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ABSTRACT 

In this study, the nutritional indices of the larval stages of Helicoverpa armigera 

(Hübner) were determined on 10 canola (Brassica napus L.) genotypes (Talaye, Opera, 

Licord, Modena, SLM046, Hayula420, Zarfam, Okapi, RGS003 and Sarigol) at 25±1˚C, 

60±5% RH and a photoperiod of 16: 8 (L: D) hours. The third instar larvae reared on 

Talaye showed the highest value of Efficiency of Conversion of Ingested food ECI and 

Efficiency of Conversion of Digested food ECD (7.005±0.632 and 8.972±1.862, 

respectively). However, the lowest value of ECI and ECD was on Licord (0.503±0.017 and 

2.507±0.449, respectively). The highest (0.778±0.091) and lowest (0.594±0.059) Relative 

Growth Rate (RGR) of the fourth instar larvae were obtained on SLM046 and Sarigol, 

respectively. Results indicated that the highest values of ECI and ECD for fourth instar 

larvae were on Talaye (6.300±0.585 and 8.880±1.954, respectively). The lowest value of the 

Relative Consumption Rate (RCR) and Approximate Digestibility (AD) of the fifth instar 

was recorded on Modena (5.193±0.629 and 38.625±11.340, respectively). The ECI and 

ECD values of the fifth larval instar were the highest on Talaye (9.893±0.889 and 

19.655±0.966, respectively). The highest value of RCR and AD of the sixth instar was on 

Okapi (7.781±0.665 and 82.223±1.922, respectively). Among different genotypes tested, 

the highest ECI and ECD of the whole larval instars (12.323±0.310 and 32.357±5.508, 

respectively) were observed on Talaye and the lowest ones (5.947±0.257 and 6.922±0.320, 

respectively) were on Okapi. Together, Talaye and Okapi were the most suitable and 

unsuitable genotypes, respectively, for H. armigera larvae. 

Keywords: Approximate digestibility, Brassica napus, Digested food, Ingested food, 

Relative growth rate.  
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INTRODUCTION 

Helicoverpa armigera (Hübner) is one of 

the herbivores known as economically 

important pests across the world (Fathipour 

and Sedaratian, 2013). This pest is highly 

polyphagous and the larvae can use a large 

variety of wild and cultivated plants for 

feeding (Zalucki et al., 1994). Helicoverpa 

armigera causes serious damage on various 

crops such as cotton, tomato (Liu et al., 

2004; Safuraie-Parizi et al., 2014), chickpea, 

maize, sunflower, groundnut (Fitt, 1989),

sorghum, pigeon pea, canola (Karimi et al., 

2012) and soybean (Fathipour and Naseri, 

2011). Flowering and fruiting structures of 

these plants are used as a place for female of 

this pest to lay its eggs which leads to a huge 

amount of economic loss due to feeding of 

larvae on these parts (Fathipour and 

Sedaratian, 2013).  
Different methods have been tried for 

controlling H. armigera, but insecticides are 

the most effective ones thus far. Due to 

indiscriminate use of insecticides to control 

this pest, particularly on cotton and other high 

value crops, there is high resistance to 

conventional insecticides (Armes et al., 1996; 

Kranthi et al., 2002). Insecticides are 
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environmentally contaminant and they 

increase the severity of minor pests. Hence, 

developing a resistant cultivar provides an 

effective complementary approach in 

Integrated Pest Management (IPM) in order to 

minimize the extent of losses (Lateef, 1985). 

The use of resistant cultivars has been 

considered an important factor in any IPM 

program. As a result, host plant resistance is a 

valid method in controlling pest insects, which 

is environmentally friendly and cuts down the 

expenses for growers (Liu et al., 2004). 

The chemical composition of host plants 

significantly influences survival, growth, and 

reproduction of phytophagous insects 

(Goodarzi et al., 2015). The quality and 

quantity of consumed foods can affect growth, 

development, and reproduction of insects. 

Feeding larvae can also affect the properties of 

pupa and adult  Measuring the amount of 

consumed and digested food can be an index 

to show the quality of the food which is 

measured by nutritional indices (Kianpour et 
al., 2014; Talaee et al., 2017). 

