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Abstract
Aphis gossypii Glover is a polyphagous herbivore that causes serious damage to cottons. Current
understanding to trap its population is limited in the field approach. In this study, a two-year-course study was
conducted to test the yellow sticky card (YSC) effects of orientation (east, up, west, and bottom) and height
(30, 60, and 90 cm over the cotton crown) on numbers of trapped A. gossypii every three days in ninth days
after explosion in a cotton plantation in Shihezi, Xinjiang, Northwest China in 2014 and 2015. In 2014, YSCs
in the east orientation at a height of 60 cm trapped the highest number of A. gossypii five days after explosion.
In 2015, highest number of A. gossypii were trapped by YSCs in the up orientation at a height of 30 cm. Our
results showed that YSC in the up orientation at 30-60 cm over the cotton crown can trap the highest number
of A. gossypii since the five to seven days after aphid explosion. In conclusion, the spatial placement of sticky
cards can be available to trap the maximum number of pests which should be incorporated into observations
in continuous years.
Keywords: abundance; across-year investigation; cotton field; natural control; pest management tactic

Introduction
Aphis gossypii glover (Homoptera: Aphididae) is a poly phagous herbivore that causes serious damage to
many crops (Parajulee, 2007). In 1854, this aphid was first reported to impair cotton yield in South Carolina,
USA (Paddock, 1919). Its feeding behavior was recorded in tropical, subtropical, and temperate agricultural
systems (Inaizumi, 1980; Kocourek et al., 1994). Recently, it was also found that A. gossypii can cause damage
to plants of cucumber (Cucumis sativus Linn) (Darvishzadeh and Jafari, 2016), okra (Abelmoschus spp.) (Abang
et al., 2016), and cotton (Gossypium herbaceum) (Gao et al., 2016). Due to the significant impact on cotton
growth and yield, this pest was also named as cotton aphid (CA) (Steinkraus et al., 2002; Gao et al., 2016; Wang
et al., 2016).
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CA causes damage either directly by feeding, which results in curling and deformation of young leaves
and stems, or indirectly by contaminating the leaves and fruits with honeydew, which favors the growth of
black sooty mold that inhibits photosynthesis and causes substantial yield loss (Capinera, 2000; Abang et al.,
2016). The honeydew attracts ants that can fend off natural enemies of aphids (Yokomi and Tang, 1995). In
addition, CA is known to transmit more than 50 plant viruses (Blackman Eastop, 2007). Although chemical
pesticide is usually used to control CA the effect is usually not desired enough because of these multiple impacts
by cotton aphid and their resistance to chemical treatment (Owusu and Yeboah, 2007).
In temperate regions, CA can survive and spread over rigorous winters as a holocyclic life pattern allows
it to alternate between primary and secondary hosts. The primary hosts for CA are typically woody plants. For
example, in hibiscus CA migrates and conducts sexual reproduction during autumn while the secondary hosts
are usually herbaceous plants, where CA will undergo asexual reproduction (parthenogenesis) to produce
numerous offspring (Wang et al., 2016). CA hatches from eggs on winter hosts beginning in March and
reproduces for two to three generations before alate adults migrate to the next hosts from late April to midMay. CA has a broad host spectrum with a range of almost 700 host plants worldwide (Capinera, 2000). Hence,
it is impossible to detect or control the explosion of CA at its hosting stage of the life cycle.
Trapping field populations of insects is an important precondition to cope with pest explosion. Yellow
stick card (YSC) has been employed as a trap for detecting and monitoring field pests since the 1920s (Lloyd,
1921). Thereafter, YSC has been proven to be available to trap several species of whiteflies, aphids, and fungus
gnats (Steinkraus et al., 2002; Chu et al., 2004; Beers, 2012; Bian et al., 2016). Height and orientation are
critical for the use of YSC to produce efficient trapping. This was because pests naturally perceive sunlight as
the direction of their flying route and adjustment (Al-Jabr and Cranshaw, 2007). Height and orientation of
trapping cards are two necessary parameters for the design to trap the maximum number of pests in a regional
space (Amoah et al., 2017). For example, the vertical/trunk trap caught the highest numbers of adult Aphelinus
mali (Hymenoptera: Aphelinidae) (Beers, 2012). In another report, the combination of a 0-20 cm height above
the canopy in an east-west orientation was found to be effective in trapping the yellow tea thrips (Scirtothrips
dorsalis Hood) (Bian et al., 2016). Another factor that may determine the number of trapped pests is the time
after explosion combined with special placement. According to Kerns et al. (2015), the economic injury levels
of CA in cotton fields was on average 137 units per leaf approximately a week after the explosion with mean
population doubled, and economic thresholds were calculated to decline during the week time before
significant economic injury occurs. Therein, every three days in the first week after the explosion were chosen
for management tactic. The specific combination of height and orientation on these days have not been fully
detected for monitoring the abundance of CA.
In this study, to better develop the management tactic for the control of CA damage on cotton, we
sought to elucidate the combinations of height and orientation of the YSC trap and monitor the trapped
numbers of CA in the first week after the explosion. A two-year experiment in 2014 and 2015 was conducted
to investigate trapping effects. We compared dynamic results within each year and between the two years with
the aim to obtain scientific records for the application of our data as a reference.

