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Abstract: The intercropping patterns of protected cultivations have been widely used to increase
productivity and sustainability in modern agriculture. However, there have been few studies of wolf-
berry intercropping cultivated by clean tillage. We introduced 10 forages into wolfberry cultivation
through land productivity and an interspecific competitiveness analysis, and we screened out the ap-
propriate intercropping modes to provide a scientific basis for wolfberry green cultivation and pasture
production. The results showed that the wolfberry–forage intercropping land equivalent ratio (LER)
of greenhouse and field tests increased from 29% to 59% and from 62% to 170%, respectively, when
compared with the monoculture weighted mean, showing significant yield advantages (p < 0.05),
particularly in wolfberry–mangold, wolfberry–ryegrass, wolfberry–alfalfa, and wolfberry–clover.
The aggressivity of interspecific competitiveness analysis showed that the forage introduction did not
affect the dominant competitive position of wolfberry. In addition, wolfberry–forage intercropping
could promote the monetary advantage index (MAI). Wolfberry–mangold, wolfberry–ryegrass, and
wolfberry–alfalfa performed well, with MAI values of 827.63, 994.18, and 1918.57 for fruit and 2106.54,
1706.27, and 3103.13 for biomass, respectively. Finally, wolfberry–mangold, wolfberry–ryegrass, and
wolfberry–alfalfa were screened out, which can form a new mode of wolfberry and forage production.

Keywords: Lycium barbarum–forage; intercropping pattern; land equivalent ratio; weighted mean;
interspecific competitiveness

1. Introduction

Wolfberry (L. barbarum) is centered along the Yellow River valley of northwestern
China [1] and particularly in the Ningxia Hui Autonomous Region, where wolfberry out-
put, quality, and industrialized level are richly endowed by nature [2]. Clean tillage, the
traditional way of cultivation, leaves three meters exposed between rows; this exposed
area comprises nearly 90% of the total land resource waste [3]. This traditional farming and
agricultural production mode has seriously threatened the productivity and stability of
the agricultural ecosystem [4]. In addition, with the urbanization and the improvement
in people’s living standards, the dietary structure of residents has changed from grain
consumption to animal food consumption, which has further promoted the rapid develop-
ment of animal husbandry, increased the demand gap for forage, and formed a new food
crisis [5,6]. Therefore, an approach to L. barbarum production that uses land and resources
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more efficiently, possesses a low risk to yields, and is environmentally friendly is needed
urgently [7].

Forest grass intercropping can organically combine trees and grass in the same area
of land in terms of temporal and spatial distribution, effectively alleviate land contention
for agriculture and forestry, and promote the increase in and income from agriculture,
forestry, animal husbandry, and sideline industries [8]. It has been widely used for fruit
trees, such as apple [9], pear [10], and peach [11], and the types of grass in the intercropping
of forest and grass are mostly leguminous plants [12,13], gramineae plants [3,14], or natural
grass [15], which are used between the rows as mulch. This has been popularized for a
long time and has developed mature forage production patterns [16].

In Europe and America, forest and grass intercropping began earlier, and the selection
and application of forest and grass intercropping have been studied extensively. Forest
and grass intercropping in Europe focuses mainly on the utilization of above-ground
resources of forest and grass as well as the differences in time and space. Through setting
different forest and grass plant allocation modes, the optimal allocation mode is screened to
ultimately achieve the stability and efficiency of forest tree and forage production [16]. The
intercropping mode of forest and grass in America is mostly that of combined agriculture,
forest, and animal husbandry. Research focuses mainly on the intercropping species
relationship, allelopathy, and the influence of shading on the growth of forage [17]. The
“courtyard intercropping” model of India, Thailand, and other countries is a classic case
of intercropping of forest and grass. This model utilizes farmers as units to carry out
production practice and can be carried out widely nationwide, playing an important role
in the development and application of the international intercropping model of forest
and grass [18]. The intercropping of forest and grass in China is used mainly to protect
the growth of grassland with strong regional characteristics, primarily concentrated in
desertification, semi-desertification, and the intercropping of forest and grass [19]. At
present, research into the basic theory of the intercropping mode of forest and grass is still
being developed and, thus, needs to be explored further.

The intercropping system usually has a higher biological yield, so selecting suitable
varieties to form the intercropping system is a feasible planting method to effectively
alleviate the supply crisis of animal feed [20]. Zhu [3] found that in areas with equal
emphasis on agriculture and animal husbandry, intercropping can significantly improve
the utilization rate of land resources, which is important to help guarantee the efficient and
sustainable development of agriculture and animal husbandry. Wolfberry production and
animal husbandry are the industries with the most local advantages and characteristics
in Ningxia [21–23]. At present, the total planting area of Lycium barbarum in the entire
region is up to 23.33 thousand hectares, and the clearing tillage method has been adopted
for many years [22]. Therefore, on the basis of the effective utilization of land resources,
the 3 m row spacing of Lycium barbarum can provide sufficient planting conditions and
development space for pasture production. Therefore, in this study, the current situation
of forage planting and the effective and full utilization of land by intercropping were
comprehensively considered. The intercropping of Lycium barbarum and 10 types of forage
resources in the Ningxia Region was carried out, and the land productivity, interspecific
competitiveness, and production benefits were studied in order to obtain higher economic
benefits and guide agricultural production. At the same time, it provides the basis for the
study of the interspecific interaction effect of the subsequent intercropping dominance.

2. Materials and Methods
2.1. Plants and Experimental Site Description

The new line 401 L. barbarum plants used in this study were selected at Ningxia
Academy of Agriculture and Forestry Sciences, Institute of Wolfberry Science. The 10 types
of grasses, seeds of leguminous, gramineous, and Chenopodiaceae plants were bought from
Ningxia Yuan sheng Lv yang Forest and Grass Ecological Engineering Co., Ltd. (Yinchuan,
China). A total of 21 treatments (10 types of wolfberry–forage intercropping, 1 wolfberry
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monocropping, and 10 forage monocroppings) for field and greenhouse experiments
were assigned in Zhongning and Yinchuan, respectively. The field experiments were
conducted from April 2019 to October 2021 at the Zhongqi Group Chinese Wolfberry
Production Base (37◦48′ N, 105◦67′ E) at Zhongning in the region of central Ningxia, and
the greenhouse experiment was conducted from October 2019 to April 2021 at the garden
farm of Ningxia Academy of Agriculture and Forestry Sciences (38◦20′ N, 106◦16′ E) at
Yinchuan in the north of Ningxia, which is located in northwestern China (Figure 1). To
ensure the same soil conditions in the field and the greenhouse experiments, the soil for the
greenhouse experiment was taken from a depth of 0–20 cm from the field experiment site.
The experimental site possesses a temperate continental climate. In this region, the summer
is hot and dry (daily maximum temperatures can reach 39.0 ◦C in July), whereas the winter
and early spring are always cold and dry (daily minimum temperatures can reach −17.0 ◦C
in January). The average annual rainfall at the experimental site was 202.1 mm, where 61%
of the total rainfall occurred in the summer (June–August). On average, the total annual
evaporation at this site is 2387 mm, and the evaporation is approximately 12 times that
of precipitation. Agriculture in this region is dependent on natural precipitation and drip
irrigation [3].

Figure 1. Study areas and sampling sites in the Ningxia Hui Autonomous Region, northwestern
China (YC—Yinchuan Region, garden farm of Ningxia Academy of Agriculture and Forestry Sciences;
ZN—Zhongning Region, Zhongqi Group Chinese Wolfberry Production Base).
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2.2. Experimental Design: Wolfberry–Forage Plant Interactions
2.2.1. Experimental Design and Management

The greenhouse experiment was carried out in plastic root control devices
(40 cm diameter × 40 cm height) filled with soil from the field experimental site, and each
treatment was conducted in a completely randomized design with six replicates, for a total
of 220 devices. The L. barbarum trees of the field experiment were planted in 2016, with
1 m plant spacing and 3 m row spacing; each treatment was replicated three times, and
each replicate contained 3 rows, with 80 trees in each row. The three cultivation system
treatments were: L. barbarum monoculture, forage monoculture, and L. barbarum–forage
intercropping of L. barbarum rows with a cover crop of ryegrass, oats, sweet sorghum,
Kudouzi, Lvyuan 5, Stipas, wheatgrass, white clover, mangold, and alfalfa between rows.
Intercropping types can be divided into three categories, which are wolfberry–leguminous,
wolfberry–gramineous, and wolfberry–chenopodiaceae. The monoculture and intercrop-
ping schematic diagrams of the field and greenhouse can be seen in Figure 2. For every
treatment, weeds in the inter-rows were controlled monthly by farmers and mechanical
machinery. The specific arrangements of planting patterns in different years and test sites
are shown in Tables 1 and 2. The experimental design was identical to a previous study [3],
except the field seed-sowing was kept 1.0 m away from the wolfberry trees (Figure 2D–F,
Table 3).

