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The effect of short-term high temperature stress on the biological
characteristics of Neoseiulus barkeri (Hughes) carrying
Beauveria bassiana (Vuillemin)

LIU Ming-Xiu'"~ NIMA Yu-Zhen”~ FENG Xiao-Tian' LI Xuan-Liang' YANG Yang'
L EEE

ZHANG Kai-Jun' XIANG Dong’ CHEN Han-Qiu®> LI Ya-Ying'™" LIU Huai

(1. Key Laboratory of Entomology and Pest Control Engineering, College of Plant Protection, Southwest University,
Key Laboratory of Agricultural Biosafety and Green Production of Upper Yangtze River, Chongqing 400715, China;
2. Institute of Vegetable, Xizang Academy of Agriculture and Animal Husbandry Sciences, Lhasa 850032, China)

Abstract [Aim] To determine the effect of short-term high temperature stress on the biological characteristics of
Neoseiulus barkeri (Hughes) carrying Beauveria bassiana (Vuillemin). The findings of this study will determine the feasibility
of using N. barkeri carrying B. bassiana for the control of Eotetranychus kankitus (Ehara) in short-term high temperature

environments. [Methods] The residual amount of B. bassiana conidia carried by N. barkeri was counted following exposure
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to high-temperature stress at 35 °C for 2, 4, and 6 hours. We evaluated the functional response of B. bassiana-carrying N.
barkeri in controlling E. kankitus, and its effects on development and fecundity following exposure to high-temperature stress
at 35 °C for 4 hours. [Results] After 2, 4, and 6 hours of short-term high temperature stress at 35 °C, there was no
significant difference in the number of conidia carried by female N. barkeri compared to 25 °C (3* = 0.001, P = 0.978). The
number of conidia carried gradually decreased over time. However, one female N. barkeri still carried 10° conidia after 6 hours.
Additionally, after 4 hours of high-temperature stress at 35 °C, there was no significant change in the predation rate of B.
bassiana-carrying N. barkeri female on E. kankitus nymphs compared to the rate at 25 °C (P > 0.05), although the predation
potential (a'/T,) did increase slightly. However, when exposed to high-temperature stress at 35 °C for 4 hours per day, B.
bassiana-carrying N. barkeri exhibited accelerated development, a prolonged pre-oviposition period, reduced fecundity, and a
decreased lifespan. [Conclusion] Under short-term high temperature conditions, N. barkeri can carry a substantial amount of
B. bassiana conidia. Furthermore, when N. barkeri carries B. bassiana, it is still able to effectively control E. kankitus.
However, it is important to note that exposure to short-term high temperature stress negatively impacts the reproduction and
lifespan of N. barkeri carrying B. bassiana. This study provides valuable insights for the development of sustainable and

integrated strategies to control citrus pest mites by combining the use of fungi and predatory mites.

Key words Beauveria bassiana; Neoseiulus barkeri; high temperature stress; function response; coordinated application
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citri (Mc-Gregor) Fl #ff 4% 1A I 1§ Eotetranychus
kankitus (Ehara) A X3 A0 R A7 i 43 A 1 3% 1k
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Fig. 1 Effect of short-term heat stress on theresidue
amount of Beauveria bassiana conidia carried
by female Neoseiulus barkeri
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W ER A B TR A B B E R
() SLERMERERL, P> 0.05),

Data are mean + SE; Different lowercase letters and capital
letters above bars indicate significant difference in the
residue amount of conidia carried by N. barkeri at different
time when exposed to temperature of 25 and 35 °C,

#2155 The number of conidia
N
X
X
[an}
=3

respectively (Generalized linear model, P < 0.05). The
symbol ns represents no significant difference in the
residue amount conidia carried by N. barkeri at the

different temperatures (Generalized linear model, P > 0.05).
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FH A L FRBI /)N 2 095 0 T 5 1) A L I R 2
St (2 A, B)o iy Bidtd e ny B2 EH

10~ 25 °C A
8 o 35°C
6_
=
/'\'\: 2_
A 3
v’s 0 ] ] ] | ] |
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Fig.2 Mean number of nymphs of Eoteranchus kankitus

consumed by female of Neosaiulus barkeri at different
densitiesunder short-term high temperature stress

A, BRI E AL B RO /Nt s B, BRAL P AT b 2R
ARG AR 0 5 C. BRAAL 7 Ak B L PR /NSl AR AR 4
W, HilE R B bR s YT AR * R [F] it

il 2 PR A [l A PR L PR/ N il o ol 0 4 L A A

TERFNEZES (AL FEAR thR5, P<0.05),

A. N. barkeri treated with B. bassiana; B. E. kankitus treated
with B. bassiana; C. N. barkeri and E. kankitus both treated
with B. bassiana. Data are mean + SE, broken lines with *

represent significant difference in the number of spider mites

consumed by N. barkeri at the different temperatures
(Independent samples t-test, P <0.05).
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WA R R A 5. 10 A1 15 kA, 35 °CAb
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Tablel TheHoalling-1I functional response parameters of females of Neoseiulus barkeri to nymphs of
Eoteranchus kankitus under short-term high temperature conditions

I (°C)

