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Effects of Biogas Slurry Drip Irrigation on Growth
Performance of Brassica chinensis L. and Soil Nutrient
Dynamics

Dongxue Yin,®* Jiajun Qin,® Dongdong Chen,? Baozhong Wang,? Wei Liu,®
Yingxian Wang,* Weijuan Lan,? Zhihao Wang,® and Jiachen Wang ?

The optimal amount of biogas slurry was determined to improve both the
yield of Brassica chinensis L. (BL) and soil quality. An experiment was set
up with six sets of drip irrigation gradients (1:3 mix of biogas and water) of
12 (BS-1), 15 (BS-2), 18 (BS-3), 21 (BS-4), 24 (BS-5), and 27 (BS-6) L.
Each treatment was repeated three times and irrigated eight times. The
radius of drip irrigation was 1.2 m, and the dripping speed was 2 L/h. The
highest plant height, fresh weight, dry weight, soluble sugar content, and
protein content of 25.2 cm, 16.7 g, 1.10 g, 0.61 g/100 g, and 1.90 mg/g,
respectively, were obtained under the BS-5 treatment. Soil total nitrogen,
available phosphorus, and organic matter content under the BS-4
treatment increased 5.29%, 230.75%, and 1.00%, respectively, compared
with those before drip irrigation treatment. The soil available potassium
content was highest under the BS-3 treatment and had increased 20.4%
compared with that before drip irrigation treatment. The most remarkable
influence on the yield and quality of BL was observed when the drip
irrigation amount was 24 L. Drip irrigation with 21 L of biogas slurry is
conducive to improving soil physical and chemical properties.
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INTRODUCTION

Climate change represents an important challenge to human society. Considering
the intrinsic requirements for sustainable development, China proposed two objectives:
carbon neutrality and carbon peak limitation. Greenhouse gas emissions in rural areas
should not be underestimated. The vigorous development of the comprehensive use of
biomass in rural areas represents an important measure for enhancing the ability of rural
areas to reduce emissions and sequester carbon, optimizing the rural energy structure, and
reducing greenhouse gas emissions. China is endowed with a plethora of agricultural
biomass resources and has an estimated energy utilization of 461 million tons of standard
coal, resulting in a carbon reduction of approximately 218 million tons (China Association
for the Promotion of Industrial Development, Biomass Industry Branch et al. 2021).
Therefore, the comprehensive utilization of agricultural biomass is an important measure
to achieve the goal of carbon neutrality and carbon peak compliance.
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In recent years, the comprehensive utilization of biomass has been actively
advocated and supported by the state, and the promotion and utilization of biological
natural gas have attracted considerable attention (Lv 2012; Song et al. 2014; Li et al. 2015;
Wang et al. 2023). According to the 13" Five-Year Plan for National Rural Biogas
Development, the number of large-scale biogas projects in China reached 10,122 in 2020
(National Development and Reform Commission and Ministry of Agriculture and Rural
Affairs of the People’s Republic of China 2017), and this number will increase dramatically
during the 14" Five-Year Plan period. The Guidance on Promoting the Industrialization
and Development of Biogas proposed that by 2030, the annual production of biogas should
exceed 20 billion m® (NDRC et al. 2019). The 14" Five-Year Plan for Renewable Energy
Development emphasizes that each county needs to promote 1 to 3 biological natural gas
projects with an annual output of 10 million m® (NDRC et al. 2021). The utilization of
biomass resources plays a vital role in achieving the goal of carbon neutrality and carbon
peak (Li et al. 2015; Lonnqvist et al. 2015; Mardoyan and Braun 2015; Jelinek et al. 2021;
Liang et al. 2023; Liu et al. 2023a).

