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ABSTRACT

Article History

The primary objective of this research is to enhance soil fertility, peanut yield, and quality by
implementing bio-nitrogen-fixing microorganisms in combination with organic manures. The
study evaluated the effectiveness of Enterobacter asburiae strain RA5.MM (EA strain RA5.MM)
and vermicompost (VT) in conjunction with two types of irrigation water (IW) [river water (RW)
and deep well water (DWW)] on soil properties, plant growth, yield, quality, and arsenic (As)
accumulation in peanuts. The field study was conducted in An Phu District, An Giang Province,
Vietnam, and involved three factors: (1) two VT application rates (0.0 and 10 t ha”-1); (2) two
inoculation methods for EA strain RA5.MM (inoculated and non-inoculated); and (3) two
irrigation water types (RW and DWW), with four replications. The results of the research
indicated that inoculating with EA strain RA5.MM and applying 10 t ha'! of VT and RW
irrigation enhanced soil fertility and improved peanut yield components. The study also
showed that EA strain RA5.MM reduced arsenic absorption in peanut plants and
decreased arsenic accumulation in peanut stems and grains. Specifically, the fresh pod
productivity of peanuts was higher with the 10 t ha™' VT application, EA strain RA5.MM
inoculation and RW irrigation, compared to treatments without EA strain RA5.MM
inoculation and DWW irrigation, by 11.0, 14.3, and 23.4%, respectively. Additionally, the
arsenic content in the 10 t ha™' VT application, EA strain RA5.MM inoculation and RW
irrigation treatments were reduced by 9.96, 12.4, and 39.2% in stems, and 12.9, 15.7, and
30.2% in seeds, respectively, compared to treatments without VT application, EA strain
RA5.MM inoculation and DWW irrigation. The EA strain RA5.MM effectively reduced
arsenic uptake in peanut stems and seeds, improved soil fertility, and promoted peanut
growth, yield, and quality. Its resistance to arsenic is increasingly linked to the addition of
vermicompost and arsenic-free irrigation water, which are promising techniques for
cultivating crops in arsenic-contaminated conditions. Furthermore, EA strain RA5.MM has
the potential to develop bio-organic fertilizers for future crop production.
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Peanuts (Arachis hypogaea L.) are an oilseed and an
important industrial crop worldwide (Sobolev et al., 2013).
Various bacteria that reside in the roots and interact
peanuts are commonly associated with nitrogen fixation
and alleviating plant stress (Chen et al, 2019). Several
fungal and bacterial diseases, which include leaf spot, stem
and pod rot, root rot, and wilt, commonly occur in peanut
cultivation. It is thought that rhizosphere endophytic
bacteria (REB) in plant roots are a great source of
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biofertilizers and great biocontrol agents for farming
(Wang and Liang, 2014; Jiang et al, 2017; Sobolev et al,
2017). They are not only involved in promoting plant
growth and health, but can also transmit these benefits
from one plant generation to the next (Huang & Pang
2017; Chen et al., 2019). Researchers have already found
that certain bacteria, like Enterobacter sp. Bacillus spp.,
Curtobacter spp., and Paenibacillus spp., can help plants
grow and fix nitrogen (Chen et al, 2019; Prestes et al,
2019; Mazoyon et al, 2023). Rhizosphere endophytic
bacteria influence plant growth and defense by producing
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a variety of phytohormones (Bouwmeester et al, 2019).
When vermicompost (VT) and EA were added to low-
nutrient soil, the yield, quality and yield components all
went up significantly in an outside net house at the AGU
Experimental Center. The study revealed the effect of EA
species on nodule number and peanut yield in the prior
crop. In the next crop, the previously experimental VC
application and EA inoculation plots significantly increased
plant height, biomass, number of pods, nodules, yield, and
peanut seed quality compared to no VC application and no
EA inoculation in the prior crop (Chuong, 2023). Arsenic
(As) pollution in agricultural soil and irrigation water is a
critical environmental, agricultural, and human health
concern. Even low-level exposure to As can alter plant
morphology, physiology, and biochemistry (Abbas et al,
2018). Peanut and other crop yields have significantly
declined in recent years in An Phu district, An Giang
province, Vietnam, primarily due to infertile soil and high
As content in soil and water (Chuong, 2021; Chuong et al.,
2021). The main cause of reduced peanut profitability for
local farmers was the excessive use of chemical fertilizers
and high fertilizer prices, coupled with low peanut yields.
Therefore, improving this issue involves applying organic
fertilizers in combination with REB strains to enhance
peanut quality and yield (Chuong, 2023). REB has the
ability to fix nitrogen from the air in the root zone
(Massawe et al., 2017). Vermicompost application has been
shown to increase peanut yield and improve soil fertility
(Uko et al., 2018; Getachew et al,, 2019; Peter & Michael,
2023). Using organic manures to immobilize As toxins in
contaminated soil has been a well-established and widely
used technology. The application of inorganic and organic
amendments, which can immobilize heavy metals and As
toxicology in soil, leads to increased crop yield and soil
fertility (Lwin et al, 2018; Coulibaly et al., 2024). Through
fertilization and adding VT, increasing peanut yield and
lowering As levels in the soil can help improve soil organic
matter and microbial activity (Ferreira dos Santos et al,
2024; Dourado et al., 2022). This study aimed to assess the
impact of vermicompost and EA strain RA5. MM
inoculation on soil fertility and peanut yield in As-
contaminated agricultural systems. The research findings
can provide valuable insights into the potential of these
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practices to improve soil health, enhance crop productivity,
and reduce arsenic contamination in food. Local farmers
can use this information to encourage the adoption of
sustainable agricultural practices.