2.2.2. Experimental Sample Collection

The greenhouse was not limited by the growing season. The experimental materials
were sown in early September of 2019, and the pasture materials were mowed at the same
time as the field experiment. The cutting frequency of ryegrass, Lvyuan 5, alfalfa, white
clover, Stipas, wheatgrass, Kudouzi, mangold, sweet sorghum, and oats were 6, 6, 7, 5,
4, 6, 1, 2, 2, and 3 stubbles each year, respectively. After the last harvest, mangold, sweet
sorghum, and oats could be sown and ploughed.

In the field experiment, ryegrass, Lvyuan 5, alfalfa, white clover, and wheatgrass
were all sown in autumn (10 September 2018); oats, Stipas, sweet sorghum, Kudouzi, and
mangold were sown during 10–20 March in 2019, 2020, and 2021. Ryegrass, Lvyuan 5,
wheatgrass, alfalfa, white clover, oats, Stipas, sweet sorghum, Kudouzi, and mangold had
cutting frequencies of 4, 4, 4, 5, 3, 2, 2, 1, 1, and 1 stubbles each year, respectively. Ryegrass,
Lvyuan 5, wheatgrass, and Stipas were in the booting stage, alfalfa and white clover were
in the budding stage, oats were in the heading stage, mangold was in the late tuber growth
stage, sweet sorghum was in the milk-ripening stage, and Kudouzi was in the drum stage
of their harvest cycles. In addition to mangold, which was sown by hole sowing, some
other forages were seeded in strips by a small seeder.

2.3. Relative Index Measurements of Wolfberry and Forage
2.3.1. Determination of Above-Ground Biomass and Yield of Forage

Each forage material in the field was sampled at 5 points; the entire plant of mangold
was chosen from a 1 m sample section, and fresh samples were weighed at each point. From
the other 9 forage grasses, samples of 1 square meter with 5 cm stubble were cut randomly
then placed in the drying room for drying. The total biological yield (fresh weight) of
forage was calculated according to the mowing periods and times. The greenhouse test
measured the yield of the entire root controller, and the remainder was sampled in the
same way as in the field.

2.3.2. Determination of Added Biomass and Yield of Wolfberry

Six wolfberry trees were randomly selected under monocropping and intercropping
treatments in the field, then the number of new branches were counted, the length and
weight were measured, and the leaf area was scanned to determine size. The wolfberry
yield was recorded from the first batch of fresh fruits to the end of autumn fruits, then
the yield per plant and per unit area was counted. In addition, 20 wolfberry fruits were
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randomly selected from each treatment, and the weight of a single fruit from the field
test was recorded. All the measurements were used to calculate the added biomass (fresh
weight) of L. barbarum and the LER of the different wolfberry–forage intercroppings. A ruler
was used to measure the length of the new branches, and an LA-S plant image analyzer
was used to measure the leaf area of L. barbarum.

Figure 2. Greenhouse and field experiment schematics (A–C) and (D–F): (A) forage monoculture,
(B) L. barbarum monoculture, and (C) L. barbarum–forage intercropping of greenhouse ex-
periment at the garden farm of Ningxia Academy of Agriculture and Forestry Sciences;
(D) L. barbarum-gramineous intercropping, (E) L. barbarum–Chenopodiaceae intercropping,
(F) L. barbarum–leguminous intercropping of field experiment on the Zhongqi Group Chinese Wolf-
berry Production Base at Zhongning in northwest China.
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Table 1. Planting arrangements of different planting patterns in each experimental site from 2019
to 2021.

Cropping System Treatment
Sampling Sites

Greenhouse (Yinchuan) Field (Zhongning)

intercropping

Wolfberry–ryegrass О ∆ O О ∆ O

Wolfberry–oats О ∆ О ∆ O

Wolfberry–sweet sorghum О ∆ О ∆ O

Wolfberry–Kudouzi О ∆ О ∆ O

Wolfberry–Lvyuan 5 О ∆ O О ∆ O

Wolfberry–Stipas О ∆ О ∆ O

Wolfberry–wheatgrass О ∆ О ∆ O

Wolfberry–white clover О ∆ O О ∆ O

Wolfberry–mangold О ∆ O О ∆ O

Wolfberry–alfalfa О ∆ O О ∆ O

monocropping

Ryegrass О ∆ O О ∆ O

Oats О ∆ О ∆ O

Sweet sorghum О ∆ О ∆ O

Kudouzi О ∆ О ∆ O

Lvyuan 5 О ∆ O О ∆ O

Stipas О ∆ О ∆ O

Wheatgrass О ∆ О ∆ O

White clover О ∆ O О ∆ O

Mangold О ∆ O О ∆ O

Alfalfa О ∆ O О ∆ O

Wolfberry О ∆ O О ∆ O

Note: О denotes 2019; ∆ denotes 2020; O denotes 2021.

Table 2. Monoculture specifications for each test site from 2019 to 2021.

Cropping System
Greenhouse Test Field Test

Row Distance
(cm)

Plant
Distance (cm)

Seeding Rate
(g/m2) Depth (cm) Row Distance

(cm)
Plant

Distance (cm)
Seeding Rate

(g/m2)
Depth
(cm)

ryegrass 2 – 7.5 2 10 – 4.5 3
oats 4 – 45 3 15 – 22.5 4

sweet sorghum 5 – 7.5 3 30 – 3.5 4
kudouzi 3 – 7.5 3 20 – 3 3
lvyuan 5 2 – 7.5 2 10 – 4.5 3

stipas 1 – 8 0.5 10 – 3.5 1
wheatgrass 4 – 4.5 1.5 20 – 2.5 1.5
white clover 3 – 15 1 15 – 5 1.5

mangold 10 10 6 2 30 20 3 3
alfalfa 3 – 6.5 1.5 15 – 3.5 2

Table 3. Intercropping specifications for field test site from 2019 to 2021.

Cropping System
Field Test

Row Distance (cm) Plant Distance (cm) Number of Lines Gap between Groups
(cm)

wolfberry–ryegrass 10 – 11 100
wolfberry–oats 15 – 8 97.5

wolfberry–sweet sorghum 30 – 4 105
wolfberry–kudouzi 20 – 6 100
wolfberry–lvyuan 5 10 – 11 100

wolfberry–stipas 10 – 11 100
wolfberry–wheatgrass 10 – 11 100
wolfberry–white clover 15 – 8 97.5

wolfberry–mangold 50 20 3 100
wolfberry–alfalfa 15 – 8 97.5
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2.4. Evaluation of Wolfberry–Forage Intercropping Patterns
2.4.1. Contribution of Wolfberry and Forage to Productivity Advantage

The land equivalent ratio (LER) is defined as the relative area of land under isolated
planting conditions. This was used to measure the productivity of each cultivation sys-
tem, and the methods were the same as in a previous study [3], where LER = (Ytc/Yt) +
(Yct/Yc). Here, Ytc = L. barbarum yield in the intercropping system, Yt = the productivity
of L. barbarum in the monoculture, Yct = the yield of herbage of Gramineous plants in the
intercropping system, and Yc = the yield of herbage of Gramineous plants in the monocul-
ture. Monocropping weighting is an expression of measuring land productivity, and it is
usually used to compare the intercropping productivity. The weighted mean = Yt × Ot +
Yc × Oc, where Ot = the proportion of area occupied by L. barbarum in the intercropping,
and Oc = the proportion of area occupied by Gramineous plants in the intercropping. If
LER > 1, there is a productive advantage, and if LER ≤ 1, there is no productive advantage.

2.4.2. Interspecific Competitiveness Evaluation of Wolfberry–Forage Intercropping

Aggressivity refers to the ability of one plant to compete with another plant for water,
nutrients, and other related resources under the intercropping mode. Afw = Yfi/(Yfm×Zf)
− Ywi/(Ywm × Zw), where Afw = the competitiveness of forage grass compared with
wolfberry, Yfi = the fresh grass yield of forage in the total area of the intercropping,
Yfm = the fresh grass yield of the monoculture forage, Ywi = the productivity of L. barbarum
in the intercropping, Ywm = the proportion of area occupied by L. barbarum in the intercrop-
ping, Zf = the proportion of area occupied by forage in the intercropping, and Zw = the
proportion of area occupied by L. barbarum in the intercropping.

Relative crowding coefficient (K)
Wit [24] introduced the relative crowding coefficient (K) into the theory of plant

competition, which can be used to assess the magnitude of interspecific competitiveness
within an intercropping system. On the basis of the yield index, the K value is used to
measure the dominance of the intercropping and the dominance of various components
in the intercropping population in intercropping studies. Kf = Yfi × Zw/{(Yfm − Yfi) × Zf},
Kw = Ywi × Zf/{(Ywm − Ywi) × Zw}, where Kf = the relative crowding coefficients of the
forage system, Kw = the relative crowding coefficients of the wolfberry system (the one
with the higher value indicates that it has stronger competitiveness), Yfi = the fresh for-
age grass yield in the intercropping system, Yfm = the fresh forage grass yield in the
monoculture, Ywi = the annual production of wolfberry in the intercropping system,
Ywm = the annual production of wolfberry in the monoculture, Zw = the proportion of area
occupied by wolfberry in the intercropping, and Zf = the proportion of area occupied by
forage in the intercropping.

