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ABSTRACT 
 

The developmental times, growth index, developmental rate, survivorship, 
thermal requirements, longevity, fecundity, and life table parameters of Myzus 
persicae (Sulzer) were investigated on apricot and peach at three constant 
temperatures 20, 24 and 28oC.  

The data revealed that there were significant differences among the three 
temperatures in developmental time of nymphal instars. Meanwhile, there were no 
significant variations of the developmental time between different host plants at the 
same temperature. The survival percentage differed significantly among the three 
tested temperatures. The higher survival percentage was observed at 28oC.  

Minimum developmental thresholds for nymphal instars and nymphal stage 
of M. persicae were not similar on apricot and peach. M. persicae required 57.47 DD 
to complete its development from first nymphal instar to adult female on apricot and 
56.82 on peach. There were no significant variations in the pre-reproductive, 
reproductive, and post-reproductive of M. persicae when reared on apricot and peach 
at the three tested temperatures (20, 24, and 28oC). Meanwhile, there were significant 
differences in the total longevity of adult females at three tested temperatures. The 
mean total fecundity (mean number of offspring/female) was 25.6, 30.3, and 60.0 
nymphs on apricot, and 25.0, 28.0, and 59.0 nymphs on peach at 20, 24, and 28oC, 
respectively with significant different.  

The duration of mean generation time (T) of M. persicae was 19.55, 13.56, 
and 8.38 days at the three tested temperatures on apricot and on peach, 20.01, 
13.32, and 8.30 days on peach. The population could be doubled (DT) every 4.65, 
2.84, and1.41 days at 20, 24 and 28oC on apricot and 4.51, 2.86, and 1.43 days on 
peach. The values of gross reproductive rate (GRR), net reproductive rate (Ro), 
intrinsic rate of increase (rm), and finite rate of increase (λ) were higher at 28oC than at 
20 and 24oC on both host plants. The survivorship (Lx) for female age was higher at 
28oC than at 20 and 24oC on apricot and peach.  

Keywords: Myzus persicae, biological characteristics, thermal requirements, 
life table parameters.  

 

INTRODUCTION 
 

The green peach aphid (GPA), M. persicae has an European native 
and it is now distributed worldwide. It is a common pest of peach and 
nectarine throughout North America (Blackman and Eastop, 2000 and Davis 
et al., 2006; Davis and Radcliffe, 2008). The recent resurgence of this aphid 
on stone fruits is attributed to the destruction of natural predators with 
pesticides and resistance to chlorinated hydrocarbon and organophosphate 
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insecticides. GPA has a diverse host range of over 875 species of plants, 
including all stone fruits and many ornamental shrubs and vegetables 
(Blackman and Eastop, 2000, Davis et al., 2006 and Davis and Radcliffe, 
2008). GPA feeds primarily on the underside of leaves which causes them to 
curl, becomes distorted and yellow, and drops prematurely. Feeding may also 
occur on flowers and fruit resulting in distortion and drop. When abundant, 
aphid feeding results in excretion of large amounts of honeydew which 
supports the growth of a black sooty fungus that causes spotting of leaves 
and fruits. This aphid may also serve as a vector of virus diseases to stone 
fruits. GPA is an efficient vector of 100 plant viruses (Blackman and Eastop, 
2000; Sood and Singh, 1997; Ricci et al., 1999;  Cividanes and Souza, 2003; 
Davis et al., 2006 and Davis and Radcliffe, 2008) and resistant to almost all 
major insecticide classes (Devonshire et al., 1998; Davis et al., 2006 and 
Davis and Radcliffe, 2008). GPA is one of several aphids that can transmit 
plum pox virus. This is a major disease of peaches and nectarines (Blackman 
and Eastop, 2000).  

