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importance in biological control of many pest and spider mites. In order to clarify the influence of
temperature factors on the development and predation ability of T. montdorensis, the survival rate,
development and predation ability of T. montdorensis under different temperature conditions were
compared with Tetranychus truncates as its prey, and the relationship between growth rate, functional
reaction and temperature was analyzed respectively. The results showed that temperature significantly
affected the developmental period of T. monidorensis. The development of T. montdorensis was abnormal
at constant temperature of 15°C, only 20% of the eggs hatched and all died during nymphs stage at
15°C ; survival rate was more than 90% at 20 ~30°C , the highest survival rate was 92. 50% at 30°C , but
survival rate was only 70% at 35°C. In the range of 20 ~35°C, development duration has a negative
correlation with temperature, and the linear diurnal model can better describe the phenomenon that
development rate of each mite state of T. montdorensis accelerates with the increase of temperature. T.
Monidorensis had different developmental threshold of temperature and effective thermal summation at
each developmental stage; deutonymph stage had the lowest developmental threshold of temperature, was
11.24°C, and egg stage had the highest developmental threshold of temperature, was 15.47°C , and the
lowest effective thermal summation was 14. 84 degree-days for larva, the developmental threshold of
temperature of the immature stage was 12. 56°C , and the effective thermal summation of immature stage
was 88.99 degree-days. The results showed functional responses of T. montdorensis to T. truncates
approximated Holling type II at the temperature of 20 ~30°C , treatment time of prey decreased with the
increase of temperature, and attack rate, predation amount and control ability increased with the increase
of temperature; That is, in the range of 20 ~30°C , with higher the temperature, T. montdorensis had
higher predation efficiency. These results will help to evaluate the potential of T. montdorensis as a
biological control agent against pest and spider mites.

Key words: Typhlodromips montidorensis ( Schicha) ; biological control; Tetranychus truncates (Ehara) ;

temperature ; developmental period; predation ability
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REOIF PR T AL, & " (PR, 2001
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BIGOL, AREN R, 6] R 4 R
T IR AL o B, CE T RH 85% 5% ,
14 L:10 D N TAMEFE T i#AT (REESE, 2011;
Chen et al. , 2011)
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DLk 24 W 9 T. montdorensis MERUIE 1 3k (REEE,
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1.3.2 il iR A AR it
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(n2V? = 3VEV); K = (n2VT - SVET)/(n2V* -
SVEV);V = I/N; b, CHRFERARE, K
FERBE, NAKEIM, THERE, n HHEEA
B, VAIKEHER (5kFHE, 2002),
1.3.3 TR

JH Holling I178 5] 8 J5 #2 #4715 48L T. montdorensis
B UL 0 DI RE R

Na = aTN,/ (1 +aThN,), T Na R B
RS YRR, o AR UGES, Ny NIEWEE, T
AR R, Th AL E] (R TL04E, 1991;
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K H] Excel HEATEHEEEBE, F] SPSS 13.0 4/
HEFT 43 BT R S A 5
2 #HRE5HH
2.1 BREX T. montdorensis 1Fi& B0
T. montdorensis £5 5 25 7EAS [A] L FE T MIA715 &
WFEA R, YR EE A 15°C i HA 20% 1) DR bR
1k, 40 KRR ACA 8 KL BRIFEAL, I H 7R 6 1 D
Bf43RFET, T. montdorensis £ 15 CARIR R F A
REIEH 52 A K & B 20 ~ 30°C B 77 16 F 4 ik
90% Lk L, 30°C i BE & 1R I AF N R o R
92.50% ; Ti4IREE 1 FHE] 35°C I, SEr-igim, f7
SR 70% , Ui 15°CIRIEXT T. montdorensis 1Y)
TFIERAW KT, 35CEHEX T. montdorensis B
PG RA —E R (1),

