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The yellow tortrix, Acleris fimbriana Merick (Lepidoptera: Tortricidae), is a serious pest on fruit trees in 
North China. Under laboratory conditions (temperature 25 ± 1ºC, 80 ± 5% relative humidity, photoperiod 
14L:10D), the effect of the 4 host plants Armeniaca vulgaris (apricot), Malus pumila (apple), Prunus 
salicina (plum), and Amygdalus persica (peach) on the growth, development, survival, reproduction, 
and life table parameters of A. fimbriana were studied. Different host plants had significant effects on 
the growth, development, and reproduction of A. fimbriana. The overall developmental duration was the 
longest on apple (60.71 d) and peach (60.78 d) and shortest on apricot (54.55 ± 3.56 d). The cumulative 
survival rate was highest on apricot (64.58%) and plum (60.44%) and lowest on peach (44.50%). The 
average number of eggs produced was highest on apricot (175.58 eggs) and plum (178.43 eggs). Life 
table parameter results showed that the net reproductive rate, intrinsic growth rate, and finite growth rate 
were highest on apricot (101.75, 0.0892, and 1.0933, respectively) and plum (97.75, 0.0832, and 1.0867, 
respectively). Mean generation time was the longest on apple (58.41 d) and peach (58.45 d). Population 
doubling time was shortest on apricot (7.77 d) and plum (8.33 d). Of the 4 hosts, apricot and peach are 
more suitable for A. fimbriana growth, development, and reproduction. The results of this study provide 
an important basis for forecasting and integrated management of A. fimbriana.

INTRODUCTION

The yellow tortrix moth, Acleris fimbriana (Merick) 
(Lepidoptera: Tortricidae) distributed over a wide 

range with many types of hosts. Currently, its main host 
plants include apple, peach, pear, plum, apricot, hawthorn, 
birchleaf pear, and others (Ma, 1997). The larvae of A. 
fimbriana harm leaves by causing them to curl and stop 
growing, ultimately causing clusters of leaves to curl into 
a mass and severely decreasing the yield of fruit trees and 
the quality of fruit (Ma et al., 2000; Li et al., 2005). Thus, 
A. fimbriana is one of the most important pests of fruit 
trees in northern China.

Factors, such as temperature, humidity, light, and 
sources of food, are important ecological factors affecting 
insect growth and development. Of these, the food-
related factors are the most important (Sun et al., 2015). 
Herbivorous insects must rely on basic nutrients provided 
by a host to survive, but they must also obtain food from 
different hosts. Because different hosts contain different
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nutrients and secondary biomass, they affect the growth, 
development, survival and reproduction of insects in 
different ways (Kim and Lee, 2002; Razmjou et al., 2014). 
Sun et al. (2015b) found that the developmental duration, 
generation survival rate, fecundity, intrinsic growth rate, 
and other indices of Adoxophyes orana growing on peach, 
apple, plum, and apricot differed significantly. Saeed et al. 
(2010) also found that Canola and mustard are the most 
suitable hosts for Plutella xylostella because of the shorter 
developmental period, higher percentage of survival and 
higher number of eggs. Initiating studies on the effects of 
different hosts on pests will allow researchers to understand 
more deeply the patterns and population dynamics by 
which pests attack different hosts and provide a basis for 
developing rational preventive measures (Karungi et al., 
2010; Andrade et al., 2016; Li et al., 2014).

Currently, the bioecological characteristics of A. 
fimbriana have been elucidated (Han et al., 1996; Ma et al., 
2000; Zhang, 2011; Liu et al., 2019). The field efficacy of 
several pestcides have been proved to be better (Zhang et 
al., 2011). The adult female sex pheromone has been widely 
studied, included component, location, ultrastructure and 
field trapping (Ma and Liu, 1993; Ma, 1997; Liu and 
Meng, 2002, 2003; Zhao et al., 2016). However, there 
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are only few studies on the effects of different hosts on its 
growth, development, and reproduction. Thus, this study 
selected 4 representative host plants in the same region 
and systematically studied the effect of different host 
plants on the growth, development, survival, reproduction, 
and other biological properties of A. fimbriana to obtain 
a better understanding of the patterns of its growth and 
development and provide a scientific basis for forecasting 
and management.

