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ABSTRACT

Effects of temperature, pH, and salt concentration on the preservation of the infective juvenile
entomopathogenic nematodes, Steinernema carpocapsae, were analyzed, The effects of acclimation to
sublethal low temperature and glycerol concentrations on rapid cold hardening of the nematodes were
also evaluated to set up the conditions for their cryopreservation, All tested environmental factors could
change the storage effectiveness of the nematodes. These analyses indicated that the optimal storage
condition for the nematodes consisted of 15°C, pH 85, and 05-1.0% salt concentration. The nematodes
showed a rapid cold hardening in response to 5C for 2h. Glycerol induced the nematodes to increase the
cold hardiness. Its high concentration over 10%, however, gave a harmful effect on the nematode
survival,

Key words : Steinernema carpocapsae, preservation, temperature, pH, salt concentration, cold hardiness

GAF1L 48A17kgte)) 71FE X AFAIRIT} (Poinar

M OB 1979, Kaya 1985). 7129 XAlE M2e] Ao

A28t 2A M FQ Xenorhabdus nematophilus®l

AAE ZZo 7Ase F8 ITFPEAEY o8] oA WAMEe HA3 I8 53

Steinernema carpocapsaex- Nemata”’}, Secernentea olt} (Forst et al 1997), A 39 & F3ld 2%

©}7}, Rhabditida®¢] Steinernematidae®ol <&}t ANZ AYg A 2F 849 H¥FE 7+

(Tanaka and Kaya 1993). o] B eM%3& & 7 AlA A Ao} e]lZA Fr} (Kaya and Gaugler
483 gL 7IFHYE B8 79 2FEL 1993).
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o] HYHAZE FY AEA LYAARNEM F
E& ol v FARY FYERA= A
M GAE] ZutRe B HHE oA FE
o AAA 7hAE HolEdge HUHHAY
Diaphania nitidalis®] WAl S. carpocapsae® 3
43t ZA WAZXE JeHAT (Shannag et
al. 1994). Broadbent$} Olthof (1995)% 2AuWoj
WA= Fas #Fd FHAHA9 Linomyza
trifolizt A& A e W APAHE /AR
AAA o] & WA st 1988\ FE
Steinernema$l Heterorhabditis 49 HYME S
o) &3ty Falo| A= L. tnfolid] WA
A8t 3ol S. carpocapsaeg M HAE W
2% FoA 85%c°l14e] AAA] WAEHAE e
WA

8% 58 FYol 2HH 4L NFY {7
HAsY 4FE st FALH] YA F
g9 7tE AYH A dFHZ AT (A
3 1994, A3 A 1996). ol s EHE&E FH3IN
g8 FFHPAEH 2L FHE o4 HEH
WAy el H2o oy #HEFA AzEHI AT
(Choo et al 1996). & d7AHANME vy
(Spodoptera exigua)?] WA Q¢lezA S
carpocapsae® o] &-sted 48A17ko|Uiel] 100%2] X
AtEFE Jellle AFE ddo (3 F 1996).
olFE IFWAHFE WL HHe FAMYAY
< 7 A8 EE] WAl ARYA S
Al AL}

oy ZEHAAFE AT HEFH WA
ARz A FEHAL dF|o2 o|RH7] A
£ AAAE dFEAY, A7Indy ¢ okexF
Mol 23y Az Fo EAHE /AL U
E AdgoMde o#g MHAxA FoA S
carpoczpsaed] A71B# BRE AR FL=2
B 534¥g AEAH HAAJAAZAN S
carpocapsae®] €8& FoliA s

Mz 3 Uy

4224, 23UYNE (S capocapse) &
SUs FAESHIN gz e T
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W 5% 3o 100vige]l HEYMHSF (Infective
Juveniles: IJs)& 5] Wioz HFsd 25
CHjF71olAM 647 wiFAIZ] & 71FE sj¥3ty

BaermannZ W71 MY 22 A|gH3E A
a8 oF 2000001Js& 50mie} 47t @ B
#EH 23 (75cm2, Corning, USA)o] #7132 10
Ce #e7dd Easign, Had HA3e
BaermannZ i /1A g e g2 4olde AgHEL
oAl Fejsted AdEo] o] &3t

TEZAL 7 AFELAF (25a, Corning,
USA)9 1,0000t2]9] ZAgdFol EHE 15m 9
FETE $AT FALFE XTFT 15709 A9
Fe23E 5%3F9 23z (0C, 5T, 10¢C, 15
T 9 25C)q 38tEY Heado. BEF A}
€ 59 7tHez §d F<t AN

pHZ A, Z+ pHE #F & Y4 & Henderson-
Hasselbalch#4] o] w2} 0.0IM NaHPO«$ 0.01M
Na:HPO«9] 4o ulgof ol =AU 294
% (1,0001)s)3} 8FF< HE & pH ¢34
(85, 82, 79, 77, 715, 68, 63 ¥ 61) 15m& 2
NP g2 Ee R P F 15Ce ¥
71 RAsH YEFE 59 BHdoz F€EF
Qt zApSHA T

