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Abstract
Nutritional performance of the larval stages (fourth, fifth, and sixth instars) of Helicoverpa armigera
(Hubner) (Lepidoptera: Noctuidae) on unripe green fruit of ten tomato cultivars, including ‘Aras’,
‘Atrak’, ‘Korall’, ‘Mobil’, ‘Rio Grande Hed’, ‘Sivand’, ‘Super Chief’, ‘Super Mobil’, ‘Super Queen’
and ‘Super Urbana’, was studied at 26±1°C, 60±10% RH and a photoperiod of 16:8 L:D. Approximate
digestibility values of the fourth instar larvae were highest (98.239±0.026%) and lowest
(95.733±0.056%) on ‘Atrak’ and ‘Super Chief’, respectively. Fifth instar larvae fed on ‘Mobil’ showed
the highest relative growth rate (RGR) and relative consumption rate (RCR) (0.316±0.038% and
7.369±0.669%, respectively). Approximate digestibility (AD) values of the sixth instar larvae were
highest (96.264±0.114%) and lowest (92.349±0.120%) on ‘Super Chief’ and ‘Super Queen’,
respectively. The highest ECI and ECD values of total larval instars (4th, 5th and 6th instars) was
observed on ‘Rio Grande Hed’ (4.364±0.093% and 4.593±0.105%, respectively) and the lowest of both
values was on ‘Super Urbana’ (3.034±0.021% and 3.187±0.022%, respectively).  The results of
nutritional indices and the cluster analysis indicated that ‘Sivand’ and ‘Super Queen’ were unsuitable
hosts for feeding of H. armigera among tested cultivars.
Key words: nutritional indices, tomato fruit borer, Helicoverpa armigera, tomato cultivars

,1808Helicoverpa armigera (Hubner(فرنگی اي کرم میوه گوجههاي تغذیهبررسی شاخص

)Lepidoptera: Noctuidae(فرنگیده رقم گوجهروي
2قرالريعلی حسینیو1حسنعلی واحدي،1نقدهناصر معینی، 1علی جوینده

شناسی بخش تحقیقات حشره-2و گروه گیاه پزشکی، پردیس کشاورزي و منابع طبیعی، دانشگاه رازي کرمانشاه-1
پزشکی کشور، سازمان تحقیقات، آموزش و ترویج کشاورزيکشاورزي، موسسه تحقیقات گیاه

moeeny@razi.ac.ir:مسئول مکاتبات، پست الکترونیکی*

چکیده
Helicoverpa armigera(لاروايتغذیهعملکرد ( Hübner)سبز میوهبا تغذیه از)ششموپنجمچهارم،مراحل لاروي

گوجه فرنگی ( ارس، اترك، کورال، ریوگراند، موبیل، سیوند، سوپر موبیل، سوپر چف، سوپر کویین و مختلـفنارس ارقـام
ساعت16نوريدورهودرصد60±10نسبیرطوبتسلسیوس،درجه26±1دمايآزمایشگاهیشرایطسوپر اوربانا) تحت

در لارو سن چهارم به(AD)غذاشوندگیهضممقادیرتـرینکموترینبیـش.شـدبررسیتاریکیساعت8وروشنایی
نرخمقـادیرترینبیش.بود) درصد733/95±056/0(و سوپرچف ) درصد239/98±026/0اترك (ارقامرويترتیب

±669/0و316/0±038/0ترتیب باموبیل بهرقملارو سن پنجم در(RCR)نسبیمـصرفنـرخو(RGR)نسبیرشد
±114/0در لارو سن ششم با (AD)غذاشوندگیهضممقدارترینثبت شد. بیـشروزربگرممیلیربگرممیلی369/7
درصد برآورد گردید. 349/92±120/0درصد در رقم سوپرچف و کم ترین آن در رقم سوپرکویین به میزان 264/96

مجموع سنین لاروي (ECD)شدههضمغذايتبدیلبازدهیو(ECI)شدهبلعیدهغذايتبدیلبازدهیبالاترین مقدار
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ترین این مقادیر در رقم سوپر درصد) و پایین593/4±105/0و 364/4±093/0مربوط به رقم ریوگرند هد (به ترتیب با 
اي اي و تجزیه خوشههاي تغذیهدرصد) مشاهده شد. نتایج شاخص187/3±022/0و 034/3±021/0اوربانا (به ترتیب با 

