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Cold tolerance of entomopathogenic nematodes

CHEN Gui-Mei'?, XIAN Ji-Dong', YAN Xun® (1. South China Agricultural University, Guangzhou
510640, China; 2. Guangdong Key Laboratory of Animal Conservation and Resource Utilization,
Guangdong Public Laboratory of Wild Animal Conservation and Utilization, Institute of Zoology,
Guangdong Academy of Science, Guangzhou 510260, China)

Abstract: Entomopathogenic nematodes ( EPNs) are biocontrol agents with high efficacy against insect
pests and have been widely used to control different kinds of subterranean and boring pests. The short shelf
life and the week tolerance to extreme temperatures in the environment hindered the large-scale application
of these beneficial nematodes in biological control. In the present paper, EPN resources in cold regions
were summarized. The methods to evaluate and increase the cold tolerance of EPNs, and the difference in
cold tolerance among different species and strains of EPNs are introduced. The research progress in
physiological , chemical and molecular mechanism of cold tolerance is also reviewed. Research in cold
tolerance of EPNs is important as it will help to explain the population dynamics and provide basis for the
preservation of EPN germplasm resources, so as to explore the commercial use of EPNs.

Key words: Entomopathogenic nematodes; cold tolerance; physiological and chemical mechanism;

molecular mechanism
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BE A HRE 1, MR 4, FER Bl T A
A B A T A B U IR U R
A, Ll A R R IR R R
%ﬁﬁﬁﬂﬁ@@ﬁ%%ﬁ%iﬁ(%ﬂﬂﬁa
W, 2016) ; R HU IR Bk n] L5 a Rk A&
H, %ﬁ%&%éﬂ%(t@f% 2013) . JRE
SERZ R L HL 0 SRR B v E AR I R R
( Bedding & Miller, 1982; Kung et al. , 1991;
Grewal et al. , 1993) , 7EMMIRAEE T, B HURIRL
MG H1 32 B . WIS B RS HL e TR 26
ﬁuﬁﬁﬁA%meﬁﬁ%ﬁh%%M%%ﬂ

B ( A HEE, 2010) , {H R U JR AR LT 98
@m&ﬁﬁﬁiﬁﬁ R ARULGAR T HATR R
s D 2 U FEMERIEIE O E JE L DA RS HO R 2k
W FEME T TAESRE S %

1 EXERKELZBEFR

RAFFLRMEE L, WHFEE, ERke
Bk ( Poinar, 1990) , H il C %% A3 G Jm 4k Ay

87 A, /TR HA 24 Fl ( NCBI A %) - B
HU IR H i A AR B R 1, AN TR R U
P24 O A9 2 7 i 2 A [R] L 2R AR PR Al 45 AN A
[f] ( Hominick & Reid, 1996) , MRk, #dz. &
M AERSEA TR B AR S R G Y 6e 4 2 31 B
JFZk 1t ( Hominick et al. , 1995; Hominick et al. ,
1996) , 3 54 474 5 b 3 08 T b il et LA 2o
BUORMKE. HLFISREM 2 W, WAEKE
BT il g rh R A IR Z e S, kraussei ] 7E
4°C MR HEFE JIAZ 520 ( Spiridonov et al.

2004) ; FRAE LM Z B S, feltiae ( Boag et
al. , 1992) . B KA A H X R H.

bacteriophora ( Poinar, 1975) KAEIRBRG2%e 1 X +
A RIAY S. anomali ( Kozodoi, 1984) [HHZ{KEX

FEIR ik —=22°C. = 19°C 1 — 14°C ( Brown &
Gaugler, 1996) .
ORI VT A7 Hl . B e b s

HuIX B B SRk BT IR pEAT PR A, PR E XA
TR MR R L d Fh LR 1. S, feltiae, H.
bacteriophora, S. ceratophorum, H. megidis 2528 1t
SEALFH AR . T TE IR R Y B U IR 2k U IR
ORI DR T B O i 2 By I Al R
HMEBEE T HEA