AEEZAL NaClg 49 ©aFFFol &3
3le 4F {2 ME & NaClsx (05%, 1.0%,
25% % 50%)2 A Z94%F (1,0000)s)
o] X3¢ 15m2] NaClg& zt AlgEelazo
grEo=m AIE F 15Co #¥L7]d nAdY
t} AESE 59 P02 D ESQ FAMEYC

R ZAL JFHZALE 1al AF5o] G20
Al FEd 100vtgle] #EHZE ¥ -10CS
—-20°Coll 2A17F R 4417 B9t Zhzh 3ukE A d
3 AL 1A7F BA F Holsle NE5E ¥
st A FFgez HAHUT ALEdAE
£ 5CoAM 2/ A AE T WEgzAE A
Algtg. W2 Bd2A FEMEc] 429 W
B4 Fvte mlAe 98%E A7) A4 2 B
= (1.0%, 50%, 10% % 20%)9] ZEHNE 1=l
ZAIZHESY WS AL A A sHE )
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B#7| ko) ot 2x7t #AYH ZLEFHELAF
(5. carpocapsae) 9] AEH v FFE £4
A hRE 2ol B@77bel ue} A&
€0l A3 Q} (Fig. 1 and Table 1). 28} A
2| 0CelA 25C7HA Y 58 /9 2% 7ted 15
CTollA, A FE5¢ 71E & AEL &
A F YTk (F=165 df=5, 17, P=02200). 2 ©h2
22 10CHA B A=8EL Btk 0C 5C
= 10Ce vindte iAoz ¥ 4&EE
el e, 25Cell A AEFo] 71 Azt Th

Bggddo) (00IM Ak 4d) T F
ol xo] uet HAASe AEHHIE 2
ALl faol2FE WHE pH 61~852
wrE el A pHYEE 4oz ddd 4
ol x| wel d3Fe nAF AEH Wolst
HA 3Gt (Fig. 2 and Table 1). 4&80°| pH
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Table 1. ANOVA on environmental factors for
preservation of S. Carpocapsae

Source df SS MS F P
Temperature

Temp' 4 1354352222 3385880.56 3570 0,0001
Time* 5 152024556  605849.11 32 00121
Temp + Time % 265000444 13254522 140 01597
Emor 60 568093333 9483222
Total 89 2341360556

pH
pH'* 7 8018586 1145612 6587 00001
Time 5 10203475 2058695 11838 00001
pH * Time k) 1152581 32931 189 00121
Error % 166%.33 17391
Total 161 2114175

Salt
Salt' 4 7730566.73 193264168 39755 0,0001
Time 5 67151023 13430205 2763 0,000
Salt » Time 2 23652321 1182616 243 00042
Error 60 29168067 48614
Total 89 893028090
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Fig. 1. Effect of temperature on preservation of
infective juveniles of S. carpocapsae. The
vertical bars above solid mean bars
represent standard deviations.

' Temp represents the treated temperatures of 0, 5, 10,
15, 20, and 25°C.

* Time represents the storage periods of 5, 10, 15, 20,
25, and 30 days.

* pH represents the hydrogen ion concentrations (pH
6.1, 63, 68, 75 77, 79, 82, and 85) in 0.01M
phosphate buffer,

‘ Salt represents the NaCl concentrations (0, 05, 1, 25,
5%) in the distilled water.

85014 7HF B AHeE AFE AEEo]
ol e AL g vepsich

FeEe g AF BEE& 2AA = NaCl
HE ol &3ty ZF A EFY $EE JE
22 AHHFEgFEEE FAYY HBdAY d¥=
of we}l o] WUMFY AEFL &} (Fig. 3
and Table 1). ¥4 uls) AF5=7F 05%
1.0%¢°] BHEAA o] HYgHdFe Ao ¥
o o] ol HEEr fIsHTh

HAMdZFo]l ALd Ade Udol AN
o e (25C)A HH Yo s L= -
10Ce -20C=E AHe3tde o 5% olste] A&
32 BHT (Fig 4). £E7F B&5E =ZA7
o] F7igtel wel AEYL v AU 2
g Wdolsle £x2 Aasls] Ao 5TolA 2
A1Zkel €333 S A A £33 Nd
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Fig. 2. Effect of hydrogen ion concentration (pH)
on preservation of infective juveniles of S.
carpocapsae. The vertical bars above solid
mean bars represent standard deviations.