Construction of life tables is an appropriate method for description of 
the insect population dynamics (Southwood, 1978). Developmental times, 
survival, longevity and fecundity are basic data for life table analysis. Life 
table definitions include: 1) age-specific fecundity rate (Mx) which is the mean 
number of female offspring produced per surviving female during the age 
interval (x), 2) survivorship rate (Lx) which is the fraction of females living 
from birth to age (x), 3) the mean generation time (T), which is the average 
age of females producing nymphs in a population that is in a stable age 
distribution, 4) the doubling time (DT) which is the time (in days) needed for 
the population to double, 5) the net reproductive increase (Ro), which is the 
average number of female offspring from a birth cohort of females during their 
lifetime if they experience a fixed pattern of age-specific birth and death rate, 
6) gross reproductive rate (GRR)=ΣMx, which is the mean total number of 
offspring produced by a female over its life time, 7) intrinsic rate of increase 
(rm), which is a measure of per capita instantaneous rate of change in 
population density expressed as female progeny per female per day, and 8) 
the finite rate of increase (λ), which is the proportional change in population 
density from one day to the next, expressed  in the same unit as the (rm) 
(Hulting et al., 1990 and Tang et al., 1999).  

Information on the development, survival and reproduction of a pest 
at different environmental conditions is vital to its forecast, management and 
pest risk analysis. Temperature is probably the most important physical 
environmental factor influencing the development, reproduction of insects, 
and regulates insect population dynamics, and seasonal occurrence. 
Numerous studies have illustrated the effect of temperature on the biological 
and population growth of aphids (Kersting et al., 1999; Tang et al., 1999; Xia 
et al., 1999; Liu and Yue, 2000 and Mc Cornack et al., 2004).    

In Egypt, little information is available on the effect of temperatures 
on biological characteristics and life table parameters of M. persicae. 
Therefore, the current investigation was conducted to study the influence of 
temperatures on biological attributes of the aphid species, as well as testing 
the effect of temperatures on life table parameters of the species and 

http://www.cababstractsplus.org/abstracts/SearchResults.aspx?cx=011480691189790707546:cops6fzdyna&cof=FORID:9&ie=UTF-8&q=Cividanes,%20F.%20J.&sa=Search
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establish the developmental threshold and degree day for development of M. 
persicae., and provide information for survivorship, longevity, fecundity, and 
fecundity rate. 

 

MATERIALS AND METHODS 
 

Females of M. persicae were obtained from the laboratory 
maintained culture collected previously from peach at the Experimental 
Research Station, Faculty of Agriculture, Mansoura University. Five apterous, 
parthenogenesis females of M. persicae were confined in glass Petri dishes 
(9 cm in diameter) on peach and apricot leaves to produce nymphs. Each 
Petri dish was provided with a layer of moistened filter paper to provide 
humidity. All nymphs produced within 24 hours were assumed uniform age. 
There were 20 replicates for each aphid species for each temperature. First 
instar nymphs were reared individually in the incubators at 20±0.5, 24±0.5 
and 28±0.5oC. The relative humidity was 60.0±5.0% and the photoperiod was 
14:10 (L: D) with each temperature. The leaves were replaced every two 
days. Each first instar nymph was placed on new leaves of each host plant in 
a separate Petri dish and observed to determine the developmental time of 
nymphal instars, survival percentage of each instars and total days taken to 
reach the adult stage. The presence of exuviae was used to determine 
molting. The pre-reproductive, reproductive, and post-reproductive periods 
were determined. In addition, the number of offspring born at each day of 
adult life and survival were recorded every 24 hours. All nymphs produced 
were removed after each count.  

The ability of the nymphs to molt and to metamorphose on the test 
plants was determined as (a) percentage of individuals transforming into 
adults, and (b) average period required. The ratio of (a) to (b) then 
represented the insect's "growth index" (Saxena, 1969). 

Developmental times for each life stage, as well as the total nymphal 
stage, were used to calculate developmental rates (1/development time), 
which was regressed against temperature. The regression parameters and 
slopes were used to estimate the lower temperature threshold for 
development (to) and the thermal constant K, as described by Campbell et al. 
(1974). 

Survivorship rate (Lx), age-specific fecundity (Mx), the mean 
generation time (T), the net reproductive increase (Ro), the intrinsic rate of 
increase (rm), the gross reproductive rate (GRR) (=ΣMx), and the finite rate 
of increase (λ) were calculated for each temperature using a BASIC computer 
program (Abou-Setta et al., 1986). This computer program is based on 
Birch's method for the calculation of an animal's life table (Birch, 1948). The 
doubling time (DT) was calculated according to Mackauer's method 
(Mackauer, 1983). The life tables were prepared from the data recorded daily 
on developmental time, the number of produced nymphs, the fraction of 
nymphs reaching maturity, and the survival of females. An interval of one day 
was chosen as the age classes for constructing the life table. 