The competition ratio (CR), which can be used to evaluate the competitiveness of
different species in an intercropping system, was introduced into plant competition the-
ory by Willey and Rao [25]. Considering that CR takes into account the proportion of
intercropping patterns, it is more aligned with the actual production than is LER, and
it is more comprehensive than the encroachment and relative crowding coefficient, so it
can be a good measurement of interspecific competitiveness. CRfw = (PLERf/PLERw) ×
(Zw/Zf), where CRfw = the competitiveness of forage relative to wolfberry. If CRfw > 1,
it shows that the competitive ability of forage was stronger than that of wolfberry, and if
CRfw ≤ 1, it shows that the competitive ability of forage was weaker than that of wolfberry.
PLERf = the partial land equivalent ratio of forage, PLERw = the partial land equivalent
ratio of wolfberry, Zw = the proportion of area occupied by wolfberry in the intercropping,
and Zf = the proportion of area occupied by forage in the intercropping.

The currency advantage index is an economic benefit index under the intercropping
mode, and its formula is as follows: MAI = (Yfi × Zf + Ywi × Zw) × (1 − 1/LER), where
Yfi = the fresh forage grass yield in the intercropping system, Ywi = the annual production of
wolfberry in the intercropping system, Zw = the proportion of area occupied by wolfberry in
the intercropping, and Zf = the proportion of area occupied by forage in the intercropping.
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2.5. Statistical Analyses

Microsoft Excel 2007 was used for data analysis and graph generation, and SPSS
software (Version 17.0, SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Data
were examined for homogeneity and normality of variances by the Levene and Shapiro–
Wilk tests, respectively. The data set was analyzed by one-way ANOVA, and the group
means were compared using Tukey’s test at p < 0.05. The difference between the means
was determined using the least significant difference (LSD) test (p < 0.05). One-way
ANOVA and the group means of dates were compared using Tukey’s test (p < 0.05). The
difference between the means was determined using the least significant difference (LSD)
test (p < 0.05), where differences were indicated by different letters. The “corr.test” function
in Corrplot v0.1.0 calculated the Spearman correlations among component parameters and
plotted the correlations.

3. Results and Analyses
3.1. Growth and Biological Yield Advantage of Intercropping Patterns

All intercropping patterns in the greenhouse experiment were based on the yield
index of wolfberry. Because there was no production of wolfberry in the first year of the
greenhouse experiments, only the branch number, branch length, leaf area of wolfberry, and
above-ground forage biomass of 10 forage species were used to calculate the intercropping
LER in the greenhouse experiments. The mean values of LER based on the wolfberry branch
number, branch length and the leaf area were 1.25 ± 0.02, 1.35 ± 0.10, and 1.59 ± 0.09,
respectively, showing a significant advantage in intercropping productivity (t-test, p < 0.001)
(Figure 3).

Figure 3. Greenhouse intercropping LER values for growth and forage biomass of wolfberry. Notes:
LERs were pooled to conduct t-tests if changes in wolfberry branch number, branch length, leaf area,
and above-ground biomass differed from one. * denotes LER greater than one; ** and *** denote LER
significantly greater than one (p < 0.001).

One field experimental site was located at Zhongning, where a 4-year-old wolfberry
plant with yield basis was used to calculate the LER with the biological yield of 10 forage
species, respectively. The other field experimental site was located at Yinchuan, where there
was an annual cutting of seedlings but no production of wolfberry cuttings during the first
year; thus, only branch number, branch length, leaf area of wolfberry, and above-ground
forage biomass of 10 forage species were used to calculate the intercropping LER. The mean
values of LER based on wolfberry branch number, branch length, leaf area, single fruit
weight, and the wolfberry yield were 2.70 ± 0.03, 1.62 ± 0.10, 1.70 ± 0.01, 2.08 ± 0.01, and
1.77 ± 0.01, respectively, showing a significant advantage in intercropping productivity
(t-test, p < 0.001) (Figure 4).
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Figure 4. Field intercropping LER for growth and grass biomass of wolfberry. Notes: LERs were
pooled to conduct t-tests if changes in wolfberry yield and growth indicators and above-ground
biomass differed from one. * denotes LER greater than one; ** and *** denotes LER significantly
greater than one (p < 0.001).

3.2. Yield and Intercropping Advantage of Different Intercropping Patterns
3.2.1. Yield and Intercropping Advantage of Different Intercropping Patterns
in Greenhouse

The LER of the greenhouse wolfberry–forage intercropping model based on the above-
ground biomass was 0.62~2.14. The 10 forages can be divided into gramineae, leguminous,
and Chenopodioideae. The results of comparative analysis showed that the LERs of
different forage intercroppings with wolfberry had significant differences (p < 0.05). As a
concrete manifestation, the LERs of wolfberry intercultivated with gramineae and legumes
were greater than 1, and the growth rate was approximately 10%, although the growth
trend was not obvious.

When Chenopodioideae was intercultivated with lycium barbarum, the LER increased
significantly, with a growth rate greater than 90%. However, the LER increased significantly
when wolfberry was intercultivated with Chenopodioideae, with a growth rate greater
than 90%. Further analysis of LER based on the above-ground biomass found that there
were also differences among plants in the same family and genus. In the intercropping
mode of wolfberry–Gramineae, the LERs of ryegrass and stipa were significantly increased;
wolfberry–ryegrass was the most significant intercropping mode, which increased the
land yield by more than 65%. For the wolfberry intercropping with wheatgrass, the LER
was significantly reduced, with a yield reduction of approximately 22%, and the LER of
wolfberry–sweet sorghum showed no significant change. However, during this experi-
ment, with the influence of the ecological niche, it was found that the tall sweet sorghum
plants seriously affected the formation of the canopy structure, which was unfavorable
for the production management and acquisition of economic benefits in later periods, so
it was deemed not to be a good intercropping material. In the intercropping mode of
wolfberry–legumes, the LER based on wolfberry added biomass, and the yields of alfalfa
and white clover were significantly increased, by 40% and 19%, respectively. The produc-
tivity of the wolfberry–Kudouzi intercropping pattern decreased significantly, with the
yield decreasing approximately 21%. In the intercropping of wolfberry–chenopodioideae,
the LER of wolfberry–mangold reached 2.14 and was shown to have the most significant
combination of productivity advantages (Table 4).
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Table 4. Monocropping weighted and land equivalent ratios (LERs) of wolfberry and forage under
treatments of greenhouse test level in 2019, 2020, and 2021.

Treatment Year

Gramineous Yield (kg/T) Increased Biomass (kg/T) Above-Ground Biomass (kg/T)

Monocropping Intercropping Monocropping Intercropping Monocropping
Weighted Average

Intercropping
Yield LER

2019 1.12 ± 0.08 a 0.56 ± 0.01 b 1.66 ± 0.16 a 0.98 ± 0.08 b 1.31 ± 0.07 b 1.54 ± 0.02 a 1.09 ns

wolfberry–
lvyuan 5

2020 1.30 ± 0.01 a 0.68 ± 0.04 b 1.90 ± 0.19 a 1.19 ± 0.06 b 1.51 ± 0.10 b 1.87 ± 0.06 a 1.15 *
2021 1.36 ± 0.06 a 0.80 ± 0.06 b 2.30 ± 0.19 a 1.25 ± 0.09 b 1.69 ± 0.07 b 2.05 ± 0.12 a 1.13 ns

2019 1.44 ± 0.16 a 0.52 ± 0.03 b 1.66 ± 0.16 a 0.82 ± 0.13 b 1.52 ± 0.11 a 1.34 ± 0.10 a 0.85 *

wolfberry–
oats

2020 1.20 ± 0.08 a 0.49 ± 0.01 b 1.90 ± 0.19 a 1.06 ± 0.13 b 1.45 ± 0.05 a 1.55 ± 0.08 a 0.96 ns
2021 1.23 ± 0.03 a 0.46 ± 0.06 b 2.30 ± 0.19 a 1.29 ± 0.16 b 1.61 ± 0.04 a 1.75 ± 0.03 a 0.94 ns

2019 1.72 ± 0.01 a 0.56 ± 0.03 b 1.66 ± 0.16 a 0.51 ± 0.10 b 1.70 ± 0.12 a 1.07 ± 0.05 b 0.63 **

wolfberry–
wheatgrass

2020 1.58 ± 0.14 a 0.54 ± 0.07 b 1.90 ± 0.19 a 0.58 ± 0.11 b 1.69 ± 0.09 a 1.12 ± 0.01 b 0.65 **
2021 1.86 ± 0.12 a 0.70 ± 0.01 b 2.30 ± 0.19 a 0.87 ± 0.12 b 2.02 ± 0.13 a 1.57 ± 0.03 b 0.75 *

