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Abstract: A walnut-wheat intercropping pattern is practiced widely in southern Xinjiang to alleviate
the contradiction between the lack of cultivated land resources and to increase economic value.
Previous studies have confirmed that an alley cropping pattern could change the microclimate by
supplying additional ecological functions such as windbreak, light interception, water conservation,
etc. Cereal aphids (including Sitobion avenae, Rhopalosiphum padi, Metopolophium dirhodum, etc.) are
commonly spread pests that harm wheat plants. But, the difference in population numbers between
local patterns is still unknown. Pesticide reduction is the national strategy in China to alleviate
the contraction between the demand of grain yield and environment protection. Plant protection-
unmanned aerial vehicles (UAV) spraying pesticides are the most efficient method to control pests.
However, compared to traditional artificial spraying method, how the UAV spraying method affect
the control effect of reduced concentration pesticide is unclear. In order to address this problem, we
conducted field investigations at Zepu county in southern Xinjiang to test the difference between
walnut-wheat intercropping and wheat monocropping patterns for three consecutive years. And, we
employed the field experiments to ensure the effectiveness of the reduced concentration common
pesticides through the UAV spraying method. In conclusion, we conducted a comparison of the
control effects of two spraying methods under conditions of reduced pesticide usage. Our findings
revealed that the population of cereal aphids was larger in the intercropping pattern compared to
the monocropping pattern. Although the control effect of the reduced treatment was lower than the
regular dosage, some treatments still demonstrated sufficient capability to eliminate aphids, particu-
larly when considering the effect within major varieties. Additionally, the use of the UAV spraying
method exhibited a satisfactory effect when compared to the traditional artificial spraying method.

Keywords: alley cropping; wheat; aphid; UAV; pesticide reduction

1. Introduction

Crop yields have dropped over the last few years owing to the scarcity of cultivated
land, lack of irrigation water, climate change, and the low utilization of soil nutrition [1].
However, in the region of southern Xinjiang, which is located in northwest China, farmers
have extensively practiced the alley cropping system not only to alleviate the contradiction
between the relatively low income of grain monocropping and the increasing requirement
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of grain yield, but also to maximize the advantages of light, temperature, water, and other
essential production factors utilized under the ‘cash tree—grain crop’ system [2—4].

In the agroforestry system, previous studies had focused on the interaction of subter-
ranean organs as well as on the competition of nutrient utilization between both component
plants. For instance, Duan et al. (2019) identified that the yield of the aerial part, and the
parameters to evaluate subterranean roots such as LER or RD of both species, had decreased
significantly under the alley cropping system. On the contrary, the alley cropping pattern
increased the root length [5]. Under drought conditions, Rivest et al. (2013) reported
the biomass, yield, and number of grains per spike higher than monocropping [6]. But,
Swieter et al. (2019) had found no substantial differences between the narrow crop alley,
wide crop alley, and traditional patterns [7].

As a remarkable agroforestry practice, alley cropping enhances the capability of
soil nutrients, the abundance of soil microbial communities, the presence of landscape
species, as well as reduces carbon emissions to a significant level [8-11]. More specifically,
walnut trees bring many important ecological functions, such as light interception and
windbreak [12-14]. But, some reversed conclusions were also drawn by other researchers.
They discovered that tree /wheat mixture shows a low photosynthetically active radiation
and are affected significantly by the tree age [3,15,16]. All these alterations induced varying
degrees of impact to the microclimate factors (temperature, humidity, light intensity, wind
strength, etc.) on the participant plants in the system. It differs significantly as compared to
the monocropping system.

Cereal aphids (including Sitobion avenae, Rhopalosiphum padi, Metopolophium dirhodum,
etc.) are commonly observed wheat pests which reside in major ecological niches under
both patterns at locality, and harm wheat production in China [17-19]. The insects generally
suck phloem sap through their mouthparts from wheat stems, leaves, and ears [20]. During
the process of sap sucking and saliva injection, the transmission of barley yellow dwarf
virus (BYDV) and other plant viruses occurs. The infection has huge negative impacts on
wheat production. In pandemic years, virus infestations can cause yield losses of up to 40%
of total wheat production [21].