Materials and Methods
Study site and experiment design
This study was conducted at cotton study and production center in National Science & Technology
Park for Agriculture in Xinjiang (44° 21’ N, 86° 1’ E), Beiquan, Shihezi, Xinjiang, North-West China (Figure
1). The total area of the local cotton field was 8 ha with an elevation of 433-437 m and a slope of 6%. The
cotton for the study was employed with the cultivar ‘Xinlu Early No. 45’ which was interplanted with the
cultivar ‘Xinlu Early No. 62’. The study was conducted as a split-plot design with a total area of 1840 m2 (80 m
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× 23 m). The main plots were set at three heights for YSC 3 cm, 6 cm, and 9 cm above the top of the cotton
crown and each was replicated three times (Figure 1). YSC was nailed at different heights to a pole that was
fixed deep within the field. YSC was framed by iron sticks to avoid being interrupted by the wind. All main
plots were randomly placed to fully eliminate the effect between random factors and block placement. Each
main plot was divided into nine randomly placed plots separated by barriers with a width of 2.5 m between
adjacent plots leaving each plot with an area of 150 m2 (25 m × 6 m). Within each main plot were divided four
sub-plots wherein four YSCs were fastened in four orientations with the sticky surface toward the west, east,
up, and down directions. Thereafter, YSCs in each sub-plot can trap CAs in an area of 37.5 m2 (12.5 m × 3 m).
The plots were designed in 2014 and investigated for both 2014 and 2015.

