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Abstract

:

Simple Summary


Understanding insect–plant interactions is important in designing an integrated pest management program. Green peach aphid is a major insect pest of a wide range of crops. We studied the effects of five vegetable plants on the life table parameters of aphids. Our findings showed that cabbage was the less felicitous host plant to aphids for fecundity and survival. Contrarily, chili pepper was the most susceptible plant and was quite suitable for the faster growth and development of aphids. The information is very useful in designing the integrated pest management strategy against aphids.




Abstract


The green peach aphid, Myzus persicae Sulzer (Hemiptera: Aphididae), a polyphagous insect pest is a major threat to a wide range of crops worldwide. Aiming to evaluate the life history traits of M. persicae, feeding on different host plants, we used five vegetables: cabbage, Brassica oleracea (Brassicaceae); chinese cabbage, B. rapa (Brassicaceae); chili pepper, Capsicum annum (Solanaceae); crown daisy, Chrysanthemum coronarium (Asteraceae); and eggplant, Solanum melongena (Solanaceae). TWOSEX-MSchart software was used for the statistical analysis about the age-stage, two-sex life table theory. The highest fecundity (69.65 individuals) rate of M. persicae, intrinsic rate of increase (r = 0.425 d−1), finite rate of increase (λ = 1.531 d−1), net reproductive rate (R0 = 69.65 offspring), and shortest mean generation time (T = 9.964 d) were recorded on the chili pepper plant. Whereas, lower fitness occurred on cabbage. The findings attained from population growth parameters indicate that chili pepper is the most susceptible plant, while cabbage is resistant to aphids. Population projection results also supported this statement, as the final total population size on cabbage was significantly lower than other plants. The reported information would be useful for devising integrated pest management programs, particularly those involving M. persicae. This information also suggests the adaptability of M. persicae causing economic damage to these vegetable cultivars.
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1. Introduction


Phytophagous insects often feed on a wide range of plant species with different nutritional compositions, chemical defenses, and textures [1]. The adaptation of various host plants through selection pressure by insects’ feeding has led to the evolution of specific host-adapted populations [2]. The green peach aphid, Myzus persicae (Sulzer) (Hemiptera: Aphididae), is a polyphagous insect pest feeding on more than 400 species of plants from 40 different families and also vectors about 100 plant viruses [3,4]. Intensive infestation in the field lessens the plant vigor and cause serious damage due to loss of flower buds, weakness, water stress, and a general decline of vegetative growth [5,6,7]. M. persicae also feeds on vegetables and some ornamental plants, indicating its extensive genetic variation in accordance with host-plant adaptations. The higher adaptability of this pest allows better survival in diverse climatic conditions and on a variety of host plants [8].



Over the past few decades, several studies have evaluated the effectiveness of M. persicae on various host plant species [7,9,10]. The selection of genetically resistant or tolerant crops is one of the key components in integrated pest management programs [9,11]. The development of herbivorous insect pests may be directly related to the characteristics of host plants, such as the defensive compounds, nutritional value, and plant’s morphology including leaf pubescence, leaf toughness, presence or absence of trichomes, leaf shape, and color [12]. Defensive mechanisms in plants prolong the development of insect pests, leading to reduced fertility rates [13]. A higher fecundity rate and fast development of an insect pest indicates its fitness on that host plant [14]. Numerous studies have shown that plant species can affect the growth and reproduction of insect herbivores [11,15,16]. The study on insect–plant interaction is of utmost importance to attain high-yielding, high-quality, and aphid-resistant varieties of various plant species. The availability and quality of plant species directly affect the developmental period, fecundity, and survival, and the pest’s population growth rate; thus, a better understanding of these parameters on their host plants is crucial in developing an effective pest control program.



Life table theory is one of the most prevailing tools to compare the performance and fitness of pests on their host plant. It is very useful in implementing environment-friendly pest management programs as they reveal the combined effects of many biological parameters such as survival, fecundity, development, etc. on population growth [16,17]. Life table theory helps to measure the potential population growth of aphids, understanding the population dynamics, and estimation of reproductive growth parameters and insects’ potential [18,19]. This theory also provides the basic knowledge for various additional studies, such as mass rearing, behavioral analysis, and response to control agents, among others. Understanding the life table parameters of aphid on some important plants of the Solanaceae, Asteraceae, and Brassicaceae family can provide important information on developing an effective strategy for suppressing its population. Therefore, we examined the biological parameters of M. persicae on five different host plants according to age-stage, two-sex life table theory [20,21]. The findings of this study would be useful to better understand the survival, reproduction, development, and potential of aphid feeding on these important vegetables and could be helpful in designing future pest management programs for aphid species.




