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Abstract: Forest-grass intercropping patterns of protected cultivation has been widely used to increase 

productivity and sustainability in modern agriculture. However, there have been few studies of wolfberry (L. 

barbarum) intercropping and it is cultivated mostly by clean tillage. This paper takes 10 kinds of wolfberry-

forage intercropping patterns, compares the effects of different planting modes on the growth, yield, 

photosynthetic characteristics, nutritional quality, and the degree of occurrence of diseases and pests, which 

aims to make clear the effects of wolfberry-forage intercropping patterns on wolfberry. The results showed that 

different intercropping combinations had different effects on wolfberry. The overall effect of Wolfberry-forage 

intercropping patterns on the growth of wolfberry were promote the photosynthetic characteristics. Ryegrass 

could increase the branch number, Lvyuan 5 and mangel increase branch length; Mangel, clover, sweet 

sorghum, ryegrass and stipas could reduce the damage of powdery mildew by 69%, and alfalfa, stipa and 

ryegrass could reduce the occurrence of aphids by 67% (P<0.05). Intercropping could increase carotenoids, 

flavonoids and ascorbic acid contents to improve wolfberry quality by 21%, 53% and 127%, respectively 

(P<0.05). Among all the performances, wolfberry-mangel intercropping has absolute advantages in promoting 

wolfberry yield and quality increase. Therefore the best patterns of wolfberry-mangel, wolfberry-ryegrass, 

wolfberry-alfalfa and wolfberry-clover were chosen. 

Keywords: Wolfberry-forage; intercropping pattern; yield; diseases and insect pests; fruit quality 

 

1. Introduction 

Ningxia is listed as the ecological protection and high quality development of the Yellow River 

Basin pioneer area, Wolfberry (L. barbarum) as one of the "six special" industry, is the most local 

advantages and characteristics of the industry in Ningxia, in the promotion of the region's 

agricultural efficiency, farmers to increase income and play a pivotal role in the rich. L. barbarum is a 

perennial deciduous shrub of the Solanaceae family, widely distributed in the arid and semi-arid 

Northwest China, and is a traditional medicinal plant that has been widely used in our country for 

thousands of years [1], with antioxidant senescence [2,3], anti-tumor [3,4], hypoglycemic lipids [5], 

improving immunity [6], and protection of the nervous system and the reproductive system and other 
[7] important functions.  

Forest-grass intercropping patterns of protected cultivation has been widely used to increase 

productivity and sustainability in modern agriculture[8]. Selecting suitable wolfberry-forage 

intercropping patterns has been proven to be a feasible planting method to effectively alleviate the 

supply crisis of animal feed[9]. The study conducted by Zhu[10] revealed that in areas with equal 

emphasis on agriculture and animal husbandry, intercropping can significantly improve the 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 November 2023                   doi:10.20944/preprints202311.1279.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202311.1279.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

utilization rate of land resources, which is an important guarantee for the efficient and sustainable 

development of agriculture and animal husbandry. Moreover, another study by Zhu [11]found that 

wolfberry-mangel, wolfberry-ryegrass and wolfberry-alfalfa can significantly increase land 

productivity and interspecific competitiveness. The significance of this is particularly pronounced in 

Ningxia, where wolfberry production and animal husbandry exhibit the most prominent local 

advantages and distinctive characteristics [12–14]. Ningxia as the core area of national wolfberry 

industry, as of the end of the "Twelfth Five-Year Plan", the annual comprehensive output value of 

wolfberry in Ningxia amounted to 10 billion yuan, of which the planting area reached 23.33 thousand 

hectares and the clearing tillage method has been adopted for many years[13], accounting for more 

than 45% of the total planting area of the whole country; the total output of dry fruits was 88,000 tons, 

accounting for about 55% of the national total output of dry fruits. However, Ningxia, as the main 

producing area of wolfberry, the perennial continuous cultivation and the southward shift of planting 

boundaries have led to the aggravation of pests, diseases and agro-meteorological disasters year after 

year, which greatly aggravated the planting risk of wolfberry[15]. 

The objective of this study is to develop a new forage cultivation mode by introducing forage 

into L. barbarum planting structure while solving the problem of shortage of forage production. 

However, L. barbarum still occupies a dominant position in the development of this mode, so the effect 

of intercropping mode on L. barbarum is also an important reference index in the development of the 

mode. Ten different wolfberry-forage intercropping patterns were selected as research subjects to 

compare their effects on growth amount, yield, photosynthetic characteristics, nutritional quality, 

and incidence of diseases and pests in L. barbarum. The aim was to elucidate how wolfberry-forage 

intercropping influences the growth and occurrence of diseases and pests in L. barbarum. This study 

provides a foundation and technical support for enhancing forest-grass intercropping productivity 

and developing superior intercropping combinations involving wolfberry and forage. 

2. Materials and Methods 

2.1. Material Information and Experimental Design 

Plants and experimental site description and experimental design of Wolfberry-Forage plant 

interactions were same as Zhu's [11] previous paper (Same as Materials and Methods 2.1. and 2.2.). 