With the concept development of integrated pest control, reasonable agricultural
method application has received much attention from researchers. The alley cropping
pattern can attenuate pest harm by decreasing entomic immigration, survival rate, and
fecundity and build a temporary shelter for predators to maintain the population before
the crop pests’ outbreak [22-24]. Some researchers have explored relationships between
pest dynamics and the intercropping patterns of several horticultural crops and cash
trees. In this regard, the intercropping system of pear orchards and aromatic plants is
beneficial for orchard intercropping systems [25]. Similarly, when cultivating rosemary
(Rosmarinus officinalis) and sweet pepper (Capsicum annum) simultaneously in the same
field (intercropping), the densities of the sampled Frankliniella intonsa, Myzus persicae, and
Bemisia tabaci in this system are significantly lower than that observed in a monoculture
field of sweet pepper [26].

Although much effective research has been carried out in the field of agricultural
prevention method, it is undeniable that chemical control is still occupying the main status
in cereal aphid control methods [27-30]. Pesticides sprayed by unmanned aerial vehicles
(UAV) for plant protection are characterized by the high efficiency and high utilization
rate of the pesticide [31-33] and has now commonly been conducted in southern Xinjiang.
But, the relative research to investigate the relationship between the occurrence of cereal
aphids and the walnut-wheat intercropping system as well as the wheat monocropping
pattern is rarely seen. This study, therefore, has targeted such relations to address the
deficiency in this regard. For this purpose, the researchers of this study collected field
data on cereal aphid dynamics as exhibited in two cropping systems for three consecutive
years. This survey made us recognize the difference in the pest prevention period to
control wheat aphids between two cropping patterns. Then, we conducted an UAV foliar
spraying experiment to testify to the control efficiency difference in cereal aphids between
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aerial/artificial methods using two major wheat varieties under an intercropping pattern
in the desert oasis district of northwestern China.

2. Materials and Methods
2.1. Wheat Aphids Occurrence Survey

A survey was conducted every five days after incidence of cereal aphids on wheat
plants until harvesting. The wheat aphid species was confirmed through morphological
observation. However, if the extreme meteorological conditions such as sandstorms or
rainstorms did not match the investigation requirement, we would postpone the date to
the seventh day from the last investigation. Hence, in 2017, the researchers investigated the
data seven times, while the same was performed ten times in 2018, and nine times in 2019.

Under the intercropping system, the variety of walnut trees is Wen185. Walnut
trees were transplanted at the experimental locality in 2007. The wheat variety for both
intercropping and monocropping is Xindong 20 (XD20). The sowing times for the wheat
were 5 October, 2 October, and 7 October and the harvest time was about 10 June every year.
The survey time points were during the filling stage and maturity stage. All agricultural
operations and management measures of investigation plots were the same.

During this research, four different townships Aktamu, Kuibag, Yima, and Gulebag
in Zepu County, Kashgar, Xinjiang Uygur Autonomous Region of China were selected
randomly. At each township, eight fixed intercropping fields were randomly chosen. The
area of each field was 667 m?2. In the fields we had chosen already, a five-point sampling
method was employed to set the investigating plot. Five plots were selected with an area
of 1 m2. All plots were surrounded with nylon ropes to locate quickly and 20 fixed wheat
plants were chosen from each plot to investigate the total number of aphids that fed under
the walnut-wheat intercropping system. Each of the 20 plants was marked by tying ‘Red
knitting” wool under the ears of every wheat plant. Meanwhile, the same survey method
was employed to investigate four wheat monocropping fields at a depilation yard in Yima
Township. The area of each monocropping field was 0.5 hectares, but the investigating plot
area was the same as the intercropping plots. In the meantime, the number of all apterous
adult aphids per block was also recorded. It was found that Sifobion avenae (Fabricius) was
among the predominant species in both intercropping and monocropping experimental
fields. On the other hand, Metopolophium dirhodum (Walker) and Rhopalosiphum padi (L.)
appeared sporadically until the selected wheat crop was ready to harvest. Therefore, the
number of these two aphid species was not calculated.

2.2. UAV Spraying Pesticides to Control Wheat Aphids Experiment

We conducted an UAV pesticide application experiment in the wheat monocropping
field at the depilation yard to evaluate the control effects of six different pesticides and the
corresponding 30% reduced application treatments on wheat aphids, which were fed on
two major local varieties named Xindong No. 20 (XD20) and Xindong No.60 (XD60).

The experimental model of UAV is Dji T16. During the whole pesticide spraying
process, the operating altitude, speed, and spray amplitude were controlled at 1.5 m,
4.0 m/s, and 4.5 m, respectively. The liquid volume was 12 L/ hm?.