MATERIALS & METHODS

Isolation and Molecular Identification of EA Strain RAS5.
MM

EA strain RA5. MM species that isolated from peanut
nodules in the farmer’s fields in Phuoc Hung, An Phu at 65
days after sowing (DAS) (Hossain et al, 2023). After
cleaning all fifty selected nodules from five plants (ten
nodules per plant) with fresh water to remove soil, we
meticulously rewashed the nodule's surface with 70%
alcohol, repeatedly rinsed it with sterile distilled water, and
finally soaked it in 5% NaCl for a minute. We took the
cleaned nodules in 1 mL of sterilized phosphate buffer and
streaked them on YMA agar plates. We diluted the YMA
plates at various rates and incubated the streaked YMA
plates at 28°C for 4-5 days. We selected the pure colonies
for molecular identification.

Molecular Identification of EA Strain R A5. MM

Enterobacter asburiae strain R A5. MM was extracted
to collect DNA from pure colonies for 16S rRNA gene
analysis to compare with the similarity of previously
designed bacterial sequences. EA strain R A5. MM was
isolated in the laboratory of An Giang University (Fig. 1).
We amplified the 16S rRNA gene from these isolates using
the 27F and 1492R primer pairs in three PCR cycles. We
also found that these isolates' DNA sequences were similar
to nodulose bacteria sequences that had already been
published (Cardoso et al, 2018). We used NCBI BLAST
technology to interpret the Sanger sequencing results,
revealing a high similarity of up to 100% between the
selected isolate branch and the Enterobacter asburiae
species based on the sequencing results and phylogenetic
tree (Fig. 1). We sufficiently increased the population of EA
strain R A5. MM to 108 CFU mL™" five days before sowing,
followed by co-inoculation with peanut seeds and soaking
in liquid YMA medium for 8-12 hours before sowing
(Etesami, 2022).

Fig. 1: Phylogenetic tree of EA strain
R A5. MM
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Experimental Design and Location

Phu District is located on an island with a total area of
225.3km? with a population of up to 200,000. It shares a
border with Cambodia. The annual rainfall ranges from 500
to 650mm, with 60 to 70% falling between June and
October. The average temperature ranges from 27 to 38 °C
during the summer and 20 to 32°C in the winter. The field
experiment in Phuoc Hung commune, Phu district, and
Giang province contained eight treatments, which were
organized in a completely randomized block design with
four replications. We coded the eight treatments as
follows: (1) no EA strain R A5 inoculation. MM, no VT
amendment, and DWW irrigation; (2) no EA strain R A5.
MM inoculation, no VC amendment, and RW irrigation; (3)
no EA strain R A5. MM inoculation, 10t VT ha-1
amendment, and RW irrigation; (4) no EA strain R A5. MM
inoculation, no VT amendment, and RW irrigation; (6) EA
strain R A5. MM inoculation, no VC amendment, and DWW
irrigation; (7) EA strain RA5. MM inoculation, 10t VT ha™.
Three factors consisted of (factor 1) EA strain R A5. MM
(inoculation and no inoculation); (factor 2) irrigation water
types (RW and DWW); (factor 3) 10 t VT ha-1 amendment
and no 10 t VT ha™' amendment.