Varietal information and collection sources of Wolfberry, Kudouzi, Lvyuan 5, Oat, Sipas, 

Wheatgrass, Ryegrass, Sweet sorghum, Alfalfa, White clover and Mangel were shown in Table 1 and 

10 kinds of grasses can be used as forage. The 10 intercropping patterns were wolfberry-ryegrass, 

wolfberry-alfalfa, wolfberry-white clover, wolfberry-mangold, wolfberry-stipas, wolfberry-kudouzi, 

wolfberry-wheatgrass, wolfberry-oats, wolfberry-sweet sorghum and wolfberry-Lvyuan 5, which 

were all used to perform greenhouse and field intercropping pattern screening and development of 

intercropping advantageous combinations. 

Table 1. Effects of intercropping patterns on the yield of wolfberry. 

Material Cultivar Growing period(d) Origin 

Wolfberry(L. barbarum 

L.) 
401 perennial 

Institute of Wolfberry Science, Ningxia 

Academy of Agriculture and Forestry 

Sciences 

Kudouzi(Sophora 

alopecuroides L.) 
wild species perennial 

Yanchi County Sidunzi base and 

surrounding 

Lvyuan 5(Poaceae L.) Lvyuan 5 perennial 

Ningxia Yuan sheng Lv yang Forest 

and Grass Ecological Engineering Co., 

LTD 

Oat(Avena sativa L.) Lifeng 100 

Sipas(Stipa lessingiana 

Trin. et Rupr.) 

Fine-leafed 

needle-leaf 
perennial 

Wheatgrass(Agropyron 

cristatum Gaertn.) 

Flat spikelet 

Wheatgrass  
perennial 
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Ryegrass(Lolium 

perenne L.) 
Gentry perennial 

Sweet 

sorghum(Sorghum 

bicolor L.) 

Haishi 125 

Alfalfa(Medicago sativa 

L.) 
Longdong  perennial 

White clover(Trifolium 

repens L.) 
Rewind  perennial 

Mangel(Betu Vulgaris 

L.) 
Nongmu 1 135 

2.2. Measurement Indicators and Methods 

2.2.1. Sample Collection and Processing 

In 2021, fruits of different treatments were collected from the experimental site at the full-fruiting 

and fall-fruiting stages, three trees were investigated in each treatment, and a total of nine trees were 

investigated, and the fruits of the three trees were mixed and then sampled. 

2.2.2. Measurement of Economic Indicators of Wolfberry Plants 

Three trees were investigated in each treatment, and a total of nine trees were investigated, and 

plant height, ground diameter, crown width and branch growth were measured with a metric ruler; 

LA-S plant image analyzer was used to analyze chlorophyll, leaf area and powdery mildew spot 

damage of wolfberry. 

2.2.3. Investigation and Analysis of Pests and Diseases 

Pest and disease statistics were all taken in the greenhouse, and the LA-S plant image analyzer 

was used to take photos and analyze the damage area of powdery mildew spots of L. barbarum; aphids 

were counted in the newborn branches, with 6 replications for each treatment, and the number of 

aphids 12 cm long was counted, respectively. 

2.2.4. Determination of Fruit Quality 

Appearance quality: 30 fruits were randomly selected from the fresh fruits after picking in each 

treatment, and the transverse diameter, longitudinal diameter and width of the fruits were measured 

by vernier calipers, and determined according to the methods in the national standard (GB/T 18672-

2002). 

Medicinal quality: polysaccharides, β-carotene and betaine were determined according to the 

methods in the Pharmacopoeia of the People's Republic of China, 2015 Edition, Part I. The total 

flavonoid content was determined by ultraviolet spectrophotometry.  

Nutritional quality: (Ascorbic acid) vitamin C content was determined according to the national 

standard (GB/T5009-2003). 

2.3. Statistical Analyses 

All experimental data were analyzed by Excel 2010 and SPSS17.0 statistical software. The LSD 

method was used to test the significance of differences between treatments (Fisher's LSD P < 0.05). 

Plotting was performed using Excel 2010, Origin 17.0 and Corrplot v0.1.0 software. 

3. Results and Analyses 

3.1. Effects of Wolfberry-Forage Intercropping Pattern on the Growth of L. barbarum 
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3.1.1. Effects of Different Intercropping Combinations on the Yield of L. barbarum 

The average yield of L. barbarum monocropping and intercropping, as observed in Table 2, 

under the treatment of 10 forages is ranked as follows: Mangold > Wolfberry monocropping > 

Ryegrass > White clover > Sweet sorghum > Oats > Alfalfa > Lvyuan 5 > Stipas > Kudouzi > 

Wheatgrass. The outstanding performance was Mangold, Ryegrass and White clover intercropping 

with wolfberry, although there is no significant difference with monocropping, wolfberry-mangold 

intercropping promote the yield increase of wolfberry to some extent. When wolfberry was 

intercropped with ryegrass and clover, although the yield decreased, the decrease was not significant 

and it still had some advantages over the other seven forages. 

Table 2. Effects of intercropping patterns on the yield of wolfberry. 

