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disease)  

(Aubert, 1987; Halbert et al., 2000)

 (Catling, 

1970; Huang et al., 1984; Aubert, 1987)

 

(Huang, 1979a)

 

(Huang, 1979b)  (Huang, 

1972, 1978; Su et al., 1986; Su and Tsai, 

1991)  (Lin et al., 1973; Huang et al., 

1990; Wang et al., 1996; Chen, 1998) 

 (Chien et al., 1988, 1989; Chen, 1990; 

Chu and Chien, 1991; Su and Chen, 1991; 

Chien and Chu, 1996) 
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16 20 24 28 32oC

 (p < 0.05)

16oC 11.0 32oC 2.9

28oC 3.1
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16oC 12.0 32oC 2.8

28oC 3.2

 ( p > 0.05)

16 32oC

12.00oC 52.63  ( )  
 

 

(1)  

16 20 24 28 32oC

 (p < 0.05)

16oC 46.6 28oC

11.5

 (> 

28oC)  ( p < 0.05) 16

28oC  

(> 28oC) 16oC

56.6 28oC 15.5

13.34 13.07 12.11 12.37 11.80oC

28.57 23.81 28.57 37.04

66.67

11.25oC 250  ( )  
(2)  

16 20 24 28 32oC

 (p < 0.05)

16oC 49.0 28oC

11.9

 
Table 1. Developmental periods (days, mean SE) of immature stages of D. citri at different temperatures on three 

Rutaceae plants 

Temp. 
(oC) 

n Egg 
1st 

instar 
2nd 

instar 
3rd 

instar 
4th 

instar 
5th 

instar 
Total 

nymphs 
From egg 
to adult 

 (Murraya paniculata (L.) Jack) 
16 11 10.0 0.19a1) 7.2 0.64a 5.9 0.28a 7.4 0.34a 10.0 0.36a 16.2 0.67a 46.6 1.47a 56.6 1.49a 
20 38 5.5 0.39b 5.5 0.16b 3.6 0.08b 3.8 0.10b 4.7 0.12b 8.5 0.22b 26.1 0.43b 31.7 0.68b 
24 32 4.2 0.13c 3.2 0.09c 2.6 0.10c 2.6 0.12c 3.3 0.11c 5.8 0.13c 17.5 0.35c 21.7 0.40c 
28 63 3.9 0.03c 1.8 0.06d 1.4 0.07d 1.8 0.05d 2.3 0.07d 4.2 0.09d 11.5 0.15e 15.5 0.15e 
32 39 3.4 0.08d 2.2 0.12d 1.5 0.09d 2.0 0.11d 3.2 0.14c 5.7 0.24c 14.6 0.36d 18.0 0.38d 

 (Citrus reticulata Blanco) 
16 15 11.0 0.32a 8.2 0.18a 5.9 0.15a 7.1 0.23a 9.5 0.32a 18.0 0.48a 49.0 0.90a 59.9 1.06a 
20 53 5.9 0.05b 5.7 0.28b 3.6 0.13b 4.0 0.13b 4.9 0.12c 10.6 0.56b 28.7 0.71b 34.7 0.72b 
24 39 4.8 0.07c 2.7 0.09c 0.9 0.07c 2.3 0.08c 2.8 0.12d 6.5 0.27c 16.3 0.37d 21.1 0.35c 
28 30 3.1 0.06d 2.3 0.09c 1.4 0.09d 1.7 0.08d 2.1 0.07e 4.5 0.14d 11.9 0.16e 15.0 0.16d 
32 12 2.9 0.23d 1.7 0.14d 1.5 0.15d 2.0 0.33cd 8.4 1.61b 7.2 1.59c 20.8 1.97c 23.8 1.88c 