MATERIALS AND METHODS

Hosts to be tested 
Previous field investigations revealed that apricot 

(Armeniaca vulgaris), apple (Malus pumila), plum (Prunus 
salicina) and peach (Amygdalus persica), four fruit trees 
planted in the mountainous area of northern Shaanxi, are 
commonly damaged by A. fimbriana to different extents. 
Thus, these four fruit trees were selected as the host plants 
to be tested, and fresh leaves that had not been treated with 
pesticides were picked for testing.

Insect sources to be tested 
A. fimbriana larvae growing on the four hosts 

mentioned above were collected and placed in an artificial 
climate chamber for rearing. The conditions in the artificial 
climate chamber were set to a photoperiod of 14L:10D, a 
temperature of 25 ± 1ºC, and relative humidity of 80 ± 
5%. Fresh leaves from the four hosts were collected and 
separately fed to the corresponding larvae. After pupation 
and eclosion, adult females and males that were grown on 
the same host and eclosed on the same day were paired in 
cages and freely allowed to mate and lay eggs. Eggs were 
collected for subsequent experiments within 6 h of laying.

Observations of developmental duration
After eggs were laid by adults, the first eggs were 

collected, cleared of debris, gently placed on a piece 
of gauze using a brush, and placed in a culture dish 
(diameter 7 cm). 100 eggs in triplicate were used for each 
condition were incubated in an artificial climate chamber 
as previously described. Observations were made three 
times, at 8:00, 16:00, and 24:00 daily. The hatching status 
of the eggs was observed and the duration of the egg stage 
was recorded.

After hatching, individual newly hatched larvae 
were immediately placed in plastic bottles (height 20 
cm, diameter 10 cm). Fresh leaves were replenished 
every day at fixed intervals. 30 bottles in triplicate were 
used for each condition and placed in an artificial climate 
chamber. Observations of larval development status were 
made three times, at 8:00, 16:00, and 24:00 daily until the 

larvae matured. The survival rate, developmental duration, 
and other parameters of the larvae were recorded. After 
pupation, the pupal duration was recorded. After eclosion, 
the eclosion rate, longevity, and developmental duration of 
the adults were recorded.

Observations of mating and oviposition in adults
Male and female adults grown on the same host and 

that eclosed on the same day were paired. Each pair were 
placed in a plastic cup (height 20 cm, diameter 10 cm) with 
the top covered with gauze, which was then placed in an 
artificial climate chamber. 20 bottles in triplicate were used 
for each condition. For 5 consecutive days, the number of 
mating was observed every 30 min during the dark period 
(18:00 – 6:00 of the next day). Finally, observations of 
the survival, oviposition, and other events were made 
three times, at 8:00, 16:00, and 24:00 daily. Oviposition 
duration, fecundity, and other data were recorded until the 
insects died.

Data analyses and statistics
The method of Zhang (2002) was used for population 

life table parameters, where the net reproductive rate R0 
= Σlxmx, mean generation time T = Σxlxmx/R0, intrinsic 
growth rate rm = ln R0/T, finite growth rate λ = erm, and 
population doubling time Dt = ln 2 /rm. In the equation, lx 
is the probability of survival for a given individual during 
a time period x, and mx is the average number of females 
produced per female during a time period x.

After using analysis of variance (ANOVA) to analyze 
the developmental duration, survival, fecundity, longevity, 
and other data of A. fimbriana grown with different hosts, 
Duncan’s new multiple range test was used to analyze the 
significance of the differences.

RESULTS

Effect of different host plants on the duration of different 
developmental stages