 Although H. armigera is economically 

important, there is little information about the 

effect of different canola cultivars on its 

biology. There is also no information on its 

nutritional indices. Different studies have been 

carried out about the effect of crops on 

physiology, demography, and nutritional 

indices of H. armigera (Ashfaq et al. 2003; 

Wang et al. 2006; Naseri et al., 2009a,b, 

2010a,b, 2011; Soleimannejad et al., 2010; 

Baghery et al., 2013; Fallahnejad-Mojarrad et 

al., 2010). The main purpose of this study was 

to determine the nutritional indices of H. 

armigera on different canola genotypes to 

classify their resistance status. The nutritional 

indices can be used along with the life table 

parameters for determining the antibiotic 

resistance level of different varieties against a 

given pest.  

MATERIALS AND METHODS 

Plants Rearing  

Ten canola genotypes including Talaye, 

Opera, Licord, Modena, SLM046, Hayula420, 

Zarfam, Okapi, RGS003, and Sarigol were 

used in this study. The seeds of the canola 

genotypes were obtained from the Seed and 

Plant Improvement Research Institute, 

Karaj, and were sown in 20-cm plastic pots 

filled with fertilized field soil and compost 

mixture. The plants were planted in the 

greenhouse and then transferred at 

approximately 10-12 leaf growth stage to the 

growth chambers at       C, 60±5% RH and 

a photoperiod of 16:8 (L: D) hours. 

Insect Rearing  

Individuals of H. armigera were originally 

collected from cotton fields in the Moghan 

region located in northwest Iran and the 

stock culture was established in the 

laboratory. The colony of H. armigera was 

reared on the artificial diet (Naseri et al., 

2009a; Soleimannejad et al., 2010) and 

maintained in growth chamber at 25±1°C, 

60±5% RH and a photoperiod of 16:8 (L: D) 

hours. H. armigera was reared individually 

on ten canola genotypes in laboratory for 2-3 

generations before being used in the 

experiments. To rear and obtain different 

instars, 10 pairs of adults were released in 

each oviposition cage (11 cm in diameter by 

12 cm in height) covered with fine mesh net. 

The adults were provided with 10% sucrose 

solution on a cotton swab. Female moths 

laid their eggs on the net after 72 hours. The 

nets were removed from the cages daily and 

replaced with fresh nets. The eggs laid on 

the same day were kept in plastic bags in 

growth chambers and were covered with 

humid cotton to prevent drying. After 

hatching, the larvae were moved to plastic 

containers (8 cm in diameter by 5 cm in 

height). To make a good ventilation, a cavity 

was made on top of the containers covered 

by mesh net. First to third instar larvae were 

reared in groups and subsequently 

transferred individually to plastic tubes 

separately to avoid the cannibalism. They 

were kept in these tubes for pre-pupation 

and pupation. 
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Experiments 

Nutritional indices were determined using 

third to sixth instar larvae as measurement 

was easier compare with the first and second 

instars. At first, these experiments were 

carried out with 50 larvae for the third 

instars larvae given their smaller size. After 

that the larvae were separated in plastic 

containers (diameter 8.5 cm, depth 3 cm) 

and the experiment was done individually 

for each larva in 30 replicates. 

 The observations were taken daily and all 

the larvae, food supplied, food remained, 

and feces were weighed. This trend was 

continued until the larvae finished feeding 

and reached the pre-pupal stage. 

Furthermore, the weight of pre-pupa, pupa 

and adults from the larvae reared on each 

genotype was measured. The nutritional 

indices were measured on the dry weight 

basis. To determine the dry weight of the 

larvae, feces and leaves, 20 specimens for 

each of them were weighed and they were 

kept in the oven for 48 hours at 60°C, then 

re-weighed to measure percentage of their 

dry weight.  

The nutritional indices were calculated 

based on dry weights using the formulae 

presented by Waldbauer (1968) and Huang 

and Ho (1998).  

Approximate digestibility (%) = 

), (1) 

Relative consumption rate (mg mg
-1

 d
-1

) = 

 (2)  

 Relative growth rate (mg mg
-1

 d
-1

) = 

 (3)  

 Efficiency of conversion of ingested food 

(%) =  (4) 

 Efficiency of conversion of digested food 

(percent) = ) 

(5) 

 Where, P= Dry weight gain (mg); 

A=Initial and final mean dry weights of the 

larvae during feeding period (mg); E=Dry 

weight of food ingested (mg); T=Duration of 

feeding period (days), and F=The dry weight 

of feces produced (mg). 

