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Abstract 

Russian wheat aphid, Diuraphis noxia, is one of the economic pests of small grain cereals with worldwide distribution. 

In current research, susceptibility of D. noxia to a number of host plants including two cultivars of wheat (cv. Shiroodi 

and Gascogne ) and triticale (cv. Sanabad and Juanillo 92) were evaluated under greenhouse conditions (23 ± 5°C, 60 ± 

10% RH and the photoperiod cycle of 16L:8D). The parameters of fertility life table were determined using age-stage 

two-sex life table theory. The highest developmental time belonged to cv. Sanabad population with a mean value of 

11.6 ± 0.21 days and the lowest to cv. Shiroodi population with a mean value of 7.29 ± 0.19 days. The aphids reared on 

Shiroodi and Juanillo 92 cultivars with mean values of 47.45 ± 2.86 and 12.85 ± 3.13 represented the highest and lowest 

numbers of offspring, respectively. The intrinsic rate of increase varied from 0.25 female/female/day in aphids reared 

on cv. Shiroodi to 0.11 ± 0.01 female/female/day in those reared on cv. Juanillo 92. Mean generation time for aphids 

ranged from 14.2 ± 0.07 days on cv. Shiroodi to 19.99 ± 0.07 days on cv. Juanillo 92. According to the results, Shiroodi 

and Juanillo 92 cultivars exerted the lowest and highest antibiosis effects on D. noxia population, respectively. 
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 Diuraphis noxiaهای زیستیمیسبان بر پارامتر تاثیر گیاه
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 چکیده

، حبضش سیض بب پشاکٌص جْبًی است. دس تحقیقاقتصبدی غلات داًِداسای اّویت ، یکی اص آفبت  Diuraphis noxiaضتِ سٍسی گٌذم،

( تحت 92گٌذم )ضیشٍدی ٍ گبسکَطى( ٍ تشیتیکبلِ )سٌبببد ٍ جَاًیلَسقن بِ تعذادی اص گیبّبى هیضببى ضبهل دٍ  D. noxiaحسبسیت 

( تبسیکی سبعت 8/ سٍضٌبیی سبعت 16 ًَسی دٍسُ ٍ دسصذ 60 ± 10 ًسبی سطَبت سلسیَع، دسجِ 23  ±5 دهبیای )گلخبًِضشایط 

بیطتشیي  هشحلِ سضذی تعییي ضذ.-. پبساهتشّبی جذٍل صًذگی ببسٍسی بب استفبدُ اص تئَسی جذٍل صًذگی دٍجٌسی سيضذاسصیببی 

سٍص  29/7 ±19/0 ضیشٍدی بب هیبًگیي ِ جوعیتسٍص ٍ کوتشیي تشیي صهبى ب 6/11 ±21/0 سٌبببد بب هیبًگیيسٍی  جوعیت بِصهبى سضذ 

، بِ تشتیب بیطتشیي 85/12 ± 13/3 ٍ 45/47 ±86/2بب هیبًگیي 92ضیشٍدی ٍ جَاًیلَ ّبیسقن یبفتِ سٍیّبی پشٍسشضتِ .تعلق داضت

ب سٍی ضیشٍدی تدس ضتِ ّبی پشٍسش یبفتِ سٍص هبدُ/هبدُ/ 25/0ٍ کوتشیي تعذاد ًتبج سا تَلیذ کشدًذ. ًشخ راتی افضایص جوعیت اص 

سٍص  2/14 ± 07/0 ّب اصهتَسط صهبى یک ًسل ضتِ .هتغیش بَد 92یبفتِ سٍی جَاًیلَّبی پشٍسشبشای ضتِسٍص هبدُ/هبدُ/ 11/0 ± 01/0

، بِ تشتیب کوتشیي ٍ 92ضیشٍدی ٍ جَاًیلَ ّبیسقن بب تَجِ بِ ًتبیج، .هتغیش بَد 92جَاًیلَسٍص سٍی  99/19 ± 07/0 سٍی ضیشٍدی تب

 .اعوبل کشدًذ D. noxiaبیَصی سا بش جوعیت  بیطتشیي اثشات آًتی
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Introduction 

The Russian wheat aphid, Diuraphis noxia 

(Kurdjumov, 1913) (Hemiptera: Aphididae), is an 

invasive pest of small grains in the world with 

extensive distribution. Among host plants of D. 

noxia, barley, wheat and triticale have more 

susceptibility to aphid attack than oat and rye 

(Melaku et al. 1993; Webster et al. 1993). The 

aphid-infested leaves show chlorosis, streaking and 

rolling which are usually covered by honeydew 

leading to reduced photosynthesis and stem 

resources (Damsteegt et al. 1992; Chander et al. 

2006; Saheed et al. 2010). Belay & Araya (2015) 

reported the losses in range of 67 to 68% in wheat 

grain yield, 44 to 55% in biomass and 20% in the 

1000-seed weight. The Russian wheat aphid is also 

able to transfer the pathogenic viruses such as 

Barley yellow dwarf virus (BYDV), (Damsteegt et 

al. 1992). 

Various tactics such as chemical, cultural and 

biological control have been proposed for 

population management of D. noxia (Bayoun et al. 

1995; Hopper et al. 1995). Selection and breeding 

of resistant cultivars to D. noxia is considered as 

one of the most economical and ecological 

strategies which has attracted the attention of many 

researchers ( Turanli et al. 2012; Sinha et al. 

2016). 

Resistant plant cultivars to insect pest reduce 

the number of insects or compensate for the plant 

damage and is conveyed by three main 

mechanisms including antixenosis, antibiosis and 

tolerance. 