All pesticides were sprayed on the morning of 12 May 2020. The wheat was in the early
filling stage. Before aviation, the cardinality of wheat aphids in each plot was investigated.
The second dilution method was carried out during this experiment. The experiment
design is shown in Table 1, where wheat plants are in the filling stage. During the spraying
process, every treatment had three plots as the replicates, and the area of each replicate was
400 m? (4 m x 100 m). A 1 m wide protection row was set between all plots. Plot positions
were arranged randomly in the order of 1 d (13 May), 3 d (15 May), and 7 d (19 May) after
pesticide spraying (we abbreviated them in the following text as 1 DAS, 3 DAS, and 7 DAS,
respectively); the same method was repeated three times for investigation purposes.
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Table 1. Experimental pesticides and application dosage in 2020.

Percentage Reduction of

Treatments Pesticides Dosage (g/hm?) Recommanded Concentration
(%)
1 Thiamethoxam 70 WG 21.00 0.00
2 Thiamethoxam 70 WG 14.70 —30.00
3 Sulfoxaflor 22 SC 33.00 0.00
4 Sulfoxaflor 22 SC 23.10 —30.00
5 Imidacloprid 70 WG 31.50 0.00
6 Imidacloprid 70 WG 22.05 —30.00
7 Pymetrozine 50 WG 112.50 0.00
8 Pymetrozine 50 WG 78.75 —30.00
9 Acetamiprid 20 WP 9.00 0.00
10 Acetamiprid 20 WP 6.30 —30.00
11 Thiamethoxam-Cyhalothrin 22 SC 33.00 0.00
12 Thiamethoxam-Cyhalothrin 20 SC 23.10 —30.00
CK Water - -

2.3. UAV Spraying and Artificial Spraying Comparison Experiment

According to the results of the experiment mentioned in 2.2, we chose sulfoxaflor 22 SC
and acetamiprid 20 WP (which performed the best control effect and the worst control effect
in 2020) to conduct a supplementary experiment on 15 May 2021, to confirm differences
in the control effects on wheat aphids of these two extreme pesticides by using UAV and
artificial spraying (manual backpack electric sprayer (MBES)) methods. In this test, we kept
concentrations, test plots, UAV model, and spraying parameters as the same compared to
2020. The specific pesticide concentrations and application methods are shown in Table 2.

The liquid volume was set to 650 L/hm?.

Table 2. Experimental pesticides and application dosage in 2021.

Treatments Pesticides Dosage (g/hm?) Pesticide Spraying Method

P3 Sulfoxaflor 22 SC 33.00 UAV
P4 Sulfoxaflor 22 SC 23.10 UAV
P9 Acetamiprid 20 WP 9.00 UAV
P10 Acetamiprid 20 WP 6.30 UAV

P3M Sulfoxaflor 22 SC 33.00 MBES
P4M Sulfoxaflor 22 SC 23.10 MBES

POM Acetamiprid 20 WP 9.00 MBES

P10M Acetamiprid 20 WP 6.30 MBES
CK Water - -

The experimental backpack electric sprayer model is the Weifeng 3 (WBD-20) manual
backpack electric sprayer (MBES), which is manufactured by Taizhou Guangfeng Plastic
Industry Co., Ltd. at Taizhou, Zhejiang Province, China. The sprayer was purchased from
manufacturer’s online store in 2019. The equipment’s basic parameters are introduced

in Table 3.

Table 3. Experimental MBES performance parameters.

Parameters Values
Operating Pressure 2-3kg
Liquid Injection Volume 1.5-1.9 L/min
Impeller Speed 3200 r/min
Effective Range <45m
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2.4. Statistical Analysis

During the survey of wheat aphid occurrence, the collected data fail to pass the nor-
mality test (Shapiro) and heteroscedasticity test (ncv). In cases of less than 60% proportion
of zero value to the total data volume and the existence of over-dispersion, a general
linear model (GLM) (negative binomial error structure logit link function) was run to
detect the fixed effect of cropping mode, year, and their interaction (if it exists) on the
number of wheat aphids. A Likehood Ratio Chi-Square was used to determine whether
the differences between groups were significant. Once the statistical differences were
detected (p value < 0.05), TukeyHSD was used to make a pairwise contrast between levels
in treatments.

