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Abstract: Drought, low nutrition, and weeds have become the major limiting factors of young
kiwifruit orchards. In this study, the effects of intercropping Vicia sativa L. on the moisture, microbe
community, enzyme activity, and nutrients in rhizosphere soils of young kiwifruit plants and their
growth were investigated. The results show that intercropping V. sativa could effectively enhance
soil moisture by 1.39-1.47 folds compared with clean tillage. Moreover, intercropping V. sativa could
significantly (p < 0.01) increase the microbial community, enzyme activity and nutrient of kiwifruit
rhizosphere soils, and improve plant height, stem girth, leaf number, maximum leaf length, maximum
leaf width, and chlorophyll content of young kiwifruit plants by 43.60%, 18.68%, 43.75%, 18.09%,
21.15%, and 67.57% compared to clean tillage, respectively. The moisture, microbial quantity, enzyme
activity, and nutrients in rhizosphere soils of young kiwifruit plants exhibited good correlations
with their plant height, stem girth, leaf number, maximum leaf length, maximum leaf width, and
chlorophyll content. This study highlights that intercropping V. sativa in young kiwifruit orchard can
be used as an effective, labor-saving, economical and sustainable practice to improve the moisture,
microbial community, enzyme activity, and nutrient of soils, and enhance kiwifruit plant growth and

control weeds.

Keywords: intercropping; kiwifruit; Vicia sativa L.; soil moisture and nutrient; soil microecology;
enzyme activities; growth

1. Introduction

Kiwifruit (Actinidia), as an emerging, healthy, and economical fruit, rich in vitamin C
with high nutritional and medicinal values. Recently, the kiwifruit industry has developed
rapidly in the world, and its planting area and annual output have reached 381, 800 hm?
and 5.27 million tons by 2020, respectively. Especially in China, where the planting area and
annual output of kiwifruit have reached 243,000 hm? and 2.5 million tons, respectively [1-3].
However, with the continuous expansion of kiwifruit cultivation, drought, low nutrition,
and weeds have become the major limiting factors of young kiwifruit orchards, which often
have a serious impact on the healthy growth of young kiwifruit plants. Although irrigation,
fertilization, and mechanical or chemical weeding are the most effective practices to reduce
the above adverse effects, they are high cost, and cause extensive labor consumption and
low sustainability. Moreover, the negative effects of herbicide residues on environment, an-
imal, and human health were reported [3-5]. Thus, it is urgent and essential to develop the
green, effective, labor-saving, economic measures for the management of young kiwifruit
orchard.

Intercropping, a widely used agricultural practice, can enhance the moisture, fertility,
and structure of rhizosphere soils and weed suppression, thereby helping to improve soil
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quality, microflora, enzyme activity and so on, and promote the growth and development
of plants and achieve a higher profitability [6-12]. Recently, orchard intercropping has been
widely practiced, such as apple [13], grape [14], plum [15], olive [16], etc. Many reports
have confirmed that orchard intercropping can enhance soil moisture and fertility, increase
soil microbial biomass and enzyme activity, and improve soil structure [13-18]. There-
fore, intercropping is widely used to efficiently utilize limited labor, diversify cropping
systems, and promote sustainable agricultural development [9,19]. In our previous study,
intercropping Reineckia carnea in an adult kiwifruit orchard could significantly increase the
microorganism numbers, enzyme activities, moisture content of kiwifruit rhizosphere soils,
and improve the yield and quality of kiwifruit fruits [20]. To date, however, little attention
or documentation is available about intercropping plants in young kiwifruit orchards to
improve soil quality and promote young kiwifruit growth.

V. sativa, in the subfamily Papilionoideae of Fabaceae, is a well-known species widely
distributed in Central Asia, North Asia, Europe, and North America [21,22]. Due to its high
protein content and great capacity for nitrogen fixation, it is considered as a superior forage
and green fertilizer, which plays an energetic function in sustainable agriculture [23,24].
Wang et al. [25] reported that V. sativa and oat intercropping had greater forage yields and
economic benefits compared with the corresponding monocultures in the agro—pastoral
region of China, and a sowing ratio of oat at 50% was recommended. V. sativa is an
annual leguminous herb, which is widely planted in Southwest and Northwest China, and
the research on its intercropping with fruit trees is rarely reported. Moreover, kiwifruit
producing areas in China are also mainly concentrated in the Southwest and Northwest.
Thus, it is worth further studying whether intercropping V. sativa can be used as an effective
and labor-saving measure to improve the rhizosphere soil quality of young kiwifruit plants
and promote their growth.

