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1 Introduction
The management of orchard production is closely related 

to the development of the fruit industry. In recent years, the 
grass cultivation in orchards model has gradually emerged, 
which marks the beginning of the orchard industry’s modern 
management. After the grass cultivation in the orchards, the 
soil-atmosphere contact mode of the traditional clean tillage 
orchard is transformed into a new soil-grass-atmosphere 
mode (Wei et  al., 2021a; Xiao et  al., 2022). The temperature 
and humidity of the fruit trees have been significantly adjusted, 
thereby improving the absorption and utilization of water and 
fertilizer (Wu et al., 2021). Grass cultivation can also increase 
the content of soil organic carbon (SOC) in the topsoil and the 
abundance of microbial communities in orchards, contributing 
to the improvement of the soil environment (Zheng  et  al., 
2021). The increase in the number of microorganisms promotes 
the decomposition of grass residues and secretions, and the 
interpenetration of grassroots helps to solve the problems of 
soil compaction and fertility decline (Li et al., 2022b). A large 
number of studies have shown that grass cultivation in orchards 
management plays an important role in improving orchard soil 
nutrient content (Wang et al., 2021), fruit quality (Wei et al., 
2021b), soil enzyme activity (Luo et al., 2021) and soil microbial 
content (Wan & He, 2021).

Artificial grass cultivation and natural grass cultivation 
are the main modes at present. Among them, artificial grass 
cultivation has the advantage of easy control and is widely used 
(Yang et al., 2022). At present, some advanced fruit-producing 
countries such as the United States, Japan, and France all adopt 
the grass cultivation model, while China still focuses on clean 

tillage (Li et al., 2022c). The grass cultivation model in China 
is still in the stage of application in a small area. The land area 
of China is large, and the soil quality and climate are different 
in different regions. A comprehensive assessment of the effects 
of grass cultivation in orchards on local soil nutrient content in 
Xinjiang, China, has not yet been reported. Therefore, based on 
the meta-analysis method, this paper studies the effects of the 
grass cultivation of hairy vetch on soil physical and chemical 
properties, soil nutrients, soil activity, and fruit quality in the 
orchards, and provides a certain reference for the implementation 
and further development of this model.

2 Materials and methods
2.1 Data collection

Through the China National Knowledge Infrastructure 
(CNKI, China), using the subject search in the advanced search 
mode, enter the keywords “orchard” and “hairy vetch” to conduct 
a literature search. The papers were screened according to the 
following conditions:

(1) The paper is a field trial conducted in China, and is not 
a review paper; (2) The paper includes the study on the effects 
of hairy vetch on at least one of soil temperature, water content, 
bulk density, pH value, organic matter, alkali hydrolyzable 
nitrogen, available phosphorus, available potassium, sucrase, 
catalase, urease, bacteria, fungi, actinomycetes, yield per plant, 
weight per fruit, soluble solids and soluble sugar. (3) In this 
paper, the clean tillage management model was used as the 
control group, and the grass cultivation model (hairy vetch) 
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was used as the experimental group. After screening, a total of 
17 papers were eligible.

2.2 Analysis methods

In this study, Excel software was used to classify the valid 
data from the papers. If the standard deviation SD in the paper 
was missing, 1/10 of the value of the experimental group and the 
control group were taken as the standard deviation according 
to the Andreas Gattingera method (Yan et al., 2021; Feng et al., 
2021). If the 95% confidence interval (CI) of a set of data does 
not coincide with the 0 line, it is considered that the treatment 
has a significant effect on the target variable; if the interval is on 
the left side of the 0 line, there is a negative effect; if the interval is 
on the right side of the 0 line, there is a positive effect (Cai et al., 
2020; Saigre-Tardif et al., 2022). The preliminary data extraction 
and screening were done in Excel software, and the forest plot 
and correlation analysis were done in GraphPad Prism software.