Table I shows the effect of feeding on different host 
plants on the duration of different developmental stages 
of A. fimbriana. A. fimbriana can complete its life cycle 
normally when fed with all 4 types of host plants, but 
there are differences in the duration of each developmental 
stage. The egg duration was the shortest on apricot at 8.33 
± 1.26 d, which was significantly lower than that on the 
other hosts (p < 0.05). However, the egg duration on apple, 
plum, and peach did not differ significantly (p > 0.05). The 
larval duration was shortest on plum at 25.35 ± 3.58 d, 
but this was not significantly different from that on apricot 
(p > 0.05). The larval duration was longest on peach at 
27.15 ± 2.06 d, but this was not significantly different 
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from that on apple (p > 0.05). However, the larval duration 
on plum and apricot showed a significant difference (p < 
0.05) when compared with those on peach and apple. A. 
fimbriana larvae fed with different host plants did not result 
in a significant difference in pupal duration. However, 
an integrated comparison of all developmental durations 
from egg to larva to pupa showed that the developmental 
duration gradually increased from apricot to plum to 
peach to apple, at 44.97 ± 2.68 d, 46.72 ± 2.55 d, 48.31 
± 3.12 d, and 48.33 ± 3.05 d, respectively. Furthermore, 
the developmental durations on the peach and apple trees 
were significantly higher than those on the apricot and 
plum trees (p < 0.05). Feeding on different hosts has a 
significant effect on the longevity of A. fimbriana adults. 
Adults fed on peach had the greatest average longevity 
at 12.45 ± 2.36 d; those fed on apricot had the shortest 
longevity at 9.54 ± 1.88 d. The developmental duration of 
the entire generation was the longest in A. fimbriana fed 
on apple and peach with no significant difference between 
the two, but both were significantly longer than that fed on 
apricot and plum.

Table I also shows that for any given host, the 
duration of the larval stage was the longest of all of the 
developmental stages in A. fimbriana, followed by the 
pupal stage, with the egg stage being the shortest.

Effect of different host plants on A. fimbriana developmental 
status

Table II shows the effects of different host plants on 
the developmental status of each developmental stage of 
A. fimbriana. Table II shows that the egg hatching rate 

did not differ significantly between A. fimbriana fed on 
apricot, apple, plum, and peach hosts, reaching 83.45%, 
82.75%, 82.43%, and 83.24%, respectively. The pupation 
rate of larvae was also close between the groups, at 
95.24%, 96.43%, 95.65%, and 94.54%, respectively. The 
eclosion rates of pupae were higher on apricot, apple, and 
plum at 96.38%, 95.45%, and 96.25%, respectively, but 
the difference was not significant. The eclosion rate on 
peach was the lowest at 90.65%, significantly lower than 
that on the other three hosts (p < 0.05).

After feeding on different hosts, the survival rate 
of larvae on apricot leaves was the highest at 84.31%, 
followed by plum at 79.64%, apple at 68.45%, and peach 
at 62.38% with the lowest survival rate; the difference 
between the four hosts was significant (p < 0.05). Since 
the difference in larval survival rate was significant, the 
cumulative survival rate of A. fimbriana on the four hosts 
was also significantly different. The cumulative survival 
rate on apricot and plum was significantly higher than 
those on apple and peach (p < 0.05).

Besides, larvae that fed on plum had the highest pupal 
weight at 25.43 ± 2.08 mg, followed by apricot at 22.35 ± 
1.68 mg. The pupal weights for larvae that fed on apple 
and peach were the lowest, at 20.48 ± 2.36 mg and 20.75 ± 
1.85 mg, respectively.

Effect of different host plants on A. fimbriana reproduction
Different host plants have significant effects on A. 

fimbriana oviposition and mating (Table III). Adults with 
plum as the host had the longest oviposition duration at 
6.23 ± 0.78 d, and adults with peach as the host had the

Table I. The developmental duration (d) of A. fimbriana on different host plants.

Host plants Egg duration (d) Larva duration (d) Pupa duration (d) Adult longevity (d) Generation duration(d)
Apricot 8.33 ± 1.26 b 25.46 ± 2.86 b 11.35 ± 2.12 a 9.64 ± 1.88 bc 54.55 ± 3.56 c
Apple 10.18 ± 2.05 a 26.86 ± 2.34 a 11.44 ± 2.26 a 12.32 ± 2.54 a 60.71 ± 3.76 a
Plum 10.25 ± 1.68 a 25.35 ± 3.58 b 11.28 ± 1.83 a 10.22 ± 1.35 b 56.85 ± 4.11 b
Peach 9.93 ± 2.14 a 27.15 ± 2.06 a 11.39 ± 1.65 a 12.45 ± 2.36 a 60.78 ± 3.85 a

The dates in the table are mean ± SE, the letters after them are the results of multi comparison. Different letters in the same column means significant 
difference by Duncan’s multiple range test (P<0.05).

