
 

 

Received:  8 July 2021, Accepted: 6 September 2021 

Subject Editor: Ahad Sahragard 

Journal of Entomological Society of Iran 

2021, 41(2), 151 161 

 1400, 41(2,) 151-161شناسي ايران نامه انجمن حشره
Doi: 10.22117/JESI.2021.355175.1421 

 

 

 

 

 
 

Research Article 
 

Comparing life table parameters of Brachycaudus cardui (Hemiptera: 

Aphididae) on artichoke under laboratory and semi-field conditions 
 

Alireza RajabiMazhar1,* & Zahra Tazerouni2 

 

1. Natural Resources Research Department, Hamadan Agricultural and Natural Resources Research 

and Education Center, Agricultural Research Education and Extension Organization (AREEO), Iran, 

& 2. Department of Biological Control, Raha Andish Kavan Company, Tehran, Iran. 

* Corresponding Author: rajabi1351@yahoo.com 
Abstract 

Life table parameters of Brachycaudus cardui L. (Hemiptera: Aphididae) feeding on the host plant, 

Cynara scolymus L. (Artichoke) were studied under laboratory (22 ± 1°C, relative humidity of 65 ± 5% 

and a photoperiod of 14L : 10D h) and semi-field conditions (22 – 34°C, and relative humidity of 25 – 

70%). Under laboratory condition, B. cardui reared on artichoke had a higher survival rate, fecundity, 

and longevity than those reared under semi-field condition. When B. carduireared under semi-field 

condition, they had a longer nymphal developmental time, shorter adult longevity, and lower fecundity 

than those reared under laboratory condition. The intrinsic rate of increase (rm), net reproductive rate 

(R0), and the finite rate of increase (λ) under laboratory condition were higher than those obtained under 

semi-field condition. However, the mean generation time T (days) aphids in the semi-field were higher 

than those reared under laboratory condition. In the present study, the results clearly showed that life 

table parameters of B. carduiwere different under semi-field and laboratory conditions. These results 

canhelp us to understand the population dynamics of B. Cardui under semi-field condition and make 

better management decisions for economically important crops. 
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روی  Brachycaudus cardui (Hemiptera: Aphididae)جمعیت شتة های رشد مقایسه پراسنجه 

 گیاه آرتیشو در شرایط مزرعه و آزمایشگاه
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  چکیده
 Cynaraفرنگي )آرتیشو(روي گیاه کنگر   Brachycaudus cardui L. (Hemiptera: Aphididae)هاي جدول زندگي شتهپراسنجه

scolymus L. ( 10ساعت روشنايي و  14درصد و دوره نوري  65 ± 5درجه سلسیوس، رطوبت نسبي 22 ± 1در شرايط آزمايشگاهي 

 هايهــدرصد( مورد مطالعه قرار گرفت. شت 00–25درجه سلسیوس و رطوبت نسبي  44–22ساعت تاريکي( و شرايط نیمه صحرايي )

B. cardui شرايط نیمه صحرايي از میزان زنده ماني، باروري و طول عمر بالاتري برخوردار  پرورش يافته در شرايط آزمايشگاهي نسبت به

 رايطش به نسبت تريکوتاه زندگية چرخ و کامل طول عمرحشرات پورگي، دوره طول داريطورمعني بهبودند. در شرايط نیمه صحرايي 

در شرايط آزمايشگاهي بیشتر  )λ (متناهي افزايش جمعیتو نرخ  )0R (، نرخ خالص تولیدمثل)mr(. نرخ ذاتي افزايش داشت آزمايشگاهي

در مزرعه بیشتر از شرايط آزمايشگاهي بود. در اين  Tاز مقادير به دست آمده در شرايط نیمه صحرايي بودند، ولي مقدار متوسط يک نسل 

ي و آزمايشگاهي تفاوت داشتند. اين در شرايط نیمه صحراي B. Carduiهاي جدول زندگي بررسي نتايج به وضوح نشان داد که پراسنجه