نامناسب بودند.H. armigeraمشخص کرد که در بین ارقام مورد آزمایش، ارقام سیوند و سوپرکویین براي تغذیه 
.فرنگی، ارقام گوجهHelicoverpa armigeraفرنگی، گوجههاي تغذیه اي، کرم میوهشاخصواژگان کلیدي: 

.8/11/1396، پذیرش: 11/7/1396دریافت: 

Introduction

The tomato fruit worm/ cotton  bollworm, H.  armigera is  one  of  the  most  important

crop pests, has a wide host range and is distributed worldwide (Fitt et  al. 1995; Liu et al.

2004). Over 172 species of host plants from 40 families have been recorded in Australia

(Zalucki et al. 1994) and 181 cultivated and uncultivated plant species, distributed in 45

families in India (Manjunath et al. 1989). Every year, the larvae of this species cause

substantial economical losses to cotton, corn, tomato, legumes, and other vegetable crops in

Iran (Farid, 1986; Behdad, 1996; Fathipour & Naseri, 2011).

Chemical control programs against this pest have been complicated by its propensity to

develop insecticide resistance (Ahmad, 2007). These drawbacks have increased interest in

other  control  methods  such  as  biological control  and  resistant  cultivars  of  host  plants.

Host plant resistance as a vital component of IPM is important in terms of being both

environmentally and economically acceptable. Therefore, as a method of controlling pest

insects, host plant resistance is not only favorable to the environment, but also reduces costs

for growers (Li et al., 2004). Role of  physio-chemical  factors  is  important  to identify  a

source  of  resistance  in  plants  against  pests (Ashfaq et  al.,  2003; Dhillon et  al.,  2005).

Survival, development,  and  reproduction  of  phytophagous  insects  are  considerably

affected  by  the primary and secondary chemical compositions of  host  plants;  hence,  food

consumption  and utilization  depend  on  both  plant  quality  and insect  nutritional

performance  (Scriber  & Slansky 1981; Singh & Mullick 1997). The factors  determining

nutrient  availability  for growth and  maintenance  over  a  given  period of  development

are  the  amount  and  type  of food consumed and the efficiency with which is utilized

(Barton-Browne & Raubenheimer, 2003). On the other hand, temperature and food quality

play main roles in mediating the foraging behaviour, growth and reproductive performance,

and population dynamics of herbivorous insects (Lindroth et al., 1997). Like other insect

orders, the balance of nutrients in many lepidopterans is important.  Lepidopteran  respond

to unsuitable diets in diverse ways, such as altering the  amount  of  ingested  food,  switching

from one  food  source  to  another,  and/or  regulating the  efficiency  of  the  nutrients  (Genc,

2006).

Some  studies  have  been  carried  out  on  the effects of different host plants such as

soybeans (Naseri et  al.,  2010;  Fathipour et  al., 2013), tomatoes (Srinivasan  &

Uthamasamy, 2005; Kouhi et al., 2014), beans (Rahimi Namin et al., 2014) and corns
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(Hosseininejad, 2015) on feeding performance of H.  armigera. Ashfaq et  al.  (2003) studied

the morpho–physical  factors  affecting consumption  and  coefficient  of  utilization  of H.

armigera and demonstrated  that  preference was highest on sorghum than on the other hosts.

Naseri et al. (2010) reared H.  armigera on different soybean varieties. They found that

'M4' , 'Sahar', and 'JK' were partially resistant to H. armigera.  According to Kouhi et al.

(2014), ‘Rio Grande UG’ was an unsuitable tomato cultivar for H. armigera.

Different tomato cultivars can exert diverse negative influences, including reduced

growth  rates and  decreased  efficiency in converting food to biomass (Kashyap & Verma,

1987).The objectives of this research was to compare nutritional indices and food utilization

in H. armigera larvae reared on the most popular tomato cultivars that are cultivated in

Khorasan Razavi province, Iran. Determining  effects of different host plant cultivars on the

feeding performance  of  this pest is one of the useful tools for evaluating the  host  plant

resistance  mechanisms  that could improve H. armigera management programs.

