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Biochar can promote the growth
of peanuts in saline alkali soil by

enhancing peanut resistance and
Improving soil properties

Zhang Zhiliang?, Tian Dong?, Liu Tao?, Wang Yucui?, Zhong Xiaohua3, Chen Ping® &
Yang Ming***

Soil salinization seriously threatens the health of existing farmland and crops, and peanut cultivation
is also threatened by soil salinization. Biochar has been widely studied as a soil amendment to
improve the growth of various crops such as wheat and corn in saline alkali land, yet its effects on
peanut growth in saline alkali soils remain underexplored. Therefore, we aim to conduct greenhouse
pot experiments to test the promoting effect of biochar on the growth of peanuts in saline alkali soil,
and to study the impact mechanism of biochar microbial composition. The results indicate that the
application of biochar can directly improve the physicochemical properties of peanut rhizosphere
soil. Compared with the control group, peanut sprout height and fresh weight significantly increased.
The exploration of its causes has found that biochar can directly or indirectly improve the properties
of rhizosphere soil, including reducing soil salinity and alkalinity, and increasing water content. On
the other hand, biochar treatment significantly increased the availability of essential nutrients like
ammonium nitrogen, available phosphorus, and organic matter which is crucial for maintaining peanut
growth. At the same time, the content of stress resistant substances, including peroxidase activity,
in peanuts significantly increased, while the content of malondialdehyde also decreased, further
indicating that the application of biochar promotes the resistance of peanuts to salt alkali stress.

In summary, the application of biochar can directly reduce the pH and moisture content of peanut
rhizosphere soil, increase rhizosphere nutrient content, and enhance peanut antioxidant enzyme
activity, ultimately promoting its growth in saline alkali soil.
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The Soil salinization is one of the main ways of soil degradation in the world today. Especially in arid and semi-
arid regions, insufficient precipitation further exacerbates the occurrence of soil salinization. It is estimated that
approximately 1.1 billion hectares of land (about 7% of the global land area) are currently affected to varying
degrees by soil salinity'. And it grows at a rate of about 1-2% per year. Salinity has adverse effects on crop growth,
causing billions of dollars in economic losses to global agricultural production annually®. Soil salinization can
lead to an increase in soil solution osmotic pressure, making it difficult for plants to absorb water and causing
physiological dehydration. On the other hand, it can also cause a large number of adverse effects such as ion
toxicity and oxidative damage, seriously affecting crop yield. On the other hand, degraded soil can lead to the
leaching of artificial fertilizers, further causing environmental risks such as groundwater pollution. Therefore,
accelerating the restoration of saline alkali soil and ecological construction has important value and significance
for local environmental health®.

Biochar is prepared by slow pyrolysis biomass under oxygen-limited conditions, during pyrolysis, one-third
to half of biomass is converted into biochar®>. Pyrolysis also brings huge specific surface area and void structure,
showing excellent adsorption capacity, has been a widely using in environment refresh including water, soil
and air®. Among them, there are more and more researches in soil remediation and improve plant growth,
for example, enhance plant growth by supplying nutrients, and retain nutrients. In this regard, an obvious
positive attribute of biochar is its nutrient value, supplied either directly by providing nutrients or indirectly by
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improving soil environment, with consequent improvement of fertilizer use efficiency’~. Bera et al., (2017)'°
helps to reduce nutrient leaching and increases crop production. Peng et al., (2011)!! also provides other services
such as improving soil physical and biological properties.

Biochar amendments were reported to improve soil bulk density, porosity, water retention, and hydraulic
conductivity!>!3. It also has the capability to improve water retention properties of soil and enhance the soil’s
ability to retain nutrients'®. It could alter various soil properties through changes in pore size distribution,
residence time of soil solution and flow paths of nutrients'>. Overall, biochar can potentially add a holistic
dimension for enhancing the soil quality and health which sooner or later is believed to impact crop productivity
positively.