2. Materials and Methods


2.1. Host Plants


Five host plants—cabbage, Brassica oleracea (var. Jing feng yihao); chinese cabbage, B. rapa (var. Zaoshu nan you xiao baicai); crown daisy, Chrysanthemum coronarium (var. Xiao ye tong hao); eggplant, Solanum melongena (var. Guang jiazi hong chang qie); and chili pepper, Capsicum annum (var. Japanese Chao tianjiao)—were used in this study. The seeds were purchased from a local market and were sown in plastic pots. Plants were maintained throughout the experiment using a standard protocol. Twenty-seven plastic pots (10 cm diameter) were employed for each species of plant. The soil in pots consisted of peat moss and perlite substrate in a ratio of 3:1. The plants were kept in a growth chamber under the controlled conditions in an Intelligent Artificial Climate Box (Ningbo New Jiangnan Instrument Manufacturer Co., LTD., Zhejiang, China) at 25 ± 2 °C, 16:8 h light: dark photoperiod and 65–75% RH. Plants with fully developed 2–3 leaves were used to initiate the experiment.




2.2. Aphids


A colony of green peach aphid, M. persicae initially taken from the laboratory (Key Lab. of Insect Ecology and Molecular Biology of Qingdao Agriculture University, Shandong, China), was maintained on five corresponding host plants in a Climate Box having same conditions as described earlier.




2.3. Life Table Study


A group design was used to collect the life table data [11,22], having twenty-seven replicated pots per plant. The climatic chamber was set to provide a constant condition for experiment: temperature 25 ± 2 °C, relative humidity 65–75% and photoperiod 16:8 h (L:D). Ten apterous adult aphids were taken from the culture (described in Section 2.2) for each of five host plants and were placed individually on a leaf of their specific plant. Adult aphids were allowed to produce nymphs overnight and removed the day after. Only thirty new-born aphid nymphs were retained, and the surplus was removed. From the newly emerged nymphs, only one aphid was released on one plant to record life-history attributes. Twenty-seven aphids were used on twenty-seven plants for a single host species (totaling 27 × 5 = 135 aphids on 135 plants). Host plants with aphids were isolated within a plastic transparent cylindrical cage (10 cm in diameter, 30 cm high), which had the top and four-square sections (5 × 5 cm) cut out and covered in nylon mesh for ventilation; in addition, the leaf were enclosed in a nylon mesh cage on which the aphid was placed, somewhat similar with clip cage introduced by Haas et al. [23]. The number of aphids and their instars were recorded daily. Molting was determined by the presence of exuviae, a noticeable increase in body length, and by the presence of a cauda in case of adult females [24]. Data of four instars and adult were considered as single specimen [24]. Data for the life table attributes of M. persicae were recorded after every 24 h.




2.4. Population Projection


The projection of the population growth of M. persicae on the five host plants was calculated through Timing-MSChart [25], which is available at the same website for the TWOSEX-MSCHART program [26]. The age-stage two-sex life table data were used to project the population growth of aphids for next 60 days. The procedure for population growth rate projection was adapted as explained by Akca et al. [27]. For comparison of treatments, the initial population was set at 10 newborn nymphs in all treatments (host plants).




2.5. Statistical Analysis


The basic life table parameters such as age-stage survival rate (sxj), reproductive value (vxj), age-stage-specific life expectancy rate (exj), intrinsic rate of increase (r), reproductive rate (R0), finite rate of increase (λ), and mean generation time (T) were analyzed using the computer program TWOSEX-MS Chart [26]. Based on the confidence interval of difference, the adult longevity, adult pre-oviposition period (APOP), total pre-oviposition period (TPOP), fecundity, and population parameters (r, λ, R0, and T) were compared using a quick paired bootstrapping technique. The bootstrapping technique in the program with 100,000 random samplings was used for calculating the SE for the population.



The age-specific survival rate (lx, mx, and R0) was calculated as:
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where k denotes the number of stages, x = age in days, j = stage, R0 (net reproductive rate) is the average number of offspring per female during its whole life cycle. It was calculated by the following equation.



The intrinsic rate of increase (r), finite rate of increase (λ), and mean generation time (T) is calculated as:
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The life expectancy (Exj) is referred to the expected life of an individual of age x and stage j is calculated by following formula:


   E  x j   =   ∑   i = x  ∞  ·   ∑   y = j  β   ś  i y      








where śiy is the probability that individuals of age x and stage j will survive to age i and stage y, and it is calculated by considering ś = 1.