We wused chemical fertilizers, specifically urea,
superphosphate, and potassium chloride. We then
converted the amounts of these fertilizers into kilograms
of nitrogen, phosphorus, and potassium per hectare,
using 40N:60P:60K kgha' for the eight experimental
treatments. Nongnghieppho Company in Vietnam
gathered vermicompost, which had total compositions of
N (0.98%), P (1.05%), Kali (0.29), Ca (1.18%), and Mg (0.27).
The complete experiment covered 640 m? (1 m wide x 20
m long x 8 plots x 4 replications). We separated two plots
by 0.5m and planted them in single rows with a 25cm
spacing between each plant (two seeds per hole). After
achieving a maximum of three leaves, we chose one
healthy plant from each hole for ongoing monitoring
throughout the trial. The initial chemical characteristics of
the RW were pH (5.7), whereas the DWW was pH (4.7).
DWW contained 697ug L of arsenic (As), which was not
identified in RW. The WHO guidelines for arsenic in
irrigation water are 50 pg/L. The WHO recommendation
for arsenic level in irrigation water is 50ug/L. As a result,
the arsenic concentration in the research area's DWW was
ten times higher than the WHO recommendation. Long-
term droughts caused by climate change have produced
in a shortage of RW for crop irrigation in Phu, Giang, and
Vietnam. Local farmers have been forced to irrigate their
crops with DWW, which contains a high As concentration,
resulting in a considerable decrease in agricultural yields
and quality (Chuong & Hung, 2021). The baseline soil
parameters included pH (4.97), CEC (2.627 cmol+ kg-1),
soil organic matter (SOM:1.24%), total nitrogen
(N:0.125%), accessible phosphorus (P:25.4mg.kg™), and
exchangeable potassium (K:75.14mg.kg™). The arsenic
concentration in the soil was 84.55 mg/kg (within the
dike). The USDA (2019) classified the experimental soil
texture as a silt sandy loam with 35.1% silt, 58.5% sand,
and 6.4% lay and deemed it favorable for peanut
cultivation (Rajendran et al., 2012).
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Data Collection

The plant height, total chlorophyll content, available
shoots, and leaf numbers were averaged for each plant at
20, 45, and 65 DAS. We selected ten plants for each
treatment, observing growth and yield traits such as the
number of nodules, the weight of fresh nodulose and
biomass, the number of full and empty pods, the weight of
1,000 seeds, and the fresh pod yield.

Analysis Methods

We used Statgraphite XV software for the variance
analysis (ANOVA). The mean comparison between
variables was performed by Duncan's test with a
significant difference at a P<0.05. We calculated the data
for each treatment based on three factors to determine
the interaction between the experiments and these
factors.

RESULTS

The Influences of EA Strain R A5. MM, VT and Two
Irrigation Water Types on Soil Chemical Traits at
Harvest

Research results’ Table 1 proclaimed that 10 t VT ha-
1 had highly significant differences (p <0.01) on soil pH,
CEC, SOM, total N, and available P. The chemical traits of
the farmland were significantly higher in the 10 t VT ha-1
fertilization treatments compared to the control
treatments. Similarly, the EA strain R A5. MM inoculum
made all of the soil's nutrients higher at harvest time
compared to the non-bacterial inoculum, except for total
nitrogen. These differences were very important (P<0.01).
When As-contaminated DWW was used to water peanut
plants, the soil had fewer nutrients than when RW
irrigation was used. These differences were statistically
significant (P<0.01). Meanwhile, plots of VT application,
EA strain R. A5. MM inoculum, and two irrigation water
types had very large interactions between them (P<0.01).
The total N did not interact with the EA strain R A5. MM
inoculum in any of the experiments. Furthermore, the
total N amount was insignificantly different between the
VT application and the EA strain R. A5. MM inoculum
(Table 1).