Table II. Development states of Acleris fimbriana on different host plants.

Host plants Egg hatchability 
(%)

Survival rate of 
larvae (%)

Pupation rate 
(%)

Pupal weight (mg) Emergence 
rate (%)

Total survival 
rate (%)

Apricot 83.45a 84.31 a 95.24 a 22.35 ± 1.68 b 96.38 a 64.58 a
Apple 82.75 a 68.45 c 96.43 a 20.48 ± 2.36 c 95.45 a 52.14 b
Plum 82.43 a 79.64 b 95.65 a 25.43 ± 2.08 a 96.25 a 60.44 a
Peach 83.24 a 62.38 d 94.54 a 20.75 ± 1.85 c 90.65 b 44.50 c
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Table III. Fecundity of Acleris fimbriana on different host plants.

Host plants Preoviposition duration (d) Oviposition duration (d) Number of eggs laid Oviposition rate (%) Mating rate (%)
Apricot 2.15 ± 0.65a 6.12 ± 0.55 a 175.58 ± 23.15 a 100 a 96.55 a
Apple 2.26 ± 0.44a 5.21 ± 1.02 b 155.33 ± 21.24 b 100 a 82.56 b
Plum 2.08 ± 0.38a 6.23 ± 0.78 a 178.43 ± 25.35 a 100 a 95.22 a
Peach 2.21 ± 0.62a 5.17 ± 0.88 b 158.42 ± 22.31 b 100 a 85.68 b

Table IV. Population dynamic parameters of Acleris fimbriana on different host plants.

Host plants Net reproductive 
rate (R0)

Mean generation 
time (T)

Intrinsic rate of 
increase (rm) 

Finite rate of 
increase (λ)

Doubling time 
(D)t

Apricot 101.75 ± 6.78a 51.82 ± 0.52 bc 0.0892 ± 0.0045 a 1.0933 ± 0.0021 a 7.77 a
Apple 75.59 ± 4.85 b 58.41 ± 0.46 a 0.0741 ± 0.0032b 1.0768 ± 0.0026 b 9.36 b
Plum 97.75 ± 5.14 a 55.07 ± 0.51 b 0.0832 ± 0.0051a 1.0867 ± 0.0035 a 8.33 a
Peach 64.98 ± 3.65 b 58.45 ± 1.03 a 0.0714 ± 0.0038b 1.0740 ± 0.0041 b 9.70 b

shortest oviposition duration at 5.17 ± 0.88 d. ANOVA 
results showed that oviposition duration for A. fimbriana 
that fed on plum and apricot was significantly longer than 
that on apple and peach. The average number of eggs laid 
differed significantly between the different hosts. Larvae 
that fed on plum and apricot produced a significantly 
higher number of eggs, 178.43 ± 25.35 and 175.58 ± 23.15 
eggs, respectively, upon reaching adulthood than those on 
the other hosts. The pre-oviposition duration did not differ 
significantly between female adults fed with different host 
plants; in addition, the oviposition rate reached 100% for 
all host plants.

The mating rate of A. fimbriana that fed on different 
host plants did not differ significantly. The mating rate of 
adults that fed on apricot and plum as larvae was 96.55% 
and 95.22%, respectively, which was higher than the 
mating rate of those that fed on apple and peach.

Population life table parameters of A. fimbriana fed with 
different hosts

The survival rate and fecundity of different stages of 
A. fimbriana fed with different host plants were used to 
construct an age-specific life table and calculate population 
life table parameters. As shown in Table IV, A. fimbriana 
with apricot as the host had the highest net reproductive 
rate, intrinsic growth rate, and finite growth rate and the 
lowest mean generation time and population doubling time. 
There was no significant difference in the above indices 
with plum as the host, but they were significantly higher 
than when apple or peach were the hosts. Thus, apricot and 
peach are more suitable for the growth, development, and 
reproduction of A. fimbriana, whereas apple and peach are 
relatively less suitable.