Anaerobic digestion is key in the production of biogas, and large amounts of biogas
slurry are produced with digestion (Gong et al. 2013; Jelinek et al. 2021). A 1,000 m? pig
manure biogas project produces more than 20,000 tons of biogas slurry per year (Jiao
2018). The annual discharge of biogas slurry in China is estimated to exceed 200 million
tons (Feng 2017), resulting in problems of biogas slurry storage and utilization. The direct
application of untreated biogas slurry to farmland may cause environmental risks (Insam
et al. 2015; Yin et al. 2019). Studies have shown that the application of biogas slurry to
paddy fields can decrease dissolved oxygen content in water, increase sulfate in sediments,
and reduce soil pH (Yin et al. 2019; Zhang et al. 2022). Therefore, the green and efficient
use of biogas slurry is an important factor restricting the development of the biogas industry
(Gong et al. 2013; Wu et al. 2016; Nabel et al. 2017).

Research has shown that biogas slurry is rich in nutrients (Wentzel et al. 2015; He
and Zheng 2022) and can be used as organic fertilizer to improve soil fertility, reducing the
use of chemical fertilizers (Garg et al. 2005; Alburquerque et al. 2012; Duan et al. 2012;
Cheng et al. 2014; Chen et al. 2019; Xu et al. 2019; Zheng et al. 2019; Yin et al. 2019;
Qiao and Zheng 2022). Moreover, biogas slurry irrigation can inhibit the occurrence of soil
diseases and insect pests and improve the soil ecological environment (Zhang et al. 2017;
Chen et al. 2020; Feng 2020). Wen et al. (2023) found that applying biogas slurry at
appropriate concentrations in combination with chemical fertilizers can effectively
improve Chinese onion yield and soil microbial content, microbial community structure,
and nutrient status. Qiao and Zheng (2022) found that biogas slurry irrigation can improve
tomato fruit quality, pulp flavor and yield, and soil aggregate structure. Du et al. (2023)
found that the reasonable combination of biogas slurry and chemical fertilizer can improve
soil fertility, thereby considerably improving the quality of peach fruit. Hence, it can be
regarded as a feasible, green, and efficient biogas slurry consumption method (Insam et al.
2015; Wu et al. 2016; Ningsih et al. 2024).

Recently there has been a lot of research on the use of biogas slurry instead of
chemical fertilizers, but research on the irrigation amount of biogas slurry is still limited.
Brassica chinensis L. (BL), as a common organic vegetable in Henan Province, Shanghai.
It requires a stable supply of organic fertilizers during its growth process. Therefore, this
study applied a certain concentration of BS as fertilizer in farmland through drip irrigation
to plant BL. After BL maturity, the quality, yield, and soil physicochemical indicators of
BL were measured, and the effect of BS on BL quality was studied. In this preliminary
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study, the objective was to provide theoretical guidance for the agricultural application of
BS.

EXPERIMENTAL

Pilot Area Profiles and Materials
The experimental area is located in the Kaiyuan Campus Farm of Henan University
of Science and Technology, Luolong District, Luoyang City (34°35'N, 112°25’E). The soil

of the experimental area is clay loam with moderate fertility. The experimental area has a
temperate continental climate with an average annual temperature of 14.5 °C, and average
annual precipitation and evaporation of 578 mm and 1200 mm, respectively. Rainfall
occurs mainly (> 70%) between June and September. The experimental area has
approximately 223 frost-free days per year. The soil moisture content in the 0 to 20 cm soil
layer is 7.3% (mass moisture content). The soil of the experimental area had the following
characteristics before the experiment: pH 8.46, organic matter (OM) of 22.2 gekg™?, and
average total nitrogen (TN), available phosphorus (AP), and available potassium (AK)
contents of 1.27 gekg 2, 6.83 mgekg?, and 225 mgekg}, respectively.

The biogas slurry used in the experiment was collected from the biogas digester of
Lankeshan Cooperative in Xin’an County, Luoyang City. The fermentation raw material
mainly consisted of cow dung, pig manure, and crop residues. The biogas slurry was treated
by standing for 10 days before application, and then filtered twice with a 100-mesh nylon
net. The main properties of biogas slurry were a total solids concentration of 0.43%;
volatile solids of 34.9%; pH of 8.35; and average TN, AP, and AK contents of 376 mgsL?,
18.1 mgeL %, and 0.84 g°L %, respectively.