Figure 1. Study location in Xinjiang, China and the layout of experiment design

The manufacture of YSC
YSCs in this study were manually manufactured using a piece of aluminum-plastic card (area: 900 cm2,
30 cm × 30 cm) adhered to a wooden board (length × width × thickness, 30 cm × 30 cm × 5 cm). The yellow
color can be described as values of red (R), green (G), and blue (B) combination as a color-code combination
of 255-255-0 (Color-Hex 2019). Although artificial adjustment of color can have some effect on the growth
and physiology of plants, the effect of yellow coloration is rare (Wei et al., 2020; Ying et al., 2020). The yellowcolored surface was brushed with sticky insect glue (Zhinian, Hot Melt Adhesive Ltd., Dongguan, Guangdong,
China) and the opposite surface was connected to a wooden stick (A-stick) (length × width × thickness, 50 cm
× 5 cm × 5 cm) by the frame of two angle-irons. Subsequently, A-stick was nailed to another two wooden sticks
(B-stick) (length × width × thickness, 200 cm × 5 cm × 5 cm) which were inserted into the ground at a depth
of at least 50 cm. During the study, both A and B-sticks were adjusted for its height above ground to maintain
the height of YSC above a certain height from the cotton crown.
Experimental process
Cotton seeds were first sown on 26 April 2014, and re-sown on 28 May 2015, to avoid spring frost.
Nitrogen (N), phosphorus (P), and potassium (K) are all necessary elements for cotton which are used in
fertilizers in this study. Before sowing, soils were fed by mixed fertilizers of triple superphosphate (N-P2O5K2O, 0-46-0) at a rate of 135 kg ha-1 and potassium sulfate (N-P2O5-K2O, 0-0-51) at a rate of 90 kg ha-1.
Nitrogen fertilizers were delivered using urea (N-P2O5-K2O, 46-0-0) at a rate of 75 kg ha-1 one week after first
sowing and at a rate of 175 kg ha-1 during boll growth. All cotton crops were planted along an east-west gradient
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with drip irrigation to lateral beds possessing a width of about 2 m. Planting lined beds were spaced with
alternative 10 cm and 66 cm and rows were spaced at 10.5 cm. Weeds were controlled during germination and
two rounds of inter-tillage were made at flowering and boll-generation stages. The number of trapped CAs was
recorded every two days in the first week after the explosion. In 2014, CA numbers were recorded on 28 May,
30 May, 1 June, 3 June, and 5 June; in 2015, records were made at 2, 4, 6, 8 and 10 July. The general CA
explosion was delayed in 2015 compared to 2014 due to spring frost and heavy rains during germination (Wang
et al., 2015). The number of CAs was calculated by eye for every YSC. Other aphids and the predators were
excluded from counting the number of CAs.
Statistical analysis
Both tests of normality and homogeneity of variance were checked for the number of trapped CA and
no data transformations were necessary. Mixed-model ANOVA was conducted on interactive effects of YSC
height and orientation with repeated measures every two days in the first week after the CA explosion in both
years (n=3). When a significant effect was indicated at 0.05 level, results about trapped CA numbers were
ranged with the LSD test (α=0.05). Dynamic results between two years were compared across all treatments of
YSC height and orientation (n=36) to reveal the general dynamics in two years. Under the condition when
combined effects of YSC height and orientation were significant for trapped CA numbers across days after the
explosion (n=15), a third ANOVA was conducted repeatedly for data in 2014 and 2015. Subsequently, data
between 2014 and 2015 were correlated across combined treatments (n=12), investigating days (n=5), and
combined treatments and days (n=60) to confirm the similarity of data trends between two years. ANOVA
and multiple comparisons for means were conducted based on the General Linear Model (GLM) and MEAN
procedures using SAS (SAS Institute Inc., NC, USA), respectively. Correlations were firstly analyzed by
Spearman using Proc CORR of SAS. When the significance was indicated data were fit by a suitable curve with
a determination coefficient using SigmaPlot v12.0 (Systat Software, Inc., San Jose, CA, USA).