The impact of biochar on crop productivity is largely influenced by the crop type, soil and biochar properties,
which in turn depend on feedstock source and pyrolysis temperature. As one of the main soils to be developed
in China, the full development of saline alkali soil is of great significance. However, limited by the alkalinity of
biochar, there is little research on biochar applied in saline alkali soil at present, Huang et, al (2019) reported
biochar improved plant growth in saline soil, and think soil improvement is the main reason for plant growth!®.
Meanwhile, Zhou et, al (2021) also discovered that the remarkable adsorption properties of biochar play a
significant role in reducing the uptake of Na + by plants'”. This is achieved through the rapid adsorption of Na +
ions by biochar, which limits their availability to plants. On the other hand, the properties of biochar are severely
affected by the production process, including preparation temperature, etc. Therefore, different biochar have
different properties, which also leads to different impacts in different environments. Currently, most commonly
used biochar contains abundant organic functional groups, which may have good adsorption value for excessive
alkaline functional groups in saline alkali soil. Therefore, research has been conducted on the growth of various
crops such as wheat and corn in saline alkali soil, But the research on peanuts is not deep and specific enough.
Therefore, we set a pot experiment to study the mechanism of peanut shell biochar on the growth of peanut in
saline alkali soil and the influence of soil quality, aims to establish a healthy and environment friendly biochar
utilization method.

Materials and methods

Experiment design

The experimental materials were selected from the salt-tolerant variety Huayu 25 (HY 25). Soil samples were
collected from Dongying City, Shandong Province. After collecting 20 cm of surface soil, they were brought
back to the greenhouse for future use. The soil indicators are as follows: Organic Matters:6.5 g kg-1,hydrolyzable
Nitrogen 35.5 mg kg-1,Available Phosphorus 23.2 mg kg-1, Available Potassium 89.9 mg kg-1, Soil Salt Content
3.0 gkg-1, pH8.8.

Experimental design

This experiment was conducted in a greenhouse, and soil samples were collected from in Dongying City (118°
39’N, 36 °57” E), Shandong Province. 20 cm of surface soil was collected and brought back to the greenhouse for
future use. The soil indicators are as follows: Organic Matters: 6.5 g kg™ !, hydrolysable Nitrogen 35.5 mg kg™ !,
available Phosphorus 23.2 mg kg !, available Potassium 89.9 mg kg™ !, soil Salt Content 3.0 g kg™ !, pH8.8.

Biochar was prepared by mixing biomass (peanut shells and wood fiber,1/2,w/w). Firstly, dry the biomass at
90 C and slowly pyrolyze it with oxygen at 480 ‘C for 2 h. With hydrochloric acid for 30 min, air dry and grind
it into powder for later use. The basic properties of biochar are pH 6.8 and conductivity of the EC was 0.51 mS
cm !, the content of C was 79%, O was 18%, K was 1%.

Design treatment groups by adding biochar with different concentrations. Including control (CK) adding
2% biochar treatment (PB2), adding 3% biochar treatment (PB3). Mix the biochar evenly with the soil and fill
it into the pot. Three repetitions per treatment.Plant three peanut seeds in each pot (25 cm diameter and 30 cm
height) and maintain a field water holding capacity of 60%. The greenhouse maintains a temperature of 25 C,
with 12,000 Ix of light and 55% humidity. Then, following normal irrigation treatment, samples were collected
after 90 days of uniform growth for subsequent property determination.

Measurements of soil and plant properties
The soil suspension (water: soil, 1:5, w/v) was shaken for 1 h. pH and EC values were determined using a pH
meter and conductivity meter, respectively'®. The total N was measured using the Kjeldahl technique. The total
P and K were measured using the NaOH melting and UV-vis spectrophotometer method and atomic absorption
spectrophotometry method, respectively. Soil organic matter (SOM) content was determined via potassium
dichromate oxidation. Soil contents of sodium (Na) and potassium (K) were determined using inductively
coupled plasma mass spectrometry (ICP-MS). Nitrate nitrogen (NO,™ -N) in soil was determined with the
phenol-disulfuric acid colorimetric method. Ammoniacal nitrogen (NH,* -N) in soil was extracted with 2.0
M KCl and determined using the colorimetric method. The determination of soil enzyme activity is carried
out using commercial reagent kits, and the specific methods are described in the instructions. The amount of
available potassium was determined by leaching with 1.0 M NH,OAc and flame photometry'>~”.