All experimental data concerning the above characters 
(developmental times, survivorship, longevity, fecundity, and fecundity rate) 
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were analyzed with one-way analysis of variance (ANOVA). Comparisons of 
means of biological characters were made with the Duncan's Multiple Range 
Test (CoHort Software, 2004).  

 

RESULTS 
 

I. Developmental times of nymphal instars: 
Developmental times of the four nymphal instars of M. persicae 

feeding on peach and apricot at the three tested temperatures are presented 
in Table (1). There were significant differences among the three temperatures 
in nymphal instars. Meanwhile, there were no significant variations between  
the two host plants at the same temperature.  

On apricot, there were significant differences among M. persicae at 
the three tested temperatures in the fourth nymphal instar and total days to 
reach the adult stage. In particular, the total days of nymphal development 
were 12.8, 8.5 and 4.6 days at 20, 24 and 28oC. On peach, the 
developmental of the fourth nymphal instars and total days to reach the adult 
stage were 3.3, 3.3, 3.2, 3.2, and 13.0 days at 20oC, 2.1, 2.2, 2.1, 2.2, and 
8.6 days at 24oC and 1.1, 1.1, 1.2, 1.2, and 4.6 days at 28oC.   

Growth index of M. persicae was 6.64, 10.59, and 21.74 at the three 
tested temperatures (20, 24, and 28oC, respectively) on apricot (Table 2). 
Meanwhile on peach, there was 6.54, 10.47, and 20.65 at the three tested 
temperatures.  

Developmental rate (1/duration) of M. persicae was 0.0781, 0.1177 
and 0.2174 at the three tested temperatures (20, 24, and 28oC, respectively) 
on apricot and 0.0769, 0.1163, and 0.2174 on peach (Table 2). 
 

Table (1): Developmental times (meanSE)a in days of nymphal instars 
of M. persicae reared on two host plants at three constant 
temperatures. 

Host 
plant 

Temp. 
(0C) 

Nymphal instar Total days to 
reach the adult 

stage 
1st 2nd 3rd 4th 

 

A
p
ri
c
o
t 20 3.2±0.81 aA 3.2±0.81 aA 3.2±0.81 aA 3.2±0.79 aA 12.8±0.96 aA 

24 2.1±0.76 abA 2.2±0.81 abA 2.1±0.76 abA 2.1±0.76 abA 8.5±0.87 bA 

28 1.1±0.71 bA 1.1±0.76 bA 1.2±0.79 bA 1.2±0.81 bA 4.6±0.91 cA 

 

P
e
a
c
h
 20 3.3±0.82 aA 3.3±0.82 aA 3.2±0.76 aA 3.2±0.78 aA 13.0±0.93 aA 

24 2.1±0.76 abA 2.2±0.79 abA 2.1±0.76 abA 2.2±0.81 abA 8.6±0.85 bA 

28 1.1±0.71 bA 1.1±0.76 bA 1.2±0.79 bA 1.2±0.81 bA 4.6±0.89 cA 

aMeans followed by the same small letter in a column between the three temperatures on 
each host plant  or same capital letter in a column between the two host plant at the same 
temperature are not significantly different at the 1% level of probability (Duncan's Multiple 
Range Test).  

Table (2): Growth index and developmental rate of M. persicae reared on 
different hosts at three constant temperatures. 

Host plant Temperature(oC) Growth index Developmental rate 
 

Apricot 
20 6.64 0.0781 
24 10.59 0.1177 
28 21.74 0.2174 

 
Peach 

20 6.54 0.0769 
24 10.47 0.1163 
28 20.65 0.2174 
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II. Survival of nymphal instars: 
Concerning M. persicae, the survival rate of nymphal instars and total 

of nymphal stage was 95.0, 94.74, 100.0, 94.44, and 85.0% at 20oC, 100.0, 
100.0, 95.0, 94.74, and 90.0 at 24oC, and 100.0, 100.0, 100.0, 100.0, and 
100.0% at 28oC on apricot (Table 3). The data in Table (3) indicated that the 
survival rate of nymphal stage on peach was higher at 28oC (95.0.0%) than at 
20oC (85.0%) on peach.   
 