Results
Number of trapped CA in 2014 and 2015
Interactive effects of YSC height and orientation were significant to the number of trapped CA in all
five days after the explosion in both 2014 and 2015 (Table 1). In 2014, YSCs in the east orientation at height
of 60 cm resulted in the highest number of trapped CAs in all five days after the explosion, whose results were
not significantly different with that in the up orientation at height of 30 cm in the third day and that in the up
orientation at height of 60 cm in the fifth, seventh, and ninth day (Figure 2 left). In contrast, YSCs in the
bottom orientation at heights of 30 cm, 60 cm, and 90 cm all resulted in the fewest trapped CAs since the third
day after the explosion. On the first day after the explosion in 2015, the number of trapped CAs was the highest
on YSCs in the up orientation at heights of 60 cm and 90 cm (Figure 2F). Thereafter, since the third day on
the highest number was replaced by the treatment of the up orientation at a height of 30 cm. YSCs in the
bottom orientation at heights of 30 cm, 60 cm, and 90 cm trapped the fewest CAs throughout the investigating
period (Figure 2 right).
Number of trapped CA between 2014 and 2015
The total number of trapped CAs across treatments generally increased as the number of days increased
after the explosion and was higher in 2015 than in 2014 (Figure 3). In 2014, the number of trapped CAs
significantly increased since the fifth day after the explosion and in the ninth day was 27 times higher than in
on the first day (F=34.39; P<0.0001). In 2015, the increment of trapped-CA numbers was not significant until
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the seventh day after the explosion, and on the ninth day was 3 times higher than on the first day (F=50.79;
P<0.0001). Generally, the number of trapped CAs was four times higher in 2015 than in 2014.
In 2014, the highest number of CAs was trapped by YSCs in the east and up orientations at a height of
60 cm (F=5.01; P<0.0001) (Figure 4A). YSCs in the bottom orientation at 30 cm, 60 cm, and 90 cm trapped
fewest CAs. In 2015, YSCs in the up orientation at heights of 30 cm, 60 cm, and 90 cm trapped highest number
of CAs, followed by those in the west orientation at three heights (Figure 4B).
Table 1. F values from ANOVA analysis of height (H), direction (D) and their interaction (H×D) on
number of trapped aphids in 1st, 3rd, 5th, 7th and 9th day after aphid explosion in 2014 and 2015
Days after aphid explosion
Source of variation
1
3
5
7
9
2014
H
58.43***
67.96***
250.19***
315.83***
728.84***
D
66.46***
57.53***
439.00***
1029.26***
1517.98***
H×D
68.51****
25.20***
40.43***
67.22***
171.35***
2015
H
57.63***
20.34***
27.19***
177.63***
695.54***
D
1099.34***
1425.47***
1648.17***
2904.94***
6542.21***
H×D
15.35***
15.52***
24.02***
75.39***
214.24***

Figure 2. Number of trapped CA by YSCs in orientations of east, west, up, and bottom at heights of 30
cm, 60 cm, and 90 cm one, three, five, seven, and nine days after explosion in both 2014 (left) and 2015
(right). Different letters in a given day indicate significant results according to LSD test at 0.05 level
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Figure 3. Number of trapped CA in one, three, five, seven, and nine days after explosion in both 2014
(bottom) and 2015 (up). Different letters indicate significant difference among days in the year of 2014 or
2015. Letters of x, y and z demonstrate for data in 2015; letters of a, b, c and d demonstrate for data in
2014. Asterisks indicate significant difference at a given day between 2014 and 2015. **, P<0.05; ***,
P<0.01

Figure 4. Number of trapped CA by YSCs in orientations of east, up, west, and bottom at heights of 30 cm, 60
cm, and 90 cm in 2014 (A) and 2015 (B). The radar area of data at height of 30 cm was filled with the color of light gray

Correlation analysis
No correlation was indicated between the number of trapped CAs in 2014 and 2015 when data were
calculated across height and orientation treatments (Table 2). However, a significant correlation was indicated
by the Spearman function across height, orientation, and number of days (Figure 5).

Figure 5. Correlation between numbers of trapped CAs in 2014 and 2015 using data cross combined
parameters of height, orientation, and days
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Table 2. Correlation analysis between numbers of tapped aphids in 2014 and in 2015 across different data
sets according to Pearson and Spearman functions
Correlation indices
Spearman correlation
Across height and orientation (n=12)
R

0.5175

P

0.0849
Across days after aphid explosion (n=5)

R

0.9983

P

<0.0001
Across height, orientation, and days (n=60)