The measurement of plants adopts traditional measurement methods, including the use of rulers and scales.
The determination of plant enzyme activity and MDA content is carried out using commercial reagent kits, and
the specific methods are described in the instructions.

Soil total DNA extraction and high-throughput sequencing

Soil samples, after collection, were quickly frozen and stored at —80 C. Bacterial DNA was isolated from soil
samples using the DNeasy PowerSoil kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions.
The DNA concentration and integrity were measured using a NanoDrop 2000 spectrophotometer (Thermo Fisher
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Scientific, Waltham, MA, USA) and agarose gel electrophoresis, respectively, with agarosegel electrophoresis
used for the measurement. PCR amplification of the V3-V4 highly variable region of the bacterial 16 S rRNA
gene was performed using a universal primer pair(343 F: 5 0 -TACGGRAGGCAGCAG-3 0; 798R: 50 -AGGG
TATCTAATCCT-30) in a 25 p L reaction. The reverse primer contained a sample barcode, and both primers
were ligated with Illumina sequencing adapters.Amplicon quality was visualized via gel electrophoresis. PCR
products were purified using Agincourt AMPure XP beads (Beckman Coulter, Brea, CA, USA) and quantified
using the Qubit dsDNA detection kit. Concentrations were then adjusted for sequencing.Sequencing was
performed on an Illumina Miseq with two paired read cycles of 300 bases each (Illumina Inc., San Diego, CA,
USA; OE Biotech Company, Shanghai, China).Paired reads were preprocessed using Trimmomatic software
to detect and cut off ambiguous bases (N). It also cut off low-quality sequences with an average quality score
of less than 20 using a sliding window pruning method. After trimming, pairs of reads were assembled using
FLASH software (10.1). The parameters for the assembly were as follows: minimum overlap of 10 bp, maximum
overlap of 200 bp and maximum mismatch rate of 20%. Sequences were further denoised as follows: reads with
ambiguous, homologous sequences or below 200 bp were discarded. Seventy-five per cent of the reads with bases
above Q20 were retained using QIIME software (version 1.8.0). Reads with chimeras were then detected and
removed using VSEARCH software (2.8.1). Primer sequences were removed and clustered based on clean reads
using VSEARCH software to produce actionable taxonomic units (OTUs) with 97% similarity. Representative
reads for each OUT were selected using the QIIME software package. All representative reads were annotated
and tested against the Silva database (version 123) using the RDP classifier threshold of 70%)

Statistical analysis
We analyzed the data in SPSS 17.0 software. Treatments were compared with one way analysis of variance and
Duncan’s multiple range test. Unless otherwise stated, the significance threshold was a p-value less than 0.05.

Results

The use of biochar promotes the growth of peanuts

The growth indicators of plants can directly reflect the quality of their living environment. Compared with the
control, biochar treatment improved the growth indicators of peanuts in saline alkali soil. On the one hand,
plant height significantly increased in biochar treatment, with an increase of 44.91% to 49.90% compared to
CK. Similarly, the fresh weight of aboveground stems increased by 20.47% to 31.87% in biochar treatment and
it has reached a significant level. This indicates that the use of biochar significantly improves the growth status
of peanuts. On the other hand, the growth indicators of peanut roots have also been improved, including a
significant increase in root length and fresh weight. Especially, the maximum value was obtained in PB3
processing.

The use of biochar improves soil properties

The poor physicochemical properties of saline alkali soil are one of the main reasons limiting plant growth. As
shown in the results, the application of biochar significantly reduced soil acidity and alkalinity, and increased
with the increase of usage concentration, indicating that the use of biochar can directly reduce soil acidity and
alkalinity, and both reached a significant level. At the same time, the soil moisture content increased in the
biochar treatment group, with the PB3.0 treatment group having the highest content, an increase of nearly 50%
compared to the control group. On the contrary, soil bulk density decreased under biochar treatment.