In the pesticide reduction spraying process by UAV and MBES, a Shapiro test was
employed to evaluate the normality of the data, and Levene-test was run to evaluate the
homogeneity of variance. One-way ANOVA was used to verify the impact of treatments
on the control effects of wheat aphids. F-test was run to determine whether the statistical
difference existed. If the p value was <0.05, Duncan’s new multiple range test was run to
make multiple comparisons.

All data analysis and mapping processes were performed using R software (Version
4.2.1). The car package was used to run GLM and one-way ANOVA, the multicomp and
agricolae packages were used to make pairwise contrast, and the ggplot2 package was
used for mapping images.

3. Results
3.1. Wheat Aphids Occurrence

Based on the investigated data, the results show that, both the cropping pattern
(x> =183.47,df =1, p <0.001), and the year (x> = 70.53, df = 2, p < 0.001) have a significant
influence on the number of wheat aphids. Meanwhile, the interactions between cropping
method and year are also significant with (x? = 167.11, df = 2, p < 0.001).

The results of the year-wise study on the link between the wheat aphids and crop-
ping modes indicate that the number of wheat aphids while practicing a walnut-wheat
intercropping system is higher than that recorded via a monocropping system of wheat
production: the year 2017 (z = 2.38, p = 0.02), the year 2018 (z = 10.01, p < 0.001), the year
2019 (z = 18.19, p < 0.001) (Figure 1). Further results demonstrate that the walnut-wheat
intercropping system records a lower number of wheat aphids in 2017 than the number
tabled in 2018 (z = —10.30, p < 0.001) and in 2019 (z = —6.85, p < 0.001). Concurrently, the
mean number of wheat aphids in 2019 is significantly lower than 2018 (z = —3.38, p = 0.002).

Contrary to the results of this study regarding the linkage between the wheat aphids
and the cropping systems as discussed in the preceding paragraph, the figures for such a
link are different in the wheat monocropping system. For example, the number of wheat
aphids in 2019 is significantly lower than the number in 2017 (z = —11.73, p < 0.001) and
2018 (z = —10.41, p < 0.001). However, there is a slight statistical difference in this number
between the years 2017 and 2018.
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Figure 1.

Investigation Date

The effect of cropping pattern on wheat aphid population density.

3.2. UAV Spraying Pesticides to Control Wheat Aphids

The results of XD20 on 1 DAS of pesticides show that the control effects of regular
dosages on wheat aphids are 54.19-84.52%. Subsequently, thiamethoxam 70 WG reveals
the best control effect of 84.52%, while sulfoxaflor 22 SC stands second with a value of
68.92%. Meanwhile, the control effect of 30% reduction treatments ranges from 39.22% to
73.90%. And, except for thiamethoxam 70 WG, the control effects of the other 30% reduction
application treatments remain below 60% (Figure 2a).

Control Effect%
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Figure 2. 1 DAS control effect of pesticides on wheat aphids fed on XD20 (a) and XD60 (b). Note:
* represents the significant difference between regular dosage treatment and reduction dosage treatment.

In the continuation of presenting the values of the control effects, the control effects
of common practice treatments of XD60 range from 62.40% to 75.63%. Comparatively,



Appl. Sci. 2023,13,11916

7 of 14

sulfoxaflor 22 SC shows the best efficiency of 75.63%; Acetamiprid 20 WP and imidacloprid
70 WG also perform good control effects of 74.56% and 70.17% (Figure 2b).

For the 3 DAS of pesticides to the target population, the control effects of regular
dosage treatments in XD20 fields transposed from 44.67% to 81.39%. This verifies that
sulfoxaflor 22 SC has the highest control effect of 81.39%, and thiamethoxam 70 WG has the
second highest value of 78.60%. At the same time, sulfoxaflor 22 and thiamethoxam 70 WG
show the highest efficiency of 30% reduction; the control effect of these two treatments is
69.44% and 67.34%, respectively (Figure 3a).

I Regular Dosage
30% Reduction Dosage

Control Effect%
o 3 8 8 8 g 3 3 3
e
S

- e
Control Effect%
N N @ I @ P ~ m
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s s
& &
Treatment Treatment

Figure 3. 3 DAS control effect of pesticides on wheat aphids fed on XD20 (a) and XD60 (b). Note:
* represents the significant difference between regular dosage treatment and reduction dosage treatment.