Materials and methods

Plant sources

Ten tomato cultivars were used in this study, including Aras’, ‘Atrak’, ‘Korall’, ‘Mobil’,

‘Rio Grande Hed’, ‘Sivand’, ‘Super Chief’, ‘Super Mobil’, ‘Super Queen’ and ‘Super

Urbana’ because they are the most important popular cultivars used in Khorasan Razavi

province. The tomato seeds were sown in plastic pots of 16 cm diameter (sand, soil and farm

yard manure at 1:1:1 ratio). All plant materials used in this experiment were collected from

plants growing in the greenhouse without any pesticides. These plants were fertilized with a

controlled release fertilizer and watered as required. N-P-K fertilizer (20-20-20) (1gr/L) was

sprayed on the leaves once a week.

Insect rearing

Originally, H.armigera larvae were collected from tomato fields located in   research

station of agricultural and natural resources research and education center of Khorasan

Razavi province, Mashhad, Iran, during July 2016. The insects were reared for two

generations on the same cultivars before tests.  They were fed during experiments in a growth

chamber at 26 ± 1°C, 60 ± 10% RH, with a 16:8 L: D photoperiod. Adults were provided

daily with 10 % honey solution on a cotton wick for feeding in containers (14 cm in diameter,

19 cm in height, lined with paper towel) topped with a fine  mesh  net  for  ventilation.

Nutritional indices

The insects tested on different tomato cultivars had already been reared for two

generations on the same cultivars they were fed during experiments.
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A cohort of one hundred newly hatched larvae (< 1 days old) were collected from the

stock culture  and transferred into clear plastic containers  (17 cm length × 12 cm width × 7

cm height), containing the fresh leaves of each examined  cultivar.  The petioles of detached

leaves were inserted in water-soaked cotton to keep it turgid. The first and second instars

larvae were  reared  in  groups  until   they reached  the  third  instar,  after  which  they were

divided  into  five  replicates (10 larvae in each) separated into individual plastic containers

(8.5 cm length × 7 cm width × 4 cm height) to avoid larval cannibalism.  The individual

larvae were observed daily for molting and survivorship. When ever  any  of  the  test  larvae

died,  a  larva  from  the stock culture of related tomato cultivar was added to replaced it so

the  number of larvae in each replication remained the same (50 larva in each stage). After

measuring the weight of the young fourth instar larvae, they were fed on the unripe and sliced

green fruits of the related tomato cultivars, and larval weight was recorded daily before and

after feeding until larvae reached the pre-pupal stage. The initial fresh fruits and the fruits

and feces remaining at the end of each experiment were weighed daily with a digital weighing

scale (0.001 gram precision). Nutritional indices were determined on the fresh weight basis

using fourth to sixth instars, because they are the most destructive stages on tomatoes and

which were easier for measuring these indices.

The weight of eaten food was determined by the difference between the weight of newly

offered food and the fruit over found the next day. Larval weight gain was measured as

difference between final larval weight and weight at the beginning of each larval instar. The

quantity of food ingested was calculated as subtracting the fruit remaining at the end of each

experiment from the total weight of fruit provided. The weight of feces produced by the

larvae fed on each tomato cultivar was recorded daily. Nutritional indices (Cl, AD, ECI,

ECD, RGR, RCR) were calculated according to a gravimetric method as outlined by

Waldbauer (1968) and Slansky & Scriber (1985) using wet weights of each component. The

following formulae were used (Waldbauer, 1968):

(1)  Consumption    index (CI) = E/A

(2)  Approximate digestibility (AD) = (E – F)/E

(3)  Efficiency of conversion of ingested food (ECI) = P/E

(4)  Efficiency of conversion of digested food (ECD) = P/ (E – F)

(5)  Relative consumption rate (RCR) = E/ (A×T)

(6)  Relative growth rate (RGR) = P/ (A×T)

In which, A= mean wet weight of larvae over unit time, E= wet weight of food

consumed, F = wet weight of feces produced, P = wet weight gain of larvae, and T= duration

of feeding period.

Statistical analysis

Data normality of the data was tested via the Kolmogorov-Smirnov test. Data were

analyzed by one-way analysis of variance (ANOVA) followed by comparison of the means
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with Tukey's HSD test at α=0.05 using statistical software SAS 9.1 (PROC GLM, SAS

Institute). A dendrogram  of  ten tomato cultivars  according  to  nutritional  indices  of  fourth,

fifth and sixth instars  of H.  armigera was created after cluster  analysis  with Ward’s method

SPSS 19.0 (Fallahnejad-Mojarrad et al., 2013).