Data Analysis 

The data were checked for normality 

before analysis by Kolmogorov-Smirnov 

test. The data obtained from the experiments 

were analyzed using one way ANOVA to 

determine significant differences and the 

means were compared by Tukey test. A 

dendrogram of canola genotypes based on 

nutritional indices of H. armigera was 

created after cluster analysis by Ward’s 

method using SPSS statistical software. 

RESULTS 

The results of the nutritional indices of 

third instar indicated that there were no 

significant differences among the RGR of H. 

armigera on different canola genotypes. 

However, significant difference was 

observed on the other estimated indices of 

the third instar larvae on different canola 

genotypes. The highest and lowest values of 

RCR were on Licord (17.709±2.861 mg mg
-

1
 d

-1
) and Talaye (6.597±0.870 mg mg

-1
 d

-1
), 

respectively. However, the highest ECI and 

ECD values (7.005±0.632 and 

8.972±1.862%, respectively) were on Talaye 

and the lowest (2.507±0.449 and 

2.446±0.272%, respectively) were on 

Licord. Among the different canola 

genotypes, the highest value of AD was on 

Okapi (95.398±0.514%), and the lowest was 

on Talaye (61.770±9.342%). The highest 

value of larval weight gain, food consumed 

and feces produced was on Opera 

(1.242±0.067, 24.828±1.793, 7.684±1.077 

mg, respectively) and the lowest was on 

Okapi (0.346±0.041, 13.341±1.105, 

0.631±0.027 mg, respectively) (Table 1).  

The nutritional indices of the fourth instar 

larvae of H. armigera were significantly 

different on the canola genotypes tested, but 

no significant difference was observed 

regarding RGR. The larvae reared on Licord 

showed the highest value of RCR and AD 

(22.243±1.981 mg mg
-1

 d
-1

, 88.227±0.716%, 

respectively) compared with those reared on 

the other genotypes. The ECI and ECD val 
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ues of fourth instar were the highest on 

Talaye (6.300±0.585 and 8.880±1.954%, 

respectively) and lowest on Licord 

(2.360±0.285 and 2.657±0.393%, 

respectively) (Table 2). 

There were significant differences among 

all nutritional indices of the fifth instar 

larvae on canola genotypes tested, except 

RGR. The highest values of ECI and ECD 

were recorded on Talaye (9.893±0.889 and 

19.655±0.966%, respectively). On the other 

hand, Modena had the least RCR and AD 

(5.193±0.629 mg mg
-1

 d
-1 

and 

38.625±11.340%, respectively). The larvae 

brought up on Zarfam showed the lowest 

value of larval weight gain, food consumed 

and feces produced (8.213±0.372, 

104.30±5.982 and 16.19±1.382 mg, 

respectively) (Table 3).  

The nutritional indices of the sixth instar 

larvae and whole larval instars of H. 

armigera were significantly different on 

different canola genotypes. The sixth instar 

larvae fed on SLM046 had the highest RGR 

value (0.608±0.034 mg mg
-1

 d
-1

) and lowest 

on Sarigol (0.437±0.020 mg mg
-1

 d
-1

). Also, 

the ECI and ECD values of sixth instar 

larvae reared on Talaye possessed the 

highest value (14.134 ±1.839 and 

52.937±8.829%, respectively) (Table 4). 

The RCR and AD values of the whole larval 

instars were the highest on Okapi 

(1.888±0.080 mg mg
-1

 d
-1 

and 

82.236±1.061%, respectively) and lowest on 

Modena (0.864±0.035 mg mg
-1

 d
-1 

and 

40.057±4.624%, respectively) (Table 5).  

Different canola genotypes revealed no 

significant effect on the weight of adult H. 

armigera. However, the weight of the pre-

pupa and pupa were significantly affected by 

the canola genotypes examined. Pre-pupa 

and pupa of the larvae reared on Talaye 

were heavier than those reared on other 

genotypes (Table 6). 