2019 1.32 ± 0.10 a 0.76 ± 0.09 b 1.66 ± 0.16 a 1.24 ± 0.08 b 1.44 ± 0.03 b 2.00 ± 0.12 a 1.32 **

wolfberry–stipas 2020 1.74 ± 0.12 a 0.80 ± 0.03 b 1.90 ± 0.19 a 1.55 ± 0.08 b 1.80 ± 0.07 b 2.35 ± 0.12 a 1.27 *
2021 1.50 ± 0.02 a 0.54 ± 0.05 b 2.30 ± 0.19 a 1.56 ± 0.10 b 1.78 ± 0.06 b 2.10 ± 0.07 a 1.04 ns

2019 2.02 ± 0.18 a 1.30 ± 0.07 b 1.66 ± 0.16 a 1.86 ± 0.08 a 1.90 ± 0.09 b 3.16 ± 0.23 a 1.76 ***

wolfberry–
ryegrass

2020 2.42 ± 0.13 a 1.20 ± 0.02 b 1.90 ± 0.19 b 2.07 ± 0.10 a 2.24 ± 0.15 b 3.27 ± 0.26 a 1.59 ***
2021 2.16 ± 0.10 a 1.40 ± 0.10 b 2.30 ± 0.19 a 2.18 ± 0.08 a 2.21 ± 0.19 b 3.58 ± 0.19 a 1.60 ***

2019 21.02 ± 2.37 a 5.82 ± 1.02 b 1.66 ± 0.16 a 1.23 ± 0.13 b 14.25 ± 2.52 a 7.05 ± 1.07 b 1.02 ns

wolfberry–
sweet sorghum

2020 19.87 ± 2.08 a 6.03 ± 0.89 b 1.90 ± 0.19 a 1.52 ± 0.09 b 13.58 ± 2.01 a 7.55 ± 0.90 b 1.10 ns
2021 24.75 ± 3.69 a 5.46 ± 0.77 b 2.30 ± 0.19 a 1.69 ± 0.12 b 16.89 ± 1.69 a 7.15 ± 1.62 b 0.95 ns

W-G Mean 4.98 ± 0.52 A 1.59 ± 0.21 B 1.96 ± 0.18 A 1.30 ± 0.09 B 3.92 ± 0.61 A 2.89 ± 0.28 B 1.10 ns

2019 0.87 ± 0.09 a 0.13 ± 0.01 b 1.66 ± 0.16 a 0.78 ± 0.02 b 1.15 ± 0.06 a 0.91 ± 0.01 a 0.62 **

wolfberry–
kudouzi

2020 1.02 ± 0.03 a 0.10 ± 0.02 b 1.90 ± 0.19 a 1.41 ± 0.01 b 1.33 ± 0.08 a 1.51 ± 0.07 a 0.84 *
2021 0.93 ± 0.10 a 0.16 ± 0.01 b 2.30 ± 0.19 a 1.69 ± 0.09 b 1.41 ± 0.19 b 1.85 ± 0.12 a 0.90 ns

wolfberry–
alfalfa

2020 1.08 ± 0.09 a 0.69 ± 0.03 a 1.90 ± 0.19 a 1.52 ± 0.10 a 1.37 ± 0.07 b 2.21 ± 0.14 a 1.44 ***
2021 1.32 ± 0.10 a 0.73 ± 0.09 b 2.30 ± 0.19 a 1.58 ± 0.12 b 1.66 ± 0.10 b 2.31 ± 0.12 a 1.24 *

2019 0.68 ± 0.01 a 0.28 ± 0.06 b 1.66 ± 0.16 a 1.70 ± 0.09 a 1.02 ± 0.02 b 1.98 ± 0.09 a 1.43 **

wolfberry–
white clover

2020 1.00 ± 0.05 a 0.18 ± 0.00 b 1.90 ± 0.19 a 1.81 ± 0.05 a 1.32 ± 0.08 b 1.99 ± 0.10 a 1.13 ns
2021 1.08 ± 0.07 a 0.20 ± 0.02 b 2.30 ± 0.19 a 1.90 ± 0.11 b 1.51 ± 0.06 b 2.10 ± 0.14 a 1.01 ns

W-L Mean 1.08 ± 0.07 A 0.36 ± 0.03 B 1.96 ± 0.18 A 1.54 ± 0.07 B 1.35 ± 0.07 B 1.90 ± 0.10 A 1.12 ns

2019 14.22 ± 1.06 a 10.89 ± 1.37 b 1.66 ± 0.16 a 1.75 ± 0.11 a 9.83 ± 1.79 b 12.64 ± 2.66 a 1.82 ***

wolfberry–
mangold

2020 17.01 ± 2.19 a 14.68 ± 2.01 b 1.90 ± 0.19 a 1.77 ± 0.09 a 11.72 ± 1.04 b 16.45 ± 0.09 a 1.79 ***
2021 15.66 ± 1.77 b 18.32 ± 2.42 a 2.30 ± 0.19 a 2.23 ± 0.12 a 10.99 ± 2.01 b 20.55 ± 2.47 a 2.14 ***

W-C Mean 15.63 ± 1.67 A 14.63 ± 1.93 B 1.96 ± 0.18 A 1.92 ± 0.11 B 10.84 ± 1.61 B 16.55 ± 1.74 A 1.92 ***

Note: Mean values (x ± SE) followed by the same letter were not significantly different using LSD
(p < 0.05); ANOVA of square-root-transformed data (n = 3). W-G, W-L, and W-C denote wolfberry–gramineae,
wolfberry–leguminous, and wolfberry–chenopodioideae, respectively. ns denotes LER had no significant differ-
ence when compared with 1, * denotes LER greater than one; ** and *** denotes LER significantly greater than one
(p < 0.001). a and b explains the difference analysis of all the data between different years; A and B explains the
differences between the mean values of each indicator.

3.2.2. Yield and Intercropping Advantage of Different Intercropping Patterns in the Field

In the field trial, the LERs of the intercropping pattern based on the biological yield of
the above-ground part of the forage grasses and the new biomass of wolfberry ranged from
0.63 to 1.96 (p < 0.05; Table 5). The LERs of the intercropping pattern based on the biological
yield of the above-ground part of the forage and the fruit yield of wolfberry ranged from
0.95 to 1.84 when wolfberry was intercropped with 10 forage materials. Overall, the
intercropping pattern had significantly higher land use efficiency than the monoculture
(p < 0.05; Table 6).
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Table 5. Increased biomass and land equivalent ratios (LERs) of wolfberry and forage under treat-
ments of the field test level in 2019, 2020 and 2021.

Treatment Year

Gramineous Yield (kg/667 m2) Increased Biomass (kg/667 m2) Above-Ground Biomass (kg/667 m2)

Monocropping Intercropping Monocropping Intercropping Monocropping Weighted
Average Intercropping Yield LER

2019 3293.38 ± 140.49 a 2138.92 ± 110.72 b 4412.50 ± 495.30 a 2606.09 ± 216.53 b 4613.30 ± 202.45 b 4745.01 ± 326.77 a 1.26 *

wolfberry–lvyuan 5 2020 2937.95 ± 136.77 a 1957.37 ± 63.92 b 5051.51 ± 388.98 a 3157.42 ± 201.33 b 4994.24 ± 142.09 b 5114.80 ± 121.45 a 1.31 **
2021 2770.60 ± 144.24 a 1917.65 ± 70.11 b 6111.01 ± 526.37 a 3322.20 ± 208.88 b 5121.74 ± 206.87 b 5239.854 ± 208.77 a 1.26 *

2019 3610.48 ± 124.01 a 2397.72 ± 154.08 b 4412.50 ± 495.30 a 2169.77 ± 177.09 b 4011.49 ± 162.45 b 4567.49 ± 165.96 a 1.11 ns

wolfberry–oats 2020 3156.19 ± 116.33 a 1867.04 ± 140.00 b 5051.51 ± 388.98 a 2802.98 ± 363.44 b 4103.85 ± 78.89 b 4670.00 ± 277.53 a 1.11 ns
2021 3320.71 ± 107.99 a 2010.35 ± 132.66 b 6111.01 ± 526.37 a 3428.75 ± 350.88 b 4715.86 ± 233.78 b 5439.09 ± 466.89 a 1.13 ns