Results

The results of the nutritional indices of fourth- sixth larval instars and whole instars

larvae on fresh weight basis of H. armigera reared on different tomato cultivars are shown

in Tables 1-4.

Nutritional indices of the fourth instar larvae of H.armigera were significantly different

for different tomato cultivars. The larvae reared on 'Super Chief' and 'Aras' showed the

highest (0.399±0.012mg/mg/day) and lowest (0.336 ± 0.003 mg/mg/day) value of RGR

(F=5.74, df= 9, P<0.0001) respectively. The lowest value of RCR was on 'Super Urbana'

(5.297 ± 0.153 mg/mg/day) and the highest was on 'Aras' (10.157 ± 0.051 mg/mg/day)

(F=73.89, df= 9, P<0.0001). Also, the highest value of ECI (F=71.65, df= 9, P<0.0001) was

on 'Super Queen' (6.688 ± 0.116%) compared with the other cultivars. The larvae reared on

'Super Queen' had the highest value of ECD (6.926 ± 0.127%) and the lowest value was on

'Aras' (3.404 ± 0.035%) (F=74.77, df= 9, P<0.0001). The highest and lowest values of AD

(F=13.07, df= 9, P<0.0001) were on 'Atrak' and 'Super Chief' (98.239 ± 0.026% and 95.733

± 0.056, respectively). However, the lowest and highest values of CI were on 'Super Urbana'

(19.180 ± 0.238) and 'Aras' (35.961 ± 0.141) (F=85.147, df= 9, P<0.0001) (Table 1).

Table 1- Nutritional indices of fourth instar larvae of H.armigera on tomato cultivars.

Cultivar

Index (mean ±SE)

RGR
(mg/mg/day)

RCR
(mg/mg/day) ECI% ECD% AD% CI

Aras 0.336 ±0.003d 10.157 ±0.051a 3.322 ±0.036e 3.404 ±0.035d 97.634 ±0.075ab 35.961 ±0.141a

Atrak 0.357 ±0.003bcd 10.000 ±0.118a 3.579 ±0.034de 3.643 ±0.035d 98.239 ±0.026a 35.018 ±0.268ab

Korall 0.370 ±0.007abcd 7.720 ±0.161b 4.814 ±0.047c 4.995 ±0.055c 96.384 ±0.444c 27.687 ±0.369c

Mobil 0.352 ±0.010bcd 5.879 ±0.209c 6.012 ±0.13ab 6.244 ±0.145ab 96.322 ±0.466c 20.006 ±0.728e

Rio Grande
Hed

0.357 ±0.007bcd 5.911 ±0.560c 6.185 ±0.385a 6.339 ±0.390ab 97.573 ±0.102ab 19.866 ±2.004e

Sivand 0.382 ±0.005abc 9.443 ±0.141a 4.048 ±0.020d 4.138 ±0.020d 97.855 ±0.021a 32.051 ±0.382b

Super Chief 0.399 ±0.012a 7.325 ±0.256b 5.465 ±0.065bc 5.711 ±0.071bc 95.733 ±0.056c 24.077 ±0.249d

Super Mobil 0.361 ±0.012abcd 5.638 ±0.140c 6.452 ±0.163a 6.677 ±0.161a 96.670 ±0.188bc 20.197 ±0.392e

Super Queen 0.385 ±0.005ab 5.814 ±0.109c 6.688 ±0.116a 6.926 ±0.127a 96.593 ±0.129bc 19.781 ±0.431e

Super Urbana 0.343 ±0.011cd 5.297 ±0.153c 6.501 ±0.107a 6.759 ±0.124a 96.240 ±0.209c 19.180 ±0.238e
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The means followed by different letters in the same columns are significantly different (Tukey's
HSD, P < 0.05). CI, consumption index; AD, approximate digestibility; ECI, efficiency of conversion
of ingested food; ECD, efficiency of conversion of digested food; RCR, relative consumption rate;
RGR, relative growth rate

The highest (0.316 ± 0.038) and lowest (0.174 ± 0.016) RGR values (F=10.12, df=

9, P<0.0001) of the fifth instar larvae of H.armigera were on Mobil' and 'Super Queen',

respectively. The 'Mobil' and 'Rio Grande Hed' showed the highest and lowest values of RCR