In addition, plant resistance to insects 

contributes to the more effective performance of 

natural and biological control agents, cultural 

management tactics and insecticides application 

(Teetes 1994). In antibiosis studies, various 

measures such as developmental time, survival 

rate, total fecundity, reproductive rate, 

reproductive periods, longevity and the intrinsic 

rate of increase (r), have been used to introduce 

cereal resistance to Russian wheat aphid (Behle & 

Michels Jr 1990; Kazemi 2010; Kazemi et al. 

2010; Veisi et al. 2012; Ngenya et al. 2013). 

The present study aimed to evaluate the effects 

of a number of cultivars of triticale and wheat on 

growth, reproductive and survival characteristics of 

D. noxia in greenhouse conditions. This 

information can enable growers to choose suitable 

cereal crop for cultivation in the regions, 

depending on the purpose of planting and invasion 

rate of D. noxia. Moreover, it is expected that the 

findings should be effective in planning the most 

appropriate strategies towards integrated pest 

management (IPM) of a particular cereal crop. 

Knowing the demographic parameters of D. noxia 

will be a basis for cereal breeding studies. 

 

Materials and Methods 

Host plants 

The seeds of wheat cultivars including Shiroodi 

and Gascogne and triticale including Sanabad and 

Junanillo 92 were obtained from Agricultural and 

Natural Resources Research Center of Khorasan 

Razavi, Mashhad, Iran and Seed and Plant 

Certification Research Institute, Karaj. 

 

Insect and plant cultures 

Seeds were cultivated in plastic pots (18 cm 

height × 20 cm diameter ) at 23 ± 5°C, 60 ± 10% 

RH and the 16L: 8D photoperiod cycle in a 

greenhouse. A mixture of 2:1:1 of field soil, sand 

and manure were used as cultivation substrate 

(Veisi et al. 2012). After germination, the pots 

were transferred onto wooden cages (50 × 50 × 50 

cm), covered with transparent nylon sheets 

equipped with fine cloth mesh for ventilation. 

Russian wheat aphid collected from a barely 

field from Torbat-e Jam, Razavi Khorasan 

Province, Iran (64°96ˊ16.54'' N, 35°12ˊ16.468'' W, 

H 928.5 m). The aphid species were identified 

using morphological characteristics according to 

available identification keys (Blackman & Eastop 

2000). The individual aphids from an aphid colony 

were transferred on a two-week old seedling of 

each cultivar in wooden cages (50 × 50 × 50 cm) 

covered with fine cloth mesh, allowed to reproduce 

and create related colonies. 

 

Antibiosis experiments 
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Experiments were carried out in the 

greenhouse, under the same conditions of plant 

rearing. Fertility life table parameters were 

measured according to Webster et al. (1993) with 

few modifications.  

Forty apterous one-day-old adults from one-

month-old colonies were transferred individually 

on one-week old seedlings which were confined 

with transparent plastic cage (25 cm height × 15 

cm diameter) and covered with fine cloth mesh. By 

inspection of seedlings, the adult and all offspring 

except one new-born were removed. Newborn 

aphids (born within 0-4 h, being classified as 0-day 

old nymphs) were reared separately on the 

respective cultivar seedlings until death. One 

nymph per seedling was regarded as a replicate. 

Initially, there were 40 replicates per cultivar. 

Nevertheless, during the experimental period, 

replicates where aphids were lost or died before the 

onset of reproduction, were discarded and 

excluded from analyses of all performance 

measures, but included in the analysis of the 

measure of developmental time (i.e. time from 

birth to maturity or adult stage) if adult molt was 

reached before loss. The experimental seedlings 

were examined daily and the biological parameters 

including mortality, developmental time, fecundity 

and adult longevity were recorded. During the 

experiments, the seedlings were renewed once a 

week.  

 

Estimation and analyses of biological parameters 

The estimation of biological parameters were 

performed based on the theory of age-stage, two 

sex life table theories (Chi & Liu 1985; Chi 1988) 

using TWOSEX-MSChart software (Chi 2016). 

Estimation of mean and standard error of life table 

indices was determined using bootstrap method 

(Huang & Chi 2013). The software uses the 

following equations for estimating age-specific 

survival rate (lx), age-specific fecundity (mx) and 

the net reproductive rate (R0) in which the 

parameter Sxj indicates the probability that a 

newborn individual will survive to age x and stage 

j. Age-stage specific fecundity (fxj) is defined as 

daily number of offspring produced by each female 

of age x.  

[1]                       lx = ∑    
 
    

[2]                       mx = 
∑       

 
   

∑    
 
   

 

[3]                       R0 = ∑ ∑       
 
   

 
    

The intrinsic rate of increase (r) is estimated 

using the iterative bisection method from the 

Euler–Lotka formula.(Goodman 1982):  

[4]                   ∑              
      = 1 

The mean generation time (T) is considered as 

the average time between two consecutive 

generations for increase of population to size of R0-

fold and reaching to stable age-stage distribution 

and was calculated as: 

[5]                          
    

 
 

The equation for calculation of doubling time 

(DT) is: 

[6]                       DT = 
   

 
 

According to Birch (1948), the finite rate of 

increase (λ) represents the multiplication of 

population per unit time and calculated as and the 

gross reproductive rate (GRR) was calculated as: 

[7]                         λ =     

[8]                            ∑   

Life expectancy (ex) is defined as the period 

after which an individual at age x is expected to be 

alive at experimental conditions (i.e. on host 

cultivars). It was calculated by: 

[9]                         ex = 
  

  
 

Where Tx is the total units when average 

individuals are alive within a cohort from age x (in 

days) to death.  

The differences between the obtained statistical 

results were analyzed by paired bootstrap tests 

(Smucker et al. 2007) at 95% confidence interval. 