The dendrogram of the nutritional 

parameters of H. armigera reared on 

different canola genotypes (Figure 1) 

showed two distinct clusters labeled A and 

B. The cluster A comprised the subclusters 

A1 (Modena, Zarfam, Opera, Talaye and 
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Table 6. The mean (±SE) body weight of pre-pupa, pupa and adult stages of Helicoverpa armigera 

on 10 canola genotypes.
a
 

Adult weight (mg) Pupal weight (mg) Pre-pupal weight (mg) Genotypes 

159.82±12.65 a 243.64±3.37 a 345.32±18.29 a Talaye 

157.31±8.68 a 231.70±4.55 ab 335.00±8.83 abc Opera 

148.77±6.41 a 212.01±9.08 bc 299.42±11.00 cd Licord 

159.00±7.71 a 236.01±4.58 ab 341.29±17.25 ab Modena 

155.09±8.35 a 222.19±7.03 abc 305.67±3.64 abcd SLM046 

156.80±9.12 a 225.81± 5.85 ab 316.62±15.42 abcd Hayula420 

155.50±6.24 a 223.60±6.43 abc 314.67± 6.08 abcd Zarfam 

143.58±6.78 a 198.58±8.58 c 289.75±8.56 d Okapi 

153.55±6.95 a 219.27±6.77 abc 301.43±13.79 bcd RGS003 

148.00±7.08 a 210.73±6.45 bc 290.43±12.22 d Sarigol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
A
 The means followed by different letters in each column are significantly different 

(P< 0.05, Tukey test). 

 

 

Figure 1. Dendrogram of ten canola genotypes based on nutritional indices of Helicoverpa 

armigera.  

 

 SLM046) as a susceptible group, and A2 

(RGS003, Hayula420 and Licord) as an 

intermediate group. The cluster B included 

Sarigol and Okapi as a resistant group. 

DISCUSSION 

The use of resistant cultivars can be a part 

of an IPM strategy (Fathipour and 

Mirhosseini, 2017). Differences in 

allelochemical concentrations among host 

plant genotypes can affect performance of 

herbivores, especially in larval stage (Martin 

and Pulin, 2004). Significant differences 

were found among the nutritional indices of 

H. armigera reared on different canola 

genotypes in which showed different 

nutritional value of the genotypes tested. 

The results of the current study showed that 

the highest value of ECI and ECD was 

related to the sixth instar larvae. The gradual 

increase in conversion of digested foods 

from the younger larval instars to older 

instars indicated that older larvae can 

convert more consumed food into biomass, 

which means this larval instar cause more 

damage to economically important crops in 

agricultural ecosystems.  

The results indicated that the AD value for 

whole larval instars reared on RGS (0.739) 
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is nearly similar to the data reported by 

Naseri et al. (2010a) for AD value of H. 

armigera fed on soybean var. William 

(0.736). The results also showed that the AD 

value of the fourth instar larvae of H. 

armigera reard on Talaye (61.4) was almost 

the same as what has been reported by 

Ashfaq et al. (2003) on Permiselum 

typhoideum L. (61.7). Among different 

canola genotypes tested, RGR value of the 

sixth instar larvae reared on RGS (0.456) is 

similar to the data reported by 

Soleimannejad et al. (2010) for RGR value 

of H. armigera on soybean var. Sari (0.459). 

According to the results of Fallahnejad-

Mojarrad et al. (2010) on seeds of different 

chick pea and one cowpea cultivars, the 

value of RCR on Hashem (0.999) was alike 

the finding of the current study on Hayula420 

(0.999). The ECD value of H. armigera on 

different tomato cultivars observed in the 

study of Srinivasan and Uthamasamy (2005) 

ranged from 3.73 to 37.39, which was 

considerably close to those estimated in the 

current study. The results indicated that 

highest value of ECI occurred when the 

insect fed on Talaye (12.323) genotype, 

which is similar to that reported by Baghery 

et al. (2013) on navy bean (12). The ECD 

value of whole larval instars reared on 

different canola cultivars was different from 

that reported by Wang et al. (2006) on an 

artificial diet (41.24). There were also lots of 

differences between the results of the current 

study with some studies mentioned above 

that may be due to the difference between 

the host plant or type of food (fresh leaves or 

artificial diet based on the seeds of host 

plants). Furthermore, these differences may 

be due to differences in experimental 

conditions such as the amount of water that 

insect’s food has lost in different situations 

that can affect the weight of food provided 

and consumed. The difference in 

experimental generations of the insects used 

in different studies as well as variation in 

methods used for data analysis might be 

another reason for these differences. 