The reproductive value (Vxj) was calculated by the equation suggested by Tuan et al. [28]:
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3. Results


3.1. Age-Stage Two-Sex Life Tables


The data for the development time of each stage of M. persicae feeding on different hosts are given in Table 1. All nymphal instars (N1–N4) completed their development faster on eggplant and chili pepper. The pre-adult development period was highest when M. persicae was raised on cabbage (9.36 d), followed by crown daisy (6.19 d), chinese cabbage (5.96 d), chili pepper (5.62 d), and was shortest when raised on eggplant (5.48 d). Adult longevity was highest when M. persicae was fed on crown daisy (13.8 d), followed by cabbage (13.7 d), chili pepper (13.2 d), eggplant (12.8 d), and was shortest when fed on chinese cabbage (12.7 d). Total longevity was recorded highest on crown daisy (19.5 d) and shortest on cabbage (14.9 d). The APRP and TPRP was the period of the adult to first oviposition day and total time taken by an insect to first oviposition day, respectively. Highest APRP (0.36 d) and TPRP (9.71 d) were recorded on cabbage with a minimum lifelong fecundity (36.5 nymphs/female). Preadult survival was also recorded shorter on cabbage (0.5183). Highest lifelong fecundity was recorded on chili pepper (69.65 nymphs/female), followed by chinese cabbage (60.69 nymphs/female) (Table 1).



A highest net reproductive rate (R0) of M. persicae (69.6) was noted on chili pepper and the lowest (18.9) was recorded on cabbage. The highest to lowest values of intrinsic rate of increase were recorded on chili pepper (0.42), eggplant (0.42), chinese cabbage (0.41), crown daisy (0.34), and cabbage (0.21). The highest finite rates of increase (λ) were observed on chili pepper (1.53), eggplant (1.52), and chinese cabbage (1.51), while the lowest value of λ was recorded on cabbage (1.23). Mean generation time (T) was highest on cabbage (14.2 d) compared to other host plants (Table 2).



Age-stage, two-sex life tables parameters describe the probability of a newborn to survive at a specific age (x) and stage (j). The age-stage curve (sxj) describes a higher survival rate on eggplant and chili pepper while lower on cabbage (Figure 1). The age-stage-specific life expectancy curve (exj) is plotted in Figure 2. The newly born nymphs of M. persicae were expected to survive for a shorter period on cabbage when compared with other host plants. Females were expected to live a shorter life when fed on cabbage than other host plants. The age-stage-specific reproduction rate (vxj) for different host plants is plotted in Figure 3. Adult females contributed more to the population as they are the most productive stages of a population. The lx, fxj, and mx curves indicated that M. persicae had higher survival on chili pepper when compared with other host plants. The lowest fecundity was recorded when M. persicae fed on cabbage leaves (Figure 4).




3.2. Population Projection


The final total adult population sizes on cabbage, chinese cabbage, crown daisy, eggplant, and pepper host plats were 75,529.9; 19,920,246,234; 470,909,210.9; 42,349,041,261; and 41,583,141,580 individuals, respectively. The total population sizes of the M. persicae on the crown daisy, eggplant, and pepper were significantly larger than the populations observed on the cabbage (Figure 5).





4. Discussion


The availability and quality of host plants play a major role in the population dynamics of insect pests by affecting their developmental period, survival, and population parameters [7,29,30,31]. Many scientists have concluded that the performance of any aphid species can vary greatly on different host plants either on different cultivars or even varieties of the same plant [11,27,32]. To develop environmentally safe pest management strategies, complete knowledge of the population growth parameters of aphid on a wide variety of plant species is needed. Since these parameters provide a precise assessment of the growth rate of any insect pest population [28,33,34], they can be used to determine the tolerance level of any host plant to insect herbivores [9,35].