The dendrogram of cereal cultivars was 

constructed using cluster analysis on 

developmental and reproductive parameters of D. 

noxia on host cultivars by Ward’s method, using 

computer program of SPSS V. 16.0 (SPSS 2007). 

The intrinsic rate of increase (r) was also 

estimated by Wyatt & White (1977) equation as:   

[10]                         r =     
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Where d is total pre-reproductive period (sum 

of the nymphal duration and adult pre-reproductive 

period) and Md is the effective fecundity (as the 

numbers of offspring deposited early in 

reproductive period over a period of time equal to 

that of d). The estimates of r values calculated by 

two methods were compared using unpaired 

Student's t-test. 

 

Results 

Developmental time and reproductive parameters 

The results indicated that the performance of 

the Russian wheat aphid was influenced by host 

plant species and cultivars (Table 1). The longest 

and shortest time for each instar belonged to aphids 

reared on Sanabad and Shiroodi cultivars, 

respectively. 

The nymphal periods on triticale species lasted 

averagely 1.59 times longer than the counterpart 

periods on wheat species. The pre-reproductive 

periods on triticale cultivars were in average 2.05 

times as those recoded on wheat cultivars. The 

average of reproductive periods of D. noxia on 

wheat cultivars was 1.24 times compared to those 

observed on triticale cultivars. The adult aphids 

lived significantly longer on cv. Gascogne 

compared to those on cultivar Juanillo 92. The 

adult longevity on other cultivars was intermediate. 

The highest total longevity of D. noxia was 

attained by aphids reared on cv. Shiroodi and the 

lowest longevity by those reared on cv. Sanabad. 

The highest number of offspring was produced on 

cv. Shiroodi (47.45 per aphid) whereas the lowest 

was on cv. Juanillo 92 (12.85 per aphid), although 

no significant difference was detected in terms of 

total fecundity between triticale cultivars. The 

reproductive rate of aphids reared on wheat 

cultivars was 1.73 times compared to those on 

triticale cultivars.  

The survival rates at nymphal stage were 67.5, 

75, 62.5 and 65% on Gascogne, Shiroodi, Sanabad 

and Juanillo 92 cultivars, respectively. According 

to results, the survival rate of adults varied from 

26.3 to 39.3% on different host plants. 

Additionally, the mean lifespan of aphids on wheat 

and triticale cultivars were recorded at 23.74 and 

20.84 days, respectively. 

Table 1. Biological statistics (Mean ± SE) of Diuraphis noxia on different host plants in greenhouse conditions. 

Within a row, means followed by the same letters are not significantly different (P > 0.05). 

Statistics 

Host plant (Species/Cultivar) 

Triticum aestivum X Triticosecale Wittmack 

Shiroodi Gascogne Sanabad Juanillo 92 

Nymphal stage 

1
st
 instar (days) 2.28 ± 0.09 

b
 2.43. ± 0.08 

b
 3.5± 0.07 

a
 3.45 ± 0.09 

a
 

2
nd

 instar (days) 1.33 ± 0.08 
b
 1.54 ± 0.07 

b
 2.11 ± 0.05 

a
 2.08 ± 0.05 

a
 

3
nd

 instar (days) 1.32 ± 0.07 
b
 1.44 ± 0.08 

b
 2.0 ± 0.08 

a
 1.91 ± 0.07 

a
 

4
th

 instar (days) 2.08 ± 0.11 
b
 2.17 ± 0.12 

b
 3.55 ± 0.12 

a
 3.40 ± 0.12 

a
 

Developmental time (day) 7.29 ± 0.19 
b
 7.85 ± 0.19 

b
 11.6 ± 0.21 

a
 11.22 ± 0.19

 a
 

Nymphal survival rate (%) 75.0 ± 0.01 
a
 67.50 ± 0.01 

b
 62.50 ± 0.01 

bc
 65.0 ± 0.01 

c
 

Adult stage 

Pre-reproductive period (days) 1.06 ± 0.11 
c
 2.29 ± 0.12 

b
 3.32 ± 0.12 

a
 3.57 ± 0.15 

a
 

Reproductive period (days) 17.97 ± 1.17 
a
 17.03 ± 1.26 

ab
 12.72 ± 0.31 

bc
 8.96 ± 1.28 

c
 

Post-reproductive period (days) 4.71 ± 0.22 
b
 5.85 ± 0.24 

a
 2.2 ± 0.25 

c
 2.0 ± 0.24 

c
 

Adult longevity (days) 22.81 ± 1.29 
ab

 24.52 ± 1.38 
a
 17.76 ± 1.44

bc
 16.93 ± 1.38 

c
 

Total longevity (days) 24.28 ± 1.94 
a
 23.20 ± 1. 8 

a
 20.68 ± 1.7

a
 21.03 ± 1.8 

a
 

Adult survival rate (%) 39.28 ± 0.4 
a
 36.43 ± 0.3 

a
 27.75 ± 0.4 

a
 26.28 ± 0.4 

a
 

Reproduction 

Total fecundity (female/female/generation) 47.45 ± 2.86 
a
 38.41 ± 3.07 

a
 18.64 ± 3.19 

b
 12.85 ± 3.13

b
 

Reproductive rate (female/female/day) 2.73 ± 0.07 
a
 2.35 ± 0.07 

b
 1.5 ± 0.07 

c
 1.43 ± 0.07 

c
 

Effective fecundity (female/female/day) 28.65 ± 1.85 
ab

 24.63 ± 1.98 
a
 32.16 ± 2.06 

a
 25.58 ± 2.02 

ab
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Figure 1. Age-stage specific survival rate (Sxj) of Diuraphis noxia on wheat and triticale cultivars in greenhouse conditions. 