F1 REEXEHRRERZHZEFL
Table 1 Resources of entomopathogenic nematodes

in cold regions of China

FhZ& Apecies HB[X. Area SCHk Literature
H. bacteriophora-HBN BT RN,
H. bacteriophoraT Heilingjiang 2011
i Jian et al. ,
S. ceratophorum o
Liaoning 1997
S. feltiae Hk BB,
S. bicornutum Gansu 2008
S. affin
S. karil
S. krusse Hr HHIRE,
H. brevicaudis Gansu 2014
H. megidis
H. marelatu
S. riobrave XK, Fengcheng T,
H. zealandica TR Jilin 2007
2 o T e sl A0
H. bacteriophora-SN il {2 REEE
Xinjiang Yili 2015
. WA IR B4,
S. litorale
Haerbin 2014
S. hebeiense $PHT. Mudanjang
S, lonzicaud JJk Dag Ma et al. ,
. ] > Daqin
ongicaudum aqing 013

M Jinzhou

S. monticolum

2 EHRELZBANTHEEESR

ﬁ%ﬁ%ﬁﬁ@%ﬁﬁﬁ$%%ﬁ%ﬁ,¥
JE LAY 30 55 0T 45 12 12 25 vk RE, 2R U IR 35 45 0K,
Nkﬁ@%ﬁ/ﬁm@ﬁiﬁimhﬁtﬁ(Ma
et al. , 2013) o B AU )RR H it FE M 32 58 1ok W A
JrgEsE: (1) @A —FUE R AR
M, ML R AE R b, SRS DL —E
RIFUGREL, 24k AR ES ke, i T B
W, BRI B S — A RO, BRI T AR N 2k
R A, 7 kA4S S, carpocapsae B33
HIVEE N —15°C ( Smith et al. , 2008); H—Fh 2
BT E T, LSRR IR 0 I B T £ g
UKIEOUARSAF IV J i (R W5, 2006) o (2)
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R TR 6 A 5 vk R AR AR B S, IR K
AT 24 h, il GE S 2 BUBOR TR BIR IR AF
R (RIS, 2006, FERIJFSE, 2011) o R
PRI E , W] T H A ] B s 2k i
i FE P 25 5 o

B iR I e o ZEME B9 2R 55 5 M AE G, A
[F] it A 14 B, Hhe o D 28 e 9 B R IR AN [] 72 B2 17
M52 . FEAH RV VR 25 (6 IRERRE 25°C KA
24 h) § S. feltiae. S. anomali~ H. bacteriophora
FOAFIE R0 5k 92. 78 % « 73.59% A1 55.33% , S.
feltiae L. H. bacteriophora B. 75 T & W) 7L 1% % 1
( Brown & Gaugler, 1996) . X} S.
carpocapsae F1 S. feltiae BEAT V8 VR i 52 PR 12 56 I &
W, S. carpocapsae WY it % M B i ( Jagdale &
Grewal, 2002) o AN[F]E HUp I 2k RU7E - 5°C T8 Uk
Wb 8 h J5, H. megidis 28 M ()Tt FEMERH B =5 F S.
feltiae, S.
monticolum 5§ 2% H, H. bacteriophora FlI 8.
carpocapsae R I B 4f B9 %, H. indica W)
AN FE, X LR Hudp Jt 2 it 5 e 22 S5 B
PSR H. megidis T 11 7% FIFE X 75
JIT AT T =4 (Ma et al. , 2010; Ma et al. ,
2013) , FRBILL HOSH B 138 I 5 iR B 2R
B KNS AR ( Molyneux, 1986; Griffin et al. ,
1999) o S. feltiae~ H. bacteriophora~ S. anomali %
22 n] DL A (] A T €0 SR AR AR IR, (75 &
MTATATE R 2 LU RA73&, GIESE 13X 3 Fh R U
LY SR RE S S N FE R B W R ( Grewal et al.
1994; Brown & Gaugler, 1996; Ali & Wharton,
2013) , 3% 3 iR U B AR HU7E 3R E A 9 IX R e
VL~ HOR S H I A 1 R B

riobrave S.

hebeiense, S.  longicaudum F1 S.

3 EHRFERLRMESERER

2k HURE % it 52 FE V8 A e B — IR T I ]
T2 Y TR AL AT LA e B O D 2k R i SR
B S. carpocapsae Kl H. bacteriophora 2% W1 /3 7 1F
22% M 14% B HH PR . T 0CHR IR ASEAL
R A= VAN S e T & > N (A - R 7 <7
( Popiel & Vasquez, 1991); FEAH[RIAYSLH 40T,
H. bacteriophora HBN 1 H. bacteriophora NJ %4 3

25, 10 4°CZ B B AL BUS T8 - 4C R TR
5dJ5, H. bacteriophora NJ HIFE15 %K 83% , &b
FEm T HERKENL LA R (1.6%) , 1M H.
bacteriophora HBN F{AF1E M 7] 34 95. 2% , HH#E
WURIAR AR R (17.7%) ZEFRFH (FHENMN
&5, 2015) .