کند تا تصمیمات مديريت بهتري براي محصولات مهم اقتصادي در شرايط مزرعه کمک مي B. Carduiنتايج به ما در درک پويايي جمعیت 

 .بگیريم

 هاي جدول زندگي، آرتیشو، پراسنجهBrachycaudus cardui های کلیدی:واژه

15/60/4001، پذيرش: 01/04/4001دريافت:   
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Introduction 

Artichoke (Cynara scolymus L.) the plant is about 20-150 cm high, that its leaves are 

eatable (Rajabimazhar & Sadeghi, 2015), cultivated in 29 countries around the world 

(Anonymous, 2013) and 164 tones were in 19 hectares produced in Iran (Anonymous, 2016). 

Brachycaudus cardui L. (Hemiptera: Aphididae) is one of the important pests of artichoke. 

This pest causes a physiological disorder, plant’s weakness and destruction by feeding. In 

addition, they produce honeydew and results to reduction photosynthesis. This species 

distribute in Asia, Europe, North Africa and America (Rezwani, 2001), also it has been 

reported from Iran, Hamadan province as a main pest on artichoke (Rajabimazhar et al., 

2009). The aphid colonies usually protect by ants, which feed on the aphid honeydew. 

Brachycaudus cardui were host–alternating between Prunus spp. (Rosaceae) and various 

Astraceae and Boraginaceae (Blackman & Eastop, 2006).  

Life table studies are essential tools for understanding population dynamics and 

estimating the population growth parameters and reproduction potential of insect populations 

(Chi & Su, 2006). The life table information provides an integrated and comprehensive 

description including developmental time, the survival rate, fecundity and life expectancy of 

population (Carey, 1993; Chi, 1990; Vaupel et al., 1998; Yang et al., 2013). Population 

growth rate is a basic ecological characteristic that usually describe as the intrinsic rate of 

increase (rm), it was introduced by Birch (1948) for the first time. Southwood (1966) 

demonstrated that the intrinsic rate of increase is the most practical parameter to compare 

different populations and species under specific climatic and nutritional conditions (Roy et 

al., 2003). The intrinsic rate of increase has been widely used as a bioclimatic index (Hulting 

et al., 1990).  

A few faunistic studies (Rezwani, 2001; Blackman & Eastop, 2006) and demographic 

evaluation in laboratory (Rajabimazhar & Sadeghi, 2015) have been done on B. cardui in 

Iran and other countries. Furthermore, some studies were done on the life table parameters 

of other species of Brachycaudus such as B. amygdalinus Schout. (Nourbakhsh et al., 2006), 

B. schwartzi (Borner) (Satar &Yokomi, 2002) and B. divaricate Shaposhnikov (Wilkaniec & 

Wilkaniec, 2013). However, there are no studies on demographic parameters of the Iranian 

population of B. cardui on Artichoke in semi-field in Iran. The main purpose of this study 

was to determine the life table parameters of B. cardui on C. scolymus in semi-field and 

laboratory conditions. 

 

Materials and methods 

This study was carried out during 2016 - 2017 at the Botanical Garden, Hamadan 

Agriculture and Natural Resources Research Center (HANRC), Iran. The seeds of artichoke 

used in experiment were obtained from Botanical Garden (HANRC), they were planted in 
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10cm plastic pots that filled with suitable field soil. When the plant grew, they were used for 

the experiments. The experiments carried out under laboratory (22 ± 1°C and relative 

humidity of 65±5% and a photoperiod of 14L : 10D h) and semi-field (22 – 34°C, and relative 

humidity of 25–70%) conditions. The temperature and RH were obtained by data logger 

(DAQ) in field condition. 