 (Fortunella margarita (Lour.) Swingle) 
16 6 12.0 0.26a 8.0 0.33a 5.0 0.31a 5.7 0.21a 8.0 0.37a 18.0 0.73a 44.5 0.99a 56.7 1.12a 
20 35 6.7 0.12b 4.0 0.13b 3.4 0.09b 3.9 0.14b 4.8 0.14b 8.3 0.19b 24.5 0.43b 31.2 0.48b 
24 32 4.4 0.09c 2.9 0.13c 2.0 0.08c 2.2 0.07c 2.8 0.08d 5.3 0.15c 15.2 0.26c 19.6 0.27c 
28 42 3.2 0.06d 2.1 0.10d 1.5 0.08d 1.8 0.08d 2.1 0.06e 3.9 0.10d 11.4 0.22d 14.6 0.22d 
32 42 2.8 0.06d 2.0 0.09d 1.4 0.08d 2.1 0.10c 4.0 0.23c 5.5 0.20c 15.0 0.44c 17.8 0.43c 

1) Means in each column with the same letter are not significantly different at 5% level by Tukey’s test (Sokal 
and Rohlf, 1995). 
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 (> 

28oC)  ( p < 

0.05) 16 28oC

 (> 28oC) 

16oC 59.9

28oC 15.0

12.18 12.89

12.87 12.84 11.93oC

35.71 21.28 26.32 31.25 71.43

12.75oC

250  ( )  
(3)  

16 20 24 28 32oC

 (p < 0.05)

16oC 44.5 28oC

11.4 24oC 32oC

15.2 15.0

 (> 28oC)  (

p < 0.05) 16 28oC

 (> 28oC) 

16oC

56.7 28oC 14.6

11.48 11.70 11.39 12.33 12.59oC

34.48 25.00 30.30 33.33

58.82

13.00oC 250  ( )  
 

 

(1)  

16oC

 
Table 2. Survivorship ( ) of immature stages of D. citri at different temperatures on three Rutaceae plants 

Temp. 
(oC) 

Egg 1st instar 2nd instar 3rd instar 4th instar 5th instar 
From egg 
to adult 

 (Murraya paniculata (L.) Jack) 
16 87.0 23.4 72.7 100.0  87.5  71.4  9.3 
20 91.9 78.9 95.6  97.7  97.6  95.1 62.9 
24 96.1 95.9 95.7  97.8  97.7  90.7 76.5 
28 94.7 95.8 98.6  98.5  97.0  96.9 82.9 
32 86.7 85.9 94.0  98.4  93.5  93.1 60.0 

 (Citrus reticulata Blanco) 
16 93.3 76.2 87.5  89.3  84.0  81.0 37.8 
20 70.3 72.2 90.8  96.6 100.0  94.7 42.2 
24 92.9 75.0 87.2 100.0  88.2 100.0 53.6 
28 89.8 88.6 97.4  94.7  91.7  93.9 63.3 
32 75.0 91.7 95.5  90.5  89.5  64.7 34.4 

 (Fortunella margarita (Lour.) Swingle) 
16 90.9 40.0 75.0 100.0  77.8  85.7 18.2 
20 88.7 71.4 88.9  95.0 100.0  94.7 50.7 
24 95.2 79.7 85.1  95.0  92.1  97.1 54.8 
28 98.7 86.3 95.2  96.7 100.0  98.3 77.0 
32 95.4 77.1 92.2  91.5  96.3  88.5 52.9 
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20 24 28 32oC

 (p < 0.05) 20oC 83.7

28oC 36.0

24oC 32oC 44.7 41.0

32oC 193.3

28oC 616.5 24oC

581.2 20 28oC

24 32oC

24

20 24 28 32oC

141 76 51 63

 (> 28oC)  (

p < 0.05) 20 24 28 32oC

9 6 6 6

39 21 15 36  ( )

 (rm) 28oC

0.254 20oC 0.105

 (R0) 28oC 319.56 32oC

93.66  (T) 20oC

48.3 28oC 22.7

 
Table 3. Developmental threshold ( , oC) and thermal constant (K, degree-days) of D. citri derived from the linear 

regression equations 

Stages Intercept Slope R2 (oC) K (degree-days) 
 (Murraya paniculata (L.) Jack) 