Treatment 
Yield of wolfberry (kg/667m2)   

Single fruit weight of 

wolfberry (g) Mean value 

2019 2020 2021 Mean value 2019 2020 2021 

Lb-CK 880.59±60.09 855.82±55.63 798.90±36.70 845.11±50.81ab 1.46±0.05 1.29±0.09 1.20±0.04 1.32±0.07a 

Wolfberry-Lvyuan5 711.62±69.60 694.64±17.15 663.45±35.09 689.90±40.71f 1.11±0.10 1.08±0.09 1.03±0.07 1.07±0.08c 

Wolfberry/Oat 743.33±27.67 708.62±26.29 694.64±19.25 715.53±24.40f 0.91±0.03 0.90±0.08 0.90±0.01 0.90±0.04de 

Wolfberry/Wheatgrass 611.19±24.45 567.05±25.07 638.72±36.15 605.65±28.56h 0.77±0.03 0.77±0.01 0.74±0.07 0.76±0.04f 

Wolfberry/Sipas 708.62±60.09 694.64±35.15 660.45±24.78 687.90±39.97f 1.19±0.11 1.13±0.03 1.34±0.13 1.22±0.09b 

Wolfberry/Ryegrass 790.08±35.05 858.83±47.65 836.33±60.09 828.41±47.60b 1.36±0.08 1.28±0.12 1.31±0.07 1.32±0.09ab 

Wolfberry/Sweet sorghum 772.83±30.74 703.69±49.97 733.33±35.16 736.62±38.62d 0.86±0.01 0.86±0.01 0.85±0.05 0.86±0.03def 

Wolfberry/Gramineae 722.95±41.67 704.58±33.33 704.49±35.17 710.67±36.42 1.03±0.07 1.00±0.06 1.03±0.07 1.02±0.08 

Wolfberry/Kudouzi 608.62±23.28 694.64±28.62 660.45±33.51 654.57±28.47g 0.84±0.02 0.80±0.06 0.78±0.06 0.81±0.05ef 

Wolfberry/Alfalfa 700.69±27.99 740.33±63.28 698.62±28.17 713.21±39.81e 0.95±0.06 0.94±0.09 0.93±0.03 0.94±0.06d 

Wolfberry/White clover 810.13±53.31 772.83±28.55 753.69±43.73 778.88±41.86c 1.35±0.11 1.29±0.08 1.20±0.02 1.28±0.07b 

Wolfberry/Leguminous 706.48±34.86 735.93±34.67 704.25±35.87 715.56±33.66 1.05±0.06 1.01±0.08 0.97±0.03 1.01±0.06 

Wolfberry/Mangel 872.83±46.18 853.69±69.60 843.33±50.35 856.62±55.38a 1.34±0.16 1.28±0.09 1.52±0.23 1.38±0.16a 

Wolfberry/Chenopodiaceae 872.83±46.18 853.69±69.60 843.33±50.35 856.62±55.38a 1.34±0.16 1.28±0.09 1.52±0.23 1.38±0.16a 

L.S.D.(5%)                 

Through an examination of the economic index of wolfberry, specifically in regards to the 

analysis of single fruit weight, we have discovered the average performance were as follows: 

Mangold > Wolfberry monocropping > Ryegrass > White clover > Stipas > Lvyuan 5 > Alfalfa > Oats 

> Sweet sorghum > Kudouzi > Wheatgrass. The variation trend of fruit weight and yield was 

consistent among Wolfberry intercropping with Mangold, Ryegrass and White clover, and 

monocropping. These findings suggest that intercropping three types of herbage with wolfberry 

offers certain advantages in terms of yield and fruit quality. Furthermore, the intercropping pattern 

of wolfberry-chenopodium plants demonstrates absolute benefits in promoting both the increase in 

yield and improvement in quality of wolfberry. There were no significant differences observed in 

yield and quality between gramineous and leguminous plants. 

3.1.2. The Impact of Various Intercropping Combinations on the Growth of L. barbarum 

According to Figure 1, the average branch number of L. barbarum varied under different 

cultivation modes, with Ryegrass showing the highest value followed by wolfberry monocropping, 

Mangold, White clover, Sweet sorghum, Alfalfa, Kudouzi, Stipas, Oats, Lvyuan 5 and Wheatgrass. 

Wolfberry-ryegrass intercropping was significantly promotes an increase in branch number 

compared to monocropping (P < 0.05). However, the number of branches in Wolfberry intercropped 

with mangold and white clover is lower than that in monocropping, but this difference is not 

statistically significant (P > 0.05). The ranking of wolfberry branch elongation performance (Figure 2) 

is as follows: Lvyuan 5 outperforms Mangold, monoculture of wolfberry, Stipas, white clover, 

ryegrass, sweet sorghum, oats, Kudouzi and Wheatgrass. The growth of wolfberry branches was 

significantly promoted when intercropped with Lvyuan 5, while no significant difference was 

observed compared to mangold. Stipas intercropping resulted in a decrease in branch length, 

although the difference was not statistically significant. Ryegrass, which exhibited better 
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performance in the early stage, significantly inhibited the elongation of branch number when 

interplanted with wolfberry. 

 

Figure 1. Effects of intercropping patterns on the number of new branches of wolfberry. 

 

Figure 2. Effects of intercropping patterns on the length of new branches of wolfberry. 