In this study, intercropping V. sativa on the moisture, microbe community, enzyme
activity, and nutrient of rhizosphere soils in young kiwifruit orchards was firstly evaluated.
Moreover, the effects of intercropping V. sativa on the growth of young kiwifruit plants
were investigated. This work could provide a green, effective, labor-saving, economical
practice for improving rhizosphere soil quality of young kiwifruit plants and enhancing
their growth.

2. Materials and Methods
2.1. Mediums and Reagents

Nutrient agar (NA, g/L): beef extract (3 g), peptone (5 g), glucose (2.5 g), agar (18 g),
distilled water (1 L), pH 7.0. Gauze No. 1 agar (GA, g/L): soluble starch (2 g), KNO3 (0.1 g),
KyHPOy4 (0.05 g) MgSO,4-7H,O (0.05 g), NaCl (0.05 g), FeSO4-7H,0 (0.001 g), agar (2 g),
distilled water (1 L), pH 7.2~7 4. potato dextrose agar (PDA, g/L): potato (200 g), dextrose
(20 g), agar (15 g), distilled water (1 L), pH value was natural. All mediums were sterilized
at 121 °C for 30 min. All other chemicals had analytical purity.

2.2. Experiment Design
2.2.1. Study Site

The field intercropping experiments were implemented in 2016-2017 in a young
kiwifruit orchard at Xifeng country, Guizhou province, China (27°04/, 106°55’). The
cultivar was A. deliciosa cv. Guichang with 1-year-old grafted seedlings and the spac-
ing of 3.0 m x 3.0 m. Male plants accounted for 1/9 of the total plants. The mean alti-
tude, annual rainfall, and temperature of the young kiwifruit orchard was about 1165 m,
1203 mm and 12.5 °C, respectively. After the soil sample (0-60 cm in deep) was fully
mixed, air-dried, ground and divided, and then its nutrient backgrounds were determined.
Soils had 30.36 g/kg of organic matter, 1.12 g/kg of total nitrogen, 97.36 mg/kg of alkali-
hydrolyzable nitrogen, 14.95 mg/kg of available phosphorus, 1.16 mg/kg of available
potassium, 6.53 of pH value.
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2.2.2. Field Intercropping Experiment

The experimental treatments included intercropping V. sativa and clean tillage. A
total of six plots were arranged randomly with three replicates. Each plot contained ten
trees, and the interior eight trees were used for evaluation. The intercropping of V. sativa
in the young kiwifruit orchard follows the following steps: (1) After planting grafted
seedlings of kiwifruit in February 2016, artificially mechanical weeding was carried out
in young kiwifruit plots in September; (2) In October 2016, V. sativa seeds were sown in
the intercropping plots at 1.5 kg/667 m?, and then the soils of the intercropping plots
waere ploughed by a rotary cultivator; (3) When fertilizing kiwifruit each time, the V. sativa
seedlings in the tree tray were removed and mixed with tree tray soil and fertilizer, and
then backfilled to cover the tree tray. The tree tray here refers to the soil that radiates 1.0 m
from the center of the tree.

2.3. Analytical Methods
2.3.1. Determination of the Moisture Content, Microbe Numbers, Enzyme Activities and
Nutrient of Kiwifruit Rhizosphere Soils