IR AL AT LA $et ey B o g it 2 e i) I UL A7 1%
R, T 7 Wl N AR IR AT PR s T g€ M. AL
bacteriophora 2% 112 25°C —15°C —10°C —5°C 1Y) &
HUIMLIE , 7735 M 25°C (1 A58 R 74 1 AT BE 2 ()
38.06% = 6.92% W & £ & #] 5C YL J5
90.69% = 1.82% ( Brown & Gaugler, 1996); S.
Seltiae 2% 1 43 5 DL PR ¥ R FI 5% 18 ¥ VR o
(-1°C) Ah¥RfE, PRsive R ad i n SO0 IR E N
-7°C, MR HERICEMESLRE N - 13C
HfE - 2CH &A@ 70% AT F (AL &
Wharton, 2013) ;M F8 [ /55 58 1l [X 53 B 15 2] Y S.
litorale 2k 1122 25°C (2 d) —10C (2 d) —4<C
(2d) WyprBEMERERYMLE, 5E#ET 25, 10,
4CHr IR 6 d MHEL, F -20°C¥ % 36 h J5 77
TGRSR 49.2% « 0.9% « 23.6% -~ 20.0% , %
W Be R T e 42 RV VR IS BOAE TG R 0 e T E
R, BrBetERIREE S T S, liorale ()Tt FERE JT,
MXHR Y I T, AT S, litorale (1) 1Y) i 77
(kB E, 2018) . S. bicornutum F H. zealandica
PIRRLE H 28 1 25°C —20°C —15C —10C (3% i b
W5, 72 10CF, S. bicornutum 5 AR Z AR Y 1k
AL A HO R G R R T 14.3%
P T 12, 1% , R BT Fh 2k 3 IR 94k
P TARE R (JIHT, 2007) o

H. zealandica

4 B HRFES%HEEEELG

B2 g I 2k L 7E HRAE FE Ve i R b, RN Y
AR B A T — R IV . B ETECY Bk
SRR S 2 T FE MG 9B 2 R C B ( Ogura &
Nakashima, 1997; Grewal & Jagdale, 2002) . H.
bacteriophora VA ¥ BME A9 AR 1T LABE w5 LA 5
RFER TR T BAFTE A, 3k ] LA [A] i OR 47y e 5
LY 75 R B4E VKT 1 B T AR 50 ( Jagdale
et al. , 2005) . fE S. feltiae S.

carpocapsae~  S.
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riobrave iX 3 PP R Hrp A B, RIS 2 =
B R N BERE R ARG A, EE R R 1
YRR BE RO TN R, S, feltiae fUAE S°C i
Pt AR RG E B, M S, carpocapsae F S.
riobrave fF 5°C+ 10°C. 15CH L Big b, 5
HABIREARLE, S, feltiae 15 5°C g BHE A AL R 53
%, 15 S. carpocapsae H1 5 10°C, 7E S. riobrave
F1 4 15°C ( Jagdale & Grewal, 2003) . #F5TMf3ELL
WS, feltiae V& URZE UK HLBRIS K B, S, feltiae 1
HNFOKEE VKNG, 2 A ORI PRI K, 7 AR
BAES T RERESE R UROR PN, RS RN B
B, I R AR AR W ) 48 & (ALl & Wharton,
2014, 2015); BANATE S. feltiae BRI H %
PRAE LI ) B &5 & i vk TG PR e, ) AR E
PR, IS AT PR BT 400 ) B ek A T
IZWI A SRR S A AR S R, B S B UK T
PE, VRBERAIR, 7T RE 5 38 A 90 ] A R 2 e AE
AHPAETEA X (Ali & Wharton, 2016) .