The results compiled after investigating XD60 show that the figures, noted three days
after the application of pesticides, for the effectiveness of conventional dosage treatments
range from 62.27% to 86.08%. More specifically, the value of the control effect of imidaclo-
prid 70 WG and thiamethoxam-cyhalothrin 22 SC is relatively higher (80%), followed by
thiamethoxam 70 WG, sulfoxaflor 22 SC, and pymetrozine 50 WG, which stay at higher
than 72%. The efficacy of 30% reduction treatments ranges from 53.48% to 85.36%, among
which thiamethoxam-cyhalothrin 20 SC has the best control effect with 85.36%, followed by
imidacloprid 70 WG with a value of 72.05% (Figure 3b).

According to the results recorded seven days after the spraying process, the control
effects of regular dosage treatments for XD20 species range from 46.73% to 85.55%, where
sulfoxaflor 22 SC has the best efficiency of 85.55%, while thiamethoxam 70 WG shows a
value of 73.15%. The control effects of 30% reduction dosage treatments range from 45.25%
to 68.27%. The results also show that sulfoxaflor 22 SC and thiamethoxam 70 WG have
relatively better efficacy with 68.27% and 63.42%, respectively, whereas the figures for the
rest of the treatments are below 60%. The control effect of regular dosage treatments is
higher than the control effect of the corresponding 30% reduction treatments, though there
is no significant difference between them. However, the control effect of sulfoxaflor 22 SC
regular dosage treatment is significantly higher than that of the 30% reduction dosage
treatment (Figure 4a).
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Figure 4. The 7 DAS control effect of pesticides on wheat aphids fed on XD20 (a) and XD60 (b). Note:
* represents the significant difference between regular dosage treatment and reduction dosage treatment.

In the study of the XD60 field, the efficacy of regular dosage treatments ranges from
77.90% to 95.64%, as calculated on 7 DAS. The results, in this context, indicate that the
efficacy of sulfoxaflor 22 SC and imidacloprid 70 WG is relatively high, with 94.53% and
95.64%, respectively, followed by the effectiveness of sulfoxaflor 22 SC and thiamethoxam-
cyhalothrin 22 SC, with the values of 89.82% and 92.10%, respectively. The efficacy value
of 30% reduction dosage treatments ranges from 73.52% to 87.97%, where the efficacy of
thiamethoxam 70 WG, sulfoxaflor 22 SC, imidacloprid 70 WG, and pymetrozine 50 WG
(with the control effect of 86%) was relatively better than the rest of the treatments. In brief,
the study finds no significant difference between the control effects of conventional dosage
treatments and the corresponding 30% reduction treatments (Figure 4b).

3.3. UAV Spraying and Artificial Spraying Pesticides to Control Wheat Aphids

In the XD20 fields, one day after the spraying of pesticides, the control effect of
sulfoxaflor recommend dosage and its 30% reduction dosage applied by MBES were 71.94%
and 61.10%, respectively. The corresponding UAV treatments showed 67.47% and 58.80%,
respectively. No significant difference was tested between P3 and P3M, as were P4 and
P4M. Similarly, acetamiprid treatments P9 (55.94%) versus POM (55.70%) and P10 (46.64%)
versus P10M (48.99%) also performed with few differences (Table 4).

Table 4. The control effects on wheat aphids of sulfoxaflor and acetamiprid with different method.

Treatments Fields 1 DAS Control Effects (%) 3 DAS Control Effects (%) 7 DAS Control Effects (%)
P3 67.47% + 3.63% 2 77.54% -+ 2.86% 2 84.59% =+ 2.05% 2
P3M 71.94% =+ 3.69% 2 79.68% =+ 2.94% 2b 87.01% =+ 2.14% 2
P4 58.80% =+ 2.10% P 67.80% =+ 2.15% P 75.92% + 1.94% P
PAM XD20 61.10% =+ 2.15% ° 73.62% =+ 2.37% ¢ 76.11% + 2.22% P
P9 55.94% =+ 1.91% 2 48.59% =+ 2.49% 2b 50.74% =+ 2.93% P
POM 55.70% + 3.25% 2 52.81% =+ 3.29% 2 76.12% + 2.22% 2
P10 46.64% + 1.94% b 43.61% =+ 3.76% P 43.37% =+ 2.56% ©
P10M 48.99% =+ 2.03% P 46.84% + 1.11%P 55.10% =+ 5.02% P
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Table 4. Cont.