From 28 April in 2017, soil samples with a depth of 0-60 cm in the rhizosphere of
kiwifruit were respectively collected by a 5-point sampling method at an interval of 30
days. Each soil sample was divided into three groups, soils of the first group were used
to analyze soil moisture content, soils of the second group were used to determine soil
microbe numbers, soils of the other group were air dried and used to determine soil
enzyme activities. Soil moisture content was measured by the drying method. Soil microbe
numbers were determined by the plate counting method [20,26]; NA medium was used
for bacteria counting, GA medium was used for actinomycetes counting and PDA medium
was used for fungi counting. The sucrase, urease, phosphatase, and catalase activities of
soils were determined as described by Zhang et al [20]. Sucrase, urease, and phosphatase
activities were determined by 3,5-dinitrosalicylic acid, indophenol blue and benzodisodium
phosphate colorimetry, respectively. Catalase was checked by 0.1 mol L~ KMnOj titration.
Soil samples with a depth of 0-60 cm in the rhizosphere of kiwifruit were collected during
the wilting period (15 October in 2017) of V. sativa to determine the nutrient content. The
content of organic matter, total nitrogen, available phosphorus and available potassium of
soils were determined as described by Long et al. [27].

2.3.2. Determination of the Growth Parameters of Kiwifruit Plants

On 26 August in 2017, the plant height, stem girth, number of leaves, maximum leaf
length, and maximum leaf width of kiwifruit plants were determined by a meterstick.
Moreover, chlorophyll content of kiwifruit leaves was measured by an acetone—ethanol
(v/v, 2:1) extraction with colorimetry [28].

2.4. Statistical Analyses

Data were expressed as the means =+ standard deviations (SD) (n = 3). All analyses
of variance and correlation were carried on SPSS 18.0 (SPSS Inc., Chicago, IL, USA). A
one-way analysis of variance was used for determining the difference significances. A
correlation matrix was based on Pearson’s correlation coefficients. Origin 10.0 was used to
produce the graphs.

3. Results
3.1. Effects of Interplanting V. sativa on Moisture Content in Rhizosphere Soils of Young
Kiwifruit Plants

The effects of intercropping V. sativa on moisture content of rhizosphere soils in
the young kiwifruit orchard are shown in Figure 1. Intercropping V. sativa significantly
(p < 0.01) increased the moisture content of rhizosphere soils at different growth stages
in young kiwifruit plants, which could enhance the moisture content of rhizosphere soils
by 1.39-1.47 folds compared with clean tillage. These results indicate that intercropping
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V. sativa could effectively increase and maintain the moisture content in rhizosphere soils
of young kiwifruit plants and improve their drought resistance and water retention.
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Figure 1. Effects of intercropping V. sativa on the moisture content of soils in young kiwifruit orchard.
Values and error bars indicate the mean and SD of three replicates, respectively. Different small and
capital letters in the same period indicate significant differences at 5% level (p < 0.05) and 1% level
(p < 0.01) between intercropping and clean tillage, respectively.

3.2. Effects of Interplanting V. sativa on Microbe Numbers in Rhizosphere Roils of Young
Kiwifruit Plants

The effects of intercropping V. sativa on the soil microbe numbers of young kiwifruit
orchard are shown in Table 1. The microbe number in rhizosphere soils of young ki-
wifruit plants was dominated by bacteria under different planting patterns, followed by
actinomycetes and fungi. The number of bacteria, actinomycetes, and fungi in kiwifruit
rhizosphere soils gradually increased with the extension of the kiwifruit growth period.
Intercropping V. sativa significantly (p < 0.01) increased the bacteria, actinomycetes, and
fungi numbers of rhizosphere soils at different growth stages in young kiwifruit plants,
which could enhance the bacteria, actinomycetes, and fungi numbers of rhizosphere soils
by 1.53-2.74 folds, 1.63-1.69 folds and 1.62-2.47 folds compared with clean tillage, re-
spectively. The findings here emphasize that intercropping V. sativa could significantly
increase the soil microorganism amount in the young kiwifruit rhizosphere and improve
the rhizosphere microecology of kiwifruit plants.

Table 1. Effects of intercropping V. sativa on soil microbe numbers of young kiwifruit orchard.

