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ABSTRACT

Tamarixia radiata (Waterston) completed their development at 15°~32°C
with the optimum temperature 25°C. The lower developmental threshold was
estimated to be 11°C for development from egg to adult. Degree-days required by
T. radiata to complete the egg, larval, prepupal, pupal, and egg-to—adult stages
were 30, 65, 10, 72, and 165, respectively. The ability to adapt to the fluctuating
air temperature in the field was poor, and the survival rate from egg to adult
decreased to 46% during July to August and to 23% during December to
January. When 20 5th-instar nymphs of Diaphorina citri Kuwayama were
provided daily for a pair of T. radiata at 25° and 30°C, the actual host—killing
capability, the intrinsic rate of increase (r), net reproductive rate (R.), and
mean generation time (T) were 245 and 196 psyllids/ female, 0.3077 and
0.3655 / day, 140 and 90 female eggs/female, and 16.05 and 12.29 days,
respectively. Only the adults were suitable for cold storage. Temperatures 8° and
15°C significantly prolonged the longevity of the females (45.5~59.5 days)
relative to 25°C (22.5 days) and 30°C (9.6 days).

Key words: Tamarixia radiate, population parameter, temperature, storage,
Diaphorina citri.
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Fig. 1. Average air temperature for each two hours
in a day during December 24, 1990 to
January 29, 1991 and July 23 to August 11,
1991 at Wanfeng, Taichung.
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Table 1. Rate of survival of various growth stages of Tamarixia radiata at various constant temperatures

% Survival (x+SEM)”

Tefn P Egg Larva Pupa Egg-adult

(0 CL? Jo¥ CL? JO* CL? Jo* cL JO*
10 0d 0d - - - - Oe Oe
15 89+1ab 82+ 4b 94+1b 91+ 4ab 54+2c¢ 62x6¢ 44+2d 46L5¢c
20 88+lab 8+ 2b 96+2ab 9% 3a 94+2ab 93%3a 80+2b 74%2ab
25 94+2a 94f 2a 99+1a 99zt la 97+2a 94x2a 90+3a 88+3a
30 82+5b 82+ 4b 82+t5¢c 8= 2b 89+3b 83x5ab 59+2 ¢ 58+4 be
32 77+8b 74+ 4 be H+3c T3+ Tc 63+6c 68+6bc 38+5d 20+6d
35 52+1c 65+10c 18+6d 32+16d 0d 0d 0e Oe

1) Means in each column followed by the same letter are not significantly different at 5% level by LSD. Dataﬁ
were transformed to arcsin x prior to ANOVA. No significance was found between cantonese lemon (CL)
and jasmine orange (JO) for each growth stage.

2) CL: cantonese lemon with parasitized Diaphorina citri nymphs at the rate of 50/ plant, 3 replications.

3) JO: jasmine orange with parasitized Diaphorina citri nymphs at the rate of 10/ twig, 5 replications.
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Tabie 2. Duration in days of various growth stages of Tamarixia radiata at various constant temperatures

Temp. Egg Larva Prepupa Pupa Egg-adult
(0 n_ x+SEM n  x+SEM n_ x+SEM n _x+SEM n X+SEM
15 26 3.9£0.1a 1915.940.6 a 12 25+0.7a 29 14.3£09a 21 36.6£0.6 a
20 64 3.2+0.1Db 30 8.0£0.1b 32 11£0.1lb 37 80+1.0b 38 20.3+1.0b
25 4 20x01c 36 4.2x04c 36 06+00¢ 20 48+04c 15 11.6+04 ¢
30 42 1.3%£0.0d 37 3.2+03d 37 05+00¢ 37 3.7+04d 53 8.7+0.5d
32 34 1.21400e 15 291+0.0de 6 04x00¢c 12 33£01e 34 78+01le
35 87 1.2+0.0e 8 29+00e 7 0.5+00c¢ 7 died 87 died

1) Means in each column followed by the same letter are not significantly different at 5% level by LSD.
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Fig. 2. Relationship between temperature and deve-

i HERBEIHIE 3 R(EZ) - 5 lopmental rates of various growth stages of
/8 58 6 KB 25°C BRGER , Tamarixia radiata
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BEHEER MR R  IENEARBREEZRE 115



k= TEWIBZAMCREEHAERARETEYRR"
Table 3. The lower developmental thresholds (°C) and degree-day requirements (‘C-days)
for various growth stages of Tamarixia radiata"

Lower developmental

Stage threshold Degree-days
(x+SEM) (x+SEM)
Egg 8.8+0.8 30+3
Larva 10.8+0.6 65£6
Prepupa 9.7+£1.3 10+2
Pupa 10.3+0.2 7243
Egg to adult 11.0+0.3 165+7

1) Lower developmental thresholds and degree-days were estimated according to the

method of Campbell et al. (1974).