To make the results of the various studies comparable, 
the effect size of each independent study was calculated in 
the meta-analysis. In this study, the logarithm of the response 
ratio (RR) was used as the effect size to measure the effect of 
hairy vetch on the soil quality and productivity of the orchard. 
The effect size was calculated by Equation 1 (Wang et al., 2022; 
Zhang et al., 2022).
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In the formula, Xt and Xc are the average values of the study items 
in the experimental group and the control group, respectively. 
If E > 0, hairy vetch cultivation in orchards has a positive effect 
on the study items; if E = 0, hairy vetch cultivation in orchards 
has no effect on the study items; if E < 0, hairy vetch cultivation 
in orchards has a negative effect on the study items. Assuming 
that Xt and Xc are normally distributed, and Xc ≠ 0, then lnRR 
is also normally distributed, and the variance was calculated by 
Equation 2 (Melo et al., 2022; O’Dea et al., 2021):
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In the formula, St, Sc, Xt, Xc, Nt, and Nc are the standard deviation, 
mean, and sample size of the treatment group and the control 
group, respectively.

There are two hypothetical models in meta-analysis: the fixed-
effects model and the random-effects model. The fixed-effects 
model assumes that all studies have only one true combined 
effect size, and random sampling will result in different actual 
measured effect sizes; random-effects models assume that true 
effect sizes differ between studies and that there is an inherent 
random component in the variation in effect size, independent 
of sampling error (Chen  et  al., 2021; Namin  et  al., 2022). 
The orchard experiments included in this study came from 
different regions, different experimental years, different fruit 
trees, different soil qualities, etc. All independent studies cannot 
share a combined effect size. To improve the result accuracy, a 
random effect model was used to calculate the effect size. In the 
collected papers, some data are represented in the form of 

images, and the images can be digitized with the help of GetData 
software (Najafi et al., 2022). If the data provided in the paper 
is the standard error (SE), the standard deviation (SD) can be 
calculated by Equation 3 (Avci et al., 2022; Ma et al., 2022).

nSD SE= 	 (3)

3 Results and analysis
3.1 The effects of hairy vetch cultivation on soil 
physicochemical properties

Compared with clean tillage treatment in orchards, the effects 
of hairy vetch cultivation on soil physicochemical properties 
based on 192 samples about soil physicochemical properties 
were shown in Figure 1. The effect size of hairy vetch cultivation 
on soil water content was 0.3838, and the 95% CI was (0.3622, 
0.4055), which was on the right side of the 0 line as a whole, 
indicating that it had a positive effect on the soil moisture content. 
The effect size of hairy vetch cultivation on soil pH is -0.0637, 
and the 95% CI was (-0.1218, -0.0057), which was on the left side 
of the 0 line as a whole, indicating that it had a mitigating effect 
on acidic soil. The effect size of hairy vetch cultivation on soil 
bulk density was -0.0375, indicating that it could alleviate the 
problem of soil compaction in orchards, which is beneficial to 
the growth of fruit tree roots and the improvement of microbial 
activity, but the effect is insignificant. The effect size of hairy vetch 
cultivation on soil temperature was 0.1784, and the 95% CI was 
(0.0927, 0.2640), which was on the right side of the 0 line as a 
whole, indicating that it had a warming effect on the orchard soil.

After hairy vetch cultivation in orchards, abundant plant 
residues or secretions can be produced, which has a good regulating 
effect on soil acid and alkali (Xie et al., 2022). Compared with 
the clean tillage treatment, the hairy vetch cultivation treatment 
enhanced the soil water storage capacity, and the grass mulching 
could slow down the water evaporation rate (Tang et al., 2022). 
The grass reduces the light intensity on the surface, slows down 
the transfer of heat to the deep soil, improves the heat condition 
of the soil, and plays a role in stabilizing the ground temperature 
(Hu et al., 2022).