3.1.3. The Impact of Various Intercropping Combinations on Photosynthetic Indices of L. barbarum 

The results depicted in Figure 3 demonstrate that intercropping with forage species, such as 

Kudouzi, Wheatgrass, Stipa, Ryegrass, and Sweet sorghum, significantly enhanced the leaf area of 

wolfberry compared to monoculture. However, no significant difference was observed between the 

other five forage species and monocultures. According to the concept of leaf area index, a higher leaf 

area index leads to increased photosynthetic intensity, greater synthesis of organic matter, and 

accumulation of more dry matter. Therefore, interplanting facilitates the provision of material 

conditions for wolfberry's photosynthesis. The chlorophyll content of wolfberry indicated that the 

average leaf area of intercropped wolfberry and wolfberry-forage was slightly higher compared to 

single cropping, although no significant difference was observed. This suggests that intercropping 

with forage may contribute to an increase in chlorophyll content of wolfberry. It was observed that 

there were no discernible alterations in the leaf area and chlorophyll levels of intercropped 
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gramineae. The leaf area of wolfberry increased when intercropped with legumes, although there 

was no significant variation in chlorophyll content. Intercropping chenopodium resulted in a reduced 

leaf area but an elevated chlorophyll level. The influence of intercropping patterns on the leaf area 

and chlorophyll content of wolfberry could enhance photosynthesis. 

 

Figure 3. Effects of intercropping patterns on the leaf area and Chlorophyll value of wolfberry. 

The photosynthetic characteristics of wolfberry exhibited certain fluctuations under different 

intercropping modes (Figure 4). Overall, the net photosynthetic rate (Pn) showed a significant 

increase in the intercropping mode compared to monocropping (P < 0.05), particularly in the 

intercropping combinations involving alfalfa, clover, and mangold, which recorded improvements 

of 21.92%, 23.82%, and 29.63% respectively. The changes in transpiration rate (Tr) and instantaneous 

water use efficiency (WUE) of leaves were essentially identical, exhibiting a lower trend compared to 

single cropping, with statistically significant differences observed (P < 0.05). The stomatal 

conductivity (Gs) exhibited a significant decrease in the intercropping system involving Sweet 

sorghum, Kudouzi, Lvyuan5, oats, stipas, and ryegrass. Particularly noteworthy reductions were 

observed with Sweet sorghum and Kudouzi intercropping (P < 0.05), resulting in a decline of 28.78% 

and 38.59%, respectively. The intercropping of alfalfa and clover led to an increase in Gs, although 

the difference was not statistically significant (P > 0.05). 

The study observed the effect of wolfberry-forage intercropping on its photosynthetic 

characteristics and found a significant increase in leaf area, chlorophyll content, and net 

photosynthetic rate (Pn) when it was intercropped with alfalfa, white clover, and mangold. This 

finding provides further support for the idea that intercropping wolfberry with forage crops 

effectively enhances its photosynthetic efficiency. 
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Figure 4. Photosynthetic characteristics analysis of Wolfberry under different herbage intercropping 

pattern. 

3.2. Effects of Wolfberry-Forage Intercropping Model on Pests and Diseases 

3.2.1. Effects of Different Intercropping Combinations on Powdery Mildew of Wolfberry 

The investigation of powdery mildew under different wolfberry-forage intercropping modes 

revealed a breakout in mid-May within the greenhouse. It was observed that the impact of powdery 

mildew varied between wolfberry-forage intercropping and pure wolfberry cultivation, as well as 

among different forage species and their interactions with wolfberry. We sampled wolfberry 

monocropping and intercropping respectively, and simulated the leaf area and lesion damage of 

wolfberry leaves with LA-S universal plant image analyzer system. Part of the pictures are shown in 

Figure 5, and the statistics of disease results are shown in Figure 6 and Table 3. The statistics and 

analysis of powdery mildew spot area showed that there were significant differences in the area of 

powdery mildew spot when wolfberry intercultivated gramineous, leguminous and chenopodiaceae 

(P < 0.05). The risk index of powdery mildew was 12.45%, 14.57%, and 4.49% in leguminous, 
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gramineous and chenopodiaceae, respectively. The risk index of powdery mildew of wolfberry-

mangold intercropping (4.49%) resulted in a significant decrease compared to monocultures of 

wolfberry (11.09%). There was no significant change in the wolfberry-gramineous intercropping, but 

the effects of different forage on powdery mildew of wolfberry were different. The results showed 

that the intercropping of Lvyuan 5, oats and wheatgrass could significantly promote the occurrence 

of powdery mildew (P < 0.05), the intercropping of stipas and ryegrass had no significant change, 

and the intercropping of sweet sorghum could inhibit the occurrence of powdery mildew (P < 0.05). 

The intercropping of legumes showed a significant increase, particularly with Kudouzi (20.48%) and 

alfalfa (15.02%) (P < 0.05). According to the lesion ratio and leaf size of different forage varieties under 

various planting patterns, six forage materials that exhibit potential in reducing powdery mildew 

disease can be initially selected. However, when considering niche distribution and compensation 

effect analysis, sweet sorghum plants are excluded from further consideration. The following forage 

materials have shown preliminary resistance against powdery mildew infection: mangold, white 

clover, ryegrass, and stipas. 

 

Figure 5. Disease situation and spot simulation under different herbage intercropping treatments. 
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Figure 6. Disease statistics of herbage intercropping in different families. 