Experimental Design and Agricultural Managements

The experiment used a mixture of water and biogas slurry for the drip irrigation of
BL (Zheng et al. 2019) with three replicate plots arranged using random blocks (Wang
2014). Each plot was 1.2 m long and 1 m wide. The experimental design is shown in Fig.
1. The experimental biogas slurry ratio was 1:3 (volume ratio of biogas slurry to water).
Irrigation was performed every 3 days, and irrigation eight times. The experiment was set
up with six drip irrigation groups, namely, BS-1, BS-2, BS-3, BS-4, BS-5, and BS-6, with
irrigation treatments of 12, 15, 18, 21, 24, and 27 L, respectively.

Soil Sampling and Physicochemical Analysis

Soil samples were collected from the 0 to 10 cm soil layer in the sample plots before
the sowing and after harvesting of BL through the S-sampling method and used to
determine soil moisture content and physicochemical properties. The samples were air
dried and passed through a 100-mesh sieve.

Plant Parameters Analysis

Random samples were taken from each plot, and the plant height, fresh weight, and
dry weight were measured, soluble sugar content was determined by anthrone colorimetry,
and soluble protein content was determined by Coomassie brilliant blue method.
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Fig. 1. Drip irrigation design plan for test sample plots

RESULTS AND DISCUSSION

Plant Yield and Quality

With the increase in drip irrigation amount, the plant height of BL showed a
fluctuating rising—declining—rising—declining trend and did not exhibit a linear growth
relationship (Fig. 2[a]). Among all treatments, BS-5 resulted in the highest plant height of
25.2 cm. The other treatments followed the order of BS-6, BS-2, BS-1, and BS-4 with
corresponding plant heights of 22.8, 22.8, 22.7, and 22.2 cm, respectively. The BS-3
treatment resulted in the shortest plant height of 21 cm. Plant height under BS-5 increased
19.9% relative to that under BS-3, indicating that the drip irrigation of biogas slurry at the
volume of 24 L was favorable for the growth of BL.

The trend of the dry weight of BL was similar to that of fresh weight. Both increased
and then decreased with the increase in the amount of biogas drip irrigation. This finding
was consistent with the results of the study by Jin et al. (2022). Figure 2(b) shows that fresh
and dry weights were the highest under BS-5 and were 16.67 and 1.10 g, respectively, and
were lowest under BS-1 and were 5.00 and 0.30 g, respectively.

Figure 2(c) shows that the amount of soluble sugar first increased and then
decreased with the increase in the amount of biogas slurry drip irrigation. Among
treatments, BS-5 resulted in the highest content of 0.61 g/100 g, whereas BS-1 resulted in
the lowest content of 0.23 g/100 g. BS-5 increased the amount of soluble sugar by 165%
compared with BS-1. Therefore, BS-5 remarkably contributed to the remarkable increase
in the soluble sugar content of BL.

The change trends of the protein and soluble sugar contents of BL were consistent,
first increasing and then decreasing with the increase in the drip irrigation volume of
biogas, as shown in Fig. 2(d). BS-5 resulted in the highest protein content of 1.90 mg/g.
BS-1 resulted in the lowest content of 1.25 mg/g. The protein content under each treatment
followed the order of BS-5 > BS-6 > BS-4 > BS-3 > BS-2 > BS-1. BS-5resulted in a 52.0%
increase in protein content compared with BS-1.

Yin et al. (2025). “Biogas slurry drip irrigation. effects,” BioResources 20(1), 2026-2037. 2029



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

[ fresh weight
B dry weight
184 a
16+
— o
E = A b
o =
ey 2127
= o
[=2] 104
3 E
= c 8-
= L]
b o 6
o 4
24
0

o)) (e}
: :
e
. £ 15/
~— —
5 5
[+
2
= S 1.0
»n o
2 £
2 .g 05
o
n o
0.0

Fig. 2. Effects of biomass deficit irrigation treatments on individual plants: (a) plant height (p <
0.5), (b) plant fresh (p < 0.01) and dry weight (p < 0.01), (c) soluble sugar content (p < 0.01), and
(d) protein content (p < 0.01)