K1 AEBELZMHT Typhlodromips montdorensis L& M i A MR 1R E X

Table 1 Survivalship of Typhlodromips montdorensis at different constant temperatures with Tetranychus truncatus as its prey

i IR (°C) Temperature
Developmental stage 151 20 +1 25 +1 30 1 35 +1
PIAFIT % Egg survivalship(N) 20.00% (40) 97.50% (40) 95.00% (40) 92.50% (40)  92.5% (40)

4475 % Larva survivalship(N)

05 1 WIAEIE 2R Protonymph survivalship(N)
506 11 7775 R Deutonymph survivalship( N) -
AR B A1 %

Immature stage survivalship(N)

50.00% (8)
0.00% (4)

100. 00% (36) 100.00% (36) 100.00% (37)

94.87% (39) 94.74% (38) 100.00% (37) 89.19% (37)

97.30% (37) 100.00% (36) 100.00% (37) 90.91% (33)

93.33% (30)

90.00% (40) 90.00% (40) 92.50% (40) 70.00% (40)

N =FE5%80, Note: N = Number observed.
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2.2 REX T. montdorensis X & HEIRIZ M0

T. montdorensis £ WEASFEAFIRE T W AT
MW 45 R WoR, £F 20 ~35CIRETLEM, T
montdorensis WA K B IILIN . 4l #5705 1, #5701
FBLIE 5 S, KB SEEZR AR,
FE20°CHF BRI 5. 15 d, TiAE 25°C i B 30 5 45
MZE1.60 d, 7 35CHIIIHAIY 1.07 d; 7 35°CHY
FWAS Y & B PRSI L, TE 20 ~ 35°C iR E L
N, BER TR R T A5 S 0 K D B 4
2 Duncan’s HI W2 TEK T, 20°C, 25C, 30C .
35C 4 MR EMARRAB I 2E R B, T
montdorensis WUE#IE MW 19 A= K & B 52 1 5%
MAAER (£2),

2.3 T. montdorensis &R B & BEMENRIR

T T. montdorensis TE 15°C 554 F &80T,
PRI 2 S el B2 RAT AR T3 U 20 ~ 35°C
G . T. montdorensis 25 W A5 1) A& B AL s K
ARMBE L mIE%HAE S (FR3), PR
R, AR E BBy & kSO R A RO
RIPARIE], WA LG, 256 1L 5 &k Bk s iR
A, A 11.24°C; AR, M 15.47°C, A
ROPBUIE W) LA %) b5 e IR, O 14.84 H - L T
montdorensis W BP 55 8856 | 755 (1) & 7 S A Uk BE AH
ZEROR, RS K R AR A AR )
M 12.56°CH188.99 H - & (£3),

X2 ARIBET Typhlodromips montdorensis WA B iH A B A B HEA

Table 2 Average developmental periods of Typhlodromips montdorensis at different constant temperatures

with Tetranychus truncatus as its prey

IS W (°C) Temperature
Developmental stage 151 201 25 +1 301 35+1
9 Egg (d) 12.20+2.16 A 5.15+0.21 B 1.60+0.15C  1.55+0.22C  1.07+0.16 D
41 Larva (d) 4.63+0.41 A 2.25+0.14B  0.95+0.11C  0.9020.15C  0.70+0.11 D
0% 139 Protonymph (d) - 2.65+0.25A  2.05x0.19B  1.16+0.18C  1.16£0.17 D
#7011 3] Deutonymph (d) - 2.71%£0.24 A 2.1720.23B  1.41£0.15C  1.12+0.15D
H Y Immature stage (d) - 12.76 £0.42 A 6.79+0.27 B 5.02+0.41 C  4.05+0.22 D

. FBPEIEHN Mean £ SE (CEIEL + fpdiEiR) , BIREHE KRS FRHFERERANEE (P<0.05) (Duncans HiEMEE) .

Note: Data in the table mean value * standard error; same capital letters after the data represented the developmental period no

significant difference at 0. 05 level by Duncan’s analysis.