2019 2312.78 ± 164.60 a 917.42 ± 104.07 b 4412.50 ± 495.30 a 1351.69 ± 88.45 b 3362.64 ± 102.37 a 2269.11 ± 178.96 b 0.69 **

wolfberry–wheatgrass 2020 2106.64 ± 163.97 a 708.02 ± 66.77 b 5051.51 ± 388.98 a 1545.48 ± 101.67 b 3579.07 ± 232.74 a 2253.50 ± 130.62 b 0.63 **
2021 1926.98 ± 161.44 a 691.72 ± 99.35 b 6111.01 ± 526.37 a 2303.85 ± 78.22 b 4019.00 ± 121.96 a 2995.57 ± 128.99 b 0.73 *

2019 2091.95 ± 179.23 a 896.74 ± 95.18 b 4412.50 ± 495.30 a 3290.06 ± 190.52 b 3252.23 ± 98.89 b 4186.81 ± 301.56 a 1.19 *

wolfberry–stipas 2020 1791.96 ± 169.81 a 892.85 ± 103.66 b 5051.51 ± 388.98 a 4102.50 ± 177.43 b 3421.73 ± 77.34 b 4995.35 ± 266.84 a 1.33 **
2021 1688.15 ± 188.92 a 710.51 ± 45.29 b 6111.01 ± 526.37 a 4140.89 ± 281.76 b 3899.58 ± 135.64 b 4851.40 ± 199.35 a 1.12 ns

2019 3611.79 ± 100.01 a 3123.62 ± 259.56 b 4412.50 ± 495.30 a 4945.70 ± 178.78 b 4012.14 ± 201.87 b 8069.326 ± 377.56 a 1.96 ***

wolfberry–ryegrass 2020 3786.48 ± 166.88 a 3038.74 ± 281.32 b 5051.51 ± 388.98 a 5502.54 ± 233.09 b 4418.99 ± 199.07 b 8541.28 ± 368.54 a 1.87 ***
2021 3740.65 ± 125.97 a 3213.45 ± 89.07 b 6111.01 ± 526.37 a 5792.25 ± 201.22 b 4925.83 ± 207.43 b 9005.70 ± 299.87 a 1.78 ***

2019 10,639.36 ± 800.30 a 3158.61 ± 157.09 b 4412.50 ± 495.30 a 3264.41 ± 308.44 b 7525.93 ± 566.89 a 6423.02 ± 465.99 b 1.04 ns

wolfberry–sweet
sorghum

2020 10,242.39 ± 916.43 a 3082.51 ± 140.21 b 5051.51 ± 388.98 a 4020.30 ± 291.88 b 7646.95 ± 394.08 a 7102.84 ± 407.29 b 1.10 ns
2021 9388.89 ± 567.00 a 2713.80 ± 201.88 b 6111.01 ± 526.37 a 4487.31 ± 288.89 b 7749.95 ± 521.46 a 7201.11 ± 366.55 b 1.02 ns

W-G Mean 4186.85 ± 277.96 a 2004.80 ± 122.22 b 5191.68 ± 361.14 a 3457.45 ± 137.56 b 4689.26 ± 234.98 b 5462.26 ± 269.88 a 1.20 *

2019 3828.33 ± 104.76 a 1390.33 ± 87.56 b 4412.50 ± 495.30 a 2076.65 ± 89.96 b 4120.42 ± 88.32 a 3466.98 ± 244.31 b 0.75 *

wolfberry–kudouzi 2020 3516.87 ± 121.02 a 808.90 ± 45.99 b 5051.51 ± 388.98 a 3749.36 ± 101.43 b 4284.19 ± 155.46 a 4558.26 ± 261.80 a 0.92 ns
2021 3476.68 ± 89.16 a 801.19 ± 77.54 b 6111.01 ± 526.37 a 4478.61 ± 252.37 b 4793.85 ± 174.08 b 5279.80 ± 197.56 a 0.91 ns

2019 5907.25 ± 169.73 a 5182.18 ± 150.19 b 4412.50 ± 495.30 a 3991.26 ± 197.88 b 5159.88 ± 227.99 b 9173.43 ± 343.19 a 1.74 ***

wolfberry–alfalfa 2020 5279.17 ± 125.10 a 4311.06 ± 143.87 b 5051.51 ± 388.98 a 4033.01 ± 188.56 b 5165.34 ± 209.17 b 8344.07 ± 277.43 a 1.58 ***
2021 5676.63 ± 69.77 a 4625.43 ± 109.77 b 6111.01 ± 526.37 a 4178.85 ± 102.33 b 5893.82 ± 155.44 b 8804.28 ± 256.38 a 1.46 ***

2019 3240.63 ± 169.16 a 1383.73 ± 111.08 b 4412.50 ± 495.30 a 4509.68 ± 200.67 a 3826.56 ± 125.60 b 5893.42 ± 200.67 a 1.39 **

wolfberry–white clover 2020 2936.30 ± 99.16 a 993.32 ± 67.33 b 5051.51 ± 388.98 a 4812.09 ± 213.43 a 3993.90 ± 277.86 b 5805.61 ± 188.44 a 1.24 *
2021 2910.56 ± 116.55 a 945.52 ± 69.45 b 6111.01 ± 526.37 a 5036.56 ± 300.59 b 4510.78 ± 263.98 b 5982.08 ± 277.30 a 1.10 ns

W-L Mean 4059.03 ± 133.26 a 2220.20 ± 97.44 b 5191.67 ± 452.53 a 4096.23 ± 194.71 b 4625.35 ± 179.86 b 6316.43 ± 245.68 a 1.23 *

2019 10,980.08 ± 466.70 a 8416.92 ± 411.09 b 4412.50 ± 495.30 a 4645.33 ± 127.31 a 7696.29 ± 267.99 b 13,062.25 ± 571.32 a 1.86 ***

wolfberry–mangold 2020 9739.57 ± 301.19 a 8209.06 ± 204.00 b 5051.51 ± 388.98 a 4700.40 ± 266.06 b 7395.53 ± 233.07 b 12,909.47 ± 406.38 a 1.82 ***
2021 9332.63 ± 355.87 a 7647.04 ± 368.99 b 6111.01 ± 526.37 a 5915.80 ± 197.90 a 7721.82 ± 401.90 b 13,562.85 ± 476.51 a 1.83 ***

W-C Mean 10,017.43 ± 367.92 a 8091.04 ± 327.56 b 5191.68 ± 450.66 a 5087.18 ± 197.35 a 7604.55 ± 307.56 b 13,178.21 ± 480.21 a 1.84 ***

Note: Mean values (x ± SE) followed by the same letter were not significantly different using LSD
(p < 0.05); ANOVA of square-root-transformed data (n = 3). W-G, W-L, and W-C denote wolfberry–gramineae,
wolfberry–leguminous, and wolfberry–chenopodioideae, respectively. ns denotes LER had no significant differ-
ence when compared with 1, * denotes LER greater than one; ** and *** denotes LER significantly greater than one
(p < 0.001). a and b explains the difference analysis of all the data between different years.

The comparison of monocropping weighted averages and intercropping yields based
on the biological yield of the above-ground portion of Graminaceae forage with the added
biomass of wolfberry showed that the added biomass of the above-ground portion of the
intercropping pattern was significantly higher than the monocropping weighted average
(p < 0.05), except for wheatgrass and sweet sorghum, which were significantly lower, by
37% and 25%, respectively. Among them, intercropping ryegrass, Stipas, and Lvyuan 5
increased the yield by 98%, 42%, and 29%, respectively, showing a significant yield increase
(p < 0.05). The LER based on the new biomass of wolfberry increased by 87%, 28%, and
21%, respectively; intercropping oats increased the yield by 13%, but the difference was
not significant. All the results are shown in Table 5. The comparison of the monocropping
weighted averages and the intercropping yields based on the biological yield of the above-
ground portion of Graminaceae forage with the yield of wolfberry showed that the added
biomass of the above-ground portion of the intercropping pattern was significantly higher
than the monocropping weighted average (p < 0.05), except for wheatgrass and sweet
sorghum, which were significantly lower by 18% and 37%. In addition, intercropping
ryegrass, Lvyuan 5, oats, and Stipas increased the yields up to 74%, 48%, 31%, and 18%,
respectively. Moreover, the LER increases based on the fruit yield of wolfberry were 80%,
51%, 43%, and 28%, respectively, showing significant yield increases (p < 0.05), as reported
in Table 6.
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Table 6. Yield and land equivalent ratios (LERs) of wolfberry and forage under treatments of the field
test level in 2019, 2020, and 2021.