The aphids used in the laboratory were collected from artichoke semi-fields in HANRC, 

Iran (34° 35' N, 49° 27' E, 1850 m.). The Colony of aphid reared for two generations before 

the beginning of the life table experiments. Then, newly emerged nymphs of B. cardui were 

placed, separately, on a C. scolymus new leaf in pyramid shape leaf cage (trapezoidal 

transparent plastic sheet at 10.5×9×6 cm). Each cage had two holes (1 cm diameter) in the 

sides for ventilation, were covered using fine mesh (Fig. 1). A 1 cm-thickness layer of cotton 

was rounded the petiole, for fixed in base of cage was placed (Rajabimazhar & Sadeghi, 

2015). A similar methodology was used to study the life table of B. cardui in leaf cages. The 

life table studies were started with 20 nymphs under laboratory and semi-field conditions, 

respectively. The aphid’s development was checked every 24 h; from the first instars to death 

of the adults. A magnifier 15× was used to observe ecdysis. This study was replicated with 

20 nymphs under laboratory and semi-field conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Leaf cage used to study life table of Brachycaudus cardui on artichoke (Cynara 

scolymus) in semi-field (A) and laboratory (B) conditions. 



RajabiMazhar & Tazerouni: life table parameters of Brachycaudus cardui on artichoke  154 

 

 

The survivorship of apterous aphids and each nymph were recorded at 24h intervals. 

The percentages of survival of each aphid as well as the longevity of each aphid were 

calculated. The rm for apterous aphids on different conditions were estimated using the 

following equation (Birch, 1948):            Σe–rxlxmx= 1 

Where: rm is intrinsic rate of natural increase, lx is age-specific survival rate, mx is age-

specific number of female offspring, x is age in days. Also, the life expectancy (ex), as the 

mean number of days of life remaining at age x, was calculated. In addition, the net 

reproductive rates (R0 =Σlxmx), mean generation time (T = 
𝐿𝑛 𝑅0

𝑟𝑚
), doubling time (DT= 

𝐿𝑛 2

𝑟𝑚
), 

and finite rate of increase (λ = erm) were estimated (Birch, 1948; Carey, 1993). The means, 

variances and standard errors of the life table parameters were estimated with the jackknife 

method (Maia et al., 2000). 

The graphs of parameters were calculated and plotted by Excel 2007. Comparison of 

treatments was done by using the paired t- test in SPSS 16. 

 

Results 

The biological parameters are listed in Table 1. The nymph duration of B. cardui were 

12.75 ± 0.26 in laboratory and 18.90 ± 0.25 days in semi-field conditions, this showed that 

aphids develop faster under laboratory condition (Table 1). 

 

Table 1. Duration period (mean ± SE) of Brachycaudus cardui reared on Cynara scolymus 

under laboratory and semi-field conditions 

Parameters Laboratory Semi-field T value Pr>│t│ 

Developmental time (day) 12.75 ± 0.26b 18.90 ± 0.25a 12.50 0.0001 

Life span (day) 33.70 ± 1.01a 26.30 ± 0.87b 4.30 0.0001 

Adult longevity (day) 20.95 ± 1.01a 7.40 ± 0.75b 7.41 0.0001 

Reproduction period (day) 16.55 ± 0.99a 6.30 ± 0.66b 6.23 0.0001 

Post reproduction period (day) 4.40 ± 0.61a 0.75 ± 0.11b 4.25 0.0001 

Mean fecundity(number of nymphs) 26.35 ± 2.47a 12.10 ± 1.51b 3.57 0.001 

Means in the same row followed by the same letters are not significantly different (P<0.05) using the 

t-test 

 

 The life span of B. cardui was different under laboratory and semi-field conditions and 

it was shorter under natural condition. The reproduction period was not similar under 

laboratory and semi-field conditions, which this parameter was lower in semi-field condition. 