% 3 Typhlodromips montdorensis ARHEHNEZ T ERBEMBEURE

Table 3 Developmental threshold temperature and effective thermal summation of Typhlodromips montdorensis

KEEMEE (C) ARABUER (H - )

Development threshold temperature Effective thermal summation

WS R R
Developmental stage Correlation coefficient
Ui Egg 0. 9483
il Larva 0. 9454
#1513 Protonymph 0. 9365
771 1T ¥ Deutonymph 0. 9865
Y] Immature stage 0.9961

15.47 20. 06
12.52 14. 84
11.97 23.99
11.24 26.74
12. 56 88.99

2.4 BELS T. montdorensis EREXBTIEREN
K&

T T. montdorensis 7F 15°C 54 F &5 6T,
IE S T. montdorensis 5 AL B BAM) R R M
HH 20 ~35°C %8s . SR A4tk H B AR Y R 1740

G, FHSKETERRSRENCRWME 1, PHEss
REW, R Z M B BB RE 5 4 il iR T
montdorensis 2SR B HRIE 20 ~35C L F A
B T AR B4R
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Fig. 1 Relationship of the development rate of Typhlodromips montdorensis with temperature
H, -O-, RB#EEK; - -0 - -, LMEHE, Note: —[J -, developmental rate; - - ll - -, the linear one.
2.5 T. montdorensis 3 B M HEHHEER AR g, H B KA &5 M 20°C 14 1. 8164
ML 35C A MR Z R a2, 0 Sk, S 2SCHER NS 12.7642 ;7 20°C i 45

10 MEEPA 3 A HMEE S 14 Sk
16 KA1 17 &, A2 MEEHMEN2 L, A
5 NEEFHE T. montdorensis FET-, PR B 40 1
AEPERS HEBR T 35°C MO BE, AR A, 1E 20 ~
30C AR, T. montdorensis W 456 i 2 #RL I - g6
W oSl Ak LA o T O 0 T v T A L BR

HIREST a/Th (EAXH 0. 1742, T 2436 FHE 51 30°C
I a/Th (EPHEETEF] 11. 2866; HIFE 20 ~30°C &
FEYEEIN, T. montdorensis W 35436 %o 7R - b kg
G 42 T R 7 Bt T RE %) T T ] SR A 5R, 30°C
k3R KB, T. montdorensis Wi 5 i35 X ] - 15
WHE B Y I RE SR AF G Holling 1 A28 48 75 2
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R4 AEEET Typhlodromips montdorensis W B 1 X &5 2 R I B 4 B9 Th B8 =2 R

Table 4 Functional responses of females Typhlodromips montdorensis to females Tetranychus truncates

24 IR (°C) Temperature

Parameters 20 £1 25 +1 30 £1
Hig K ERE (3k/d) The maximum predation rate 1. 8164 12. 7642 13. 2806
AL ERAEISE] (Th) The prey handling time 0. 5505 0.0783 0. 0753
BN % (a) The successful attack rate 0. 0959 0. 7475 0. 8499
YehlfE 1 (a/Th) Control ability 0.1742 9.5412 11. 2866
TIfe NI TR (Na) 1.918 N, 18. 687 N, 25.497 N,
Number of prey consumed 1 +0.0258 N, 1 +0.0585 N, 1 +0.0640 N,

3 ER5ITE

ERSHEN AT ERRSIRENCRERNTH
o () AT T 4 5 O R A R A AR A
B, ERRSHEAEYFMRNEELNEZ —,
ARG T 15 ~35CIERBI NIRRT T. montdorensis
VIR 06 S A5 Wy s A2 s % . AR R R FIHl 2 R
TR, 259K ) 15°CHT T. montdorensis VAR,
T -1 A 5 WY I AN BB IE WSS UE KRR E, DAY
R IAH 20% , 0 5 194735 % 0 05 7E 20 ~
30°C I B2 5 Bl N, A7 3 AR B RE AY B T T 8
30°C ARG b i 92. 50% 5 TMI7E 35 C R 4514 T 5
TRIEIN, A7TE AL T0% 5 1 20 ~35°C i & 1 [l
W, KBTI SIEERAMICKER, RITLHEH
PR BERC AP M AR T, montdorensis WS AT
BRAE 20 ~ 35°C T2 78 Fil A Bl iR v i bR 7
B4, WREEXT T. montdorensis 25 W 2% AT 15 R H1 &
BEHYA BEFEEW, BEEEW T. montdorensis =
KERMEZERNEZ —,