Treatments Fields 1 DAS Control Effects (%) 3 DAS Control Effects (%) 7 DAS Control Effects (%)
P3 75.16% + 0.91% @ 73.80% + 3.70% @ 92.06% =+ 1.49% @
P3M 82.79% =+ 3.41% P 80.14% =+ 2.74% P 92.62% + 3.45% 2
P4 66.03% + 1.79% © 63.53% =+ 3.06% © 84.29% =+ 2.87% P
PAM XD60 69.75% =+ 3.92% © 66.47% =+ 3.03% © 86.01% + 4.03% P
P9 73.80% + 1.61% 2 61.76% + 2.77% © 75.72% + 1.33% 2
P9M 74.36% + 3.90% @ 73.50% + 3.51% @ 74.36% + 3.90% @
P10 62.44% =+ 1.75% P 53.54% =+ 3.32% 4 71.20% + 2.31% 2
P10M 65.13% + 2.36% P 67.48% + 1.92% P 65.13% + 2.36% P

Note: The same letter represents no significant difference between different concentrations and application
methods of the same chemical agent. Numbers in first column correspond exactly to the serial numbers in Table 1.

After three days, the control effect of PAM was 73.62%, which was significantly higher
than UAV treatment P4. The regular dosage P3 and P3M performed with no such difference.
But, the control effects of all sulfoxaflor treatments were higher than 80%. On the other
hand, all acetamiprid treatments showed lower control effects compared to the sulfoxaflor
treatments, but still stayed with no differences between the UAV method and MBES method
of regular dosage treatments (P9 and P9M) and 30% reduction dosage treatments (P10 and
P10M). Their control effects were 48.59% (PP9), 52.81% (P9M), 43.61% (P10), and 46.84%
(P10M), respectively (Table 4).

The survey after seven days showed a similar result compared to one day after
pesticide applications. The control effect of regular dosage of sulfoxaflor sprayed by MBES
could reach 87.01%. That number of UAV sprayers could also gain a relative high value of
84.59%. By the way, two 30% reduction dosage treatments, P4 and P4M treatments, showed
no significantly different control effects, but these two treatments both were significantly
lower than P3 and P3M. During this time, acetamiprid treatments performed dissimilarly.
The control effect of P9M (76.12%) was significantly better than its corresponding UAV
treatment (50.74%). The 30% reduction dosage treatment also showed a significantly higher
value (55.11%) than P10 (43.37%) (Table 4).

Similarly, after three days, the control effect of P3M (80.14%) was significantly higher
than P3 (73.79%), but P4 (66.47%) performed with no such difference compared to P4
(63.53%). POM (73.50%) and P10M (67.48%) both had capabilities to show significantly
higher control effects compared with their corresponding UAV treatments P9 (61.76%) and
P10 (53.54%) (Table 4).

But, after seven days, the results of sulfoxaflor treatments and acetamiprid treatments
had reversed entirely. The P3M/P3 group and P4M /P4 group both performed with no
obvious difference in the control effects. Surprisingly, two concentration treatments of
acetamiprid showed a significantly better control effect by aerial method. The artificial
sprayer gained the worst value (Table 4).

4. Discussion

This research reveals the dynamics of the cereal aphid population fed on wheat plants
under two different cultivation modes in desert—oasis areas. Most studies show that pest
outbreak issues have always combined with ecological habitat exacerbation, particularly
when monoculture application grossly oversimplifies the variety of the arthropod commu-
nity [34,35]. In supplying this deficiency, intercropping wheat with other crops and fruit
trees has been conducted by lowering the densities of pest insects [36]. Liu et al. (2017)
found significant differences in the populations of immigrating winged aphids and their
natural enemies among different wheat coverage rates, and the reduction in wheat planting
proportion showed a negative trend of wheat aphids. The wheat monoculture system
was found to have the most wheat aphids [37]. Wang et al. (2011) also observed wheat
monoculture’s maximum aphid densities compared to the intercropping pattern [38].
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The distribution of wheat aphids under walnut-wheat intercropping in southern
Xinjiang differed from the studies stated above in other ecological zones. Our result showed
that a higher amount of apterous adult aphids exists under a walnut-wheat intercropping
pattern for three consecutive years. This could be due to the inevitable decrease in some
growth indicators such as root length density, leaf area index, and light use efficiency of
wheat plants resulting from the intense belowground and aboveground competition for
resources [39-44]. These indicators could characterize the capability of photosynthesis and
nutrition status of wheat plants, leading to a severe yield depression of intercropped wheat
crops [45].