It showed little opportunity of the B. cardui for reproduction. This aphid in semi-field has 

short post reproduction period than laboratory condition, therefore B. cardui adults in semi-

field condition sooner died after end of reproduction period, There was a significant 

difference between the statistics of the laboratory and semi-field conditions using the t-test 

(P<0.05)(Table 1). Mean fecundity (mx) of B. cardui in both condition were different, that 

rate of mx in laboratory was 26.35 ± 2.47 and 12.10 ± 1.51 nymphs in semi-field condition. 

The parameters lx, mx and age- specific maternity (lxmx) are plotted in Fig 2. The survival rate 

(lx) showed mortality start in 17th and 19th days of aphid age in laboratory and semi-field 
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respectively (Fig. 4). The age-specific survivorship (lx) decreased more rapidly at 27 and 37 

days in semi-field and laboratory respectively (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Age specific survival rate (lx), age specific fecundity (mx) and maternity (lxmx) of B. 

cardui on artichoke (Cynara scolymus) under laboratory and semi-field conditions 

 

 

Age specific fecundity (mx) of B. cardui curves showed in Fig. 5, the first instar nymph 

took about 10 days in laboratory and 17 day in semi-field condition to become adult and it 

started producing nymphs. The number of nymphs/female/day (mx) were >2 up to day 19th 

and 24th under laboratory and semi-field conditions, respectively and it declined in the later 

days of the life span (Fig. 5). The fecundity peak started when females were 9 days old in 

laboratory and 7 days old in semi-field conditions. The end of fecundity happened when 

females were 29 and 19 days old under laboratory and semi-field conditions, respectively 

(Fig. 5). 

0.0

0.2

0.4

0.6

0.8

1.0

0.0

0.7

1.4

2.1

2.8

1 6 11 16 21 26 31 36 41

A
g

e 
sp

ec
if

ic
 s

u
rv

iv
a

l 
ra

te
 (

l x
)

D
a

il
y

 f
ec

u
n

d
it

y
 (

m
x
)

Age (days)

Laboratory

mx

lxmx

lx

0

0.5

1

1.5

2

2.5

3

0.0

0.2

0.4

0.6

0.8

1.0

1 6 11 16 21 26 31

A
g

e 
sp

ec
if

ic
 s

u
rv

iv
a

l 
r
a

te
 (

l x
)

D
a

il
y

 f
ec

u
n

d
it

y
 (

m
x
)

Age (days)

Semi-field

lx

mx

lxmx



RajabiMazhar & Tazerouni: life table parameters of Brachycaudus cardui on artichoke  156 

 

 

The life expectancy (ex) gives the expected life span of an individual can live after age 

x (Fig. 3). The trends of life expectancy in conditions were 33 and 26 days under laboratory 

and semi-field conditions, respectively. The life table parameters of B. cardui indicated 

slower development of the semi-field population than those in the laboratory (Table 2). In 

Table 2 has been showed significant differences of population growth parameters of B. cardui 

between laboratory and natural conditions. The intrinsic rate of increase (r), the finite rate of 

increase (λ) and net reproductive rate (R0) were significantly higher under laboratory 

condition. Mean generation time (T) and doubling time (DT) were significantly lower under 

laboratory condition. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 3. Age specific life expectancy (ex) of B. cardui on artichoke (Cynara scolymus) under 

laboratory and semi-field conditions 

 

 

 

Table 2. Population growth parameters (mean ± SE) of Brachycaudus cardui in laboratory 

and in semi-field conditions 
Population parameters Laboratory Semi-field T value P>│t│ 

Intrinsic rate of increase (r) (per day) 0.217 ± 0.01a 0.111 ± 0.001b 12.50 0.0001 

Finite rate of increase (λ) (per day) 1.24 ± 0.01a 1.11± 0.01b 4.30 0.0001 

Net reproductive rate (R0) (offspring) 50.07 ± 6.47a 10.29 ± 1.77b 7.41 0.0001 

Mean generation time (T) (day) 17.99 ± 0.77b 21.15 ± 0.47a 6.23 0.0001 

Doubling time (day) 3.18 ± 0.12b 6.22 ± 0.41a 3.57 0.001 

Means in the same row followed by the same letter are not significantly different (P≤ 0.05) using the t-

test. 
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Fig. 4. Age specific survival rate (lx) of B. cardui on artichoke (Cynara scolymus) under 

laboratory and semi-field conditions 

 