0

0.2

0.4

0.6

0.8

1

0 5 10 15 20 25 30 35 40 45 50

S
u
rv

iv
al

 r
at

e 
 

Age (days) 

Shiroodi 

N1 N2 N3 N4 Adult

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35 40 45 50

S
u

rv
iv

al
 r

at
e 

 

Age (days) 

Gascogne 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35 40 45 50

S
u
rv

iv
al

 r
at

e 
 

Age (days) 

Sanabad 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35 40 45 50
S

u
rv

iv
al

 r
at

e 
 

Age (days) 

Juanillo 92 



Journal of Applied Research in Plant Protection 12 (4): 399-411 (2023)                                                                                                                                                                                                         404 

 

 J Appl Res Plant Prot 

 
 

  

Figure 2. Age-specific survival rate (lx) and age-specific fecundity (mx) of Diuraphis noxia on wheat and triticale cultivars in greenhouse conditions.
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The curves of age-stage specific survival rates 

(Sxj) of D. noxia showed details of differences in 

terms of survival rate among various stages of 

aphids reared on experimental cultivars (Figure 1). 

The results indicated that host cultivar had no 

significant effect on survival rate of aphids when 

compared within each instar. Additionally, 

considering nymphal stages as a whole single 

parameter (pre-adult stage), there was no 

significant differences in survival rates of aphids 

among host cultivars.  

The simple presentation of aphid survivorship, 

i.e. the age-specific survival rate (lx) along with 

age-specific fecundity rate is illustrated in Figure 

2. There was no significant difference between 

survival rate of aphids reared on different cultivars.  

 

Figure 3. Life expectancy (ex) of newborns (A) and one-day-old adults (B) of Diuraphis noxia on wheat and triticale 

cultivars in greenhouse conditions. 

 

Figure 4. Age -specific life expectancy (ex) of Diuraphis noxia on wheat and triticale cultivars in greenhouse 

conditions. 

The age-specific fecundity rate (mx) was 

significantly affected by host plant cultivar. The 

nymphiposition was started immediately after adult 

emergence to five days later, lasting 1 to 32 days 

on different cultivars. The maximum age-specific 

fecundity rates were attained by aphids reared on 

Gascogne, Shiroodi, Sanabad and Juanillo 92 

cultivars at the age of 14, 11, 19 and 20 days from 

birth, being 2.97, 3.42, 2.1 and 2.12 

female/female/day, respectively. As females aged, 

nymphiposition declined gradually on all 

experimental cultivars. The aphids started 

nymphiposition and reached a maximum rate of 

fecundity on the Shiroodi cultivar sooner than 

0

5

10

15

20

25

30

35

L
if

e 
ex

p
ec

ta
n
cy

 (
ex

) 

Age (day) 

Gascogen Shiroodi Sanabad Juanillo92

  

0

5

10

15

20

25

30

35

Gascogen Shiroodi Sanabad Juanillo92

L
if

e 
ex

p
ec

ta
n
cy

 (
d

ay
) 

Genotype 

A 

0

5

10

15

20

25

30

35

Gascogen Shiroodi Sanabad Juanillo92

L
if

e 
ex

p
ec

ta
n
cy

 (
d

ay
) 

Genotype 

B 



Journal of Applied Research in Plant Protection 12 (4): 399-411 (2023)                                                                                           406 

 

 
J Appl Res Plant Prot 

those reared on other cultivars. The last oviposition 

day had no significant difference between aphids 

reared on four cultivars. After reproducing their 

final nymph, the aphids were alive between 1-4 

days on triticale cultivars and 2-12 days on the 

wheat cultivars. 

The result indicated that the life expectancy of 

newborn aphids was not significantly different 

among various host cultivars (Figure 3-A). A 

similar result was obtained on the life expectancy 

of one-day-old adults (Figure 3-B). The life 

expectancies of aphids were illustrated at different 

ages during their lifespan (Figure 4). 

Life table parameters 

The life table parameters of D. noxia were 

affected by host cultivar (Table 2). The gross 

reproductive rate (GRR) of D. noxia varied from 

18.30 on cv. Juanillo 92 to 59.74 offspring on cv. 

Shiroodi. The maximum net reproductive rate, R0, 

(36.86 female/female/generation) was obtained by 

the aphids reared on Shiroodi and the minimum 

(8.41 female/female/generation) by those reared on 

Juanillo 92. The intrinsic rate of increase (r) and 

finite rate of increase (λ) ranged respectively from 

0.11 to 0.25 and 1.11 to 1.28 female/female/day on 

experimental cultivars, which represented for both 

parameters the highest values on Shiroodi and least 

values on Juanillo 92. 

The highest (20.53 days) and lowest (14.20 

days) mean generation time (T) of D. noxia 

occurred on Sanabad and Shiroodi cultivars, 

respectively. In addition, the highest doubling time 

(DT) of this aphid by 6.57 days and the lowest by 

2.73 days occurred on Juanillo 92 and Shiroodi 

cultivars, respectively. 

The Wyatt & White (1977) formula gives a 

good estimate of population growth rates in aphids 

(Dixon 1987, 1998). According to Table 1, the 

effective fecundity of D. noxia were significantly 

altered by rearing on experimental host cultivars. 

The same result was repeated for the recently 

estimated r. The estimated r values by Wyatt & 

White (1977) were significantly higher than those 

by Euler-Lotka method (Table 2). 

Table 2. The life table estimates (Mean ± SE) of Diuraphis noxia by bootstrap test on wheat and triticale cultivars in 

greenhouse conditions. 