Some previous studies showed that host plant quality affects herbivorous insect
fertility at the individual and population levels [46]. Poor food quality could lead to a higher
survival rate, a shorter development period of Drosophila melanogaster [47], a smaller body
size of Aphis glycines [48], and the maximum aphid abundance of M. dirhodum [49]. The poor
nitrogen condition of the host plant can increase the population of Schizaphis graminum by
shorting the reproductive period [50]. The male sycamore aphid, Drepanosiphum platanoidis,
fed on poor-quality host plants, takes longer to appear than it would under ideal nutritional
conditions. The female bias in sex ratio and competition alleviation is proven due to
the host’s poor quality [51,52]. Therefore, some nutrition depression in insects may be
advantageous to reduce intraspecific competition pressure, although this needs to be
confirmed in the future.

At the population level, the cereal aphid growth rate is mainly affected by the field
microclimate [53]. Several meteorological factors could exert direct influences on aphids in
the monoculture system. Rodriguez-del-Bosque et al. (2020) found that rainfall caused a
significant reduction in the survival rate of the aphid, Melanaphis sacchari, on sugarcane.
A substantial reduction in the aphid population was observed because of stimulating
rainfall [54]. A previous study reported a 30-80% reduction in the population density
of the lower-instar nymph of S. avenae due to rain [55]. In southern Xinjiang, a 15-year
pattern revealed that the gale season typically lasts from April through July [56]. This
period perfectly coincides with the occurrence period of S.avenae on wheat. It may partly
explain the relatively higher aphid population under the walnut-wheat intercropping
pattern within the ecological function of windbreak working and the lower population in
the wheat monoculture fields.

The excessive application of pesticides has aggravated pesticide residues, intensified
environmental pollution, and enhanced the pesticide resistance of aphids [57,58]. Therefore,
the Ministry of Agriculture and Rural Affairs of PRC formulated a plan named the course
of action for zero growth of agricultural chemicals consumption by 2020. The goal of
reducing pesticide consumption and improving pesticide utilization rate has been defined.
Compared with a traditional artificial knapsack sprayer, an unmanned aerial vehicle (UAV),
as the newly emerging plant protection machinery in China, has a higher operational
efficiency, a faster spraying speed, and a better feature to control time-sensitive target
organisms [59-62]. Considering our study results, regular dosage treatments could give
better efficiency in both major wheat varieties XD20 and XD60 than their corresponding
30% dosage reduction treatments for all three surveys. Sulfoxaflor and thiamethoxam, two
out of six experimental pesticides, were the only ones to exhibit reasonably effective control
effects higher than 60% on the aphids fed by XD20. On the other side, the control effect of all
reduction dosage treatments was shown to be more than 70% on the S. avenae that infested
XD60. Among them, the control effect of imidacloprid, sulfoxaflor, thiamethoxam, and
thiamethoxam-cyhalothrin even exceeded 86%. Some studies demonstrated that different
features among varieties, such as height, canopy density, leaf area index, and leaf inclination
angle, could affect the utilization efficiency of specific pesticides by changing the pesticide’s
deposition [63,64]. The inherent variations in the physical and physiological structure of
XD20 and XD60 may account for the variations in control effect performances observed in
the current study.
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5. Conclusions

Based on our research, we have determined that cereal aphid populations in the
walnut-wheat intercropping pattern were higher in southern Xinjiang during the years
2017, 2018, and 2019, compared to wheat monoculture fields. We found that the peak
occurrence of S. avenae in the walnut-wheat intercropping system in South Xinjiang was
observed in middle and late May, with the optimal period for prevention being in mid-May.
Our study also revealed that the effectiveness of general pesticides in controlling S. avenae
varied depending on the spraying method used in XD20 and XD60 fields. After seven
days of pesticide spraying, we observed that tested pesticides displayed better control
effects on S. avenae in wheat fields. Among the tested agents, 22% Sulfoxaflor SC and 20%
acetamiprid WP exhibited the highest and lowest control efficacy, respectively. No evidence
showed that the control effect has a special relationship with both varieties and spraying
methods. However, no significantly high values were observed between different spraying
methods. Additionally, there were no notable differences in the control effects between
regular dosages and a 30% reduction dosage of all tested agents during the pesticide
persistent period.
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