Time Bacteria (x10% cfu g—1) Actinomycetes (x107 cfu g—1) Fungi (x10° cfu g—1)
(Day/Month) Intercropping  Clean Tillage  Intercropping  Clean Tillage  Intercropping  Clean Tillage
28/4 0.63 & 0.04 3A 0.23 4 0.04 bB 222 +0.073A 1.33 4 0.04 bB 1.02 £ 0.01 24 0.63 £ 0.01 bB
28/5 0.71 £+ 0.01 24 0.32 4+ 0.02bB 2.71 +0.12 24 1.63 + 0.03 PB 1.24 +0.02 24 0.65 & 0.03 bB
27/6 0.86 & 0.01 24 0.52 4 0.02 bB 2.97 +0.0524 1.83 4 0.03 bB 1.58 + 0.01 2A 0.73 4 0.01 bB
2717 0.98 4 0.01 27 0.63 & 0.01 bB 321 +0.092A 1.90 & 0.01 bB 1.89 + 0.07 @A 0.78 & 0.01 bB
26/8 1.07 + 0.05 24 0.70 £ 0.01 bB 3.52 4+ 0.01 24 2.10 + 0.03 bB 2.01 +0.122A 0.81 £+ 0.03 bB

Values indicate the mean =+ SD of three replicates. Different small and capital letters in the same row indicate significant differences at 5%
level (p < 0.05) and 1% level (p < 0.01) between intercropping and clean tillage, respectively.

3.3. Effects of Interplanting V. sativa on Enzyme Activities in Rhizosphere Soils of Young
Kiwifruit Plants

The effects of intercropping V. sativa on sucrase, urease, phosphatase, and catalase
activities in rhizosphere soils of young kiwifruit plants are shown in Figure 2. Sucrase
activity of kiwifruit rhizosphere soils increased at first and then decreased during kiwifruit
growth stages (Figure 2a). Intercropping V. sativa significantly (p < 0.01) increased su-
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crase activity of rhizosphere soils at different growth stages in young kiwifruit plants by
1.11-1.25 folds compared with clean tillage, which promoted the utilization of nutrients.
Urease activity of kiwifruit rhizosphere soils in intercropping V. sativa gradually increased
with the extension of kiwifruit growth period, while that in clean tillage increased at first
and then decreased (Figure 2b). Intercropping V. sativa significantly (p < 0.01) increased
urease activity of rhizosphere soils at different growth stages in young kiwifruit plants
by 1.20-1.45 folds compared with clean tillage, which improved soil maturation and the
transforming utilization of nitrogen. Phosphatase activity of kiwifruit rhizosphere soils in
intercropping V. sativa also gradually increased, while that in clean tillage increased at first
and then decreased (Figure 2c). Intercropping V. sativa significantly (p < 0.01) increased
phosphatase activity in rhizosphere soils of young kiwifruit plants by 1.20-1.77 folds
compared with clean tillage, which improved the transforming utilization of phosphorus.
Catalase activity of kiwifruit rhizosphere soils increased gradually during kiwifruit growth
stages (Figure 2d). Intercropping V. sativa significantly (p < 0.05) increased catalase activity
in rhizosphere soils of young kiwifruit plants by 1.08-1.26 folds compared with clean
tillage, which effectively reduced the damage of reactive oxygen species to kiwifruit root
system and ensured its healthy growth.
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Figure 2. Effects of intercropping V. sativa on sucrase (a), urease (b), phosphatase (c), and catalase (d) activities of soils in
young kiwifruit orchard. Values and error bars indicate the mean and SD of three replicates, respectively. Different small
and capital letters in the same period indicate significant differences at 5% level (p < 0.05) and 1 % level (p < 0.01) between
intercropping and clean tillage, respectively.

3.4. Effects of Interplanting V. sativa on Nutrients in Rhizosphere Soils of Young Kiwifruit Plants

Table 2 displays the effects of intercropping V. sativa on soil nutrients of the young
kiwifruit orchard. Intercropping V. sativa significantly (p < 0.01) enhanced the content
of organic matter, total nitrogen, available phosphorus, and available potassium in rhi-
zosphere soils of young kiwifruit plants, which effectively increased by 43.40%, 31.03%,
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39.19%, and 20.33% compared to clean tillage, respectively. These results indicate that
intercropping V. sativa could effectively enhance the accumulation of organic matter and
the transforming utilization of nutrition in kiwifruit rhizosphere soils.

Table 2. Effects of intercropping V. sativa on soil nutrient of young kiwifruit orchard.