In this study, aphid performance was tested by feeding on five important vegetables under laboratory conditions. Cabbage was less felicitous to aphid than other plants. The lower intrinsic rate of increase and net reproductive rate on cabbage plant describe it as a poor host for M. persicae [11,16]. Our findings showed that the developmental period of small nymphal instars (N1 and N2) was longer when they fed on cabbage plant, while they grow faster on the chili pepper. The 3rd nymphal instars completed their development earlier on chinese cabbage as compared to cabbage and chili pepper. However, fully mature nymphs (N4) completed their developmental period faster on chili pepper as compared to cabbage. No significant difference was found in adult longevity when M. persicae fed on five different host plants. Similarly, the female fecundity was also higher when chili pepper and chinese cabbage plants were provided to M. persicae and the lowest fecundity rate was observed on cabbage. Female aphids showed no significant difference in oviposition (no. of days) when they fed on different host plants. Our findings showed that the population growth rate of aphids can be affected due to feeding on different host plants, and they refer to differences in the developmental period of immatures, female fecundity rate, and oviposition period. Many factors may affect the performance of aphids on their host plants, such as physicomorphic properties, nutritional value of the host plant, and its chemical composition [9,36]. Biological parameters such as the longevity, developmental period, survival, and fecundity rate of aphids depend on the physical and chemical properties of the host plant [37], as well as its nutritional value [38]. Further studies could be useful to identify specific factors in various vegetables that contribute to the growth of aphids.



We observed that R0, r, and λ of aphids were higher when they fed on chili pepper while their least values were recorded on cabbage plants. In our study, the highest intrinsic rate of increase (r) value for aphids was found in chili pepper treatment. The r is associated with the vulnerability of insect’s feeding [39]. In the demographic life table theory, if the value of r is greater than zero, the host is suitable for the insect’s population growth [40].



The sxj curves showed a higher survival rate of aphids on chinese cabbage and chili pepper, while the lowest survival rate is on cabbage. The exj demonstrates that an adult is supposed to live at age x and stage j and it gradually reduces with age if there is no stress [41,42]. Values of exj for aphids were higher when they fed on chili pepper as compared to other plants. The age-stage survival curves showed the preference of aphids on chili pepper plants as compared to other hosts. The age-stage, two-sex life table considers the variable developmental rate across the individuals, the overlapping curves of sxj, and the lx curve can simply describe the changes in the survival rates. Our findings support the previous work that described significant effects of different plant species on the growth, survival, and reproduction of insects [12,43]. The age-stage two-sex life table theory helps to construct a comprehensive life table describing the demographic characteristics of insect and mite populations. This tool allows the description of stage differentiation of H. armigera and incorporation of this factor into precise estimations of derived population parameters [20].



An accurate knowledge of a pest’s life table is important for executing an ecology-oriented management program. Further adding the consumption rate of each instar into life-table studies can be effectively characterized [44]. Thus, we suggest that the life table should be used in demographic studies of insects to get accurate population parameters for the population growth projections, to design a mass rearing program, to develop an effective pest management program, and to study the insect ecology. Our findings also illustrate that the projection populations can increase considerably faster when M. persicae fed on the crown daisy, chili pepper, and eggplant compared with the cabbage. These findings could be potentially useful to forecast the population growth of aphids on different host plants and devise an effective integrated management strategy for this pest. Further studies to identify the leaf morphology and phytochemicals such as plant volatiles and waxes in different host plants are suggested for a comprehensive discussion.




5. Conclusions


These results clarify the importance of using host–plant interactions in integrated pest control strategies to protect the crop from pest infestation. In addition, cabbage that was a less felicitous host for aphids can be considered as a potential source of resistance breeding programs. The use of less favorable host plants is economical for growers and has no adverse effect on other management strategies. The choice of a less susceptible host plant can be effective by reducing control costs and minimizing the negative effects of pesticide applications. In contrast, the most susceptible host plant (chili pepper) can be suitable for aphid-rearing in studies involving natural enemies of aphids.
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Figure 1. Age-stage-specific survival rate (sxj) of Myzus persicae fed on five host plants: cabbage (A), chinese cabbage (B), crown daisy (C), eggplant (D), and pepper (E). 
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Figure 2. Age-stage-specific life expectance (exj) of Myzus persicae fed on five host plants: cabbage (A), chinese cabbage (B), crown daisy (C), eggplant (D), and pepper (E). 
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Figure 3. Age-stage-specific reproductive rate (vxj) of Myzus persicae fed on five host plants: cabbage (A), chinese cabbage (B), crown daisy (C), eggplant (D), and pepper (E). 
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Figure 4. Age-specific survival rate (lx), age-stage-specific fecundity (fxj), age-specific fecundity (mx), and age-specific fertility (lxmx) of Myzus persicae fed on five host plants: cabbage (A), chinese cabbage (B), crown daisy (C), eggplant (D), and pepper (E). 
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Figure 5. Population projection of Myzus persicae showing the changes in the age-stage structure fed on five host plants: cabbage (A), chinese cabbage (B), crown daisy (C), eggplant (D), and pepper (E). 
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Table 1. Development period (Mean ± SE) of M. persicae raised on five different hosts.
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	Life Stage
	n
	Cabbage
	n
	Chinese Cabbage
	n
	Crown Daisy
	n
	Eggplant
	n
	Pepper