Since most of the paper temperatures used for meta-analysis 
were obtained in autumn, and some experiments were conducted 

Figure 1. The effects of hairy vetch cultivation on soil physicochemical 
properties.
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on the ground after the grass was mowed, which was equivalent 
to covering the soil surface with a layer of “quilt”, the temperature 
after grass cultivation was grown to some extent. In addition, the 
root-piercing effect of grass and plant residues or exudates are 
conducive to the formation of good soil structure and improving 
soil bulk density, which is the basis for high-quality and high-
yield fruit trees. At the same time, soil bulk density status can 
reflect soil water storage status. Soil bulk density decreased and 
porosity increased after grass cultivation, and with the increase 
of grass cultivation years, soil physical properties improved 
more significantly, and soil water holding capacity could be 
greatly improved.

3.2 The effects of hairy vetch cultivation on soil nutrients

Compared with clean tillage treatment in orchards, the effects 
of hairy vetch cultivation on soil nutrients based on 313 samples 
about soil nutrients were shown in Figure 2. The effect size of 
hairy vetch cultivation on soil organic matter was 0.2099, and 
the 95% CI was (0.1414, 0.2784), which was on the right side of 
the 0 line as a whole, indicating that it had a positive effect on the 
organic matter content. The effect sizes ​​of hairy vetch cultivation 
on soil alkali-hydrolyzable nitrogen, available phosphorus, and 
available potassium were 0.2359, 0.1895, and 0.179, respectively, 
and the 95% CI were (0.1293, 0.3424), (0.0898, 0.2891), and 
(0.0951, 0.2629) respectively, which were all on the right side of 
the 0 line, indicating that hairy vetch cultivation in orchards could 
significantly increase the content of soil nitrogen, phosphorus 
and potassium (P < 0.05).

Hairy vetch cultivation in orchards can increase soil nutrient 
content (organic matter, alkali-hydrolyzed nitrogen, available 
phosphorus, and available potassium). Among them, organic matter 
enrichment is one of the important indicators for evaluating the 
soil fertility level. Compared with clean tillage, grass cultivation 
can increase the content of humus in the soil, thereby increasing 
the content of soil organic matter. After the organic matter 
decomposes, the dispersed soil particles can be cemented with 
each other, which helps to form more aggregate structures and 
reduce soil bulk density. In addition, hairy vetch cultivation 
can improve soil microbial activity, so that insoluble nutrients 
in the soil can be converted into fast-acting or easily soluble 
nutrients. Therefore, hairy vetch cultivation has the function of 
activating organic nitrogen, phosphorus and potassium, which 
can improve the actual supply capacity of nitrogen, phosphorus 
and potassium in the soil (Zheng et al., 2021), and is conducive 
to the absorption and utilization of nitrogen, phosphorus and 
potassium nutrients by fruit trees.

3.3 The effects of hairy vetch cultivation on soil activity

Compared with the clean tillage treatment in orchards, the 
effects of hairy vetch cultivation on the soil activity based on 
54 samples about soil activity were shown in Figure 3. The effect 
sizes of hairy vetch cultivation on soil invertase, soil catalase 
and soil urease were 0.2377, 0.1059 and 0.0296 respectively, 
and the 95% CI were (0.1217, 0.3536), (-0.0188, 0.2307), 
(-0.0688, 0.1280), indicating that the soil enzyme activity could 
be increased after hairy vetch cultivation in the orchard, and 
the effect on the soil sucrase activity was significant (P < 0.05). 

Generally, soil fertility and invertase activity and catalase activity 
are positively correlated with soil organic matter content and 
the number of microorganisms. The increase in the activities of 
these two enzymes can reflect the increase in soil fertility and 
the richness of microbial communities. Ammonia, the catalyzed 
product of urease, is one of the nitrogen sources for plants, and 
the increased activity of this enzyme can reduce the amount of 
nitrogen fertilizer used to a certain extent.

Soil enzymes are mainly derived from the metabolic 
process of soil microorganisms, and can also be produced by the 
decomposition of animal and plant residues, which are catalysts 
in the soil (Du  et  al., 2021). Various biochemical reactions 
in the soil are completed with the participation of various 
corresponding enzymes. The enzyme activity is closely related 
to the areas where animals, plant residues and microorganisms 
are densely concentrated in the soil. The level of enzyme activity 
directly affects the recycling and transformation of nitrogen, 
phosphorus, potassium and organic matter (Li et al., 2022a). 
After hairy vetch cultivation, the organic matter content of the 
soil increases, the nutrients available to microorganisms are 
abundant, and the number of microorganisms increases, thereby 
the enzyme content and activity are increased.