Treatment Year

Gramineous Yield (kg/667 m2) Increased Biomass (kg/667 m2) Fruit Yield (kg/667 m2)

Monocropping Intercropping Monocropping Intercropping Monocropping Weighted
Average Intercropping Yield LER

2019 3293.38 ± 140.49 a 2138.92 ± 110.72 b 902.18 ± 103.68 a 711.62 ± 32.32 b 2097.788 ± 127.41 b 2850.55 ± 209.67 a 1.46 ***

wolfberry–lvyuan 5 2020 2937.95 ± 136.77 a 1957.37 ± 63.92 b 856.39 ± 99.67 a 694.64 ± 37.66 b 1897.17 ± 133.08 b 2652.01 ± 177.09 a 1.50 ***
2021 2770.60 ± 144.24 a 1917.65 ± 70.11 b 783.05 ± 45.32 a 663.45 ± 55.80 b 1776.82 ± 106.54 b 2581.10 ± 159.03 a 1.56 ***

2019 3610.48 ± 124.01 a 2397.72 ± 154.08 b 892.18 ± 46.17 a 743.33 ± 38.09 b 2251.33 ± 187.95 b 3141.05 ± 344.01 a 1.45 ***

wolfberry–oats 2020 3156.19 ± 116.33 a 1867.04 ± 140.00 b 856.39 ± 39.88 a 708.62 ± 24.99 b 2006.29 ± 111.00 b 2575.67 ± 209.60 a 1.38 **
2021 3320.71 ± 107.99 a 2010.35 ± 132.66 b 783.05 ± 50.09 a 694.64 ± 47.99 a 2051.88 ± 146.57 b 2704.99 ± 177.35 a 1.45 **

2019 2312.78 ± 164.60 a 917.42 ± 104.07 b 822.18 ± 67.34 a 638.72 ± 37.54 b 1567.48 ± 98.32 a 1556.14 ± 176.45 a 1.16 *

wolfberry–wheatgrass 2020 2106.64 ± 163.97 a 708.02 ± 66.77 b 856.39 ± 86.11 a 611.19 ± 29.87 b 1481.52 ± 121.56 a 1319.21 ± 89.66 b 1.04 ns
2021 1926.98 ± 161.44 a 691.72 ± 99.35 b 783.05 ± 37.62 a 567.05 ± 34.77 b 1355.02 ± 49.87 a 1258.77 ± 59.33 b 1.07 ns

2019 2091.95 ± 179.23 a 896.74 ± 95.18 b 922.18 ± 107.55 a 708.62 ± 59.83 b 1507.07 ± 166.90 a 1605.37 ± 201.77 a 1.22 *

wolfberry–stipas 2020 1791.96 ± 169.81 a 892.85 ± 103.66 b 856.39 ± 55.47 a 694.64 ± 77.19 b 1324.18 ± 103.65 b 1587.49 ± 78.55 a 1.33 **
2021 1688.15 ± 188.92 a 710.51 ± 45.29 b 783.05 ± 65.42 a 660.45 ± 45.80 b 1235.60 ± 100.52 a 1370.96 ± 19.67 a 1.28 *

2019 3611.79 ± 100.01 a 3123.62 ± 259.56 b 862.18 ± 58.54 a 858.83 ± 123.98 a 2236.98 ± 19.67 a 3982.45 ± 306.00 a 1.84 ***

wolfberry–ryegrass 2020 3786.48 ± 166.88 a 3038.74 ± 281.32 b 856.39 ± 37.99 a 836.33 ± 98.59 a 2321.43 ± 169.88 b 3875.07 ± 207.42 a 1.76 ***
2021 3740.65 ± 125.97 a 3213.45 ± 89.07 b 830.00 ± 51.09 a 790.08 ± 99.45 a 2285.32 ± 163.24 b 4003.54 ± 188.56 a 1.79 ***

2019 10,639.36 ± 800.30 a 3158.61 ± 157.09 b 902.18 ± 103.68 a 772.83 ± 103.77 b 5770.77 ± 374.89 a 3931.44 ± 337.69 b 1.15 *

wolfberry–sweet
sorghum

2020 10,242.39 ± 916.43 a 3082.51 ± 140.21 b 856.39 ± 99.67 a 733.33 ± 81.43 b 5549.39 ± 403.66 a 3815.87 ± 288.15 b 1.16 *
2021 9388.89 ± 567.00 a 2713.80 ± 201.88 b 783.05 ± 45.32 a 703.69 ± 76.33 a 5085.97 ± 261.90 a 3417.49 ± 271.46 b 1.19 *

W-G Mean 4186.85 ± 277.96 a 2004.80 ± 122.22 b 843.70 ± 48.79 a 710.67 ± 66.37 b 2515.28 ± 111.05 a 2715.48 ± 201.01 a 1.38 **

2019 3828.33 ± 104.76 a 1390.33 ± 87.56 b 902.18 ± 50.12 a 694.64 ± 37.08 b 2365.26 ± 127.34 a 2084.97 ± 59.81 b 1.05 ns

wolfberry–kudouzi 2020 3516.87 ± 121.02 a 808.90 ± 45.99 b 856.39 ± 49.08 a 660.45 ± 58.66 b 2186.63 ± 87.91 a 1469.35 ± 43.22 b 0.95 ns
2021 3476.68 ± 89.16 a 801.19 ± 77.54 b 783.05 ± 33.56 a 608.62 ± 56.22 b 2129.87 ± 91.56 a 1409.81 ± 36.37 b 0.95 ns

2019 5907.25 ± 169.73 a 5182.18 ± 150.19 b 868.45 ± 67.44 a 740.33 ± 38.96 b 3387.85 ± 203.22 b 5922.51 ± 269.88 a 1.69 ***

wolfberry–alfalfa 2020 5279.17 ± 125.10 a 4311.06 ± 143.87 b 866.54 ± 104.37 a 700.69 ± 51.34 b 3072.85 ± 179.60 b 5011.75 ± 209.46 a 1.59 ***
2021 5676.63 ± 69.77 a 4625.43 ± 109.77 b 834.19 ± 76.52 a 698.62 ± 44.88 b 3255.41 ± 153.22 b 5324.05 ± 237.50 a 1.62 ***

2019 3240.63 ± 169.16 a 1383.73 ± 111.08 b 808.64 ± 66.09 a 810.13 ± 77.42 a 2024.64 ± 80.99 a 2193.86 ± 95.66 a 1.37 **

wolfberry–white clover 2020 2936.30 ± 99.16 a 993.32 ± 67.33 b 786.83 ± 57.86 a 772.83 ± 107.09 a 1861.56 ± 131.67 a 1766.35 ± 101.74 a 1.27 *
2021 2910.56 ± 116.55 a 945.52 ± 69.45 b 753.69 ± 44.92 a 753.69 ± 76.53 a 1832.12 ± 97.33 a 1699.21 ± 43.87 b 1.28 *

W-L Mean 4059.03 ± 133.26 a 2220.20 ± 97.44 b 828.88 ± 60.89 a 715.56 ± 63.27 b 2443.95 ± 127.61 b 2935.75 ± 113.42 a 1.31 **

2019 10,980.08 ± 466.70 a 8416.92 ± 411.09 b 923.59 ± 101.54 a 872.83 ± 127.66 a 5951.84 ± 307.03 b 9289.75 ± 399.80 a 1.75 ***

wolfberry–mangold 2020 9739.57 ± 301.19 a 8209.06 ± 204.00 b 910.13 ± 144.21 a 853.69 ± 49.67 a 5324.85 ± 182.96 b 9062.75 ± 277.46 a 1.83 ***
2021 9332.63 ± 355.87 a 7647.04 ± 368.99 b 872.83 ± 89.66 a 843.33 ± 88.58 a 5102.72 ± 201.44 b 8490.37 ± 301.20 b 1.83 ***

W-C Mean 10,017.43 ± 367.92 a 8091.04 ± 327.56 b 902.18 ± 110.44 a 856.62 ± 80.66 a 5459.80 ± 233.54 b 8947.65 ± 192.33 a 1.80 ***

Note: Mean values (x ± SE) followed by the same letter were not significantly different using LSD
(p < 0.05); ANOVA of square-root-transformed data (n = 3). W-G, W-L, and W-C denote wolfberry–gramineae,
wolfberry–leguminous, and wolfberry–chenopodioideae, respectively. ns denotes LER had no significant differ-
ence when compared with 1, * denotes LER greater than one; ** and *** denotes LER significantly greater than one
(p < 0.001). a and b explains the difference analysis of all the data between different years.