Parameter 

Host plant (Species/Cultivar) 

Triticum aestivum X Triticosecale witmack 

Shiroodi Gascogne Sanabad Juanillo 92 

GRR (offspring) 59.74 ± 0.35 
a 

48.30 ± 0.4 
b
 23.15 ± 0.34 

c
 18.30 ± 0.34 

d
 

R0 (female/female/generation) 36.86 ± 0.45 
a
 26.02 ± 0.47 

b
 11.57 ± 0.4 

c
 8.41 ± 0.42 

d
 

r (female/female/day) 
0.25 ± 0.00 

a
 

(0.28 ± 0.01 
a
)

*
 

0.20 ± 0.01 
b
 

(0.24 ± 0.01 
b
)

*
 

0.12 ± 0.01 
c
 

(0.17 ± 0.01 
c
)

*
 

0.11 ± 0.01 
d
 

(0.16 ± 0.01 
c
)

*
 

λ (female/female/day) 1.30 ± 0.00 
a
 1.22 ± 0.01 

b
 1.13 ± 0.01 

c
 1.11 ± 0.01 

d
 

T (days) 14.2 ± 0.07 
d
 16.17 ± 0.07 

c
 20.53 ± 0.06 

b
 19.99 ± 0.07 

a
 

DT (days) 2.73 ± 0.04 
d
 3.45 ± 0.03 

c
 5.85 ± 0.03 

b
 6.57 ± 0.04 

a
 

The means followed by the same superscript letters in each row are not significantly different (P > 0.05) by using paired bootstrap 

test. Wyatt and White Equation were used for estimation of r values in parenthesis. The asterisk * indicates a significant difference 

between two methods of r estimation using unpaired t-test. 

 

Cluster analysis 

The dendrogram of cereal cultivars based on the 

demographic parameters of D. noxia revealed two 

noticeable clusters (Figure 5). The upper cluster A 

consisted of the wheat cultivars and the down 

cluster B, consisted of triticale. The A and B 

groups were considered as “susceptible” and 

“partially resistant” groups, respectively. 
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Figure 5. The dendrogram of resistance of wheat and triticale cultivars against Diuraphis noxia. 

 

Discussion 

The life table parameters of insect pests are 

considered not only as the effective means for host 

plant resistance comparisons, but also as important 

components of forecasting population growth in 

control management programs of invasive pests ( 

Kavousi et al. 2009; Hou & Weng 2010; Hou et al. 

2014).This is the first study in Iran on the 

evaluation of susceptibility of some cultivars of 

wheat and triticale to D. noxia. The results 

indicated that development, survivorship and 

fecundity of the aphid varied significantly among 

different cultivars although the establishment of D. 

noxia was fairly supported on all cereal cultivars. 

The findings are in line with previous results 

suggesting the impact of host plant variability on 

growth and reproduction parameters of D. noxia 

(Gianoli & Niemeyer 1998; Kazemi 2010; Veisi et 

al. 2012; Zanganeh et al. 2015). 

The nymphal period of D. noxia took averagely 

7.45 days on wheat cultivars, which was shorter 

than those on triticale cultivars (Table 1). The 

nymphal periods of aphids on wheat cultivars were 

close to those reported by Veisi et al. (2012) while 

they differed from those reported by Kazemi et al. 

(2010) and Ngenya et al. (2013). The variation in 

developmental time of a specific pest might be due 

to feeding of parent insects on different host plants 

before the onset of reproduction (Mahmoudi et al. 

2015). The information on developmental periods 

helps to determine host plant susceptibility to 

insects (Ngenya et al. 2013) and exposure time of 

various instars to their natural enemies (Tanga et 

al. 2013). In this study, all instars developed 

significantly longer on triticale cultivars in 

comparison to those on other cultivars. Ngenya et 

al. (2013) reported such a variability in 

developmental time of the first and second instars 

of D. noxia when rearing on various wheat 

cultivars. 

The longest pre-reproductive period of D. noxia 

(3.57 days) belonged to aphids reared on cv. 

Juanillo 92 and the shortest period (1.06 days) 

belonged to cv. Shiroodi. The reproductive period 

of D. noxia lasted 17.97 days on Shiroodi cultivar; 

whereas averagely, it lasted 8.96 days on cv. 

Juanillo 92. The later was close to the reproductive 

period of 8.8 days reported by Ngenya et al. (2013) 

for Eldoret population on the wheat cultivar 

Kwale. Adult aphid longevity varied from 16.93 

days on cv. Juanillo 92 to 24.52 days on cv. 

Gascogne. The mean adult longevity on wheat 

cultivars (23.7 days) in the present study was close 

to that recorded by Veisi et al. (2012) on wheat 

cultivar Darab 2. 

The survivorship of adult and nymphal stages 

of aphids varied depending on cereal host plant. 

The highest survival was achieved on cv. Shiroodi 

and the lowest was achieved on cv. Sanabad. 

According to Chi & Su (2006), the overlapping 

curves of age-stage specific survival rates on cereal 

cultivars might be due to variability among 

replicates in terms of developmental rate (Figur 1). 

The mortality rate of aphids had no significant 

difference between on four cultivar (Figur 2). The 

life expectancy of aphids in each age was 

estimated based on the age-specific survivorship, 

which attained the highest value on cv. Shiroodi 
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and lowest value on cv. Juanillo 92 by both one-

day-old nymphs and one-day-old adults (Figur 3). 

The life expectancy of aphids declined with aging 

aphids due to influence of age-dependent mortality 

factors (Murphy et al. 2003).  