Soil Physicochemical Properties

Soil nitrogen content has an important effect on photosynthesis and protein
synthesis in plants. It showed an increasing—decreasing—increasing—decreasing trend with
the increase in drip irrigation with biogas (Fig. 3[a]). The TN content was 1.27 g/kg before
sowing and changed by —6.31%, 4.18%, —6.31%, 5.29%, 4.97%, and —12.08% in order of
magnitude. The TN was highest under the BS-4 treatment (1.33 g/kg) but was lowest under
the BS-6 treatment (1.11 g/kg). Therefore, the appropriate application of biogas will
increase TN.

The trend of AP content was similar to that of TN and exhibited two peaks (Fig. 3
[b]). The AP was 6.83 mg/kg before sowing and changed by 31.7%, 228%, 25.9%, 231%,
16.1%, and —61.5% under the treatments after sowing. BS-4 resulted in the highest
effective phosphorus content of 22.6 mg/kg, whereas BS-6 resulted in the lowest content
of 2.63 mg/kg. The negative growth of AP under BS-6 indicated that biogas effectively
replenished the AP in the soil that was consumed by crop uptake and utilization, further
verifying the role of biogas in water and fertilizer conservation.

The AK contributes to plant dry matter accumulation and plays a major role in plant
disease resistance. It showed fluctuating trends with the increase in the drip irrigation
volume of the digestate (Fig. 3[c]). The AK was 225 mg/kg before sowing and changed by
—8.89%, 2.67%, 20.4%, 4.0%, 18.2%, and —11.11% under treatments after sowing. BS-3
resulted in the highest AK of 271 mg/kg, whereas BS-6 resulted in the lowest AK of 200
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mg/kg. All treatments, except for BS-1 and BS-6, increased AK. Therefore, the application
of biogas can effectively promote the retention of AK in the soil and avoid nutrient loss,
which has a good effect on potassium conservation.
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Fig. 3. Effect of biomass deficit irrigation treatments on soil nutrients: (a) total nitrogen content
(TN) (p < 0.01), (b) available phosphorus content (AP) (p < 0.01), (c) available potassium
contributed (AK) (p < 0.01), and (d) organic matter content (OM)(p < 0.01)

The soil OM content showed a rising—decreasing—rising—decreasing trend with the
increase in the amount of biomass drip irrigation (Fig. 3[d]). The OM was 22.2 g/kg before
sowing and increased —1.58%, 0.81%, 0.01%, 1.01%, —1.15%, and —6.36% after sowing.
The OM during treatment did not fluctuate considerably compared with that during the pre-
irrigation period because the digestate had a low OM content. Only BS-6 resulted in a high
reduction in OM, which was likely due to the leaching of soil OM caused by the high drip
irrigation volume of the digestate.

Effect of Different Irrigation Amounts of BS Drip Irrigation on the Quality
and Yield of BL

Drip irrigation with biogas slurry had a significant effect on plant height (p < 0.5)
and weight (p < 0.01) of BL. However, the difference in plant height was not significant
among the treatments, while there was a remarkable difference in weight, which is
consistent with the results of Wang et al. (2016). This finding was attributed to the nutrients
having a more direct impact on the weight of the plants rather than their height. The
experimental results indicated that both the soluble sugar content (p < 0.01) and the protein
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content (p < 0.01) exhibited an overall trend of first increasing and then decreasing with
the increase in the amount of biogas slurry drip irrigation, peaking at BS-5. Concurrently,
BS-5 had the highest plant height, dry weight, and fresh weight, and this result is supported
by published results (Yin et al. 2024; Jin et al. 2022). The results indicate that plants
possess a certain degree of self-regulatory ability in the absorption and utilization of
nutrients. Within a certain range, as the amount of biogas slurry drip irrigation increases,
plants can enhance the synthesis of soluble sugars and proteins by strengthening root
absorption and metabolic activities. When the irrigation volume is low, plants compete
with soil microorganisms for limited nutrients, while also responding with a series of
adaptive response mechanisms (Khapte et al. 2019; Wang et al. 2022). When drip irrigation
was below 24 L, plants prioritized the use of limited water and nutrients to maintain their
basic life activities. When drip irrigation exceeded 24L, plants were unable to obtain
sufficient nutrients to synthesize proteins and soluble sugars, due to soil nutrients flowing
into deeper soil layers. The 24 L biogas slurry drip irrigation met the nutritional needs of
the plants while avoiding nutrient leaching. Adequate nitrogen and phosphorus
significantly promoted protein synthesis, and phosphorus and potassium enhanced energy
metabolism, leading to an increase in the amount of soluble sugars (Xue et al. 2019), which
in turn increased the weight of the plants.