For the comparison of the monocropping weighted averages and intercropping yields
based on the biological yield of the above-ground parts of Leguminous forage grasses and
the new biomass of wolfberry, it was found that, except for the 12% yield reduction of
Kudouzi, which was not significant (p > 0.05), the new biomass of above-ground parts of
the wolfberry–alfalfa and wolfberry–white clover intercropping patterns were significantly
higher than the monocropping weighted average, with the highest yield increases of 63%
and 44% for the intercropped alfalfa and white clover, respectively. In addition, their
LER yield increases were 59% and 24%, respectively, based on the new biomass level
of wolfberry, which showed significant yield increases (p < 0.05). Results are reported
in Table 5. The yield comparison between wolfberry and legume forage based on the
biological yield of the above-ground part of the forage and wolfberry yield showed that the
yield decrease was not significant (p > 0.05) in the wolfberry–white clover intercropping
pattern, and the yield of wolfberry was significantly higher than that of the monocropping
weighted average. The wolfberry yield in monocropping had no significant difference from
that of the wolfberry–white clover intercropping pattern, and the wolfberry–alfalfa pattern
increased the yield of wolfberry by 68%. However, the wolfberry yield was significantly
decreased by 42% (p < 0.05) for the wolfberry–Kudouzi pattern. In addition, the LER
based on the fruit yield level of wolfberry increased the yield to 63% and 31%, respectively,
showing significant yield increases (p < 0.05), as reported in Table 6.
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From the comparison of the monocropping weighted averages and the intercrop-
ping yields based on both wolfberry increased biomass and wolfberry yield with the
biological yield of the above-ground parts of Chenopodioideae forage, we found that the
intercropping pattern of wolfberry–mangold could increase the yield by 73.29%, which
had a significant advantage over the wolfberry–gramineae and wolfberry–leguminous
intercropping patterns. In addition, the LER based on the new biomass and fruit yield level
of wolfberry increased the yield by 84% and 80%, respectively, a significant yield increase.

3.2.3. Evaluation of Interspecific Competitiveness

On the basis of the evaluation of competitiveness of the fruit yield of wolfberry
and the 3-year experiment, the results of which are shown in Table 7, the Afw of the
10 wolfberry–forage patterns were all less than 0, indicating that the introduction of these
10 forages did not affect the dominant competitive position of wolfberry. In addition,
on the basis of the competitiveness evaluation of the newly increased biomass of wolf-
berry, the competitive advantage of Lvyuan 5 increased by 12% after the introduction
of the intercropping system. Therefore, we speculate that the intercropping system of
wolfberry–Lvyuan 5 could significantly promote the increase in the yield of Lvyuan 5. The
crowding coefficient of the ten types of forage ranged from 0.27 to 5.69. As a concrete
manifestation, the crowding coefficient of wolfberry based on the fruit yield ranged from
2.82 to 186.72, and the crowding coefficients of the forages were always smaller than that
of wolfberry, which further indicated that wolfberry had stronger competitiveness. The
crowding coefficient based on the increased biomass of wolfberry ranged from −31.1 to
39.61. The crowding coefficients of Lvyuan 5, ryegrass, and alfalfa were lower than that of
wolfberry, which indicates that these three forages had obvious competition potential in the
intercropping patterns. In addition, the competitive ratios of the 10 intercropping patterns
varied from the fruit yield and biomass of wolfberry. The CRfw values based on fruit yield
of wolfberry were all less than 1. When compared with the test value 1 (p < 0.001), it was
found that although the competitive advantages of the 10 forage grasses were lower than
that of wolfberry, we found that alfalfa, mangold, ryegrass, and Lvyuan 5 also showed
obvious competitive advantages in the wolfberry–forage intercropping system.

Table 7. Competitiveness evaluation of ten types of intercropping systems.

Cropping Pattern

Aggressivity Relative Crowding
Coefficient of Forage

Relative Crowding Coefficient
of Wolfberry Competitive Ratio Monetary Advantage Index

Afw Afw Kf Kw Kw CRfw CRfw MAI MAI
(Fruit Yield) (Total Biomass) (Forage Biomass) (Fruit Yield) (Total Biomass) (Fruit Yield) (Total Biomass) (Fruit Yield) (Total Biomass)

wolfberry–lvyuan 5 −0.25 0.14 2.20 4.39 1.60 0.84 1.12 429.75 652.05
wolfberry–oats −0.53 0.00 1.39 5.58 1.40 0.69 1.00 514.24 437.53

wolfberry–
wheatgrass −0.76 −0.07 0.55 2.82 0.64 0.48 0.91 73.42 −590.43

wolfberry–stipas −0.67 −0.56 0.89 4.14 3.00 0.58 0.63 213.53 523.63
wolfberry–ryegrass −0.31 −0.43 4.56 39.25 −31.1 0.84 0.79 827.63 2106.54

wolfberry–sweet
sorghum −1.15 −0.95 0.42 6.66 3.38 0.34 0.38 449.24 320.18

wolfberry–kudouzi −1.12 −0.93 0.27 3.40 2.10 0.27 0.31 −11.07 −301.12
wolfberry–alfalfa −0.07 0.02 3.97 4.98 3.77 0.96 1.01 994.18 1706.27
wolfberry–white

clover −1.36 −1.24 0.46 186.72 13.58 0.31 0.34 195.86 633.3

wolfberry–mangold −0.20 −0.25 5.69 18.80 39.61 0.90 0.87 1918.57 3103.13

Furthermore, the monetary advantage index under the different intercropping pat-
terns was analyzed, and the production efficiency of this cropping pattern was evaluated.
According to the average value of the currency dominance index of 3 years, the three inter-
cropping combinations of wolfberry–mangold, wolfberry–alfalfa, and wolfberry–ryegrass
were remarkable; based on the wolfberry fruit yield, the monetary advantage indexes were
1918.57, 994.18, and 827.63, respectively. More importantly, these three materials that are
based on the new biomass of wolfberry also had the best performance, and the MAIs of
wolfberry–mangold, wolfberry–alfalfa, and wolfberry–ryegrass were 3103.13, 2106.54, and
1706.27, respectively.



Agronomy 2023, 13, 1365 14 of 19

3.2.4. Descriptive and Correlational Analyses of Growth and Yield Factors

According to the correlation analysis (Figure 5), the correlation between land equiva-
lent ratio and various intercropping factors are as follows: LERf was markedly positively
correlated with LERg, MAI (total biomass), Ywi, and Ytwi (p < 0.01) and was positively
correlated with Kw (fruit yield) and MAI (fruit yield) (p < 0.05). There was a positive
correlation for the intercropping yield between forage and wolfberry (p < 0.05); the cor-
relation coefficient between Yfi and Ywi was 0.64, and the correlation coefficient between
Yfi and total Ytwi was 0.46. The yield of forage intercropping Yfi was positively correlated
with Kf (0.64), Afw (0.58), CRfw (fruit yield) (0.69), Afw (total biomass), and CRfw (total
biomass) (p < 0.05), which further indicated that intercropping could promote an increase
in productivity. Moreover, Ywi had remarkable positive correlations with LERf, LERg, and
MAI (total biomass) (p < 0.01) and was positively related to Yfi and Kf (p < 0.05).

Figure 5. Spearman correlation analysis of the correlations of LER with various related indicators of
the wolfberry–forage intercroppings.

Afw (total biomass) was markedly positively correlated with CRfw (total biomass)
(0.96), Afw (fruit yield) (0.81), and CRfw (fruit yield) (0.77) in the competitiveness of the
intercropping patterns (p < 0.01). Afw (fruit yield) was remarkably positively correlated
with CRfw (fruit yield) (0.96), MAI (fruit yield) (0.74), MAI (total biomass) (0.7), Ywm (0.72),
and Ytwm (0.72) (p < 0.01). CRfw (fruit yield) was remarkably positively correlated with
MAI (fruit yield), MAI (total biomass), and LERf (p < 0.01) and was positively correlated
with Yfi, Ywm, Ytwm, and LERg (p < 0.05). Kf was remarkably positively correlated with Afw
(fruit yield) (0.89), CRfw (fruit yield) (0.93), MAI (fruit yield), MAI (total biomass), LERf,
and LERg (p < 0.01) and was positively correlated with Yfi, Ywi, and Ytwi (p < 0.05). Kw
(total biomass) was remarkably positively correlated with Kf, MAI (fruit yield), Ywm, and
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Ytwm (p < 0.01) and was positively correlated with Yfi, Afw (fruit yield), and CRfw (fruit
yield) (p < 0.05). Kw (fruit yield) was remarkably positively correlated with Ywi and Ytwi
(p < 0.01) and was positively correlated with LERf, LERg, MAI (fruit yield), and MAI (total
biomass) (p < 0.05). MAI (fruit yield) was remarkably positively correlated with LERg, MAI
(total biomass), LERf, and Ywi (p < 0.01) and was positively correlated with Ytwi and Kw
(fruit yield) (p < 0.05). MAI (total biomass) was remarkably positively correlated with LERf,
LERg, Ywi, Ytwi, CRfw (fruit yield), MAI (fruit yield), and Kf (p < 0.01). It was positively
correlated with Kw (fruit yield), Yfi, Ywm, Ytwm, and Afw (fruit yield) (p < 0.05).