Reproductive performance of aphids was 

affected by cereal host cultivar. Number of 

offspring produced on cv. Shiroodi was 57% 

higher in comparison with those on cv. Juanillo 92 

(Table 1). The cv. Shiroodi also supported the 

highest age-specific fecundity (mx) with the 

shortest time from birth to the onset of 

reproduction (Figur 2). Rapid increase in mx, 

particularly at the end of reproductive period, as 

seen by aphids reared on triticale cultivars (Figur 

2) might be due to low survival rate at this time 

(Chi & Su 2006). The average reproductive rate of 

2.5 female/female/day achieved by aphids on 

wheat cultivar were similar to those reported by the 

same aphid on the susceptible wheat cultivars; 

Shole (Moharramipour et al. 2002) and Yavarus 

(Veisi et al. 2012). The reproductive rate of aphids 

was adversely affected by triticale cultivars (Figur 

2). 

The intrinsic rate of increase (r) of D. noxia was 

significantly affected by host plant species which 

increased by 32% on wheat compared to the 

corresponding value on triticale species (Table 2). 

A similar variation could be detected between host 

plant cultivars within each species. This parameter 

is of value as a means of describing the growth 

potential of a population under given climatic and 

food conditions and is reflective of many 

biological traits of an insect pest such as 

development, reproduction and survival 

(Southwood & Henderson 2000). The highest 

value of fecundity and survival rate and the 

shortest nymphal duration of D. noxia, which 

occurred on cv. Shiroodi led to the highest r 

obtained by aphids reared on this cultivar. In 

contrast, the cv. Juanillo 92 supported the lowest r, 

which may refer to possible resistance factors to D. 

noxia. In a similar study, Veisi et al. (2012) 

recorded two distinct r values of 0.005 and 0.159 

female/female/day associated with D. noxia on 

wheat cv. Omid and Sardari, respectively. The 

estimated r values of D. noxia on cv. Gascogne 

(0.20 female/female/day) in this research was 

similar to the value recorded by Zanganeh et al. 

(2015) on Sardari wheat cultivar. R variation was 

studied regarding the association of host plant and 

aphid biotypes in south Africa (Jankielsohn 2013) 

and host plant growth stage and aphid rearing 

temperature in the United States (Ma & Bechinski 

2009). The value of r could be varied according to 

the method used for estimation. The values of r for 

D. noxia on all experimental cultivars were higher 

when estimated by Wyatt & White (1977) equation 

in comparison to Euler-Lotka equation. This 

finding has been demonstrated for Acyrthosiphon 

pisum (Harris) by Fattah-Hosseini & Allahyari 

(2009). 

Similar comparisons among experimental 

treatments could be drawn in terms of other 

reproductive parameters including gross 

reproductive rate, net reproductive rate and finite 

rate of increase (Table 2). Mean generation time 

(T) of D. noxia varied from 15.19 days on wheat 

cultivars to 20.25 days on triticale cultivars. These 

findings were close to those reported on Sardari (as 

a susceptible host) and Omid (as a resistant host) 

wheat cultivars, respectively (Zanganeh et al. 

2015). 

Antibiosis resistance affects the biology of the 

insect and subsequent damage is decreased 

compared to that which would have occurred if the 

insect was on a susceptible crop cultivar (Teetes 

1996). Antibiosis resistance often results in 

increased mortality or reduced longevity and 

reproduction of the insect. A number of biological 

parameter have been used for demonstration of 

antibiosis resistance to insects including 

developmental time, mean generation time, pre-

adult survival rate, adult longevity, fecundity, 

gross reproductive rate, net reproductive rate, 

intrinsic rate of increase and finite rate of increase 

(Van Lenteren & Noldus 1990; Hu et al. 2010; 

Tanga 2012). In the present study for detection of 

resistance of cultivars to D. noxia, cluster analysis 

was performed based on all the above-mentioned 

parameters. The cluster analysis sequestrates 

cultivars into clusters which exhibit high 
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homogeneity within a cluster and high 

heterogeneity between clusters (Jaynes et al. 

2003). The results revealed that Shiroodi and 

Gascogne cultivars in cluster A, with the high 

values of r and the low values of T could be 

introduced as the sustainable hosts for D. noxia. In 

addition, Sanabad and Juanillo 92 cultivars in 

cluster B are the non-favorite hosts due to the 

longer developmental duration and mean 

generation time and lower fecundity and fertility of 

D. noxia on them.  

According to results, D. noxia can complete its 

growth and development stages on experimental 

cultivars of wheat and triticale. The obtained 

information can help to choose the appropriate 

laboratory host for rearing of D. noxia in future 

research. Wheat cultivars could be regarded as 

favorite targets for mass rearing of aphid’s 

parasitoids. However, triticale cultivars can be 

used in the wheat breeding program to develop 

germplasm resistant to D. noxia. These cultivars by 

preventing the increase of aphid’s population and 

decrease of transferring cereal viruses, would 

result in reduction of pesticide application. These 

cultivars could be considered as the alternative 

cereals when high aphid population is a concern. 

Further research is recommended to detect plant 

resistance to aphid in field conditions.  

 

Acknowledgments 

This research is a part of PhD thesis of the first 

author, co-supervised by SG and GM. We are 

grateful to the Department of Entomology, Faculty 

of Agriculture and Natural Resources, Islamic 

Azad University and the Department of Plant 

Protection, Faculty of Agriculture, Ferdowsi 

University of Mashhad for their sincere support. 

 

 

References 

Bayoun IM, Plapp Jr FW, Gilstrap FE, Michels Jr GJ, 

1995. Toxicity of selected insecticides to Diuraphis 

noxia (Homoptera: Aphididae) and its natural 

enemies. Journal of Economic Entomology 88(5): 

1177–1185. 

Behle R, Michels Jr G, 1990. Russian wheat aphid 

development, reproduction and survival on wheat 

and rye grown in four host-plant media. 

Southwestern Entomologist 15(2): 109–121. 