Table (3): Survival percentage of nymphal instars of M. persicae reared 
on two host plants at three constant temperatures. 

Host plant Temp.(0C) 
Nymphal Instars 

Survival % 
1st 2nd 3rd 4th 

 
Apricot 

20 95.0 94.74 100.0 94.44 85.0 

24 100.0 100.0 95.0 94.74 90.0 

28 100.0 100.0 100.0 100.0 100.0 

 
Peach 

20 95.0 94.74 100.0 94.44 85.0 

24 100.0 95.0 94.74 100.0 90.0 

28 100.0 95.0 100.0 100.0 95.0 
 

III. Degree-Day Requirements:  
Minimum developmental thresholds for nymphal instars and nymphal 

stage of M. persicae were not similar on apricot and peach (Table 6). Myzus 
persicae required 57.47 DD to complete its development from first nymphal 
instar to adult female on apricot and 56.82 on peach (Table 4). On apricot, 
results showed that To of 1st, 2nd, 3rd, 4th, and total nymphal stage were 16.40, 
16.49, 15.69, 15.69, and 16.090C, respectively. Meanwhile, on peach, To of 
1st, 2nd, 3rd, 4th, and total nymphal stage were 16.56, 16.66, 15.69, 15.81, and 
16.160C, respectively. 
 

Table (4): Linear regression analysis of temperatures versus 
developmental rates, degree-days requirements, and 
minimum developmental thresholds of M. persicae when 
reared on two host plants. 

Nymphal Instar Regression equation R2 DD's T0 

Apricot 

1st  Y = - 1.2236+0.0746x 0.9365 13.40 16.40 

2nd Y = - 1.2308+0.0746x 0.9162 13.40 16.49 

3rd Y = - 1.0218+ 0.0651x 0.9560 15.36 15.69 

4th Y = - 1.0218+0.0651x 0.9560 15.36 15.69 

Total Y = - 0.2801+ 0.0174x 0.9413 57.47 16.09 

Peach 

1st  Y =  - 1.2553+0.0758x 0.9423 13.19 16.56 

2nd Y = - 1.2625+0.0758x 0.9231 13.19 16.66 

3rd Y = - 1.0217+ 0.0651x 0.9560 15.36 15.69 

4th Y = - 1.029+ 0.0651x 0.9355 15.36 15.81 

Total Y = - 0.2845+ 0.0176x 0.9395 56.81 16.16 

 
IV. Longevity and fecundity of females: 

Based on the statistical analysis, results in Table (5) indicated that 
there were no significant variations in the pre-reproductive, reproductive, and 
post-reproductive of M. persicae when reared on apricot and peach at the 
three tested temperatures (20, 24, and 28oC). Meanwhile, there were 
significant differences in the total longevity of adult females at three tested 
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temperatures. In addition, there were no significant variations between the 
two host plants in the total longevity of adult females (Table 5). The mean 
total fecundity (mean number of offspring/female) was 25.6, 30.3, and 60.0 
nymphs on apricot, and 25.0, 28.0, and 59.0 nymphs on peach at 20, 24, and 
28oC, respectively with significant difference. The fecundity rate (mean 
number of nymphs/female/day) on apricot and peach was significantly higher 
at 28oC (8.96 and 8.68 nymphs) than at 20 and 24oC.  
 
Table (5): Longevity (mean±SE) in days of M. persicae when reared on 

different hosts at different temperatures. 