Figure 2. The effects of hairy vetch cultivation on soil nutrients.

Figure 3. The effects of hairy vetch cultivation on soil activity.
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3.4 The effects of hairy vetch cultivation on soil 
microorganisms

Compared with the clean tillage treatment in orchards, the 
effects of hairy vetch cultivation on the soil microorganisms 
based on 54 samples about soil microorganisms were shown in 
Figure 4. The effect sizes of hairy vetch cultivation on bacteria, 
fungi and actinomycetes in soil were 0.2707, 0.5516 and 0.5828, 
respectively, and the 95% CI were (0.0636, 0.4778), (-0.2480, 
1.3512) and (-0.0924, 1.2580), respectively, indicating that the 
number of soil microorganisms could be increased after hairy 
vetch cultivation in orchards, and the effect on the number of 
bacteria in the soil was significant (P < 0.05).

Soil microorganisms participate in the decomposition of 
organic matter and the synthesis of humus, which have a benign 
effect on the development and formation of ideal soil structure, 
material circulation and fertility evolution (Xue et al., 2022). 
Certain microorganisms can also play a role in nitrogen fixation, 
converting nitrogen in the air into solid nitrogen in the soil for 
fruit trees to absorb.

The possible reason is that the root system can produce 
a large number of exudates during the growth of hairy vetch 
in the orchards, and stems and leaves of hairy vetch cover the 
surface of the soil and gradually decompose after they die. 
A large amount of decomposing matter provides nutrients for 
the growth of microorganisms and promotes the reproduction 
of microorganisms.

3.5 The effects of hairy vetch cultivation on fruit yield and 
quality

Compared with the clean tillage treatment in orchards, the 
effects of hairy vetch cultivation on the fruit yield and quality 
based on 48 samples about fruit yield and quality were shown 
in Figure 5. The effect sizes of hairy vetch cultivation on fruit 
soluble sugar, soluble solids, single fruit weight, and single plant 
yield were 0.1421, 0.0478, 0.2474, and 0.4043, respectively, and 
the 95% CI were (-0.0894, 0.3737), (-0.0411, 0.1368), (0.1103, 
0.3846) and (-0.0911, 0.8997), respectively, indicating that the 
fruit yield and quality could be improved after hairy vetch 
cultivation in orchards, and the effect on single fruit weight was 
significant (P < 0.05).

The optimization of soil physicochemical properties and 
the improvement of nutrient supply can promote the growth 
of fruit tree roots, improve the metabolic function of the tree 
body, and promote the absorption of nutrients and water by 
fruit trees. The improvement of soil enzymes and microbial 
activities can promote the decomposition of twigs and secretions 
of hairy vetch, promote the production of humus, and then help 
to improve soil nutrients, and ultimately increase fruit yield and 
quality. However, due to the single study of the effect of hairy 
vetch, the overall sample size found is small, and it is difficult to 
classify some subgroups to explore its laws in more detail, such 
as the effect of hairy vetch on nutrients and physicochemical 
properties of different soil depths, and the effect on different 
fruit tree species. We should continue to accumulate relevant 
papers over time.

4 Conclusion
Based on a meta-analysis, the effects of hairy vetch cultivation 

in the orchards on orchard ecology and productivity from 
2000 to 2021 in CNKI were studied in this paper. It showed 
that hairy vetch cultivation in the orchards is conducive to the 
improvement of soil physicochemical properties, soil enzyme 
activity and microbial activity, which can improve fruit quality 
and yield. However, some results also showed that the effects 
of hairy vetch cultivation on some indicators is not obvious, 
which may be related to the small sample size and the different 
geographical environment. This provides a certain reference for 
future research directions.
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