The application of biochar improved the nutrient levels of rhizosphere soil

The growth status of peanuts is closely related to the root soil environment. Therefore, we further collected
rhizosphere soil to determine soil nutrient indicators. The results showed that the content of ammonium
nitrogen significantly increased in the biochar treatment group, with an increase of about 25% compared to the
control. Furthermore, the content of available phosphorus increased by nearly 50% in the biochar treatment
group, with the highest increase observed in PB3 treatment. Similarly, the content of available potassium was
also affected, and the content of available potassium increased in the biochar treatment group. Correspondingly,
both nitrate nitrogen and organic matter content showed an increase in the biochar treatment group, with an
increase of approximately 11% to 31% compared to the control group. This indicates that the use of biochar
directly or indirectly improves the nutrient levels of peanut root soil.

Application of biochar improved root soil enzyme activity

Soil enzyme activity represents the ability of nutrient cycling and is also one of the indicators of soil health. The
results of this experiment showed that the application of biochar promoted an increase in soil enzyme activity.
The activity of catalase significantly increased compared to the control group, increasing by 12.52%~14.39%,
while the activity of phosphatase increased by 21.13%~31.84%, both reaching significant levels. The activities of
urease and sucrase also increased in biochar treatment, but compared to phosphatase, the increase in activity did
not reach a significant level, increasing by about 10% each.

The application of biochar affects the ability of peanuts to resist salt alkali stress

Peanuts growing in saline alkali soil are inevitably subjected to salt alkali stress and oxidative stress, so the
improvement of peanut growth status is closely related to its stress resistance ability. Therefore, we also measured
the physiological indicators of peanut stress resistance. The results showed that the activity of three representative
antioxidant enzymes (SOD pod cat) significantly increased compared to the control, with SOD showing a smaller
increase of about 20% each, while POD showed the largest increase of over 50% each. On the other hand, as the
main osmotic regulator, the content of free proline is also significantly affected by biochar treatment. Compared
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with the control, the proline content significantly increased by nearly twice in biochar treatment, significantly
improving the stress resistance of peanuts. On the contrary, the content of malondialdehyde, which characterizes
the degree of membrane damage, significantly decreased in the biochar treatment group, indicating that the
application of biochar reduced the salt alkali stress on peanuts.

The application of biochar affects the microbial composition of peanut roots

Root microbiota plays an important role in plant growth, and the results of this experiment showed that the
application of biochar affects the composition and diversity of peanut root microbiota community structure
(Fig. 1). Compared with the control group, the bacterial diversity in the biochar treatment group increased, with
chao increasing by 29% to 38%, significantly improving root diversity. On the other hand, the Shannon index
also increased significantly in the biochar treatment group.

In terms of composition, the application of biochar significantly increased the relative abundance of
Proteobacteria and Bacteroidetes. The abundance of Acidobacteria decreased, while the relative abundance of
Actinobacteria increased, and the abundance of Gemmatimonas significantly decreased. On the other hand, the
relative abundance of Saccharibacter increases. This indicates that the application of biochar significantly affects
the community composition of root microorganisms.

Discussion

The effect of biochar on peanut growth

As a popular green soil additive, biochar has been widely used in various soil remediation applications. Including
acidic, heavy metal contaminated soil, saline alkali soil, etc'®. -!°, however, due to the preparation method of
biochar, different biochar has different effects. For example, Guo et, al(2015) reported that using straw biochar
promoted the growth of corn and significantly increased crop yield compared to the control. Similarly?’, Mao
et, al (2023) reported that the application of biochar improved soil properties, enhanced cotton stress resistance,
and promoted growth?!. In this experiment, the application of biochar significantly improved the plant height,
fresh weight, and root growth of peanuts(Fig. 2). This indicates that the application of biochar has a positive
effect on peanut growth, which may be explained as follows: biochar itself can promote peanut growth, including
stimulating root growth??, and secondly, biochar can promote peanut growth by improving the peanut growth
environment, including improving soil properties, etc?. -4,