(F=10.88, df= 9, P<0.0001) (7.37 ± 0.669 and 4.55 ± 0.143), respectively. The highest

(5.97±0.030%) and lowest (3.08 ± 0.039%) ECI values (F=194.70, df= 9, P<0.0001) were

on 'Rio Grande Hed' and 'Super Queen', respectively. The highest  value  of  ECD (F=207.12,

df= 9, P<0.0001) was  recorded  on 'Super Mobil'  (6.21 ± 0.032%),  which  is  the lowest

rate  on  'Super Queen'  (3.12  ±  0.041%). The approximate digestibility (AD) was varied

(F=320.76, df= 9, P<0.0001) from (94.79 ± 0.097%)  to  (98.66  ±  0.088%)  on  'Super Mobil'

and  'Super Queen',  respectively. However, the larvae reared on 'Mobil' and 'Rio Grande Hed'

showed the highest (27.35 ± 2.110) and lowest (17.35 ± 0.075) value of CI (F=19.70, df= 9,

P<0.0001) respectively (Table 2).

Table 2- Nutritional indices of fifth instar larvae of H.armigera on tomato cultivars.

Cultivar

Index (mean ±SE)

RGR
(mg/mg/day)

RCR
(mg/mg/day) ECI% ECD% AD% CI

Aras bc±0.0060.247 abc±0.1796.472 d0.038±.3.822 e±0.0413.898 b±0.05498.058 ab±0.27324.889

Atrak abc±0.0050.264 ab±0.1686.557 cd±0.0304.036 de±0.0414.133 b±0.03197.672 ab±0.19525.384

Korall abc±0.0070.262 cde±0.1405.311 b±0.0224.944 b±0.0225.306 f±0.05793.174 def±0.13820.253

Mobil a±0.0380.316 a±0.6697.369 c±0.1574.247 cd±0.1644.388 c±0.12396.801 a±2.11027.348

Rio Grande Hed ab±0.0100.272 e±0.1434.550 a±0.0305.975 a±0.0326.115 b±0.05797.708 f±0.07517.353

Sivand ab±0.0070.269 abc±0.1746.243 c±0.0764.291 c±0.0764.493 d±0.20795.524 bcd±0.46923.381

Super Chief ab±0.0050.301 bcd±0.1146.107 b±0.0604.956 b±0.0665.214 de±0.07495.111 cde±0.50021.025

Super Mobil ab±0.0900.287 de±0.1734.905 a±0.1055.888 a±0.1096.213 e±0.09794.792 ef±0.38818.435

Super Queen d±0.0160.174 bcde±0.0935.714 e±0.0393.079 f±0.0413.121 a±0.08898.660 ab±0.19224.590

Super Urbana cd±0.0050.200 abc±0.1736.374 e±0.0323.151 f±0.3273.256 c±0.05096.789 bc±0.28123.767

The means followed by different letters in the same columns are significantly different
(Tukey's HSD, P < 0.05). CI, consumption index; AD, approximate digestibility; ECI,
efficiency of conversion of ingested food; ECD, efficiency of conversion of digested food;
RCR, relative consumption rate; RGR, relative growth rate

The results of the nutritional indices of sixth instar H. armigera larvae  are  given  in

Table  3.  The highest value of RGR was in the larvae fed on 'Super Chief' (0.166±0.002) and

the lowest on 'Super Mobil' (0.115±0.001) (F=28.81, df= 9, P<0.0001).  The larvae fed on

cultivar 'Aras' and 'Korall' demonstrated the lowest (3.758±0.143) and highest (5.365±0.110)
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RCR values, respectively (F=19.51, df= 9, P<0.0001). The highest value of ECI (F=74.01,

df= 9, P<0.0001) and ECD (F=59.34, df= 9, P<0.0001) was on 'Aras' (3.752±0.057% and

3.946±0.060% resp.) and the lowest one was on 'Super Urbana'(2.530±0.028% and

2.683±0.032% resp.). The highest AD value (F=76.05, df= 9, P<0.0001) was in the larvae

reared on 'Super Chief' (96.264±0.114%). The larvae reared on 'Korall' (25.386±0.225%) and

'Aras' cultivars (19.316±0.191) showed the highest and lowest values of CI (F=53.19, df= 9,

P<0.0001) (Table 3).