The cluster analysis revealed two main 

groups of A and B, where the group A was 

divided to two subgroups of A1 and A2. 

These groups were formed based on the 

nutritional indices of H. armigera on 

different canola genotypes. The subgroup 

A1 included the most suitable genotypes due 

to higher nutrition value for the larvae and 

the genotypes in the subgroup A2 had an 

intermediate status; while the genotypes 

grouped in the group B were least favorable 

host plant due to lower nutrition value and 

lower ECI and ECD.  

The parameters such as weight of pre-

pupa, pupa, and adult insects are used as 

indirect indices to determine the amount of 

insect adaptation to varying environmental 

conditions (Leuck and Perkins, 1972). One 

of the important indices of insect population 

dynamics is the body weight (Liu, et al. 

2004). The weight of pupa is an indirect 

index of lepidopteran fitness which can be 

easily measured (Leuck and Perkins, 1972).

The larvae reared on Talaye and Modena 

had heavier pupal weight than those reared 

on other cultivars. The lowest pupal weight 

was recorded on the larvae reared on Okapi 

and Sarigol. In addition, according to the 

results of nutritional indices, the highest 

values of ECD and ECI were also on Talaye 

and Modena and the lowest values were on 

Okapi and Sarigol. As ECD and ECI of the 

larvae were highest on Talaye and Modena 

genotypes, the pre-pupae and pupae 

developed from these larvae were heavier 

than those reared on other genotypes. On the 

other hand, Okapi and Sarigol can be 

categorized as least suitable genotypes for 

H. armigera compared with other genotypes 

because of lower values of ECI and ECD 

which led to lower weight of the pre-pupae 

and pupae. 

The data obtained from the pupal weight

of H. armigera reared on different canola 

genotypes in the current study was similar to 

those reported by Naseri et al. (2010) and 

Soleimannejad et al. (2010) on different 

soybean cultivars but they are not in line 

with those reported by Fallahnejad-Mojarrad 

et al. (2010) on seeds of different chick pea 

and cowpea cultivars. Liu et al. (2004) 

found that pupal weight of H. armigera was 
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affected by the type of host plant which the 

larvae feed on it, as its value ranged from 

167.1 mg on tomato to 285.2 mg on maize. 

In study of Jallow et al. (2001) about the 

comparison of pupal weight that reared on 

tomato, pepper, maize, okra and eggplant 

showed that the weight of pupa reared on 

tomato, pepper, and eggplant was 310, 290 

and 270 mg, respectively, which was higher 

than the highest weight reported in the 

current study on Talaye (243.64 mg). 

Therefore, we can conclude that the 

mentioned host plants are more suitable than 

the canola genotypes tested for pupa growth 

of H. armigera. 

Literature review showed that resistance 

level of the canola genotypes used in the 

current study were evaluated against 

different pests such as H. armigera (Karimi 

et al., 2012), Plutella xyostella (L.) (Soufbaf 

et al., 2010), and Spodoptera exigua 

(Hübner) (Goodarzi et al., 2015) using life 

table parameters, but they did not use the 

nutritional indices for this purpose. Taking 

the resistance level of a genotype to different 

herbivores into consideration would be 

important in an Integrated Crop 

Management (ICM) program because a crop 

might be attacked by different pests 

simultaneously. Some similarities and 

dissimilarities were observed between the 

results of genotype evaluation in the current 

study and the above-mentioned studies. 

Regarding the genotype evaluation using 

nutritional indices (current study) and life 

table parameters (Karimi et al., 2012), it was 

revealed that Zarfam was the most 

susceptible and Sarigol was the most 

resistance genotype to H. armigera, but 

regarding the genotype of Talaye, the results 

were not in line. Such similarities and 

dissimilarities might be found in comparing 

the results of the current study and those 

reported for P. xylostella and S. exigua 

(Soufbaf et al., 2010; Goodarzi et al., 2015). 

The main reason of dissimilarities of the 

results of genotype evaluation against the 

same pest using nutritional indices and life 

table parameters might be due to the method 

of evaluation. Such dissimilarities have been 

shown in genotype evaluation against S. 

exigua using life table parameters (Goodarzi 

et al., 2015) and nutritional indices 

(Pourghasem, 2011).  