 
Host 
Plant 

 
Temp. 
(oC) 

Longevity 

Total mean 
fecundity 

Mean of 
fecundity rate 

Pre- 
reproductive 

period 

 
Reproductive 

period 

Post- 
reproductive 

period 
Total 

A
p
ri
c
o

t 

20 2.6± 
0.84 aA 

7.8± 
0.84 aA 

2.2± 
0.92 aA 

12.6± 
0.92 aA 

25.6± 
1.1 cA 

3.28± 
0.67 bA 

24 2.2± 
0.81 aA 

7.0± 
0.81 aA 

1.4± 
0.85 aA 

10.6± 
0.85 bA 

30.3± 
1.4 bA 

4.33± 
0.82 bA 

28 1.3± 
0.84 aA 

6.7± 
0.85 aA 

1.4± 
0.85 aA 

9.4± 
0.91 bA 

60.0± 
1.4 aA 

8.96± 
0.91 aA 

P
e
a
c
h

 

20 2.7± 
0.83 aA 

8.3± 
0.83 aA 

2.3± 
0.91 aA 

13.3± 
0.91 aA 

25.0± 
1.3 cA 

3.01± 
0.71 bA 

24 2.2± 
0.81 aA 

6.8± 
0.79 aA 

1.5± 
0.89 aA 

10.6± 
0.89 bA 

28.0± 
1.4 bB 

4.12± 
0.85 bA 

28 1.2± 
0.79 aA 

6.8± 
0.81 aA 

1.4± 
0.85 aA 

9.4± 
0.93 bA 

59.0± 
1.4 aA 

8.68± 
0.91 aA 

aMeans followed by the same small letter in a column between the three temperatures on 
each host plant  or same capital letter in a column between the two host plant at the same 
temperature are not significantly different at the 1% level of probability (Duncan's Multiple 
Range Test).  
 

V. Life table parameters: 
According to life table analysis for M. persicae, the durations of mean 

generation time (T) were19.55, 13.56, and 8.38 days at the three tested 
temperatures on apricot and on peach, there were 20.01, 13.32, and 8.30 
days on peach. The population could be doubled (DT) every 4.65, 2.84, 
and1.41 days at 20, 24 and 28oC on apricot and 4.51, 2.86, and 1.43 days on 
peach. The values of gross reproductive rate (GRR), net reproductive rate 
(Ro), intrinsic rate of increase (rm), and finite rate of increase (λ) were higher 
at 28oC than at 20 and 24oC on both host plants. From the data illustrated in 
Fig. (1), it could be noted that the survivorship (Lx) for female age was higher 
at 28oC than at 20 and 24oC on apricot. On apricot, the maximum 
reproduction rate per female per day (Mx) was 3.82 on the third day at 20oC, 
while at 24 and 28oC, Mx was 5.17 and 10.85 on the third day. In addition, on 
peach, the maximum reproduction rate per female per day (Mx) was 4.00 on 
the third day at 20oC, while at 24 and 28oC, Mx was 5.17 and 10.58 on the 
third day (Fig. 2).   
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Table (6): Life table parameters of M. persicae when reared on two host 
plants at three constant temperatures. 
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Fig. (1): Age-specific fecundity (Mx) and survivorship (Lx) of M. persicae 
at 20, 24, and 30oC on apricot. 

 

 
Host 
Plant 

 
Temp. 
(oC) 

Life table parameters 
Mean 

generation 
time (T) 
(in days) 

Doubling 
time (DT) (in 

days) 

Gross 
reproductive 

rate 
(GRR) 

Net 
reproductive 

rate (Ro) 

Intrinsic rate of 
increase (rm) 

Finite rate 
of increase 

(λ) 

Apricot 20 19.55 4.65 21.64 18.4 0.1489 1.1606 

24 13.56 2.84 30.67 27.25 0.2436 1.2758 

28 8.38 1.41 60.75 60.75 0.4900 1.6324 

Peach 20 20.01 4.51 25.51 21.60 0.1535 1.1659 

24 13.32 2.86 28.01 25.20 0.2422 1.2741 

28 8.30 1.43 58.99 56.05 0.4853 1.6247 
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Fig. (2): Age-specific fecundity (Mx) and survivorship (Lx) of M. persicae 

at 20, 24, and 30oC on peach. 

 



J. Agric. Sci. Mansoura Univ., 34 (7), July, 2009 

 8259 

DISCUSSION 
Biological information of aphid species is essential for assessing the 

potential rate of increase of a population and for the prediction of the number 
of generations that could occur in one crop season. In addition, any pest 
management program requires an understanding of the biology and ecology 
of this pest. Development in insects is strongly influenced by external 
temperatures. Metabolic rates increase and population doubling times 
decrease as temperatures rise (Gullan and Cranston, 2005). Thus, an 
increase in temperature will affect insect pest abundance by shortening 
generation time (Lawton, 1995), and shifting pest distributions (Porter, 1995).  