£m EETESHERER LR RERREEE"

Table 4. Duration and rate of survival of various growth stages of Tamarixia radiata at

Wanfeng, Taichung"

Winter” Summer”
Stage Duration (days) % Survival Duration (days) % Survival
(x+SEM) (x£SEM) (x+SEM) (x£SEM)
Egg 3.03+£0.01 78+ 6 1.92+0.01 85+3
Larva 8.73+0.06 6611 3.26+0.01 77£3
Pupa 11.13+0.18 46+ 6 3.9840.01 70+1
Egg to adult 22.30+0.45 23t 5 9.16£0.02 46+2

1) Forty 5th-instar nymphs of Diaphorina citri were used for each experiment with 3

replications.

2) Experiment conducted during Dec. 24, 1990 to Jan. 29, 1991.
3) Experiment conducted during Jul. 23, to Aug. 11, 1991.
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Fig. 3. Relationship between temperature and long-
evity of Tamarixia radiata provided with
honey or Diaphorina citri. Honey: adults
maintained at 8°C were temporarily removed
to 25°C and fed with honey for 1 hour every
other day. Adults maintained at 15°~30°C
were fed with honey the same way every
day. 9y=87.646-3.663x+0.036x%
R?=0.95; 4 y=100.7-6.196x+0.107x’,
R?=0.93. Host: see footnote 2) of table 5.
9y=-38.235+4.241x-0.083x*, R’'=0.84;
8 y=-23.120+2.512x-0.048x*, R*=0.72.
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Table 5. Reproduction and host-feeding capability of Tamarixia radiata at various constant

1.2

temperatures
A Progeny
T??ér)) Fecundity No. hosts killed A/B sex ratio
(no. eggs laid/ £) by feeding / ¢ (£/2+8)
15 7+ 1b 9+2c¢ 1.0+02b 0.50+0.03 b
20 16+ 3b 8x+2c¢ 2.2£06b 0.6310.10 ab
25 2156+20 a 605 a 3.6£03b 0.77£0.01 a
30 233+20 a 43x9b 5.2+0.7 a 0.74£0.04 a

1) Means (x £SEM) in each column followed by the same letter are not significantly
different at 5% level by LSD. Percentage of sex ratio data were transformed to arcsin

x prior to ANOVA,

2) One pair of adults was provided with 20 5th-instar nymphs of Diaphorina citri daily
and reared at a given temperature, photoperiod of 14 : 10 (L : D), and 100% RH; 5

replicates.
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Table 6. Population parameters for Tamarixia radiata at various constant temperatures "

. Parameters”

Temp. (°C) " ] R T
15 0.0011 1.0111 2 39.94
20 0.0081 1.0847 6 22.78
25 0.3077 1.3603 140 16.05
30 0.3655 1.4413 90 12.29

1) See footnote 2) of Table 5.

2) r: intrinsic rate of increase (day'); 4: finite rate of increase (day®); R.. net
reproduction rate (female eggs / 2); T: mean generation time (days).

1007 -~ 15°cl

Survival rate (%)
m, (female eggs/female) and v,

Age (days)

B FRER TR & i5REEE,)  KiEE
(m) R FHRFEE(v,=lm,)

Fig. 4. Age-specific survival rate (l.) » fecundity rate
(m,) and distribution of net maternity value
(v,=Im,) of Tamarixia radiata at various
constant temperatures.
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Table 7. Mortality of Diaphorina citri caused by Tamarixia radiata at various
constant temperatures'?

Temp. Host—killing Actual host- % Super- % Prey
(°C) potential / & killing parasitism parasitized
capability / £ and fed
15 16+ 3D 16+ 3b O0c Oc
20 25+ 4b 25+ 4b Oc Oc
25 276+24 a 245+23 a 10+1b 3.8£08D
30 275 +£27 a 196+£24 a 27+4 a 79x15a

1) Means (2 £SEM) in each column followed by the same letter are not significantly
different at 5% level by LSD. Data of percent superparasitism and prey parasitized
and fed were transformed to arcsin x prior to ANOVA,

2) See footnote 2) of Table 5.

FA EARBEGHE7TRIARERIM 25 CT2tbE"

Table 8. Percent emergence of Tamarixia radiata at 25°C after storing at various

temperatures for 7 and 14 days ¥

Duration Temp. (°C)
(days)
8 10 12
Mature larva
7 13£8Db 15+3 ab 341t9a
14 0b 104 a 13+3a
Prepupa
7 13+3b 15£7D 33t3a
14 0b 5+3b 2046 a

1) Means (x+=SEM) in same row followed by the same letter are not significantly
different at 5% level by LSD. Data were transformed to arcsin x prior to ANOVA.
2) Ten mature larvae or prepupae per treatment, 4 replicates.

REFFEHBHELFIRETF1IRZ
B(EEZE% ,1991b; Chu and Chien,
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TE MR FAESL > 2 F 3 A R B/ %
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HE . EEZENAZERBRBERT  BBZ
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