Improvement effect of biochar on soil physicochemical properties

The improvement of peanut growth is inevitably accompanied by an improvement in the growth environment.
Saline alkali soil poses significant barriers to peanut growth, leading to reduced yields. The application of
biochar has been extensively reported to improve soil properties, including reducing soil pH, increasing soil
moisture and organic matter content, etc?* 27 In this experiment, the same results were also obtained, such
as a decrease in pH and an increase in moisture content (Fig. 3). At the same time, the significant increase in
effective nutrients such as nitrogen, phosphorus, and potassium (Fig. 4) indicates that the application of biochar
significantly improves the fertility level of saline alkali soil, thereby ensuring the nutrient supply for peanut
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Fig. 1. Biochar affects peanut growth indicators (A-D). PB2 represents 2% addition of biochar, PB3 represents
3% addition of biochar. Data were expressed as mean+SD (n=3).
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Fig. 2. Biochar affects roots growth indicators (A-C). PB2 represents 2% addition of biochar, PB3 represents
3% addition of biochar. Data were expressed as mean+ SD (n = 3)..
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Fig. 3. Biochar affects soil fertilizer characters (A-C). PB2 represents 2% addition of biochar, PB3 represents
3% addition of biochar. Data were expressed as mean+ SD (n = 3).

growth?. On the other hand, the increase in organic matter content also indicates the improvement of saline
alkali soil, which suggests that the application of biochar directly or indirectly promotes the improvement of soil
properties, thereby affecting the growth environment of peanut roots?.

As one of the important links in nutrient cycling, the activity of soil enzymes directly reflects the rate of soil
nutrient cycling. In this experiment, the application of biochar significantly increased soil enzyme activity (Fig.
5), which is consistent with the report by Saha et, al(2019)*. Similarly, Tu et, al(2020)*! reported that the use
of biochar promoted the activity of urease and phosphatase in soil, indicating that the application of biochar
can directly improve soil nutrient levels. On the other hand, the structure of soil microbial communities is also
significantly influenced by biochar®>*. As the main component of soil, changes in bacterial community structure
directly affect soil element cycling. Montes et, al (2020)** reported that the use of biochar significantly affected
bacterial community structure and promoted an increase in the content of Proteobacteria. On the other hand,
Gao et, al (2019)*° reported that the use of biochar also affected community structure, including the abundance
of Bacteroidetes and other communities. This is also consistent with the results of this experiment(Fig. 1), which
indicate that biochar directly or indirectly affects the soil environment for peanut growth, thereby affecting
peanut growth.

The effect of biochar on peanut stress resistance

Peanuts grow in saline alkali soil and are first subjected to environmental resistance such as salt alkali stress
and oxidative stress. There have been numerous reports demonstrating that the application of biochar can
enhance plant stress resistance, including an increase in peroxidase activity’®>’. In this study, the use of biochar
significantly increased the activity of three peroxidase scavenging enzymes(Fig. 6), indicating that the use of
biochar promotes peanut resistance to salt alkali stress by increasing enzyme activity. On the other hand, free
proline, as a common osmotic regulator, significantly increases under biochar treatment, enhancing peanut
resistance to osmotic stress®*>°. At the same time, the decrease in malondialdehyde content, which characterizes
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Fig. 4. Biochar affects soil enzymes activities (A-D). PB2 represents 2% addition of biochar, PB3 represents 3%
addition of biochar. Data were expressed as mean+ SD (n = 3).
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Fig. 5. Biochar affects peanut enzymes activities (A-E). PB2 represents 2% addition of biochar, PB3 represents
3% addition of biochar. Data were expressed as mean+ SD (n = 3).

the degree of cell membrane damage, further indicates that the use of biochar can significantly improve the
environmental resistance of peanuts to salt alkali stress and promote their growth in saline alkali soil*°.

Conclusion

The use of biochar can improve the growth of peanuts in saline alkali soil, mainly by improving soil physical
and chemical properties and enhancing soil fertility levels. At the same time, the application of biochar also
promotes the increase of peanut peroxidase activity, which ensures the resistance of peanuts to saline alkali
stress. However, the conclusion of this experiment is based on greenhouse pot experiments, and we hope to
conduct more experiments in the field in the future.
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