Our study showed that Talaye was more 

nutritious and Okapi was less nutritious 

canola genotype for the larvae of H. 

armigera. It may be due to differences in 

plant quality such as the level of secondary 

metabolites in these host plants acting as 

antibiotic agents or absence of primary 

essential nutrients for growth of the insect. It 

is known that an insect diet can profoundly 

affect its survival and reproduction and that 

plant-feeding insects are dependent on the 

quantity and quality of nutrients in their host 

plants. The use of resistant and partially 

resistant cultivars can improve the efficiency 

of biological and chemical control methods 

in an IPM strategy (van Steenis and El-

Khawass, 1995). Consequently, our findings 

may provide important information for 

comparison of H. armigera performance on 

different canola genotypes.  
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 :Helicoverpa armigera (Lepidopteraتغییز در شاخص های غذایی 

Noctuidae) با تغذیه اس صنوتیپ های مختلف کلشا 

 ی. فتحی پور، ا. چگنی و س. محزمی پور

 چکیذه

 Helicoverpa armigeraدر ایي پضٍّش، شاخص ّای تغذیِ ای )غذایی( سٌیي هختلف لارٍی 

(Hübner)  صًَتیپ کلشا ) 10رٍیTalaye, Opera, Licord, Modena, SLM046, 

Hayula420, Zarfam, Okapi, RGS003, Sarigol سلسیَط، رطَبت  جِدر 25±1( در دهای

باسدّی بیشتزیي ساعت تاریکی تعییي شذ.  8ساعت رٍشٌایی ٍ  16درصذ ٍ دٍرُ ًَری  60±5ًسبی 

تغذیِ با در سي سَم لارٍی  (ECDباسدّی تبذیل غذای ّضن شذُ ) ( ECIٍتبذیل غذای بلعیذُ شذُ )
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ٍ  ECI(. کوتزیي هیشاى  972/8±862/1ٍ  005/7±632/0هشاّذُ شذ )بِ تزتیب  Talayeاس صًَتیپ 

ECD  ایي سي لارٍی ًیش رٍی صًَتیپLicord  503/0±017/0بِ دست آهذ )بِ تزتیب  ٍ

( سي RGR) ًزخ رشذ ًسبی( 594/0±059/0( ٍ کوتزیي )778/0±091/0)بیشتزیي (. 449/0±507/2

تعییي شذ. ًتایج ًشاى داد کِ بیشتزیي  SLM046  ٍSarigolلارٍی بِ تزتیب در صًَتیپ ّای  چْارم

ٍ  300/6±585/0بِ تزتیب هی باشذ ) Talayeسي چْارم لارٍی رٍی صًَتیپ  ECI  ٍECD هقذار

( سي AD( ٍ شاخص ّضن شًَذگی تقزیبی )RCR(. کوتزیي ًزخ هصزف ًسبی )954/1±880/8

 (.625/38±340/11ٍ  193/5±629/0بِ دست آهذ )بِ تزتیب  Modenaن لارٍی رٍی صًَتیپ پٌج

)بِ بیشتزیي هقذار خَد را داشتٌذ  Talayeسي پٌجن لارٍی رٍی صًَتیپ  ECI  ٍECD شاخص ّای

سي ششن لارٍی رٍی  RCR  ٍAD بیشتزیي هقذار(. 655/19±966/0ٍ  893/9±889/0تزتیب 

در هیاى توام صًَتیپ ّای  (.223/82±922/1ٍ  781/7±665/0)بِ تزتیب  هشاّذُ شذ Okapiصًَتیپ 

ٍ  323/12±310/0بِ تزتیب کل دٍرُ لارٍی ) ECI  ٍECD هختلف کلشا، بیشتزیي هقذار

ٍ  947/5±257/0بِ تزتیب ٍ کوتزیي هقادیز آى ّا ) Talaye( رٍی صًَتیپ 508/5±357/32

 Talayeبِ دست آهذ. در کل هی تَاى چٌیي ًتیجِ گزفت کِ  Okapi( رٍی صًَتیپ 320/0±922/6

 هی باشٌذ. H. armigeraًاهٌاسب تزیي صًًَیپ بزای رشذ ٍ ًوَ لارٍّای  Okapiهٌاسب تزیي ٍ 
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