Table 3. Investigation of Powdery mildew hazard on L. barbarum under different herbage 

intercropping. 

Planting pattern Lesion area(mm2) Total area(mm2) Percentage (%) 

CK Wlofberry monoculture 229.59±1.73c 2070.50±4.96cd 11.09 

Wolfberry/Lvyuan 5 204.16±0.69c 1176.89±3.77a 17.35*** 

Wolfberry/Sipas 212.61±8.93c 2102.05±16.15cd 10.11ns 

Wolfberry/Oat  223.68±10.37c 1482.39±11.66ab 15.09** 

Wolfberry/ Wheatgrass 320.05±4.52e 2271.26±0.98d 14.09* 

Wolfberry/ Ryegrass 213.87±1.09c 2190.49±21.66d 9.76ns 

Wolfberry/ Sweet sorghum 148.15±0.77ab 1781.72±7.89bc 8.31* 

Wolfberry/ Gramineae 228.41±3.98c 1834.13±8.77c 12.45ns 

Wolfberry/Alfalfa 286.35±12.66d 1906.52±10.07c 15.02** 

Wolfberry/White clover 212.17±de 2584.77±3.21ab 8.21* 

Wolfberry/S.alopecuroides 304.29±17.66c 1486.14±19.86e 20.48*** 

Wolfberry/Leguminosae 290.26±15.13de 1992.48±11.09c 14.57* 

Wolfberry/Mangel 65.35±0.66a 1454.49±16.77ab 4.49*** 

Wolfberry/Chenopodiaceae 65.35±0.66a 1454.49±16.77ab 4.49*** 

L.S.D.(5%)       

3.2.2. The Effect of Wolfberry-Forage Intercropping Mode on WOLFBERRY aphids 

Investigation of aphids under Wolfberry-forage intercropping pattern: A pest survey was 

conducted to assess the outbreak of aphids at the end of May, and the statistical results are presented 

in Figure 7. The findings indicate that intercropping with alfalfa, stipas, ryegrass, and oats can 

significantly reduce aphid infestation (P < 0.05), resulting in decreases of 66.5%, 65.8%, 17.5%, and 

2.5% respectively. The risk of aphid infestation significantly increased when wolfberry was 

intercropped with Kudouzi, wheatgrass, mangold, Lvyuan 5, sweet sorghum, and white clover. 

Particularly high risks were observed with Kudouzi and wheatgrass were 137.24% and 133.27%, 

respectively. The survey results were compared with the monocropping cultivation of wolfberry, 

revealing a significant increase in aphid infestation when wolfberry was interplanted with Kudouzi 
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and wheatgrass. On the other hand, interplanting oats, stipas, alfalfa, and ryegrass can effectively 

reduce aphid occurrence. However, the wolfberry-mangold patterns with superior early-stage 

performance carries the potential risk of exacerbating aphid infestation, thus necessitating proactive 

prevention and control measures during the growing season. 

 

Figure 7. Effects of aphids hazard on L. barbarum under different forages intercropping. 

3.3. Effects of Wolfberry-Forage Intercropping Mode on Physiology of Wolfberry 

The physiological substance content in the leaves of wolfberry under the modes of wolfberry-

forage intercropping and mono-cultivation is presented in Table 4. The presence of legumes, 

particularly whiteclover, significantly increased the MDA content in wolfberry leaves. Intercropping 

with stipas and sweet sorghum also resulted in an increase in MDA content, but there was no 

significant difference compared to gramineous and chenopodium intercropping. On the other hand, 

intercropping with gramineous and chenopodium (mangold), especially stipas, significantly 

enhanced SOD content in wolfberry leaves. There were no significant differences observed between 

these treatments and legume intercropping. 

Table 4. Determination of nutrient indexes in Wolfberry-forage intercropping system. 

Planting pattern 

Leaf  Root 

MDA(mg.g-1.FW.min-

1) 

SOD(U.g.g-1.FW.min-

1) 
 
MDA(mg.g-1.FW.min-

1) 

SOD(U.g.g-1.FW.min-

1) 

CK Wlofberry 

monoculture 
0.14±0.04e 0.12±0.001c  0.78±0.011c 116.17±4.042a 

Wolfberry/Lvyuan 5 0.28±0.001de 0.14±0.019c  0.73±0.001cd 102.70±9.24ab 

Wolfberry/Oat 0.25±0.017de 0.20±0.001b  0.84±0.035c 100.46±3.364ab 

Wolfberry/ Wheatgrass 0.23±0.014e 0.08±0.006c  0.85±0.004bc 97.22±1.732ab 

Wolfberry/Sipas 0.45±0.002d 0.36±0.016a  0.81±0.010c 87.98±10.97bc 

Wolfberry/ Ryegrass 0.25±0.030de 0.11±0.019c  0.79±0.014c 101.37±7.506ab 

Wolfberry/ Sweet 

sorghum 
0.39±0.003d 0.20±0.055b  0.76±0.003cd 88.12±7.505bc 

Wolfberry/ Gramineae 0.31±0.020de 0.18±0.058b  0.80±0.003c 96.17±0.943bc 

Wolfberry/Alfalfa 1.54±0.184c 0.12±0.007c  1.23±0.094a 89.68±1.414bc 

Wolfberry/White clover 2.23±0.033a 0.16±0.013bc  0.84±0.035c 90.50±7.778bc 

Wolfberry/S.alopecuroide

s 
2.03±0.016b 0.15±0.007bc  1.03±0.031b 117.62±5.185a 

Wolfberry/Leguminosae 1.93±0.077b 0.14±0.009c  1.03±0.009b 99.50±3.850bc 

Wolfberry/Mangel 0.06±0.002e 0.20±0.018b  0.58±0.004d 81.22±1.422c 

Wolfberry/Chenopodiace

ae 
0.06±0.002e 0.20±0.018b  0.58±0.004d 81.22±1.422c 
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L.S.D.(5%)          