Sood and Singh (1997) mentioned that life table studies of M. 
persicae on cauliflower revealed a generation time (T) of 28.31 days and the 
population multiplied 88.62 times. The true intrinsic rate of increase 
determined graphically was 0.153. The doubling time was 4.53 days. The 
species could multiply 1.165 times on cauliflower. Ricci et al. (1999) noted 
that six cohorts (45 individuals each) of M. persicae reared under laboratory 
conditions at 20±1.0oC, 16:8 (light: dark) photoperiod and 50-70% relative 
humidity, were placed on seedlings of lettuce (Lactuca sativa) cv. Crimor, 
Dolly and Regina to obtain their main life table parameters. On Regina, the 
net reproductive rate (Ro) was less than 1 with a negative intrinsic rate of 
increase (rm). On Crimor, Ro reached a value, 1.76 times higher than on 
Dolly; rm was also significantly higher. It is concluded that population 
development of M. persicae can be affected by lettuce variety.  

Cividanes and Souza (2003) reported that the thermal constant (K) of 
M. persicae was 165.6 day-degree. They noted that the age-specific life table 
parameters, on a degree-day time scale, indicated that temperatures of 23°C 
and 25°C provided the best thermal conditions for the population growth of M. 
persicae. At these temperatures, the highest intrinsic rate of natural increase 
(rm=0.012) was observed, as well as the lowest mean generation time 
(T=303.8 degree-day and T=272 degree-day, respectively) and population 
doubling time (TD=57.8 degree-day). Davis et al. (2006) noted that green 
peach aphid developed faster and had greater fecundity under fluctuating 
conditions. Optimal temperature for green peach aphid population growth 
was 26.7°C. The lower and upper developmental thresholds were 6.5 and 
37.3°C, respectively. Under optimal conditions, intrinsic rate of increase was 
0.356, and population doubling time was 1.95 days. At optimal fluctuating 
temperature conditions, one female aphid produced 12.2 progeny each week 
while under the most favorable constant temperature conditions; each female 
aphid produced only 5.9 progeny. Davis and Radcliffe (2008) mentioned that 
life tables statistics indicated green peach aphid had its highest reproductive 
potential among cereals on winter wheat, with rye (Secale cereale L.) barley 
(Hordeum vulgare L.) oats (Avena sativa L.). Green peach aphid was found 
to colonize barley, rye, and winter wheat, but not oats. Mean generation time, 
net reproductive rate, doubling time, and finite rate of increase were 
significantly different between host plants. 

The estimated low temperature thresholds for biological attributes 
suggest that M. persicae may be able to establish in regions with mild to 

http://www.cababstractsplus.org/abstracts/SearchResults.aspx?cx=011480691189790707546:cops6fzdyna&cof=FORID:9&ie=UTF-8&q=Cividanes,%20F.%20J.&sa=Search
http://www.cababstractsplus.org/abstracts/SearchResults.aspx?cx=011480691189790707546:cops6fzdyna&cof=FORID:9&ie=UTF-8&q=Souza,%20V.%20P.&sa=Search
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warm climates and the mean temperature ranging from 20 to 30oC will be 
suitable for M. persicae populations' quick building-up. 

It could be concluded from the present study that the most suitable 
temperature for aphid population growth was 28oC. These results may 
explain why the populations of the tested species significantly higher in April, 
May, August, and September than the other months in Egypt. In addition, the 
rate of increase of M. persicae even at the lowest density is useful in 
portraying the principles of aphid population management by any control 
measure. Life table parameters at constant temperatures are also needed to 
construct models of predicting aphid outbreaks and to enhance the effect of 
various methods of suppression.  
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ّ  الوةوا اضو ة         حشة  ل          ول الحيةا   ا   وجة     ية       بيولوج  ال       مقاييس   ال    كةل      ذلة  ب    قة    وعلا                مة
                والعائل النباتى                   اضحتياجات الح ا ي     مّ 

       ، أحمة     1    فى                     ، هال  احم  كامل الصي   1                          ، عب الب يع عب الحمي  غانم   1                  عا ل حسّ عب  السلام
  2                      م فت قاسم جب  الش بينى   و   2            حسيّ الهني ى