Effect of Different Irrigation Amounts of BS Drip Irrigation on Soil Physical
and Chemical Properties

Nitrogen, phosphorus, and potassium in soil are important nutrients required for
plant growth and can influence the synthesis of chlorophyll, proteins, and other important
substances in plants (Xie et al. 2021). OM can increase the number of microorganisms and
promote plant growth. The research results indicate that appropriate amounts of biogas
slurry drip irrigation could increase the content of soil TN (p < 0.01), AP (p <0.01), AK
(p <0.01), and OM (p < 0.01). This result is consistent with previous research (Xue et al.
2019; Yin et al. 2024; Gong et al. 2020). This is because the biogas slurry contains a large
amount of nutrients, and microorganisms can convert the organic matter in the biogas
slurry into inorganic nutrients absorbable by plants through the process of mineralization
(Zhao et al. 2017; Wen et al. 2023). The results indicate that soil nutrient content exhibits
a trend of first increasing and then decreasing with the increase in biogas slurry irrigation
volume, which is different with the positive correlation found in Jin et al. (2022). This is
because when the amount of biogas slurry drip irrigation is too large, a significant amount
of nutrients leach into the deeper soil layers along with the slurry. The concentrations of
TN and OM in the soil fluctuate little among different treatments, showing a relatively
stable state. This indicates that the nitrogen and OM in the biogas slurry can be fully
utilized by plants and soil microorganisms to maintain a suitable growth environment. BS-
4 had the highest AP, and BS-3 had the highest AK. This is consistent with Zhao et al.
(2023). This is because the plants did not fully utilize the AP and AK, and at BS-3 and BS-
4, the rate at which soil microorganisms transformed AK and AP exceeded the absorption
rate of plants and microorganisms. Although the soil nutrient content in BS-5 was not the
highest, the BL quality of BS-5 was the best, which may be due to the fact that under 24L
of drip irrigation, soil microorganisms were able to release growth hormones that promoted
the absorption and growth of BL nutrients.

The results show that most soil nutrient contents were higher than before planting,
indicating that long-term application of biogas slurry can effectively improve soil fertility.
In addition, long-term application of biogas slurry can enhance the resilience and stability
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of the soil microbial community (Liu et al. 2023b). However, biogas slurry contains a
significant amount of heavy metal elements, and long-term application of biogas slurry can
lead to an increase in soil heavy metal content, which cannot be naturally degraded. This
can inhibit the growth and development of plants and even pose a risk to human health.

CONCLUSIONS

1. The yield and nutritional quality of Brassica chinensis L. (BL) can be significantly
enhanced by application of biogas slurry (BS) with drip irrigation. Among the six
treatments, BS-5 (24 L) showed the most favorable therapeutic effect.

2. Different drip irrigation amounts of BS were shown to have varying effects on the soil.
When the drip irrigation volume was between 15 L (BS-2) and 24 L (BS-5), the
contents of total nitrogen (TN), available phosphorus (AP), available potassium (AK),
and organic matter (OM) in the soil will increase. Especially in BS-3 and BS-4, the soil
nutrient content is the highest, with the greatest increase compared to before planting.
Therefore, an appropriate drip irrigation amount of BS can enhance soil fertility.
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