ARG 52 AEEE YeplAo (Table 2).
EF ZYHAEL AT HIPLHEAMNE 5%

Table 2. ANOVA of the cold acclimation effects on
S. Carpocapsae at 5C

Source DF S8 MS F P
TEMP! 1 Wy W 479 00001
TIME? 1 U8 U3 38 00001
ACCL’ 1 7004 7004 1071 0048
TEMP + ACCL 1 174 1704 1789 00006
TIME » TEMP 1 704 104 178 0004
TIME » ACCL 1 1504 15.04 230 01488
TIME « TEM P+ ACCL 1 6338 6338 969 00067
Emor 16 10467 654
Total 3 %49

' TEMP represents the temperatures ( -10°C and -20
C) used for cold bicassay of S. carpocapsae,

! Time represents the exposure periods (2h and 4h) of
S. carpocapsae to the bioassay temperatures

* ACCL represents the low temperature acclimation of
S. carpocapsae at 5C before cold bicassays

i
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Fig. 3. Effect of salt concentration on preservation
of infective juveniles of S. carpocapsae.
The vertical bars above solid mean bars
represent standard deviations.
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Cold tolerance and low temperature
acclimation of infective juveniles of S.
carpocapsae. The vertical bars above solid
mean bars represent standard deviations.
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FTEE AP MFIde] FAHIAGETG -10
TollA 5ujolde L& AELLE bl
(Fig. 5). =&y 10%°]149 ZSA82 23]
AEYo) Wold AU FEPYMEY == A3
AA FFt
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Fig. 5. Effect of glycerol on cold hardiness of
infective juveniles of S. carpocapsae. The
vertical bars above solid mean bars
represent standard deviations. Different
letters above the error bars were
different at «=0.05 (LSD test).
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2WAMF (S, carpocapsae) 2] F71BAL
3 2%, FAO|2FE ¥ EFx Y vAE
A BHaAQE0] ZEee AP YSHA HWFEL
FAT 2EE 15CAAM 2AZF AEEY W
ol ol A9 w2z WIFY 53] 25
T oM Ao JE o] AL 0T 5C
o ¥idted e ez XAHY 2zt &3
o Wt JdFoR grEERe FUE AW A
A oz e #E At AES Fihe e
FRAHEct olgd NH L ZFHAASHY A
717ko] el ua}t A AHe TFo] i
HAa BEEH ZEHPo] Yelige R
(Robinson et al 1987, Fitters et al 1997)olA
fEh & 129 wet AELY Fhe AW o
YA 2FH99 AAF] A4 43S AL F

& rh
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Qa7 fg A7t ARFA 9
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gurzloz e ¥F FioldFx (pH)7L
62~780)13 W3 Un|E ZFFe AL 37
AR (2F 66)9 AL (Blum 1985) 23t ol
FEE 7|ELE HAdAdFY HH E¥ pHE =
Al A3 237 AT E & AEHE B
o ZAE HHe Hd pHelA 713 3 Bax
A& 7EAL 35 o|Fe) pH ¥ wid of
HAMdEe AZYuer IAlStodolp & o
Alg g, olgd sIFFAN HARIRAY A
o)¥ L WY Fo] LA utet ME GE &
Az AEE FAAIGE HAA 71F A
A zHol  #HUeMFe HAzHolgde T4
2 AYHA g gAzY F 4" {53
AFL 713 AAYY FA=HY BE49] 38 #
27e EYgdA BUBA 71FE G432 A
t} (Kaya and Gaugler 1993).

HExr AF9 RiF AE&EYd dYgE F
th ZAE 9FE F 05-10%9 E90M HA
9 HYHdEF BEHo ZIEFHUTY ol Kimd
Kim (1997)0] ZAFH 71520 shyhvhr g3 o] o
200mOsm/Kgo] 3 o]& NaCle] %Ex=2 #Aks}
B (1% =171mOsm/Kg) 117%7} 9t & 9% %
= 7139 A 9 A9 FAE ol
HAUAg ou Pt

HEHEE -10Co|3te] WA LxdX =%
AlZre] wpet AEgo] ZaRth olE T FAXA
t AL wglet WEEAH EZQ SIAEA o4
3lElo] o] TFHAMFol H2EI}E BRT
WA & el ole gt AL ¢ste FEME
ol Yy F3 Edte AF o] MF9 WF A
REg A3 $83% 8oz ojgd F UL A
ojt},

¥ g

WM (Steinemema carpocapsae)
ol B7NREZAEL FAs) 98 2=, pH 2 ¢
T e B}AJMAE BAEYL, A5 52
B3g 98 AZe A 53 QR0 2A ofx
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Al Ao e=8te FAAME EFE ro] B43D
o} Al RE §AAVL o] HHANEY R
F AZEgd 9FL YRd ol FAUAES
Z1Eor o] HUAEe] HA dA BaxhL &
T 15, pH 85 ¥ W% X 05-1%2 BHHA
o} o] HYME L A2LEFNES BAeH UF
-4 EEY FPHAEL WFES FAAHT 29
Y 10%0142 ZAHE T 238 fH34
=8

Aol @ ZE2YAAF, WY, 2%, Fao|&F
5 9%, WA

Ab A}

B AFe Fyo ojgd THHALFE AT
ol 4 A3 sYELYI} FEdusd
3 LY EANA FAHE =YUTh o] EE2
FYRAA NPT FHFAEYAFAIRYSY AT
AFY
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