TE 20 ~35CIRJEJERIN, T. montdorensis AL,
KA, S, 1, A RS 5 A
[ ABE BB, & &8 W B Py sk 1 BE IR
Thamaes, KENMSREEAMLLER, &
Duncan’s Bt 22 K0 5, AN R BE 9 & 8 D A
LT A 35C B &5 A & F DT
S L 22 56 Amblyseius cucumeris ( Oudemans) Y
KA 28°C I & & T E AR L (5K HE 3 55
2011), UiBH T. montdorensis HiH JIVEE 22 B B 33 I
BT, A 25°C B LR M AS ) T
montdorensis P &% & 2 A0 & T I 6.79 d,
57E25° R E T T. monidorensis AT AL N E
27 d NSERAETE SBAHVT (Steiner et al. , 2003) ,

{HGLL25C I FRAER B 4. 8 d B LA BEM g
Tetranychus urticae Koch "NAEY) 4.7 d 1) % B D AR
e, KB B IRK (Hatherly et al. , 2004)
AN B B B & B A AR A SRR A ]
FUEAS AL, A T R E R AR B B, R
11.24°C; BRI B 0 A BE fe i, o 15.47°C
A OB U L4y 5 fre fEG, O 14.84 H - ;T
montdorensis A BEAH & B AR E A 12.56°C
FCBOE M 4 & B R AR 12,6 ~ 14, 86°CAIR (i
TELAE, 2001; @RFAE, 2002), AMTEAEE
WAETRASPF T 1T R), 5 AR FRR T A —
EES, HXHMEE T, montdorensis TEAF LI AE & A=
REAIA —E WIS HMAE.,

E& IR DI BB B2 S 4 g Sk 4l B TR — o I 1]
AR A O A W R R S AR R, R
Holling B 355 FE 4 A Holling 2 T e s Y
R (disk equation) J&5, KREO ISP D 6E
BLEINAMIEFEAR 2, 48 R Z 401 Holling 1T B ) fiE
By 8 805 B A (T AR, 19805 T A K,
1994) ., Holling Il %Y iy B S5z 17 2 4 £ 2 % HUB 40 47l
BIRER N S (RT4L, 1991) . AHF
FLER BIRIRSEXT T. montdorensis W EAE FH 2 i
RK, 7520 ~30°CIEEVEREN, T. montdorensis ¥}
WO 195 5 Zh BE S A5 5 Holling 1T %[5 £ J7 72
T. montdorensis W U4 £ A8 I s 04 Jai 6 s Ak 3
A sE T i O E 0 T v A R, B I )
R R 0 T R O H R ORAlT R A 20°C 1Y
1.8164 3k, | 25°C W E g NE] 12. 7642 3% 1
20°CIHERIRE ST a/Th {HAL N 0. 1742, T 243t B T
B3] 30°C I a/Th {EPRH GRS 11. 28665 1E 20 ~
30°CHRJEVEREIN, T. montdorensis WE B 4 Xt #5E
A I Sl ) 42 1 E ) I kA T o T P A
5 20°C Ky BRI, 7E 30°C WF, T
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montdorensis HATH = W B A HE, W BE M TR
WA 1Z W65 B Re ) A, TR T, S B
REJidhnE, AW 35C IS R R w, A
Frift— LRI B oY . AWE T A B )1 S L A5
REENREEHEANNE, 5SHRESKMETH
WEENSA 25, (B XN &P T.
montdorensis X I i (A ¥ 4 L L ELE 52

ARG F IRV SE KX T. montdorensis 4
KA MM ERESIFER R, M5 A K & F
MENNRRZ, B, G R E &Y 5550
HAXF T. montdorensis 114 & B HIFWA fF T E—
LWESY, DIEEFAN T. montdorensis MK =47 37 KX
AW BTG I PR HER AR
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