Belay T, Araya A, 2015. Grain and biomass yield 

reduction due to Russian wheat aphid on bread 

wheat in northern Ethiopia. African Crop Science 

Journal 23(2): 197–202. 

 Birch LC, 1948. The intrinsic rate of natural increase of 

an insect population. The Journal of Animal Ecology 

17: 15–26.  

Blackman RL, Eastop VF, 2000. Aphids on the world's 

crops: an identification and information guide. (2
nd

 

edition), Wiley, Chichester. 466 pp. 

Chander S, Ahuja LR, Peairs FB, Aggarwal P, Kalra N, 

2006. Modeling the effect of Russian wheat aphid, 

Diuraphis noxia (Mordvilko) and weeds in winter 

wheat as guide to management. Agricultural Systems 

88(2): 494–513. 

Chi H, 1988. Life-table analysis incorporating both 

sexes and variable development rates among 

individuals. Environmental Entomology 17(1): 26–

34. 

Chi H (2016). TWOSEX-MSChart: A computer 

program for the age-stage, two-sex life table analysis 

URL: 

http://140.120.197.173/Ecology/.Download/Twosex-

MSChart.rar/ TwosexMSChart.zip 

Chi H, Liu H, 1985. Two new methods for the study of 

insect population ecology. Bulletin of the Institute of 

Zoology, Academia Sinica 24(2): 225–240. 

Chi H, Su H-Y, 2006. Age-stage, two-sex life tables of 

Aphidius gifuensis (Ashmead)(Hymenoptera: 

Braconidae) and its host Myzus persicae 

(Sulzer)(Homoptera: Aphididae) with mathematical 

proof of the relationship between female fecundity 

and the net reproductive rate. Environmental 

Entomology 35(1): 10–21. 

Damsteegt V, Gildow F, Hewings A, Carroll T, 1992. A 

clone of the Russian wheat aphid (Diuraphis noxia) 

as a vector of barley yellow dwarf, barley stripe 

mosaic, and brome mosaic viruses. Plant Disease 

76(11): 1155–1160. 

Dixon AFG, 1987. Parthenogenetic reproduction and 

the rate of increase in aphids. In: Minks AK, 

http://140.120.197.173/Ecology/.Download/Twosex-MSChart.rar/
http://140.120.197.173/Ecology/.Download/Twosex-MSChart.rar/


Journal of Applied Research in Plant Protection 12 (4): 399-411 (2023)                                                                                           410 

 

 
J Appl Res Plant Prot 

Harrewijn P (eds). World crop pests; aphids, their 

biology, natural enemies and control. Elsevier, The 

Netherlands. Pp. 269–287. 

Dixon AFG, 1998. Aphid ecology. 2
nd

 edition, Chapman 

and Hall. 300 pp.  

Fattah-Hosseini S, AllahyariI H, 2009. The pea aphid, 

Acyrthosiphon pisum (Harris) (Hemiptera 

Aphididae), development and reproduction on broad 

bean. Redia XCII: 92:191–194.  

Gianoli E, Niemeyer HM, 1998. DIBOA in wild 

Poaceae: sources of resistance to the Russian wheat 

aphid (Diuraphis noxia) and the greenbug 

(Schizaphis graminum). Euphytica 102(3): 317–321. 

Goodman D, 1982. Optimal life histories, optimal 

notation, and the value of reproductive value. The 

American Naturalist 119(6): 803–823. 

Hopper KR, Aidara S, Agret S, Cabal J, Coutinot D, et 

al., 1995. Natural enemy impact on the abundance of 

Diuraphis noxia (Homoptera: Aphididae) in wheat 

in southern France. Environmental Entomology 

24(2): 402–408. 

Hou Y, Miao Y, Zhang Z, 2014. Study on life 

parameters of the invasive species Octodonta nipae 

(Coleoptera: Chrysomelidae) on different palm 

species, under laboratory conditions. Journal of 

Economic Entomology 107(4): 1486–1495. 

Hou Y, Weng Z, 2010. Temperature-dependent 

development and life table parameters of Octodonta 

nipae (Coleoptera: Chrysomelidae). Environmental 

Entomology 39(5): 1676–1684. 

Hu L-X, Chi H, Zhang J, Zhou Q, Zhang R-J, 2010. 

Life-table analysis of the performance of 

Nilaparvata lugens (Hemiptera: Delphacidae) on 

two wild rice species. Journal of Economic 

Entomology 103(5): 1628–1635. 

Huang YB, Chi H, 2013. Life tables of Bactrocera 

cucurbitae (Diptera: Tephritidae): with an 

invalidation of the jackknife technique. Journal of 

Applied Entomology 137(5): 327–339. 

Jankielsohn A, 2013. Host Associations of Diuraphis 

noxia (Homoptera: Aphididae) Biotypes in south 

africa. Journal of Economic Entomology 106(6): 

2595–2601. 

Jaynes D, Kaspar T, Colvin T, James D, 2003. Cluster 

analysis of spatiotemporal corn yield patterns in an 

Iowa field. Agronomy Journal 95(3): 574–586. 

Kavousi A, Chi H, Talebi K, Bandani A, Ashouri A, et 

al., 2009. Demographic traits of Tetranychus urticae 

(Acari: Tetranychidae) on leaf discs and whole 

leaves. Journal of Economic Entomology 102(2): 

595–601. 

Kazemi M, Talebi-Chaichi P, Shakiba MR, Mashhadi 

Jafarloo M, 2010. Biological responses of Russian 

wheat aphid, Diuraphis noxia 

(Mordvilko)(Homoptera: Aphididae) to different 

wheat varieties. Journal of Agricultural Science & 

Technology 3: 249–255. 