VT, EA strain R A5 MM inoculation, and irrigation
water types all affected the soil pH, which ranged from
5.14 to 6.10 during the harvest season. All of the soil pH
values in 10 t of VT, EA strain R A5, MM inoculation, and
RW irrigation were higher than others. The CEC, SOM, total
nitrogen, and available phosphorus levels were all higher
in the experiments with 10 t VT ha-1, EA strain R A5. MM
inoculation, and RW irrigation compared to the treatments
without VT application, EA strain R A5. MM inoculation,
and As-contaminated DWW irrigation. However, the value
of total nitrogen was not statistically different between no
EA strain R A5. MM inoculation and EA strain R A5. MM
inoculation. The VT application (factor A), EA strain R A5,
MM inoculation (factor B), and IW type (factor C) all had a
very big impact (P<0.01) on the chemical makeup of the
soil. The factors also had an impact when they interacted
with each other (P<0.01).
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Table 1: Chemical properties of soil at harvest season
Factors pH CEC (cmol*/kg) SOM (%) Total N (%) P (mg/100g)
Vermicompost (A)

0.0tha’ 5.14+0.033b 6.09+0.036b 1.18+0.016b 0.09+0.008b 20.8+0.082b

10t ha” 5.90+0.082a 6.61+0.008a 2.10+0.081a 0.14+0.032a 32.9+0.082a
EA strain R A5. MM (B)

Yes 6.00+£0.408a 7.56+0.035a 1.59+0.008a 0.11+0.008 29.6+0.163a

No 5.24+0.032b 5.05+0.041b 1.50+0.082b 0.10+0.400 25.9+0.082b
Irrigation water types (C)
DWW 5.34+0.032b 5.23+0.025b 1.99+0.082b 0.08+0.008b 30.5+0.408b

RW 6.10+0.082a 7.98+0.008a 2.21+0.082a 0.18+0.065a 35.2+0.163a

F (AXB) *% *% *% ns *k

F (AXC) * *% ** % %

F (BXC) * *% ** % %

F(AXBXC) *% *% *% *%k *k

Different letters indicate significant (P<0.01) differences
interaction between treatments. ns: Non-significant.

in the values (mean+SD) of the same substance between different treatments. **Significant

Table 2: Effect of VT, EA strain R A5. MM and irrigation water on the yield traits at harvest

Factors Biomass No. of full pods full pod Wt. Nodulose No. fresh Wt. of Wt. of 1,000
(gr plant™) (pod plant™) (gr plant™) (nodules plant™) nodules (gr plant™) seeds (gr)

Vermicompost (A)

0.0tha™ 244+2.0b 63.8+0.653b 158+1.63b 235+4.08a 0.96+0.016b 860+8.16b

10tha’ 282+1.63a 78.3+0.245a 176+0.957a 175+4.08b 1.27+0.016a 1,050+4.08a

EA strain R A5. MM (B)

Yes 296+1.63a 80.8+0.653a 175+0.816a 257+1.63a 1.39+0.008a 1,050+4.08a

No 228+1.63b 64.9+0.081b 135+£0.816b 155+4.08b 1.22+0.016b 840+8.16b

Irrigation water types (C)

DWW 244+3.26 78.3+0.245 131+£0.816b 181+£0.817b 0.90+£0.081b 870+4.08b

RW 260+4.08 76.5+0.408 171+£0.816a 307+1.63a 1.70+0.081a 925+2.88a

F (AXB) *% *k *% *k *k *%

F (AXC) *% *k *% ns ns *%

F (BXC) ns *% *k *% *% *%

F (AXBXC) *% *% *k *% *% *%

Different letters indicate significant (P<0.01) differences in the values (mean+SD) of the same substance between different treatments. **Significant
interaction between treatments. ns: Non-significant.

Table 3: Influences of VT, endophytic bacteria and IW on peanut yield and seed quality

Factors Humidity lipid Protein Pod yield As contents (ug kg™)

(%) (%) (%) (tha™) Stems Seeds
Vermicompost (A)
0.0tha™ 30.0%*+0.81b 25.3**+0.245b 17.3+£0.245 6.53+0.025b 1,064+3.27a 116+0.816a
10tha” 32.0**+0.81a 25.9**+0.082a 17.4+0.245 7.34+0.033a 958+1.63b 101+0.816b
EA strain R A5. MM (B)
Yes 32.8**+0.163a 25.8ns+0.163 17.31£0.244 7.47+0.016a 944+3.27b 99.5+0.408b
No 29.2**+0.163b 25.4ns+0.326 17.4+0.326 6.40+0.081b 1,077+£1.63a 118+1.63a
Irrigation water types (C)
DWW 30.0**+0.816b 23.5**+0.408b 15.2+£0.163b 6.03+0.024b 1,260+4.98a 128+1.63a
RW 32.1**+0.081a 27.7**+0.163a 19.1+£0.081a 7.87+0.057a 766+4.89b 89.3+0.244b
F (AxB) ns ns ns ns ns *x
F (AxC) ns ns ns ns ns *x
F (BxC) ns ns i ns ns il
F (AxBxC) ns ns ns ns ns *x

Different letters indicate significant (P<0.01) differences in the values (mean+SD) of the same substance between different treatments. **Significant

interaction between treatments. ns: Non-significant.