Organic Matter ~ Total Nitrogen Available Avalla.ble
Treatments (@ ke—1) (@ ke—1) Phosphorus Potassium
5X8 558 (mg kg—1) (mg kg—1)

Intercropping  55.74 4 4.31234 1.52 4 0.04 24 21.38 +1.90 24 1.48 +0.052A
Clean tillage 38.87 & 1.84 B 1.16 4 0.03 bB 15.36 + 0.39 bB 1.23 4 0.04 bB

Values indicate the mean + SD of three replicates. Different small and capital letters in the same rank indicate
significant differences at 5 % level (p < 0.05) and 1 % level (p < 0.01), respectively.

3.5. Effects of Interplanting V. sativa on Growth of Young Kiwifruit Plants

The effects of intercropping V. sativa on growth of young kiwifruit plants are shown
in Table 3. Intercropping V. sativa significantly (p < 0.01) improved plant height, stem
girth, leaf number, maximum leaf length, maximum leaf width, and chlorophyll content
of young kiwifruit plants, which effectively increased by 43.60%, 18.68%, 43.75%, 18.09%,
21.15%, and 67.57% compared to clean tillage, respectively. These results indicate that
intercropping V. sativa could effectively promote the efficient use of water and nutrients,
and thus apparently enhance growth of young kiwifruit plants.

Table 3. Effects of intercropping V. sativa on growth of kiwifruit plants.

Treatments

Plant Height Stem Girth Maximum Leaf Maximum Leaf Chlorophyll
Leaf Number . Content
(cm) Length (cm) Width (cm) (mg g 1)

Intercropping  141.37 £32334  3.05+0.10**  23.004+20024 1521 +0.252* 1203 +£0.662*  0.62 & 0.0324
Clean tillage  98.45+3.89P8 257 +0.11"® 1600 +1.00P® 1288 +0.69°2 993 4+ 0.49"B 0.37 & 0.03 bB

Values indicate the mean + SD of three replicates. Different small and capital letters in the same rank indicate significant differences at 5%
level (p < 0.05) and 1% level (p < 0.01), respectively.

3.6. Correlation of Soil Parameters and Growth Parameters

The patterns of correlations between soil microbe numbers and nutrient parameters
for both intercropped and clean tillage were similar. Bacterium, actinomycete, and fungus
numbers in kiwifruit rhizosphere soils of intercropping V. sativa and clean tillage were pos-
itively correlated (p < 0.05 or 0.01) with the sucrase, urease, phosphatase, catalase activity
and moisture content. Bacteria and actinomycetes, but not fungi were positively correlated
with total nitrogen and available potassium (p < 0.05). Soil microbe numbers were not cor-
related with available phosphorus, except actinomycete numbers in clean tillage (p < 0.05).
In both the intercropping and clean tillage treatments, plant growth parameters were
positively correlated (p < 0.05 or 0.01) with organic matter, total nitrogen, and available
phosphorus and potassium (Table 4). In contrast, selected plant growth parameters were
correlated to some of the soil microbe numbers or nutrients in the intercropping treatment
but not clean tillage. In the intercropping treatment but not clean tillage, both plant height
and chlorophyll content were positively correlated with actinomycete numbers, sucrose,
urease and phosphatase. The leaf number correlated with soil moisture content, sucrose,
and urease, as well as chlorophyll content correlated with moisture content, actinomycete
numbers, sucrase, urease, and phosphatase.
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Table 4. Correlations between soil parameters and growth parameters.
. . Maximum Leaf Maximum Leaf Chlorophyll
Parameters Plant Height Stem Girth Leaf Number Length Width Content
Intercropping
Moisture 0.488 0.556 * 0.638 * 0.275 0.209 0.521 *
content
Bacteria 0.411 0.629 * 0.210 0.648 * 0.644 * 0.386
Actinomycetes 0.649 * 0.662 * 0.474 0.412 0.672* 0.630 *
Fungi 0.428 0.445 0.235 0.175 0.459 0.404
Sucrase 0.769 * 0.779 * 0.610 * 0.549 * 0.786 * 0.753 *
Urease 0.679 * 0.687 * 0.547 * 0.496 0.694 * 0.667 *
Phosphatase 0.623 * 0.639 * 0.419 0.351 0.653 * 0.600 *
Catalase 0.204 0.213 0.101 0.070 0.221 0.191
Organic matter 0.998 ** 1.000 ** 0.901 ** 0.850 * 1.000 ** 0.993 **
Total nitrogen 0.989 ** 0.983 ** 0.971 ** 0.940 ** 0.976 ** 0.996 **
Available 0.852 0.831 * 0.987 ** 0.998 ** 0.810* 0.879 *
phosphorus
Available 0.980 ** 0.972 % 0.982 ** 0.957 ** 0.963 ** 0.990 **
potassium
Clean tillage
Moisture
0.132 0.474 0.4 0.132 0.474 0.446
content
Bacteria 0.385 0.661 * 0.385 0.661 * 0.643 * 0.385
Actinomycetes 0.477 0.747 * 0.477 0.747 * 0.731* 0477
Fungi 0.148 0.447 0.148 0.447 0.423 0.148
Sucrase 0.399 0.647 * 0.399 0.646 * 0.631* 0.399
Urease 0.28 0.569 * 0.28 0.569 * 0.548 * 0.280
Phosphatase 0.454 0.765 * 0.454 0.765 * 0.745 * 0.454
Catalase 0.188 0.373 0.188 0.373 0.360 0.188
Organic matter 0.938 ** 0.977 ** 0.938 ** 0.978 ** 0.987 ** 0.938 **
Total nitrogen 0.866 * 0.999 ** 0.866 * 0.999 ** 1.000 ** 0.866 *
Available 0.998 ** 0.877 * 0.998 ** 0.878 * 0.902 ** 0.998 **
phosphorus
Available 0.803 * 0.998 ** 0.803 * 0.997 ** 0.992 +* 0.803 *
potassium