R

0.8146

P

<0.0001

Discussion
Records revealed that CA is a prevalent pest in Xinjiang, with frequent outbreaks in 1991, 1992, 1994,
1995, 1999, 2000, 2001, 2004, etc. (Wu and Guo, 2003; Li et al., 2008). This historical data shows that the
abundance of CA increased from June to July in Xinjiang. In early mid-June the number of CAs was reported
to persist, increasing in 2011 and 2013 when the abundance of another cotton aphid (Acyrthosiphon gossypii
Mordvilko) had declined (Gao et al., 2016). The increasing number of CAs was also reflected by our results,
according to the number of trapped CAs by YSC. Higher number of trapped CAs in 2015 can be attributed to
multiple factors, but temperature may account for a large part of all explanations (Wang et al., 2015). Although
the spring of 2014 went by with ordinary precipitation in our study region, the daily highest temperatures in
May prior to our study time reached 30 °C (Shihezi Meteorological Bureau) which has been proven to reduce
adult survival and reproduction (Gao et al., 2016).
Because the number of trapped CAs increased since the fifth and seventh days after the explosion in
2014 and 2015, respectively, dynamic results of trapped-CA numbers can be grouped by different intervals in
different years. In 2014, since the fifth day after explosion trapped-CA number significantly increased in the
up orientation at a height of 60 cm. This combined treatment also resulted in the highest number of trappedCAs on the first day after the explosion and the second highest number from the seventh day in 2015. In
addition, the combination of the east orientation at height of 60 cm and that of the upper orientation at a
height of 30 cm also resulted in the highest number of trapped CAs in 2014 and 2015, respectively. The height
of 30-60 cm and the up orientation may be aphids’ preferred flight height and visual perception (Byers, 2011).
The high number of trapped CAs by YSCs in the east orientation in 2014 may be due to east-gal and east-gust
events at the speed of 1.9 m s-1 in Shihezi (Shihezi Meteorological Bureau) driving the aphid population towards
YSCs.
General results of combined treatments of height and orientation across days also indicated that most
CAs were trapped on top of YSCs, while the fewest of them were captured on the bottom side. This was
reasonable because the top orientation was more effective in reflecting the yellow color than the bottom one.
In addition to visual perception of aphids (Byers, 2011), upper orientation can match higher probability of
aphid landing even in winds (Storer et al., 1999). Generally, our results indicated that YSCs at heights between
30 cm and 60 cm can trap more CAs than those in 90 cm. These results were different from that in Straw et al.
(2011) where the highest numbers of alate Elatobium abietinum Walker (Hemiptera: Aphididae) were 9-17
cm above the ground at Sitka spruce plantations. However, our results can be comparable with those in Bian et
al. (2016) where more thrips were trapped at 0-20 cm above the tea canopy. The proper height of trapping
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aphids can be determined by the height of the plant canopy. Thus, a height of 60 cm above canopy is
recommended in this study.
Interestingly, numbers of trapped CAs cannot be correlated to each other between 2014 and 2015 across
data with combined treatments of height and orientation unless data from dynamic days were involved (Table
2; Figure 5). These results suggested that the occurrence and distribution of trapped CAs were quite
heterogeneous between years and different in 2014 from those in 2015 if no time factor was involved. Our
results can be directly supported by data from Shrestha and Parajulee (2013) and Gao et al. (2016), where CA
populations were found to be correlated to each other between 2002 and 2003 (Spearman: n=17, R=0.6538,
P=0.0044) and between 2011 and 2013 (Spearman: n=11, R=0.8863, P<0.0001). In contrast, data from
Brown & Myers (2010) regarding aphid infestation rate on 24 orchards in 2007 and 2008 without any dynamic
time factors indicated no correlation calculated by either Pearson (n=24, R=-0.2522, P=0.2344) or Spearman
functions (n=24, R=-0.1895, P=0.3753). Regarding that many field studies on aphids have been re-checked
for at least one more year, multiple-year data is therefore suggested to be investigated with dynamic monitoring
so as to minimize the heterogeneous effect on data in a specific year.

Conclusions
Using the yellow sticky card (YSC) to trap Aphis gossypii individuals in a cotton field, a placement at the height
between 30 and 60 cm above the canopy towards the up orientation was recommended to achieve the highest
number of the pest population. With regard to the statistical difference, the eastern orientation would also be
a possible arrangement of YSC at the height of 60 cm to trap the most A. gossypii. All data was obtained from
field observations in the years 2014 and 2015, which may suffer from uncertain data variation caused by
climate, phenology, and sudden anthropogenic interrupts. However, the maximum number of A. gossypii is
estimated to be around 2,000 per card, which would supply theoretical evidence for further design.
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