Peanut Yield Traits

Application of VT and EA strain R A5. MM at the 1%
level [expect factor (C)] water changed the peanut biomass
(Table 2). The application of VT combined with the EA
strain R A5. MM inoculum resulted in higher peanut
biomass in all treatments, compared to the control
treatments [expect Factor (C).] The interaction between the
experimental factors and peanut biomass was significantly
different at the 1% level [expect factor (BxC)]. The EA strain
R A5. MM inoculation yielded the highest biomass (296 gr
plant-1), while the treatment that solely applied NPK and
As-contaminated irrigation had the lowest biomass value
(244 gr plant-1) (Table 3). The number and weight of full
pods and nodules made up of factor A (VT), factor B (EA
strain R A5. MM), and factor C (types of irrigation water)
were very different between treatments at the 1% level

(P<0.01). Additionally, significant statistical differences
were observed at the 1% level among their interactions,
specifically F(AXC) at the number and weight of peanut
nodules. A significant statistical difference was observed at
the 1% level for the weight of 1,000 seeds, specifically at F
(AxBxC). Treatments with VC application, EA strain R A5.
MM inoculation, and RW irrigation resulted in a higher
weight of 1,000 seeds than the control treatment without
VT application, no EA strain R A5. MM inoculation, and
DWW irrigation. At the 1% level, Table 2's results showed a
significant interaction between three factors (VT EA strain
R A5. MM and irrigation water types).

Nutrition Composition and As Content of Peanut Seeds
The humidity percentage of peanut seeds significantly
influenced the various VT rates (Table 3). The plots with VT



application (32%) had a higher moisture content than
those without VT application (30%), while the EA strain R
A5. MM inoculation (32.8%) had a higher humidity
percentage compared to the non-EA strain R A5. MM
inoculation (29.2%). Similarly, the percentage of seed
moisture in treatments with irrigating deep well water
(30%) was lower than the percentage of seed humidity in
RW irrigation (32.1%). There were significant differences
among treatments at the 1% level in three factors, and
their interactions were insignificant. The application of 10 t
VT ha-1 resulted in a higher lipid content (25.9%)
compared to the lipid content without VT application,
which was 25.3% (control). These differences were
significant at the 1% level. There wasn't a big difference
between the treatments of factor B (EA strain R A5. MM
inoculation) when it came to the amount of lipids present.
However, the RW irrigation treatment yielded a higher lipid
content than the DWW irrigation treatment. Their
interactions of AxB, AxC, BxC, and AxBxC did not differ
based on peanut seed lipid contents (Table 3). The
interaction among the three factors showed insignificant
differences [the expected F(BxC) was different at the 1%
level]. The impact of the different factors was insufficient
on the protein percentage of peanut seeds in factors A
and B, with factor C being the most significant. DWW
irrigation had a lower peanut seed protein content
(15.2%) than RW irrigation (19.1%), and there were
significant differences at level 1% (Table 3). Peanuts'
nitrogen-fixing ability can meet the majority of their
nitrogen requirements through a symbiotic relationship
with REB. The fresh pod vyield of three factors ranged
from 6.03 to 7.87 t ha-1, with RW irrigation yielding the
highest fresh pod yield and DWW irrigation yielding the
lowest. At a significance level of 1%, the fresh pod yields of
treatments with 10 t VT ha-1 application, EA strain R A5.
MM inoculation, and RW irrigation were higher than those
with non-VT application, non-EA strain R A5. MM
inoculation, and DWW irrigation. However, the interaction
of the experimental factors on the peanut yield was not
statistically significant at the 5% level (Table 3).