Note: ** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level (2-tailed).

4. Discussion
4.1. Soil Moisture

Soil evaporation accounts for a large proportion of the total water consumption by
cropping systems, and mulching practice plays an important role in reducing it [29,30].
Maize-pea and wheat-maize intercropping could reduce soil evaporation by 15-30% and
17.7-31.9%, respectively [31,32]. Straw mulching in intercropping significantly reduced
soil evaporation by 5.8-13.1% compared to conventional tillage [33]. The results here show
that intercropping V. sativa could effectively increase and maintain the moisture content of
rhizosphere soils at different growth stages in young kiwifruit plants. The phenological
periods of V. sativa can be roughly divided into the sowing period (September to October),
the seedling period (October to November), the flowering period (May to June) and the
dry yellow period (August to September), while that of young kiwifruit plants include
the budding period (February to March), the branch and leaf growth period (April to
September) and the withering period (November to December). In the whole growth
period of young kiwifruit plants, intercropping V. sativa mulched soils in whole orchard,
which effectively reduced soil evaporation and improved water retention of soils.
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4.2. Soil Microbial Community

Soil moisture strongly affects the physical and chemical properties of rhizosphere soils
and life activities of plant roots. Many studies have shown that orchard intercropping
can improve the species and quantity of soil microorganisms, which is closely related to
the symbiotic system formed between intercropping plants and fruit trees [19,20]. This
system regulates the physiological activities of roots, promotes the actions of root exudates
and decomposition substances, and the activities of rhizosphere soil microorganisms, so
that the soil microbial quantity is at a high level [34,35]. The present results show that
intercropping V. sativa could significantly increase soil microorganism amount in young
kiwifruit rhizosphere, and soil moisture was significantly positive correlated with its bacte-
ria, actinomycetes, and fungi numbers. This may be related to the increase of secretions
and decomposers in kiwifruit rhizosphere soils after intercropping V. sativa, which provide
rich nutrition for soil microorganisms [36,37]. Moreover, intercropping V. sativa can also
increase soil moisture in kiwifruit rhizospheres which provides a suitable growth envi-
ronment for soil microorganisms. These favorable conditions promoted the movement,
colonization and propagation of soil microorganisms into the kiwifruit rhizosphere, and
increased soil microbial community diversity.