Kazemi MH, 2010. Field assessment of antibiosis 

resistance of different wheat cultivars to the Russian 

wheat aphid, Diuraphis noxia (Mordvilko)(Hom.: 

Aphididae) at stem elongation growth stage. Munis 

Entomology & Zoology 5: 1060–1065. 

Ma ZS, Bechinski EJ, 2009. Life tables and 

demographic statistics of Russian wheat aphid 

(Hemiptera: Aphididae) reared at different 

temperatures and on different host plant growth 

stages. European Journal of Entomology 106(2): 

205–210. 

Mahmoudi M, Sahragard A, Pezhman H, Ghadamyari 

M, 2015. Demographic Analyses of Resistance of 

Five Varieties of Date Palm, Phoenix dactylifera L. 

to Ommatissus lybicus De Bergevin (Hemiptera: 

Tropiduchidae). Journal of Agricultural Science & 

Technology 17(2): 263–273. 

Melaku G, Wilde GE, Harvey T, 1993. Russian wheat 

aphid (Homoptera: Aphididae) affects yield and 

quality of wheat. Journal of Economic Entomology 

86(2): 594–601. 

Moharramipour S, Movahedi S, Saidi A, Talebi A, 

Fathipour Y, 2002. Evaluation of resistance to the 

Russian wheat aphid, Diuraphis noxia (Mordvilko), 

in some advanced wheat lines. Seed & Plant 18(2): 

215–228 (in Persian with English abstract). 

Murphy CT, McCarroll SA, Bargmann CI, Fraser A, 

2003. Genes that act downstream of DAF-16 to 

influence the lifespan of Caenorhabditis elegans. 

Nature 424(6946): 277–284. 

Ngenya W, Malinga J, Tabu I, 2013. Reproduction and 

population dynamics of Kenyan populations of 

Russian wheat aphid. Insects12: 503–509. 

Saheed SA, Jonsson L, Botha CE, 2010. Russian wheat 

aphid causes greater reduction in phloem transport 



Tabasian H, et al., The impact of host plants on …                                                                                                                     411 

 

capacity of barley leaves than bird cherry-oat aphid. 

Acta Botanica Croatica 69(1): 7–18. 

Sinha DK, Chandran P, Timm AE, Aguirre-Rojas L, 

Smith CM, 2016. Virulent Diuraphis noxia aphids 

over-express calcium signaling proteins to overcome 

defenses of aphid-resistant wheat plants. PloS one 

11(1): e0146809. 

Smucker MD, Allan J, Carterette B, 2007. Comparison 

of statistical significance tests for information 

retrieval evaluation. Proceedings of the X
th
 ACM 

conference on information and knowledge 

management, 9 November, Lisbon, Portugal. Pp. 

623–632. 

Southwood TRE, Henderson PA, 2000. Ecological 

Methods. 3 
th

 edition, Blackwell Science. 575 pp.  

SPSS (2007). SPSS Base 16.0 User's Guide. SPSS lnc. 

527 pp. 

Tanga C, Ekesi S, Govender P, Mohamed S, 2013. 

Effect of six host plant species on the life history 

and population growth parameters of Rastrococcus 

iceryoides (Hemiptera: Pseudococcidae). Florida 

Entomologist 96: 1030–1041. 

Tanga CM, 2012. Bio-ecology of the mango mealybug, 

Rastrococcus iceryoides Green (Hemiptera: 

Pseudococcidae) and its associated natural enemies 

in Kenya and Tanzania. PhD Thesis, University of 

Pretoria, South Africa.  

Teetes G, 1996. Plant resistance to insects: a 

fundamental component of IPM. In Radcliffe EB, 

Hutchison WD, Cancelado RE (eds). Radcliffe’s 

IPM world textbook. University of Minnesota, Saint 

Paul, Minnesota. http://ipmworld. umn. 

edu/chapters/teetes. htm.  

Teetes GL, 1994. Adjusting crop management 

recommendations for insect-resistant crop varieties. 

Journal of Agricultural Entomology 11: 191–200. 

Turanli F, Ilker E, Dogan FE, Askan L, Istipliler D, 

2012. Inheritance of Resistance to Russian wheat 

aphid (Diuraphis noxia Kurdjumov) in bread wheat 

(Triticum aestivum L.). Turkish Journal of Field 

Crops 17(2): 171–176. 

Van Lenteren JCv, Noldus L, 1990. Whitefly-plant 

relationships: Behavioural and ecological aspects. 

In: Gerling D (ed). Whitefly: Their bionomics, pest 

status and management. Intercept, Andove. Pp.47–

89.  

Veisi R, Safavi SA, Karimpour Y, 2012. Duration of 

life stages and fecundity of Diuraphis noxia 

(Hemiptera: Aphididae) on six wheat cultivars. 

Journal of Crop Protection 1(3): 181–187. 

Webster J, Porter D, Baker C, Mornhinweg D, 1993. 

Resistance to Russian wheat aphid (Homoptera: 

Aphididae) in barley: effects on aphid feeding. 

Journal of Economic Entomology 86(5): 1603–1608. 

Wyatt I, White P, 1977. Simple estimation of intrinsic 

increase rates for aphids and tetranychid mites. 

Journal of Applied Ecology 14: 757–766. 

Zanganeh L, Madadi H, Allahyari H, 2015. 

Demographic parameters of Diuraphis noxia 

(Hemiptera: Aphididae) and Hippodamia variegata 

(Coleoptera: Coccinellidae) recorded in the context 

of D. noxia infesting resistant and susceptible 

cultivars of wheat. European Journal of Entomology 

112(3): 453–459. 

 

 

 

  
This is an open access article under the CC BY NC license (https://creativecommons 

.org/licenses/by-nc/2.0/) 