	N1
	54
	2.42 ± 0.16 a
	54
	1.50 ± 0.09 b
	54
	1.63 ± 0.09 b
	54
	1.37 ± 0.07 c
	52
	1.31 ± 0.08 c



	N2
	38
	3.26 ± 0.14 a
	52
	1.50 ± 0.07 b
	54
	1.41 ± 0.07 b
	54
	1.37 ± 0.07 b
	52
	1.31 ± 0.06 c



	N3
	32
	1.81 ± 0.07 a
	52
	1.31 ± 0.06 b
	54
	1.33 ± 0.06 b
	54
	1.26 ± 0.07 b
	52
	1.54 ± 0.08 a



	N4
	28
	2.00 ± 0.00 a
	52
	1.65 ± 0.09 b
	52
	1.85 ± 0.05 a
	54
	1.48 ± 0.07 c
	52
	1.46 ± 0.08 c



	Preadult
	
	9.36 ± 0.23 a
	
	5.96 ± 0.16 bc
	
	6.19 ± 0.07 b
	
	5.48 ± 0.12 c
	
	5.62 ± 0.11 c



	Adult longevity
	28
	13.7 ± 0.41 a
	52
	12.7 ± 0.50 a
	52
	13.8 ± 0.28 a
	54
	12.8 ± 0.48 a
	52
	13.2 ± 0.52 a



	Total Longevity
	
	14.1 ± 1.33 b
	
	18.1 ± 0.67 a
	
	19.5 ± 0.46 a
	
	18.3 ± 0.47 a
	
	18.8 ± 0.518 a



	Fecundity
	
	36.5 ± 1.26 c
	
	60.6 ± 2.68 a
	
	47.1 ± 0.91 bc
	
	54.3 ± 2.16 b
	
	69.6 ± 2.42 a



	TPRP
	
	9.71 ± 0.29 a
	
	6.00 ± 0.16 b
	
	6.35 ± 0.09 b
	
	5.52 ± 0.13 c
	
	5.62 ± 0.11 c



	APRP
	
	0.36 ± 0.24 a
	
	0.04 ± 0.03 b
	
	0.15 ± 0.05 b
	
	0.04 ± 0.03 b
	
	0.00 ± 0.00 c



	Ovi. days
	
	12.1 ± 0.55 a
	
	12.3 ± 0.52 a
	
	13.6 ± 0.30 a
	
	12.4 ± 0.05 a
	
	12.9 ± 0.50 a



	Preadult survival rate (sa)
	
	0.51 ± 0.06 b
	
	0.96 ± 0.02 a
	
	0.96 ± 0.02 a
	
	1.00 ± 0.00 a
	
	1.00 ± 0.00 a







N1–N4 indicate the nymphal instar, means sharing similar letters in each row are not significantly different at p > 0.05, n = numbers of individual M. persicae that completed their development.
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Table 2. Population parameters (Means ± SE) of M. persicae reared on five different hosts.
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Parameters

	
Host Plants




	
Cabbage

	
Chinese Cabbage

	
Crown Daisy

	
Eggplant

	
Pepper






	
Net reproductive rate (R0) (offspring)

	
18.9 ± 2.57 d

	
58.4 ± 2.99 b

	
45.3 ± 1.48 c

	
54.3 ± 2.14 b,c

	
69.6 ± 2.38 a




	
Intrinsic rate of increase (r−1) (d−1)

	
0.21 ± 0.01 c

	
0.41 ± 0.01 a

	
0.34 ± 0.01 b

	
0.42 ± 0.01 a

	
0.42 ± 0.01 a




	
Finite rate of increase (λ) (d−1)

	
1.23 ± 0.01 c

	
1.51 ± 0.01 a

	
1.41 ± 0.06 b

	
1.52 ± 0.12 a

	
1.53 ± 0.01 a




	
Mean generation time (T) (d)

	
14.2 ± 0.40 a

	
9.83 ± 0.21 b

	
10.9 ± 0.12 b

	
9.43 ± 0.16 b

	
9.96 ± 0.17 b








Means sharing similar letters in each row are not significantly different at p > 0.05.
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