

Salinity (S)  S2 0.08° 8.65° 5.88°
S3 0.16" 791¢ 4.22°
M1 0.06° 8.81° 5.33%

Mulching M2 0.07" 8.66" 5.43%®

M) M3 0.8° 8.59° 5.50°
M4 0.10° 8.37¢ 5.28°

S * %% * %% * %%

M * %% * %% *%

S X M * %% * %% ns

ns: p>0.05; * 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.

3.5 The beetroot growth parameters and yield

The results presented in Table 6 demonstrate the significant effects of salinity in irrigation water (p <
0.001) on all measured agronomic parameters, including plant height, leaf area, chlorophyll content
(SPAD), fresh biomass, root yield, and Brix value. Increasing saline levels in irrigation from S1 to S3 led
to a significant reduction in beetroot growth and productivity across all treatments.

Straw mulching significantly influenced leaf development, fresh biomass accumulation, and root yield
under saline conditions. Treatments with moderate mulching rates (S2 and S3) produced higher values
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for leaf area, chlorophyll content, Brix, and yield as compared to both the no-mulch control (S1) and the
highest mulching rate (S4), with differences being statistically significant (p < 0.05).

Notably, leaf area, fresh biomass, and root yield in M3 rate of straw mulch were highest as compared to
the other mulching treatments. There were no significant differences in plant height, SPAD values, or
Brix among the mulching treatments, indicating that straw mulching primarily affected yield through
improvements in leaf area and biomass accumulation rather than through changes in physiological
parameters.

The application of straw mulch did not significantly affect plant height and SPAD at the harvest stage.
However, leaf area and fresh biomass of M3 treatment were significantly higher than the control treatment
(M1). Besides, beetroot yield in the treatment applied 7.0 tons straw mulching ha” significantly higher
than the treatment applied 10 tons straw mulching ha” (p<0.05). Previous studies also reported that
beetroot yield when being mulched was significantly higher than the treatment without organic mulching
(Acharyya et al., 2020; Yordanova & Gerasimova, 2016).

Table 6. Beetroot growth parameters, yield under applied saline water irrigation and straw mulch rates at
the harvest stages of beetroot

Factors Plant height Leaf2 area SPAD Frefl biomass (g Yield B
(cm) (cm?) pot™) (g pot™)

S1 23.4° 165? 54.6 65.3* 56.9*

Salinity (S) S2 22.8° 132° 52.4® 63.6" 55.1°
S3 20.9° 96.1¢ 49.4° 48.1¢ 39.6¢
M1 22.0 119" 50.5 57.4° 50.4"

Mulching M2 23.1 140° 52.9 59.4% 51.0*

M) M3 22.3 138° 53.5 59.9* 51.4*
M4 22.1 128 51.6 57.8" 49.4"

S * %% * %% *% * %% * %%

M ns * ns * *

SxM * ns ns ns ns

ns: p>0.05; * 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

4. CONCLUSION

In this study, we investigated the influences of saline water irrigation levels and rice straw mulching rates
on soil characteristics, beetroot growth and yield, and WUE under greenhouse conditions. This study
demonstrated that rice straw mulching can effectively improve soil moisture content, reduce salt
accumulation, and enhance the growth and productivity of beetroot under saline irrigation of 0, 2, and
4%o levels. The findings highlighted that the medium mulching (7.0 tons ha™") was the most effective rate,
which can maintain soil water retention, reduce soil ECe, ESP, SAR. In addition, the application of rice
straw mulch significantly improved fresh biomass, beetroot productivity, and WUE in the saline
conditions.
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