Table 3- Nutritional indices of sixth instar larvae of H.armigera on tomato cultivars.

Cultivar

Index (mean ±SE)

RGR
(mg/mg/day)

RCR
(mg/mg/day)

ECI% ECD% AD% CI

Aras bc±0.0050.141 f±0.1433.758 a±0.0573.752 a±0.0603.946 b±0.08495.093 c±0.19119.316

Atrak cd±0.0020.132 def±0.0334.140 bc±0.0353.198 bc±0.0363.348 b±0.04395.516 b±0.17822.099

Korall bc±0.0030.142 a±0.1105.365 ef±0.0102.663 ef±0.0122.863 e±0.09193.008 a±0.22525.386

Mobil b±0.0030.151 bcd±0.1114.639 b±0.0413.253 bc±0.0483.451 c±0.17394.276 b±0.37021.882

Rio Grande Hed cd±0.0040.132 ef±0.2204.060 b±0.0873.287 b±0.1033.525 de±0.27593.291 c±0.59719.853

Sivand de±0.0030.124 cde±0.0944.367 de±0.0272.845 de±0.0313.030 cd±0.12893.895 b±0.18321.499

Super Chief a±0.0020.166 ab±0.0665.056 b±0.0443.286 bc±0.0483.413 a±0.11496.264 b±0.11321.632

Super Mobil e±0.0010.115 cdef±0.5004.245 ef±0.0242.719 ef±0.0272.890 c±0.06394.115 b±0.24022.439

Super Queen bc±0.0010.143 bc±0.0344.749 cd±0.0273.003 cd±0.0333.252 f±0.12092.349 a±0.15425.100

Super Urbana de±0.0020.120 bc±0.1074.760 f±0.0282.530 f±0.0322.683 c±0.11594.349 a±0.19624.221

The means followed by different letters in the same columns are significantly different
(Tukey's HSD, P < 0.05). CI, consumption index; AD, approximate digestibility; ECI,
efficiency of conversion of ingested food; ECD, efficiency of conversion of digested food;
RCR, relative consumption rate; RGR, relative growth rate

The results presented in Table 4 for whole larval instars showed that RGR (F=31.74,

df= 9, P<0.0001) and RCR (F=22.28, df= 9, P<0.0001) values were the highest on 'Super

Chief' (0.170 ± 0.003 and 4.279 ± 0.118, respectively). The lowest RGR and RCR were

recorded on 'Super Queen' (0.116 ± 0.001) and 'Rio Grande Hed'(3.013 ± 0.180),

respectively. However, the ECI (F=70.95, df= 9, P<0.0001) and ECD (F=65.53, df= 9,

P<0.0001) values were the highest (4.364 ± 0.093% and 4.593 ± 0.105% resp.) on 'Rio

Grande Hed'. The highest and lowest AD values (F=164.50, df= 9, P<0.0001) were recorded

on 'Aras' (96.508 ± 0.063%) and 'Korall' cultivars (93.457 ± 0.018%), respectively. The

highest and lowest values of CI were on 'Atrak' (51.762 ± 0.423) and 'Rio Grande Hed'

(36.512 ± 1.600), respectively (F=46.68, df= 9, P<0.0001) (Table 4).

A dendrogram based on nutritional indices of whole larval instars of H. armigera reared

on tomato cultivars is shown in Figure1.
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Table 4- Nutritional indices of whole larval instars of H.armigera on tomato cultivars.

Cultivar

Index (mean ±SE)

RGR
(mg/mg/day)

RCR
(mg/mg/day)

ECI% ECD% AD% CI

Aras b±0.0030.144 ab±0.1023.896 cd±0.0363.709 c±0.0383.843 a±0.06396.508 ab±0.46049.268

Atrak bc±0.0010.142 ab±0.0544.023 de±0.0323.540 cd±0.0333.662 a±0.03096.659 a±0.42351.762

Korall cd±0.0020.131 bc±0.0503.721 de±0.0133.523 cd±0.0143.769 f±0.01893.457 cd±0.45045.674

Mobil de±0.0030.122 d±0.0863.153 bc±0.0473.889 b±0,0484.080 c±0.07595.306 ef±0.87237.844