 
Fig. 5. Age specific fecundity (mx) of B. cardui on artichoke (Cynara scolymus) under 

laboratory and semi-field conditions 

 

Discussion 

Environmental conditions especially temperature can affect development time, 

maturation, survival, demographic parameters and population dynamics of insect pests. This 

study showed that developmental times of B. cardui under laboratory condition were lower 

than semi-field condition. The prolonged immature developmental times in the semi-field 

may reflect the unsuitability of the environmental condition. 

In the past, the response of aphids to environmental condition has been used to develop 

phenological models to forecast aphid outbreaks (Collier et al., 1994; Ro et al., 1998). Similar 

studies found that aphid population dynamics was affected by the abiotic factors such as 

environmental factors including; temperature, humidity and etc. (Ruggle & Gutierrez, 1995; 

Diaz & Fereres, 2005; Arbab et al., 2006; Hosseini-Tabesh et al., 2015).  
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This result were consistent with those of Hosseini-Tabesh et al. (2015) who stated that 

longevity of Aphis gossypii (Glover), was longer under semi-field condition. Jalalipour et al. 

(2017) reported that the fluctuating climatic and natural conditions of cotton fields could 

increase immature development time and decrease adult development times and reproduction 

of Aphis craccivora Koch. The adult longevity and life span of B. cardui in semi-field 

condition were shorter due to the fluctuating temperature and humidity.  

Jalalipour et al. (2017) reported that female longevity of A. craccivora reared on Robinia 

pseudoacacia was shorter under semi-field condition (21.4 days) comparison to laboratory 

condition (24.3 days). The results of Hosseini- Tabesh et al. (2015), was the same to our 

finding. These results corroborate studies on the reverse relationship between temperature 

and adult longevity of Hyalopterus pruni (Geoffroy) (Latham & Mills, 2011), mean 

developmental times of Bemisia argentifolii (Bellows & Perring) (Yang & Chi, 2006), B. 

schwartzi (Satar &Yokomi, 2002) and Aphis spiraecola Patch (Wang & Tsai, 2000). 

Nourbakhsh et al. (2006) also explained that high temperature had negative impact on the 

developmental time of B. amygdalinus reared on almond under laboratory condition. 

According to study of Jalalipour et al. (2017), the r value of A. craccivora on Robinia 

pseudoacacia under laboratory and semi-field conditions were 0.234 and 0.191, which were 

higher than our results (0.175 and 0.103 in laboratory and semi-field conditions, 

respectively).These differences may be due to host plants and environmental conditions such 

as temperature and relative humidity. The r of A. gossypii fed on Hibiscus syriacus was also 

significantly higher in the laboratory (0.271) than in semi-field conditions (0.140) (Hosseini-

Tabesh et al., 2015). The R0 was also higher under laboratory condition. Similar results was 

found for A. craccivora (Jalalipour et al., 2017) and A. gossypii (Hosseini-Tabesh et al., 

2015), as the net reproductive rate was higher under laboratory condition. 

The mean generation time (T) for A. craccivora (Jalalipour et al., 2017) and A. gossypii 

(Hosseini-Tabesh et al., 2015) in laboratory and semi-field condition nearly equal, but in this 

study, the (T) in semi-field was higher than laboratory condition(Table-1). It suggests that 

laboratory condition is more suitable for B. cardui. It is concluded that life table of insect 

pests in semi-field conditions could be a useful tool for making accurate management 

decisions and selecting proper measures to control insect pests of economically important 

crops. The differences reported here between the laboratory and semi-field studies, together 

with the life table analysis, provide valuable information leading to establish a successful 

control program. 
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