4.3. Soil Enzyme Activities

Soil enzyme activity is affected by soil temperature, moisture, microbes, organic
carbon, and other factors. Intercropping V. sativa significantly enhanced sucrase, urease,
phosphatase, and catalase activities of rhizosphere soils at different growth stages in young
kiwifruit plants, which is consistent with the results of intercropping plants to improve the
enzyme activity in rhizosphere soils of apple, grape, plum, olive and kiwifruit [13-16,20].
Soil enzymes are mainly derived from soil microbial metabolites and plant root exudates,
and the species and quantity of soil microbial determine soil enzymes, so that there are
certain correlations between the microbe quantity, enzyme activity, moisture and nutrient
of rhizosphere soils [38,39]. The results in the present study indicate that soil moisture
and microbial quantity in kiwifruit rhizosphere soils were positively correlated with its
sucrase, urease, phosphatase, and catalase activities. Good moisture conditions promote
the propagation of soil microorganisms and the life activities of kiwifruit roots, thereby
contributing to enhance soil enzyme activity in young kiwifruit rhizosphere.

4.4. Soil Nutrient

Soil sucrase, urease, phosphatase, and catalase activities play important roles in the
transformation and utilization of organic matter, nitrogen, phosphorus, as well as the
removal of reactive oxygen species, respectively [20,39,40]. In this study, intercropping
V. sativa significantly enhanced the content of organic matter, total nitrogen, available
phosphorus, and available potassium of rhizosphere soils in young kiwifruit plants, which
effectively increased by 43.40%, 31.03%, 39.19% and 20.33% compared to clean tillage, re-
spectively. The correlation analysis shows that organic matter, total nitrogen and available
potassium in kiwifruit rhizosphere soils were positively correlated with their bacterium
number, actinomycete number, sucrase activity, urease activity and phosphatase activ-
ity, and available phosphorus was positively correlated with phosphatase activity. As a
superior green fertilizer, the decomposition of V. sativa can increase soil organic matter,
and it also has a great capacity for nitrogen fixation [23,24]. Moreover, intercropping V.
sativa could improve and maintain soil moisture, enrich soil microbial community, as well
as enhance soil enzyme activities related to nutrient utilization. These favorable factors
effectively enhanced the accumulation of organic matter and the transforming utilization
of nutrition in kiwifruit rhizosphere soils.

4.5. Plant Growth and Weeds Control

Soil microbes and enzymes are important components of the rhizosphere soil ecosys-
tem, which participate in various biochemical reactions such as material metabolism,
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nutrient transformation, and organic matter decomposition, and promote the balanced
supply of moisture and nutrients in rhizosphere soils [38]. The adequate supply of moisture
and nutrients is a prerequisite for the vigorous growth of plants. The results indicate that
intercropping V. sativa not only increased moisture and nutrients of kiwifruit rhizosphere
soils, but also effectively promoted plant height, stem girth, leaf number, maximum leaf
length, maximum leaf width, and chlorophyll content of young kiwifruit plants. The
correlation analysis also shows that the growth parameters of young kiwifruit plants were
positively correlated with the moisture, microbe quantity, enzyme activity and nutrients
of kiwifruit rhizosphere soils. These findings here emphasize that intercropping V. sativa
enhanced the moisture, microbial community, enzyme activity, and fertility of rhizosphere
soils, and effectively promoted the growth and development of young kiwifruit plants.
Weeds are one of the major limitations in the growth and development of young
kiwifruit plants. Intercropping has proven to achieve weed control through competing for
resources with weeds and intercrops may secrete allelochemicals to the detriment weed
growth [41-43]. However, we did not assess the presence of weeds in our study, so this
potential benefit of intercropping warrants further research. This study highlights that the
intercropping V. sativa is an effective, labor-saving, economical and sustainable approach
for improving the moisture, microbial community, enzyme activity and nutrients of young
kiwifruit rhizosphere soils, and enhancing the growth of young kiwifruit plants.

5. Conclusions

In conclusion, intercropping V. sativa could significantly (p < 0.01) increase the mois-
ture, microbial community, enzyme activity, and nutrients of young kiwifruit rhizosphere
soils. Moreover, intercropping V. sativa reliably improved the growth of young kiwifruit
plants. This work highlights that intercropping V. sativa can effectively enhance the quality
of rhizosphere soils in young kiwifruit plants and improve their growth and development.
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