Rio Grande Hed bcd±0.0060.131 d±0.1803.013 a±0.0934.364 a±0.1054.593 cd±0.14395.014 f±1.60036.512

Sivand de±0.0010.128 bc±0.0393.662 e±0.0263.500 cd±0.0283.684 cd±0.09595.008 d±0.48044.652

Super Chief a±0.0030.170 a±0.1184.279 b±0.0533.989 b±0,0594.161 b±0.09295.886 bcd±0.67146.756

Super Mobil de±0.0010.125 d±0.0553.156 bc±0.0373.959 b±0.0404.188 e±0.03594.542 e±0.40940.206

Super Queen e±0.0010.116 cd±0.0373.423 e±0.0303.409 d±0.0323.598 de±0.03994.767 d±0.46744.780

Super Urbana de±0.0020.118 ab±0.0683.899 f±0.0213.034 e±0.0223.187 c±0.05395.219 abc±0.33548.899

The means followed by different letters in the same columns are significantly different
(Tukey's HSD, P < 0.05). CI, consumption index; AD, approximate digestibility; ECI,
efficiency of conversion of ingested food; ECD, efficiency of conversion of digested food;
RCR, relative consumption rate; RGR, relative growth rate

The  dendrogram  of  nutritional  indices  of  whole  larval instars of H. armigera showed

three distinct clusters labeled A,  B(including  sub clusters  B1  and  B2)  and C.  The cluster

A included 'Sivand', 'Super Queen' and 'Korall'. The cluster B consisted of sub clusters B1

('Aras', 'Super urbana' and 'Super Chief') and B2 ('Atrak'). The cluster C is consisted of

'Mobil', 'Rio Grande Hed' and 'Super Mobil'.
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Fig. 1. Ward's method dendogram of tomato cultivars based on nutritional indices
of whole larval instars (forth, fifth, sixth) of H. armigera reared on tomato
cultivars.

Discussion

Study of insect nutrition is significant in providing critical information for economic

exploitation and management of insects and clarifying the relationship of energy among the

communities (Awmack & Leather, 2002; Babic et al., 2008). The factors determining nutrient

availability for growth and maintenance over a given period of development are the amount

and type of food consumed and the efficiency with which it is utilized (Barton-Browne &

Raubenheimer, 2003).

Current research shows that different tomato cultivars have significant effects on the

nutritional and growth indices of H. armigera larvae.  The significant differences obtained

for these nutritional indices of H. armigera larvae indicated that the tested tomato cultivars

had diverse nutritive values. Approximate digestibility (AD), efficiency of conversion of

digested food (ECD) and efficiency of conversion of ingested food (ECI) are important

parameters of nutritional responses of an insect (Parra et al., 2012). ECI is a general index of

an insect’s ability to use the food consumed  for  growth  and  development, and  ECD  is an

index  of  the  efficiency  of conversion  of  digested  food  into  growth (Nathan et al. 2005).

In this study, the  ECI and  ECD  values  of  fourth-sixth  instars  and whole larval instars

of H.  armigera were   significantly  different  on  the ten tomato cultivars on fresh weight

basis,  which  are  in  line  with  the findings of Kouhi et al. (2014),  who  noted  that  the

ECI  and  ECD values  of  fourth-sixth  instars  and whole larval instars of H.  armigera were

significantly  affected by  different tomato cultivars on dry weight basis.

The highest CI value of the whole larval instars of H. armigera observed on 'Atrak',

indicated that the highest rate of intake relative to the mean larval weight during the feeding
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period on this cultivar. Among different tomato cultivars, the highest ECI and ECD values

of the whole larval instars were observed on cultivar  ' Rio Grande Hed', resuming that it was

more efficient at the conversion of ingested and digested food to biomass in larval body. The

results for ECI and ECD values of the whole larval instars reared on 'Rio Grande Hed' were

similar to those reported by Kouhi et al. (2014) on different tomato cultivars.

Despite larvae reared on cultivar 'Super Urbana' has high CI value compared with other

cultivars; the lowest values of ECI and ECD on this cultivar, indicating that larvae feeding

on it were less effective in converting ingested and digested food to biomass. It is well known

that the degree of food utilization depends on the digestibility of food, and the efficiency with

which digested food is converted into biomass (Batista-Pereira et al. 2002).