 DISCUSSION

Because the leaves of different host plants have 
different physiological and chemical properties, they affect 
the growth, development, and reproduction of insects to 
different extents (Chen et al., 2011). This study found 
that four host plants – apricot, apple, plum, and peach – 
have significant effects on the growth, development, and 
reproduction of Acleris fimbriana. Of these, developmental 
duration was shortest with apricot as the host, survival rate, 
number of eggs laid, and mating rate were highest with 
apricot or plum as the host, net reproductive rate, intrinsic 
growth rate, and finite growth rate were relatively high 
with apricot or plum as the host, and population doubling 
time was relatively long with apple or peach as the host, 
showing that A. fimbriana populations are best adapted to 
survive and reproduce on apricot or plum trees. Thus, these 
two types of trees should be monitored more closely when 
predicting and forecasting pests. However, the results of 
this study are relative, as there have been studies showing 
that A. fimbriana caused relatively severe damage to peach 
and apple trees in Taigu County, Shanxi Province by (Ma 
et al., 2000) and peach and apricot trees in Kuqa County, 
Xinjiang (Zhang, 2011; Zhang et al., 2011b). This may 
be due to regional differences in local host tree species 
and distribution. Previous studies have shown that in the 
apricot planting area of northern Shaanxi, A. fimbriana 
caused relatively severe damage to apricot and plum trees, 
whereas the damage to peach and apple trees was relatively 
mild, which is consistent with the findings of this study.

There have been studies showing that lepidopteran 
insects feeding on different host plants have higher survival 
rate and number of eggs laid as larval duration decreases; 
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conversely, with increased larval duration, survival rate 
and number of eggs laid decreases (Greenberg et al., 
2001; Nabi et al., 2007; Shahout et al., 2011; Zhang et 
al., 2011b; Farahani et al., 2011; Yang et al., 2016). The 
results of the present study confirm this finding, showing 
that shortened larval duration benefits the survival and 
reproduction of the insect population. Our results show 
that when plum was the host, A. fimbriana pupal weight 
was significantly higher than for the other hosts. Besides, 
the average number of eggs laid by the adult was also the 
highest, showing that it had increased fecundity and that 
under appropriate conditions, plum is more appropriate for 
the growth and development of A. fimbriana. However, 
there has currently not been many reports of damage to 
plum trees by A. fimbriana. Thus, in regions with plum 
trees planted in larger areas, A. fimbriana monitoring and 
management should be enhanced to prevent damage over 
large areas.

Using life table studies of insect population dynamics 
to optimize pest management has become the most 
important technique in insect research (Kakde et al., 
2014). Net reproductive rate, intrinsic growth rate, finite 
growth rate, and population doubling time are important 
indices for assessing the biological properties of insect 
populations, but the effect on population growth is 
different (Krips et al., 1998; Tsai et al., 2001). The results 
of the present study show that the cumulative survival 
rate of A. fimbriana on apricot and plum is 64.58% and 
60.44%, the average number of eggs laid is 175.58 ± 23.15 
and 178.43 ± 25.35, respectively. There is no significant 
difference between the two, which means that the life 
table parameters of A. fimbriana on these two hosts also 
do not differ significantly, showing that the degree of 
harm caused by A. fimbriana to apricot and plum trees is 
generally similar. Likewise, the degree of harm to apple 
and peach trees is generally similar.

Preventing damage to leaves caused by A. fimbriana 
larvae is relatively difficult, so the results of the present 
study provide an initial understanding of how A. fimbriana 
populations change on different host plants and a basis 
for forecasting and integrated management measures. 
However, the results of this study were obtained under 
artificially controlled conditions in a laboratory, and there 
are differences from actual natural conditions in the wild. 
In addition to hosts, different temperature, humidity, and 
light conditions are also important factors that affect 
insect growth, development, and reproduction. Thus, local 
conditions should be considered during pest prevention 
and taken together with the results of this study in order 
to achieve the best outcomes. In addition, further research 
is required to find other factors that affect A. fimbriana 
population growth.

CONCLUSION

In this work, we found that A. fimbriana populations 
are best adapted to survive and reproduce on apricot or 
plum trees. These two types of trees should be monitored 
more closely when predicting and forecasting pests. The 
results provide an important basis for forecasting and 
integrated management of A. fimbriana.
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