Egg -0.102 0.014 0.941  7.29  71.43 
1st instar -0.467 0.035 0.897 13.34  28.57 
2nd instar -0.549 0.042 0.858 13.07  23.81 
3rd instar -0.424 0.035 0.989 12.11  28.57 
4th instar -0.334 0.027 0.995 12.37  37.04 
5th instar -0.177 0.015 0.996 11.80  66.67 
Nymph -0.074 0.006 0.989 12.33 166.67 
Egg to adult -0.045 0.004 0.994 11.25 250.00 

 (Citrus reticulata Blanco) 
Egg -0.204 0.018 0.970 11.33  55.56 
1st instar -0.341 0.028 0.949 12.18  35.71 
2nd instar -0.606 0.047 0.981 12.89  21.28 
3rd instar -0.489 0.038 0.991 12.87  26.32 
4th instar -0.411 0.032 0.990 12.84  31.25 
5th instar -0.167 0.014 0.972 11.93  71.43 
Nymph -0.068 0.005 0.969 13.60 200.00 
Egg to adult -0.051 0.004 0.991 12.75 250.00 

 (Fortunella margarita (Lour.) Swingle) 
Egg -0.228 0.019 0.997 12.00  52.63 
1st instar -0.333 0.029 0.996 11.48  34.48 
2nd instar -0.468 0.040 0.981 11.70  25.00 
3rd instar -0.376 0.033 0.974 11.39  30.30 
4th instar -0.370 0.030 0.989 12.33  33.33 
5th instar -0.214 0.017 0.999 12.59  58.82 
Nymph -0.067 0.006 0.997 11.17 166.67 
Egg to adult -0.052 0.004 0.997 13.00 250.00 
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 (DT) 20oC 6.6

28oC 2.7  

(2)  

16oC 32oC

20 24 28oC

 (p < 0.05) 20oC

111.7 28oC 45.2

28oC 523.5

20oC 307.4 24oC

355.3 20 28oC

20 24 28oC

93 54 30

150 99 60

 ( p < 

0.05) 20 24 28oC

15 15 9 45 42

21  ( )

 (rm) 28oC 0.221 20oC

0.086  (R0) 28oC

265.27 20oC 153.30

 (T) 20oC 58.6

28oC 25.3  (DT) 

20oC 8.1 28oC 3.1

 

(3)  

16oC

20 24 28 32oC

 (p < 0.05) 20oC

89.1 32oC 49.1  

 
Table 4. Longevity (days, mean SE) and fecundity (eggs per female, mean SE ) of female D. citri at different 

temperatures on three Rutaceae plants 

Temp. (oC) n Longevity (days) Fecundity (eggs per female) 
 (Murraya paniculata (L.) Jack) 

16  5 (9-300) 1) 0 
20 18    83.7 6.31a 2) 310.2 18.24b 
24 20  44.7 4.45b 581.2 50.26a 
28 21  36.0 1.95b 616.5 49.29a 
32 18  41.0 3.23b 193.3 31.42c 

 (Citrus reticulata Blanco) 
16  6 (3-90) 0 
20 17 111.7 4.01a 307.4 21.59b 
24 15  71.6 4.31b 355.3 29.12b 
28 18  45.2 2.27c 523.5 43.31a 
32 5 (3-30) 0 

 (Fortunella margarita (Lour.) Swingle) 
16  6 (3-120) 0 
20 16  89.1 3.40a 322.7 19.61c 
24 15  70.8 4.78b 644.6 44.15b 
28 20  51.9 2.54c 795.5 61.48a 
32 22  49.1 2.04c 342.5 28.91c 

1) Range of longevity. 
2) Other remarks are same as in Table 1. 
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Fig 1. Age-specific survival rate (circles curve) and age-specific fecundity (triangles curve) of D. citri at different 

temperatures on three Rutaceae plants. 
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 (DT) 20oC 7.3

28oC 3.8  
 

 
 

 

( ) 
Fig 1. Age-specific survival rate (circles curve) and age-specific fecundity (triangles curve) of D. citri at different 

temperatures on three Rutaceae plants. (Continued) 
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 (> 28oC) 