The cluster dendogram revealed that grouping different tomato cultivars within each

cluster might be consequence of a high correspondence of physiological traits of tomato

cultivars, whereas the separate clusters might represent significant variability in tomato

cultivars and suitability between clusters.  The tomato cultivars categorized in cluster C were

the most suitable for H. armigera, while the host plant in cluster A and B had the least

suitability. 'Super Urbana' that grouped  in  cluster  B  was  unsuitable  host  plant because

of  nutrient  deficiency  and  probably due to  presence  of  some secondary  metabolites.

However,  cluster C  included  suitable  host  plants  due  to  the  higher  nutritional  quality

(Fig.1).

Studies on the consumption, digestion and utilization of food plants by insects are

important both from fundamental and applied points of view. They provide information on

the quantitative loss brought about by the pests. Cultivar selection is one of the most

important  decisions  that  the  commercial  grower  must  make  each  season. Selection of

the appropriate cultivars that are suffered the least damage from pests and diseases are

important by growers. Consumption indices can also be taken into account as indirect

measurements of the relative susceptibilities of crops to pest infestation (Praveen &

Dhandapani, 2001).

Analysis of the nutritional indices can provide an understanding  of  the  behavioral  and

physiological  bases  of insect-plant  interactions  (Lazarevic  &  Peric-Mataruga, 2003).

Estiarte et al.(1994) also reported that nitrogen  limitation   produced  lower  nutritional

quality  of  leaves and fruits with  lower relative growth  rates  and lower efficiency of

conversion  of  ingested biomass  on the  polyphagous  herbivore H. armigera.

Low fitness of H. armigera on some cultivars may be assigned to the presence of

unsuitable secondary phytochemicals or the absence of essential nutrients for growth and

development. Our study shows significant differences in the capacity of H. armigera reared

on different tomato cultivars. Many researchers reported that tomato cultivars differed in

terms of damage done by tomato fruit worm, H. armigera (Kashyap & Verma, 1987;

Sivaprakasam, 1996).  Among various biochemical factors of resistance in tomato

cultivars/accessions, phenol content of the foliage and acidity of the fruits exerted a
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significant negative correlation with larval feeding (Selvanarayanan, 2005). Salvanarayanan

and  Narayanasamy  (2006) found  that  ortho-dihydroxy  phenols  of  the fruits exerted  a

significant  negative  correlation  on  larval feeding.  On the basis of  high  phenol content in

plants, pest  resistant  lines  could  be  identified  and  used  for breeding resistant varieties.

Sharma et al. (2008) found that the reducing  sugars  were  positively  correlated while

ascorbic  acid,  acidity,  zinc,  ferrous  and  total phenols  were  negatively  correlated  with

fruit infestation.

Induced  resistance  may  occur in  plants  because  of  variations  in  temperature,

photoperiod, plant-water  potential, and chemicals in  the  soil  that  induce  the  production

and accumulation  of  secondary  plant  substances (phytoalexins)  or  affect  the  nutritional

quality  of the  host  plant (Sharma & Ortiz, 2002).

Different tomato cultivars can exert diverse negative influences, including reduced

growth rates and decreased efficiency in converting food to biomass. However, among the

cultivated tomato (L. esculentum) genotypes/cultivars, such differences are minimal

(Kashyap & Verma, 1987).We found the majority of these influences in H. armigera larvae

fed with cultivars 'Sivand ' and 'Super Queen'. Therefore, it can be concluded that these

cultivars were unsuitable hosts for feeding and growth of the pest. Moreover, 'Super Mobil'

and 'Rio Grande Hed' was suitable host cultivats for larval feeding.

Usman et al.(2015) revealed  that ascorbic  acid,  acidity  and  phenol  contents  showed

negative correlation  while  pH  and  ash  content  showed  positive correlation  with  both

larval  population  and  fruit  infestation. Furthermore,  non  significant  negative  correlation

of  moisture  content was  found  with  larval  population  as  well  as  fruit  infestation. They

are showed  that  ascorbic  acid played major  role in  contribution  resistance  followed  by

phenols, acidity while moisture had no contribution towards resistance against H.  armigera

in  tomato.

For a better understanding of H. armigera–tomato interactions to control of this pest,

more studies should be  conducted  to  investigatie  the  influence  of  various physical and

biochemical factors in relation to resistance against H. armigera in tomato cultivars under

laboratory and field conditions.
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