The levels of physiological substances in the root of wolfberry were determined under two 

cultivation modes: wolfberry monocropping and wolfberry-forage intercropping (Table 5-3). 

Intercropping with legumes significantly increased the content of MDA in the root, with white clover 

showing the highest increase rate followed by Kudouzi and alfalfa. The increase was most 

pronounced for white clover (P < 0.05). Conversely, Wolfberry-chenopodium intercropping led to a 

significant decrease in MDA content in roots compared to leaves (P < 0.05). No significant difference 

was observed when intercropping with gramineae compared to monocropping (P > 0.05). Wolfberry-

chenopodium intercropping resulted in a significant increase in SOD content both in the root and 

leaves of wolfberry (mangold) (P < 0.05), while no significant difference was found between 

Wolfberry-Gramineae and Wolfberry-Leguminosae intercropping patterns (P < 0.05). 

Table 5. Investigation on tree growth of L. barbarum strain 401. 

Treatm

ent 

Plant 

height(

cm) 

Ground 

diameter(

cm) 

Leaf 
Main branch of first 

canopy 

Crown size of 

first canopy 

Main branch of 

second canopy 

Crown size of 

second canopy 

Leng

th(c

m) 

Widt

h(cm

) 

Are

a(c

m) 

Water 

content(

%) 

Nu

mb

er 

Branch 

numbe

r 

Branch 

length(c

m) 

North to 

south(c

m) 

East to 

west(c

m) 

Nu

mb

er 

Branch 

numbe

r 

Branch 

length(c

m) 

North to 

south(c

m) 

East to 

west(c

m) 

Intercr

opping 
165.3a 4.21a 6.21a 2.43a 

8.33

a 
27.35a 3.7a 5.3a 23.70a 98.6a 102.3a 

3.72

a 
12.5a 25.33a 75.8a 92.3a 

Monoc

roppin

g 

170.5a 3.87a 5.98a 2.35a 
8.12

a 
28.67a 

4.24

a 
3.7b 25.87a 103.7a 107.5a 

4.35

a 
8.65b 29.34a 72.1a 73.2b 

3.4. Effects of Wolfberry-Forage Intercropping Patterns on Tree Growth and Fruit Quality 

3.4.1. The Impact of Intercropping and Monocropping on the Growth of Wolfberry 

The samples collected under the wolfberry-forage intercropping mode were combined and 

treated as a single entity representing the intercropping mode. Upon conducting an overall analysis 

of both the wolfberry-forage intercropping and wolfberry monocropping mode, significant 

differences in individual indicators were observed, as presented in Table 5. The investigation and 

analysis of plant height, ground diameter, crown width, leaf area, leaf length, leaf width, number of 

new branches and length of L. barbarum strain 401 under intercropping and monocropping, which 

revealed that there was a slight decrease in plant height and an increase in ground diameter after 

intercropping, these changes were not statistically significant (P > 0.05). The number of main branches 

in the first and second layers showed no significant difference (P > 0.05). However, there was a 

significant increase in the number of branches in both layers (P < 0.05), with respective increments of 

43.24% and 44.51%. The canopy width of the first layer of wolfberry intercropped pattern was not 

significantly different from that of monocropping (P > 0.05). However, the canopy width of the 

second layer showed a significant increase compared to monocropping (P < 0.05), with an increment 

of 5.13% in the north and south directions and 26.09% in the east and west directions.Therefore, the 

overall performance of intercropping forage was to promote the increase of canopy branch number 

of wolfberry plants. 

3.4.2. The Impact of Intercropping and Monocropping on Wolfberry Fruit Quality 

Determination of fruit traits of L. barbarum strain 401 under intercropping and monocropping 

cultivation, analyzing the results are shown in Table 6, the fruit transverse diameter, longitudinal 

diameter, and width did not show any significant differences between intercropping and 

monocropping. However, the weight of individual fruits was significantly reduced by 22.90% (P < 

0.05). In addition, the yield per plant slightly decreased, but the difference was not statistically 

significant (P > 0.05). This finding is consistent with previous results, despite a decrease in the weight 

of individual fruits and an increase in the number of branches, which further supports the 

intercropping Wolfberry's yield. In terms of fruit quality, the levels of carotenoid, flavonoid, and 
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ascorbic acid in intercropping were significantly elevated (P < 0.05) compared to those in 

monocropping, with increases of 21.1%, 53.3%, and 126.7% respectively. Conversely, the betaine 

content decreased by 36.8% (P < 0.05). No significant alterations were observed in wolfberry 

polysaccharide and total sugar levels (P > 0.05). Therefore, intercropping with forage can effectively 

enhance the quality of wolfberry. 