4. Discussion

The greenhouse intercropping pattern in this study showed an overall significant
intercropping productivity advantage on the basis of the mean values of LERs calculated
for the biological yields of the 10 forages and the growth of wolfberry, which ranged from
1.25 to 1.59 (t-test, p < 0.001; Figure 3). The mean values of the LERs calculated for the field
intercropping model based on the biological yields of the 10 forages and the growth, fruit
weight per fruit, and yield of wolfberry ranged from 1.62 to 2.70, with an overall result
of highly significant intercropping productivity advantages (t-test, p < 0.001; Figure 4).
The results showed that the 10 forage grasses showed an overall significant productivity
advantage with the wolfberry intercropping, which is in line with Cardinale [26], who
studied 44 grassland ecophytes and analyzed the system productivity and biodiversity,
finding that 79% of the high-diversity communities had 1.7 times more biomass than
single-species communities. In addition, researchers conducting European gram–legume
intercropping trials found that the intercropping increased the total productivity [27], which
is consistent with the findings of this study. In addition, an integrated analysis of the yield
advantage under published intercropping patterns by Yu [28] found that the mean LER
values of all intercropping patterns was 1.22, and 81% of them had LER values greater than
1, indicating that the majority of the intercropping patterns had higher land use efficiency
than did monocropping. This is generally consistent with the results of our study.

4.1. Yield Differences under Different Wolfberry–Forage Intercropping Patterns

Intercropping patterns, as typical representatives of interspecific interactions, can
effectively utilize nutrients, light, and water resources and improve plant yields, and they
are widely used in many countries [29]. Our 3-year field and greenhouse trials showed
that the yields and LERs were varied under the different intercropping combinations. We
divided the 10 forage grasses into three categories by family, i.e., Gramineae, Leguminosae,
and Chenopodioideae, and found that the yield growth rates of both Gramineae and Legu-
minosae were 10% when intercropped with wolfberry, but the difference was not significant
compared with the monocropping; the yield growth rate of Chenopodioideae was greater
than 90%, which shows significant advantages. Further analysis of the yield changes in
intercropping individual forages with wolfberry revealed that not all the intercropping
combinations had yield advantages, and only six of the ten intercropping combinations
could significantly contribute to the yield increases, with the most significant yield in-
creases occurring when intercropped with mangold, ryegrass, and alfalfa. This finding is
consistent with those of Lan [30], who found that not all intercropping combinations have
yield advantages and to obtain intercropping advantages, the selection and combination of
the intercropping plant species is very important in obtaining an intercropping advantage.
This result is also consistent with a previous study which found that rational intercropping
can promote plant growth [31].

In anthropogenic agricultural production systems [32] and semi-natural grassland
ecosystems [33,34], an increase in plant diversity has been shown to enhance the ecosystem
function, especially in terms of productivity gains. Another study found that the richer
the plant species in the community, the more it was able to reduce the adverse effects of
harmful microorganisms in the soil on plant growth and to have a significant effect on
increasing ecosystem productivity [35]. Studies have also reported that intercropping can
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reduce competition among individuals, reduce light loss, create a favorable environment
for the growth and development of individual plants, and fully utilize resources, thus
increasing the overall plant productivity [36]. Our experimental design used forages with
different canopy structures matched with different growth periods and different depths
of root systems, thus exploiting the spatial and temporal differences in plant resources
and maximizing agricultural productivity. Comparisons of LERs based on the wolfberry
growth rate, yield, and forage biomass showed that the intercropping systems produced
greater LERs than did the monocropping systems. Intercropping increased the branches
of wolfberry and produced a significant increase in the yields in the field trials, which is
consistent with previous studies [35,37]. Gram–legume intercropping is commonly used
in European countries, and the majority of experimental studies found that intercropping
maximizes the total productivity [27], which is consistent with our findings.

4.2. Competitiveness Differences under Different Wolfberry–Forage Intercropping Patterns

Plants in intercropping systems have competitive relationships, and the growth of
intercropping plants is inhibited when the competitive ability of one plant for resources,
nutrients, etc., is greater than that of another plant. Aggressivity (A), relative crowding
coefficient (K), and competitive ratio (CR), as important measures of interspecific competi-
tion, are effective in evaluating the intensity and overall effect of interspecific competition
in the intercropping systems [38]. We studied the competitiveness of intercropping systems
constructed from 10 forage grasses and wolfberry and found that there were significant
differences among the different intercropping combinations. In the evaluation of the com-
petitiveness based on the fruit yield of wolfberry, we found that the Afw values of all
10 intercropping forages on wolfberry were less than 0, and the Kf values were always
less than Kw based on fruit yield, indicating that the competitiveness of all 10 forages
was less than that of wolfberry; therefore, the introduction of the forages did not affect
the dominant competitive position of wolfberry for an agroecosystem dominated by wolf-
berry, which is consistent with the results of other researchers in orchard forage studies,
where fruit trees were found to be more competitive than forage [39–41]. In addition,
the values of A differed significantly at the different family levels, and the overall per-
formance of forage competitiveness in terms of both the fruit yield and overall biomass
was in the order of mangold, Gramineae, and Leguminosae forages, which is in line with
the findings of Fang Lin [42,43] in that Gramineae forages have more competitiveness
than Leguminosae forages. In addition, CR is considered to be a better indicator of in-
tercropping competitiveness in interspecific relationships [44,45], and it was found that
CRfw was positively correlated with A and K, further validating the above findings that
Chenopodioideae > Gramineae > Leguminosae in terms of competitive performance. Al-
though the competitive advantage of all 10 forage grasses was lower than that of wolfberry,
we found that alfalfa, mangold, ryegrass, and Lvyuan 5 also had significant competitive
advantages in the intercropping system and were important factors in determining the
overall productivity of the wolfberry–forage intercropping.

4.3. Production Efficiency Differences under Different Wolfberry–Forage Intercropping Patterns

The purpose of the intercropping is to promote the maximum ecological and economic
benefits per unit area of land [46–48]. Intercropping can improve the overall productivity
and economic benefits of agroecosystems by reducing the competition among individuals,
reducing loss of light, creating a favorable environment for the growth and development
of individual plants, and fully utilizing resources [49]. Moreover, intercropping has ad-
vantages, such as high productivity, high efficiency, resistance to being overwhelmed, and
high resource utilization, which provide better ecological, social, and economic benefits
compared with monocropping [50,51]. The introduction of the monetary advantage index
(MAI) can describe the existence of the intercropping advantage in terms of economic
efficiency [52,53]. From an analysis of the MAIs in different intercropping patterns, the best
performing materials were found to be mangold, ryegrass, alfalfa, Lvyuan 5, and white
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clover, in that order. Moreover, the changes in MAI of these five forages involved in the
intercropping were consistent with the changes in LER, with the wolfberry–mangold com-
bination having the highest MAI (3103.13, 1918.57) as well as the highest LER (1.84, 1.80).
From the correlation analysis, it was found that other competitiveness indicators showed the
same trend, which is consistent with the results of previous studies [54]. Among the inter-
cropping combinations considered in this study, wolfberry–mangold, wolfberry–ryegrass,
wolfberry–alfalfa, wolfberry–Lvyuan 5, and wolfberry–white clover showed good LERf,
LERg, CRfw, and MAI values under the intercropping pattern, which indicated that the
best productivity was achieved in wolfberry–mangold, followed by wolfberry–ryegrass,
wolfberry–alfalfa, wolfberry–Lvyuan 5, and wolfberry–white clover, in that order.

5. Conclusions

The development of wolfberry–forage intercropping patterns can increase the supply
of forage production while satisfying wolfberry production, which not only increases land
productivity, environmental utilization, and significantly improves land production effi-
ciency but also alleviates the current demand for forage that is needed for the development
of the breeding industry. At the same time, with the transformation and application of
research results, a new pattern of wolfberry planting and forage production will be formed,
which has important practical significance for the development of the wolfberry indus-
try and animal husbandry in the Ningxia Region. The main conclusions are as follows:
The analysis of wolfberry–forage intercropping patterns based on productivity, interspe-
cific competitiveness, and production efficiency found that the mean values of LERs for
greenhouse and field intercropping patterns ranged from 1.25 to 1.59 and 1.62 to 2.70,
respectively, showing a significant yield advantage; the interspecific competitiveness of all
10 wolfberry–forage intercropping patterns was smaller than that of the wolfberry monocrop-
ping, indicating that the introduction of forage grass did not affect the dominant competitive
position of wolfberry. Eight of the ten intercropping patterns had higher MAIs than did
monocropping, among which the MAIs of wolfberry–mangold, wolfberry–ryegrass, and
wolfberry–alfalfa intercropping patterns showed better performance. The MAIs based
on fruit were 827.63, 994.18, and 1918.57, and the MAIs based on biomass were 2106.54,
1706.27, and 3103.13 respectively. Our findings highlight the importance of plant–plant
interactions and the value of the plant–soil feedback framework in understanding poten-
tially positive relationships between plant diversity and multiple functions in terrestrial
ecosystems. We ultimately screened five significantly superior wolfberry–forage intercrop-
ping combinations, which were wolfberry–mangold, wolfberry–ryegrass, wolfberry–alfalfa,
wolfberry–Lvyuan 5, and wolfberry–white clover patterns.
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