WEmt R FHEACRE  AbFERSE AHOC R

SIS T oI AT AN a al/T, Th R
emperatures . . .
Treatments (C) Functional response equation Attacking Predation Handling Correlation
rate capacity time coefficient

iR 25 N, = 0.555 1Ny/(1+0.066 4N,) 0.555 1 8.3599 0.066 4 0.998 5
Predatory mite 35 N, =0.410 2Ny/(1+0.047 3Ny) 0.410 2 8.6723 0.047 3 0.988 0
- gk 25 N, = 0.514 9Ny/(1+0.071 4N,) 0.514 9 7.2114 0.071 4 0.999 4
Spider mite 35 N, = 0.373 4Ny/(1+0.056 4N,) 0.373 4 6.620 5 0.056 4 0.993 8
Hil £ b+ - 25 N, = 0.537 2Ny/(1+0.088 1N,) 0.537 2 6.097 6 0.088 1 0.998 8
Predatory mite and 35 N, = 0.337 9No/(1+0.078 5N;) 03379  4.3044  0.0785  0.994 4
spider mite
23 SEREBRENET RS EENE R o A
INEHHEEREAENRIE x R
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ST ST AR H 35 CHRift R MNa 4 h < 6F
T MR A TG /N 2 7 E -
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2.032, 0.858 il 1.224 d, #HJWEALT 25 CH ik ~ f”fjﬂﬁ
o o o ronymph
b B 5 B 11 1L R 2 978 2 A5 30 z i i R
AT (BP: t=8.967, P<0.001; 2. t= R | Larva
6.797, P<0.001; A&, t=8.751, P<0.001, . o
K 3), IWEHHTTHA , #0kiE aEE i eIk Egg
/1N Sl EE 0 00 BT E A, S R R 0 - "
Y175 i 5 0T HRZE A LU 34 0 2 AR (7 DRI - t = BE (°C)
Temperatures (°C)

-8.046,P < 0.001; &L/ Pl & .t = 2.858,P = 0.006;
SV FEfr . t=2.654, P=0.010, K 4),

3 HFit5iig

I B TR BB RE R BB AR, il
SAE—E R DR WRRHOE G 1 o AWFTEN
e AR T 85 ek A P e B A 2 BT /N g 114
HE MR REAT T VRO, I S e e R
PR /Nt 151 BR A 3 R R 9 5 RO B B A L BT
BRI 48 R 1Y T OB/ 0N 3 o AR 4 Pt 14 4l

B3 ENSRMETEFKEAEENER
FINRHHRE BN
Fig. 3 Effects of short-term heat temperature stress on
the development time of Neoseiulus barkeri carrying
Beauveria bassiana
*FORESFRE (MR K, P<0.05),
ns FR W HE VRS (JSI AR LRGSR, P>0.05),
4 [7]
* indicates significant difference (t-test, P < 0.05),

ns indictes no significant difference (t-test, P > 0.05).
The same for Fig. 4.
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Fig. 4 Effects of short-term high temperature stress on the pre-oviposition periods (A), fecundity (B) and longevity
(C) of female Neoseiulus barkeri carrying Beauveria bassiana
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=T REFE (2014 ) il 0y B HT /N i 5t
(IERTE (R SZ-26 FREMALF & (2h, 4.12 x
10%), FARBERTHIFE K, T FCH /N T 1 4
THEE/D, (HAE 6 h I ECHT /N2 5 Y 76 1 5
WA 10° B g, X6 Fe b & BBk 1 4
ARIFIRAL S, L EOH /N R B A 3R
BORAT Ry, G CEEEET R ‘Rl K
R L. X—17 85 Wu 5§ (2018 ) ifF5%
SR, BRAL R TR A B S R R /N 2 06
Phytoseiulus persimilis (Athias-Henriot)[F]#£ 5% 21
IV BRRERG AT R o DRI, BRA B A9 T
7 L OB/ N A T4 B e R vl e O B 3R
HE AT R 2, KGR 2 27 AT
R EUEY, SRR s Re T (REHE
4 2014; Linetal., 2019),

W EDIRE R NP PR I E SN EE, 2

s A B R R RO A Y B e I BT B, A
WFFRARIT T i 35 °Cla N #5 7 BRTE B 1
EEL T /0 222 s I s 96 6 R A% s v il 1 Bl 2 T
N o WFFE R IR OB /N W AR 1 A7 35 °C IR
ey U AP 3L S SX R A s P 0 ) A7 Dl R AT A
4 Holling- ITHEA), HA & & A RRMEEIL, 2
S5WEAAMITE EES, RERS Jafari %
(2012 ) HE AR B TR, O OB /NI
T BE I A B D BE SO 2 B4y Holling- 11
H 25 CTHERYS 35 CREIEE 52 R NL
R—F Wk, g R R RN T,
FEAT BRAE A5 B A9 B ECOBT /N 2 056 % o ol ) i
RUHE /NI BE BT, AR G HRCR AR o Ak B A
W86, e B P A AR A TR A . AT e R R,
BRI AR AL BRS Al ke il v i e g o
B TR, (R AS 90 0 Ak B SF [ [R)AE RAAEG, EL
U0 I/ 22 Wl T 11 T Ak R g Pl Ak 3 e 1] o
ECHRBE /DN, BT S BT P A Ak B L EC /N7
W B AL R/ MIE LA Ol . R R Y S
o Bt VR B A AT ) 17 1O T B A R A R A 1
PRAL BT 6 i 7 R T, 52 T )
YL BE R T (Seiedy etal., 2012 ),

o i 2 BT R I2 2h T i ) ( Coombs
and Bale, 2013), [AJEFPEIACIEINPL ( Guzman
et al., 2016 ), X7 )i AT H B K ELHEA B3
B 55, AR BT ok 28 B LI KB AE A7
T KB MEHRE T N, PRS2 R E AR
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PR, RS RIS AE S R — €
H 7 520 ( Silbermann and Tatar, 2000 ). ASHF
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Zhang et al., 2016 ),
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