OB HEAR A AT IR B Hh 7 0 K AN AL I D TR
AL i — o i A A R R i M LA
B I Y () T R P A i R A AR A, R
T A 3 R o e AE TE R 4 ( Grewal et al.
2006) o HF 5T & B, BE A B R R R BEAR, S
feltiae FI1 S. carpocapsae 1 S NG B ARG B AR FNFE
BOtw (Jagdale et al., 1997) o AR T SR A
LAY 3G I 22 A 16 R0 i 7 12 L 451 1) 8 fan A
Y78 AN -E R R =g A I & S R e
(Jagdale & Gordon, 1997a) . [ HUR L KN &
AR TR YERR, BAIRAT AT RS AT AE IR
Y1 (Selvan et al. , 1993) . [ HUp R4k HUR M 4T
SR, A EIRE T MO T =R WA R FIAR I A
RSN T 58 SIRIEIFRHERAC (Shih e al. |
1997) . Jagdale et al. ( 1997b) X 3 Fh i [C 4% it
(S. feltiaew S. carpocapsae~ S. riobrave) 3%
W -6~ 2 M U it 11 W 8 Rl 3% P ) 35 0 12 52 Wil AF
FEH AR B, 33X T A AT U PR R B L IR R
SR T I R S 0 R, 3 DAY AR AR Km E
( Michaelis-Menten %) #B 1 3 AL AR 5 5 A £
Hurpr, SREZE don] Gl 2x ks i S AR Y 3 ) o
Rtk DA HCA S i = MR R AR . R
g I 2 A B 1 — S AR i Tl ) BT (W] T Y E T

WISESLIR B 2B ( MDH) | H 55 -6 ik 55 ¥4 i
(MPI) FIBERRHIHE S/ (PCM) 2, AR
B S. feltiae #11 S. carpocapsae 3X Wi Fh£k B EZR ] LL A&
A Tl ( Jagdale et al. , 1998) , T i B4 i 2 i
I BB Il B 25 AR A T AL 5 Y

5 EHRRRLBEMESFHIE

sy S R A v W N R 0 O
2 Tl 2 dU K D2 Y Y 58 L, Bk S R B
( Heat shock proteins, hsp) . JE Wi R & [ ( Fatty
acid desaturase) . 2Bt H ki S ( Glutathione
peroxidase) . HREALY) L ALEF ( Superoxide dismutase,
sod)  SFEZASFEPIPAIESEAE B HUR I 4 L i A2 45 T
T EAVER ( Hashmi et al. , 1998; Yaari et al. ,
2016) o 75 00 B2 AT 2 B Caenorhabditis elegans []
hsp70 SRiBIL A2 5 H. bacteriophora W, ¥R 4R
H. bacteriophora FI5KEIK H. bacteriophora [F)H} 2% 5%
TWHILHE (35C) HALF 2 h, #HTIEHHIE
MEE (40°C) #AALFRL b J5, %% hsp70 FEPHI Y H.

bacteriophora 17 15 R & T 90%, 1 J& 4 H.
bacteriophora W 1EIE AL H2% ~3% , W] HSP70

¥ass T H. bacteriophora W #4P: ( Hashmi et al. ,
1998) o BRTEA 5 B HU Je 2k He iy i JE PR 2 A
BEIEAOCA Fpiff— PSR

Xt H. bacteriophora 1] cDNA SCEEHAT LB Hr
i} % B 2 A7 4F HSP4. HSP-6. SOD-4 % 3 /i i}
REH, EHAAE D AEER] (Sandhu & Jagdale,
2006) ; Yaari et al. (2016) 4#7 T T4 A [
B S. riobrave. S. feltiae Gvulot Fl S. feltiae Carmiel
3R A, R T2 2 R R BUTEAH
HE PRI R AR X B g i e b 25 A 37
TRy AL E O ST b, il B S 4 B TR S
carpocapsae 1 J& AT E AL F AR 78 H ( Hao
et al. , 2010) , 7E H. bacteriophora "1 ¥ T4 £ %
SRR TR T B O Tl 955 P L R 5 MR A i
FEE AR B 40 C A B K751 ( Vadnal e al.
2017) , IXEERIFSE A B U I 2k H i [T A S5 ) A
PPN~ LA KO B H i T 2k H i € 3y g B I 1Y
WERSRAE TR, i — B R AR B R i 2
FEM I3 FHLTIBEE T Al o
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6 Z5iE

B2 s S 2 o A A 0 A A B R, X E S Y
AT 52 2 BR ] HEAE A= W B i v ) Uz g Y
HZE ( Georgis, 2002) o [ H B 28 HL i 7€ (1) 43+
P AN 22 WA, BIF 9 B o it 2k ol A T SR
T B SR R ST SR Y A AL, R T i e A
FhS, 185 R AUR IR W ICE AR AE, VL IR
JRIAE A YR 6 i B A B E L. T
B Bt e, 2 LR Y e, LA KA
Yo fe B 2F AL PR A R R R,y B U
£ i ifit FE V43 HLEE A0 I 98 BURS B R R AR R 1L T
PR S
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