28oC

 (> 28oC) 

 (

) 20 28oC 3.1 6.7

11.4 24.5 Husain 

& Nath (1927) 4 6

11 25 Liu & Tsai (2000) 

3.5 7 10.6 21.8  

 (< 24oC) 

 (> 28oC) 16oC

32oC

 ( )

28oC

 

20 28oC

 ( ) Lin 

et al. (1973) 100

200 870

36 111.7 307 796

32oC

193.3 342.5 Liu & Tsai (2000) 

 
Table 5. Population parameters of D. citri at different temperatures on three Rutaceae plants 

Temp. (oC) n rm
2)

 R0 T (days) DT (days)  
 (Murraya paniculata (L.) Jack) 

16 -1) - - - - - 
20 18   0.105 0.005d 3) 158.75 48.3 6.6 1.111 
24 20 0.224 0.012b 277.85 25.1 3.1 1.251 
28 21 0.254 0.009a 319.56 22.7 2.7 1.289 
32 18 0.166 0.011c  93.66 27.4 4.2 1.181 

 (Citrus reticulata Blanco) 
16 - - - - - - 
20 17 0.086 0.003c 153.30 58.6 8.1 1.090 
24 15 0.122 0.005b 177.26 42.1 5.6 1.130 
28 18 0.221 0.009a 265.27 25.3 3.1 1.247 
32 - - - - - - 

 (Fortunella margarita (Lour.) Swingle) 
16 - - - - - - 
20 15 0.095 0.005d 161.14 53.3 7.3 1.100 
24 15 0.139 0.007c 325.08 41.7 5.0 1.149 
28 20 0.182 0.010a 380.68 32.7 3.8 1.200 
32 22 0.163 0.008b 173.78 31.7 4.3 1.177 

1) means no adults survived to lay eggs. 
2) SE estimated by Jackknife method (Meyer et al, 1986). 
3) Other remarks are same as in Table 1. 
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Effects of Temperature and Host Plant on Population 
Parameters of the Citrus Psyllid (Diaphorina citri Kuwayama) 
 
Yun-Chung Fung and Chiou-Nan Chen*  Department of Entomology, National Taiwan University, No. 1, Roosevelt Road, 

Section 4, Taipei, Taiwan 

ABSTRACT 

The development, survivorship, longevity, fecundity, and population 
parameters of the citrus psyllid, Diaphorina citri Kuwayama were studied at 
16, 20, 24, 28, and 32oC on three Rutaceae plants. The measured parameters 
listed below are for jasmine orange, Murraya paniculata (L.) Jack; ponkan, 
Citrus reticulata Blanco; and kumquat, Fortunella margarita (Lour.) Swingle, 
respectively. The average developmental period from egg to adult varied from 
56.6, 59.9, and 56.7 days at 16oC, to 15.5, 15.0, and 14.6 days at 28oC. The 
low temperature developmental threshold from egg to adult was 11.25, 12.75, 
and 13.00oC, and the cumulated effective temperature was 250 degree-days 
on all three plants. The survival rate also varied from 82.9, 63.3, and 77.0% 
at 28oC, to 9.3, 37.8, and 18.2% at 16oC. Adults reared at 16oC on all three 
plants and at 32oC on ponkan failed to survive and reproduce. The mean 
longevity of females decreased with increasing temperature. A female on 
average laid 616.5, 523.5, and 795.5 eggs at 28oC. The cohorts reared at 28oC 
had the highest intrinsic rate of increase (0.254, 0.221, and 0.182); finite rate 
of increase (1.289, 1.247, and 1.196); net reproductive rate (319.56, 265.27, 
and 380.68); and shortest population doubling time (2.7, 3.1, and 3.8days); 
and mean generation time (22.7, 25.3, and 32.7 days). Accordingly, we 
concluded that the optimal temperature range for D. citri population growth 
was 24-28oC, and jasmine orange was the most suitable host plant among the 
three plants tested. 

 
Key words: Diaphorina citri, temperature, Rutaceae, population parameters 
 
 