Table 6. Effects of different planting patterns on fruit quality of L. barbarum. 

Treatm

ent 

Transverse 

diameter 

(mm) 

Longitudinal 

diameter 

(mm) 

Lateral 

diameter 

(mm) 

Single fruit 

weight (g) 

Plant 

yield 

(g) 

Carotenoi

d 

mg/100g 

Flavonoi

d g/100g 

Betaine 

g/100g 

Poly-

saccharides 

g/100g 

Total 

sugar 

g/100g 

Ascorbic 

acid 

mg/100g 

Intercr

opping 
10.73a 19.11a 10.43a 1.01b 920a 40.8a 0.23a 0.043b 3.52a 62.1a 50.1a 

Monoc

roppin

g 

10.43a 22.49a 9.96a 1.31a 952a 33.7b 0.15b 0.068a 3.8a 60.1a 22.1b 

3.5. Correlation Analysis of Growth and Yield Related Factors of L. barbarum 

Correlation analysis of the correlation factors between the growth, yield, photosynthesis, plant 

physiology and the occurrence of wolfberry pests and diseases found that there is a correlation 

relationship between the correlation factors, the specific performance is shown in Figure 8. 

 

Figure 8. Correlation analysis of Wolfberry under different forages intercropping. 

Through the analysis of the correlation of each factor, it was found that: for photosynthetic 

indexes, the chlorophyll value of L. barbarum was highly significantly positively correlated with net 

photosynthetic rate (P < 0.01), and significantly positively correlated with stomatal conductance, 

transpiration rate, and leaf instantaneous water utilization efficiency (P < 0.05). There was a 

significant positive correlation between the net photosynthetic rate and stomatal conductance, 

transpiration rate, and leaf instantaneous water utilization efficiency (P < 0.05). In addition, 
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photosynthesis utilization rate related indexes were significantly positively correlated with single 

fruit weight of L. barbarum and branch length of L. barbarum, and significantly negatively correlated 

with aphid infestation and powdery mildew disease (P＜0.05). Stomatal conductance, transpiration 

rate, and number of branches of L. barbarum were significantly negatively correlated with Leaf area 

of L. barbarum and malondialdehyde content (P＜0.05). In terms of fruit traits and yield, there was a 

positive correlation between fruit weight and yield, photosynthetic indices, as well as branch number 

of L. barbarum (P < 0.05). Additionally, fruit weight showed a negative correlation with 

malondialdehyde content and powdery mildew disease (P < 0.05). The yield of L. barbarum exhibited 

a positive correlation with fruit weight, transverse diameter, longitudinal diameter, polysaccharide 

content, and betaine content, while it displayed a negative correlation with carotenoid content, 

flavonoid content, ascorbate content, malondialdehyde content and powdery mildew disease (P < 

0.05). As for fruit nutrition, betaine exhibited a negative correlation with carotenoid, flavonoid, and 

ascorbic acid levels, while showing a positive correlation with superoxide dismutase (P < 0.05). The 

concentrations of carotenoid, flavonoid, and ascorbate were positively associated (P < 0.01), but 

negatively correlated with superoxide dismutase (P < 0.05). In addition, both the infestation of 

wolfberry aphids by pests and powdery mildew were found to have a significant correlation with 

the levels of malondialdehyde and superoxide dismutase (P < 0.05). Furthermore, there was a positive 

association between pest occurrence and disease development (P < 0.05). 

4. Discussion 

4.1. Photosynthesis Differences under Different Wolfberry-Forage Intercropping Patterns 

Intercropping, as an agronomic method, can be widely used in many countries to improve plant 

yield and quality through effective utilization of nutrients, light energy and water resources [16]. In 

addition, intercropping can reduce light loss between plants and create a favorable environment for 

the growth and development of individual plants and the full utilization of resources, thus increasing 

overall productivity [17]. Plant growth depends on cellular changes and dry matter accumulation, 

which is mainly dependent on photosynthesis [18]. Chlorophyll value and Pn are the most important 

factors reflecting plant photosynthesis [19], which play an important role in photosynthesis and yield 

improvement of L. barbarum[20]. We found that there were certain fluctuations in the photosynthetic 

characteristics of L. barbarum under different forage grasses and L. barbarum intercropping modes 

(Figures 3 and 4), and there was a significant positive correlation between L. barbarum chlorophyll 

value, net photosynthetic rate, stomatal conductance, transpiration rate, and instantaneous water use 

efficiency of leaves, especially Pn, which showed that the overall net photosynthetic rate of L. 

barbarum intercropped with Pn showed a significant upward trend compared with that of 

monocropping, and it increased significantly, especially in alfalfa, clover, and fodder In addition, the 

chlorophyll value in intercropping was greater than that in monocropping, which will provide an 

important basis for the screening of L. barbarum intercropping materials. 