        منصو  .        جامع  ال  -              كلي  الز اع   -                      قسم الحش ات الإقتصا ي   1  
                                            اتات ، م كز البحوث الز اعي  ، وزا   الز اع                     معه  بحوث وقاي  النب   2
 

       فهأر              فتأرات المنأ        كأ  نأ        م علأ   5    22  ،     22  ،    2 0        الحأرار      ات               دراسة تأثيرر در أ  م  ت

ّ  ّ        حشأر  نأ ل   ا    ـأـ          الحر ا       أد ر                            البقأا   فتأرات الحرأا   نقأار             نعد  المنأ   Growth Index      المن  

  .                                   عل  عائلر  مباتر  هنا النشنش  الخ خ           الخ خ الأخضر

   ر    حش ل                       لأعنار الح ررة الأربعة            فتر  المن                 نعم رة ف  ط        فر ق         د        المتائج     حت   ض أ

ّ  نّ     م   عأد        الإحصأائ                                 . برمنأا أههأرت متأائج  التحلرأ       نختبأر          الحأرار  ال    ات       بأر  در أ             الخأ خ الأخضأر 

        أ  مسأبة                أ ضأحت المتأائج     كنأا                              للحشر  علأ  العأائلر  المبأاتر .               ف  فتر  المن          نعم رة         إختلافات         د

         ّ حشأأر  نأأ ّ  ل        الحأرار      ات   در أأ    عمأد           نعم رأأا     ت     إختلفأ       البقأأا                                  الح ررأأات لطأ ر الحشأأر  الكانلأة       صأ  

                                           م ه  الأفض  ف  ال ص   لط ر الحشر  الكان . 5    22                  كامت در ة الحرار      حرث              الخ خ الأخضر

                                                                   ت المتأأائج أ  ا أأ  حأأد حأأرارت حأأرت إختلأأو إختلافأأا نعم رأأا بأأر  كأأ  نأأ  النشأأنش    شأأار أ

    شأر                                                             الحراررة النت نعة  اللازنة لمن  الح ررات   ص لها إلأ  طأ ر الح                        الخ خ.  كامت ال حدات

       الخ خ.   على       58.22  ،             عل  النشنش       55.25          الكان  ه  

   نا   مد ع                               ط   فتر  حرا  الحشر  الكانلة                                         أههرت المتائج أمه لار  د إختلاو نعم ت بر        د 

      لكلرة  ا                بر  فتر  الحرا    ت                        أرضا  أمه ر  د فرق نعم                                  عل  ك  ن  النشنش  الخ خ    د           ربرت الحشر

  ،    0   0.0  ،       25.8                                                                         عل  در ات الحرار  النختبر .أشارت المتائج أ  نعأد  الت الأد الرأ ن  لثمأاث هأ  

  .                   نع    د إختلاو نعم ت           عل  الخ خ      0..5  ،       22.0  ،       25.0                   ح ررة عل  النشنش ،       80.0

   ،    55   ...      كامأت  (T)                                                           أههرت المتأائج أرضأا أ   أرم  أد   الحرأا  النحسأ بة لفتأر  ال رأ    
  ،        0.02.  ،        .20.0                                                    ر م عل  در أات الحأرار  اليلايأة النختبأر  علأ  النشأنش  ،     .2  02  ،       0.5. 8

        رأ م علأ     .   2..  ،    2   2.2  ،     85  .2     كأا  ف  (DT)                    الزن  اللازم للتضأاعو                    ر م عل  الخ خ. أنا     00  .2
   ،  )oR(              نعانأ  التضأاعو   ،   )GRR(             نعأد  التكأاير              ر م. أنا  أرم       20..  ،       2.28  ،     .2  .5        النشنش  

         تفعأة علأ          فكامأت نر  )Lx(                   رم نعد  الحرا    )λ(                     نعد  الزراد  المهائ     ،  )mr(                    عد  الزراد  الطبرع   ن
    .                             ذلك عل  ك  ن  النشنش  الخ خ   م 5   2 2  ،     20       حرار     ت               بالنقارمة بدر    م 5   2 2           در ة حرار  