Results in Table 3 showed that the application of 10 t
VT per ha had a highly significant effect (P<0.01) on the As
uptake of peanut stems and seeds. The average As the
concentration of peanut stems and seeds at 10 t VT ha-1
application was lower than the control treatments (without
VT application). In the same way, factor B (EA strain R A5.
MM inoculum) was lower in peanut stems and seeds at
harvest compared to non-EA strain R A5. MM inoculation,
and this difference was significant (P<0.01). When looking
at the different types of irrigation water, using DWW
irrigation (As-contaminated water) led to more As building
up in the stems and seeds than RW irrigation, which was
statistically significant (P<0.01). Meanwhile, plots of VT
application, EA strain R A5, MM inoculum, and irrigation
water types did not interact with each other in the
accumulation of peanut stems. However, their interactions
of AxB, AxC, BxC, and AxBxC were insignificantly
different on the As contents of peanut seeds (Table 3).
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DISCUSSION

The use of arsenic-contaminated water for crop
irrigation resulted in a decrease in soil pH at the
experimental end. This was due to adding H* ions from As-
contaminated water to the farmland, which released H*
ions from soil acids into a free form (Chuong & Cuong,
2021). However, the combined application of organic
manures raised soil pH significantly compared to the
control treatment (Chuong, 2024). We should add organic
manures to As-contaminated soils to mitigate the harmful
effects of heavy metals and ensure optimal plant growth
and fertilizer utilization (Chuong, 2023). Adding well-
decomposed organic matter and REB to arsenic-
contaminated soils on a regular basis improves the soil's
ability to buffer and stops sudden changes in pH. This
makes it easier for plants to take in phosphorus and
reduce Fe and Al levels in acidic soils (He et al., 2022; Gao
et al, 2023). The integrated use of REB inoculation with
organic manures is officially considered a promising
approach for sustainable crop production on As-
contaminated soils (Catherine et al., 2019; Chuong, 2023).
This means that the plants grew taller after VT application,
EA strain R A5. MM inoculation, and RW irrigation (non-As-
contaminated water) than they did before VT application,
EA strain R A5. MM inoculation, and DWW irrigation (As-
contaminated water) (Jain et al,, 2017; Chalwe et al., 2019).
Li et al. (2023) attributeD these results in Table 3 to the
advantageous relationship between VT application, EA
strain R A5, MM inoculation, and RW irrigation with soil
nutritional addition. Combining animal manure application
with REB inoculation significantly increased the growth and
biomass of peanuts (Yang et al., 2023). Vadthe & Umesha
(2022) and Zheng et al. (2022) found in their previous
research that the combination of organic manure
fertilization and REB inoculation significantly increased the
components and yield of peanuts. Applying VT alone or in
combination with REB inoculation led to a higher weight of
1,000 peanut seeds compared to the control group
(Sijilmassi et al., 2020; Vadthe & Umesha, 2022). The
study's results demonstrated a significant two-way
interaction between farming types and factors that
enhance the quality and yield of peanut plants, including
VT, nitrogen-fixing bacteria strains, and heavy metal-free
irrigation water (Gao et al, 2022). The application of
inorganic fertilizer combined with organic fertilizer, REB
inoculation, and non-contaminated irrigation water, which
help to increase the root and shoot biomass of peanuts,
led to the release of readily available nutrients to the
plants. Studies on other crops have shown that the use of
chemical fertilizers combined with organic fertilizers has
contributed significantly to increasing crop yield and
quality (Sijilmassi et al, 2020; Chuong, 2024). The soil As
content decreased significantly when applying organic
fertilizers to peanut plants due to the lower As content in
the organic manures compared to the soil, which reduced
As uptake by peanut trees and seeds. We can reduce the
risk of As contamination in heavily contaminated soil-plant
systems by continuously applying clean organic manures
(Li et al., 2019). When the right species of E. asburiae are
introduced to peanut farms, the results showed that they



can control how much As is absorbed and stored in plant
tissues (Zhu et al., 2018). Application of organic manures,
combined with REB inoculum and As-free irrigation water,
helped peanut plants produce more effective shoots,
leaves, flowers, and fruit (Massawe et al., 2017).

Conclusion

This study showed that using 10 tons of VT ha-1, EA
strain RA5.MM inoculation, and As-free irrigation together
greatly improved the fertility of the soil, peanut yield, and
quality. Moreover, this approach effectively reduced As
accumulation in peanut plants. In comparison to the
control treatment, the yield of peanuts increased by up to
23.4%, while the concentration of As in both stems and
seeds decreased by up to 30.2%. These results show that
using vermicompost, biofertilizers, and clean irrigation
water together might help lessen the bad effects of arsenic
contamination on food security and crop yield.
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