4.2. Fruit Traits Differences under Different Wolfberry-Forage Intercropping Patterns 

Our study found varying effects on L. barbarum fruits: fruit size of L. barbarum under 

intercropping system was significantly reduced in the first year compared to the monocropping 

system, and there was no significant difference in the second year (Table 2), whereas, when analyzed 

in combination with Figures 1 and 2, cultivation of pasture grasses between L. barbarum rows did not 

have a significant effect on L. barbarum yields. In the intercropping pattern, the increase in the number 

of branches led to an increase in the number of flowers, promoting an increase in the number of 

wolfberries. However, the size of the fruits decreased significantly in the first year, so there was no 

significant increase in the total fruit yield. This is in line with previous research on kiwifruit 

overplanting with mascot grass, which found significant differences between intercropping and 

clearcutting treatments in fruit traits and yield, and significant increases in kiwifruit single fruit 

volume, single fruit weight, and acres of yield despite no significant effects on kiwifruit fruit 

transverse and longitudinal diameters and fruit shape indices[21], which is in line with our findings. 
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4.3. Fruit Quality Differences under Different Wolfberry-Forage Intercropping Patterns 

In addition, the previous research study and analysis of kiwifruit fruit quality found that 

intercropping of mascot grasses significantly increased kiwifruit fruit vitamin C, dry matter, total 

soluble sugar, solids, and titratable acid content[21]. The findings of another research study also found 

that grass mulching had an improvement effect on ponkan fruit quality [22], and a comparison of 

changes in nutrient content of L. barbarum fruits between monocropping and intercropping modes in 

our experiments revealed that the carotenoid, flavonoid, and ascorbic acid content of the 

intercropping system was significantly increased (Table 6), directly proving that intercropping 

forage could improve the quality and metabolism physiology of L. barbarum fruits. of carotenoids, 

flavonoids and ascorbic acid were significantly increased (Table 6), which directly proved that 

intercropping pasture could improve the quality and metabolic physiology of L. barbarum fruits. This 

is also in line with the researcher's result that intercropping chestnut-legume is more favorable to 

improve fruit quality and soil nutrient content of forest floor [23]. Researchers also found that planting 

flat mushrooms in pear orchards significantly increased pear fruit quality, hardness, soluble solids 

and soluble sugar content, and reduced titratable acid content[24]. In addition, Benard's study showed 

that intercropping increased the total thiogluconate content which improves the taste on one hand, 

while maintaining the content of health-related minerals; on the other hand, kaempferol glycosides 

and hydroxycinnamic acid derivatives were reduced under intercropping treatments [25]. This is in 

general agreement with our results which found that the intercropping system of four indicators 

(carotenoids, flavonoids and ascorbic acid) showed a significant trend of increase, especially ascorbic 

acid, which increased two-fold, while the betaine content was significantly reduced, suggesting that 

intercropping can modify the nutritional quality of the fruits by affecting the content of metabolites, 

but not all the developments are favorable. And the results of Testolin's study also found that as the 

fruit develops and matures, various components within the fruit change along with various reactions, 

such as phenylpropanes, flavonoids, anthocyanins, and sugars being synthesized, accumulated, or 

consumed [26], which is in line with our results. In summary, the growth, yield and fruit quality of F. 

chinensis were significantly improved relative to monoculture. 

4.4. Pests and Diseases Differences under Different Wolfberry-Forage Intercropping Patterns 

Different types of forages intercropped with L. barbarum had different effects on L. barbarum pests 

and diseases. Through the analysis of field trials, it was found that L. barbarum could reduce aphid 

infestation when intercropped with oats, sipas, white clover and ryegrass, while mangold, which 

performed better in the early stage, had the risk of aggravating aphid infestation, so that the growing 

season should be well prepared to prevent and control the aphid infestation in advance. In addition, 

by analyzing the incidence of powdery mildew under intercropping and monocropping modes, 

further forage materials capable of reducing powdery mildew infestation were obtained: mangold, 

white clover, ryegrass, and sipas. Although some forages intercropped with L. barbarum can increase 

the occurrence of pests and diseases, our results also provide a theoretical basis for further screening 

of suitable L. barbarum intercropping materials. This is also consistent with the results of previous 

studies that reasonable intercropping can control the occurrence of pests and diseases, reduce the 

input of chemical pesticides and improve food safety [27,28]. However, the effect of intercropping on 

the prevention and control of pests and diseases is affected by plant species [29], sowing time [30], and 

spatial and temporal layout of intercropping [31,32], and suitable and efficient intercropping modes 

need to be more deeply and systematically studied. 

5. Conclusions 

The effects of intercropping patterns on the growth of L. barbarum showed an overall increase in 

photosynthesis of L. barbarum. In addition, intercropping ryegrass increased the number of L. 

barbarum branches, and intercropping Lvyuan 5 and mangold promoted the elongation of L. barbarum 

branches. In addition, from the perspective of pests and diseases, the intercropping of mangold, white 

clover, sweet sorghum, ryegrass, and sipas could reduce the area of powdery mildew of L. barbarum, 
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while the intercropping of alfalfa, sipas, and ryegrass could reduce aphid occurrence. Moreover, 

wolfberry-forage intercropping mode could significantly promote the significant increase of 

carotenoids, flavonoids and ascorbic acid content, which was favorable to the improvement of L. 

barbarum quality. The comprehensive analysis finally screened out four kinds of intercropping 

combinations of wolfberry-mangold, wolfberry-ryegrass, wolfberry-alfalfa, and wolfberry-white 

clover. 
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