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Effects of Soil Moisture and Chemical Application on Low
Temperature Stress of Cucumber (Cucumis sativus L.) Seedling
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'National Horticultural Research Institute, Suwon 441-440, Korea
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Abstract. This study was conducted to investigate the effects of chemical application and amout of soil
moisture on low temperature stress of cucumber seedling under the greenhouse conditions. When chilling
treatments (2°C) were begun at 07:00AM, survival rates of seedlings of two conditions; —0.3 bar and —5.5
bar were 28.3% and 83.3% respectively. But when chilling treatments were begun at 6:00PM - even the soil
moisture condition was —0.3 bar - the survival rate was above the 87%. When reducing the soil moisture
from —0.3 bar to —9.0 bar, ABA content in leaf was increased by 6.5fold. Spraying of abscisc acid (ABA)
before or after the chilling significantly increased the survival rates of seedlings, decreased the amounts of
leaking electrolytes and prevented the yield reductions. ABA application on the soil before the chilling
appeared to be more effective than the application after the chilling with foliar spray. Spraying of ABA (107
M), urea (0.2%) or KH,PO, was effective in counteracting the low temperature, which causes growth dete-
rioration and yield reduction in cucumbers.
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lene terephthalate(PET)&A ol 3153ttt S17]
7k A gl wet 13Y, 259 2 3087t

12em 34 BISFEE0.76/°1 perlite, Z2H, peatmoss
2 vermiculite & 1:2:1HIEE 4L AP THAE
g3 gEsigon EF 749 fRE XEY 1574
< M3k} PET4 Ulol] |ldS AX|ekar Wi
o] AGMES 7+ e Qo] EEE geiEol SHIRE
ek Bo| W] Rio] 20°CAE FASES Slge
o, 22 7128 2878 7Fesl FoF 20/17°C
7} Y2 sigitt. Adrais o] sykEo.
2 39t 28 ASFT YH= Hoagland(1938) 573
dog Aplsied AEE D 27 AEFFS AR,
Unxle ERApISIH S AR

A Zgdgel ol 07:004 A= BE
05:00~0l SH-4 Bldolr AS-AH(Conviron 2 Han
Back, HB-107LG, 603C)C-Z 271 § A deiollA 10
Bof| 2°C 7] %5=0] 060007141 7A@
i, 07:004 FEE HeER 2207t FAEHEE A
Al 18:004 AeAe & Fetols S8
20°CE §R|81aL 16:004]8] 8402 BE &4
o} - uplo g 2 AElE SiHth AR A
2ol we} 12, 24, 48, 72 D 96 AIZF PFEIOIA
AGslaa, 2542 Folle iR 6 10— 20°CE
FAFoR LEE FoA Y 2 S A

S

4o o

e}

1. B =

EQSE Al AAlEy] A XE AFE 3t
A g3 AN BM FEZAS WERTH EYF
B potential A= 1€ ARAolE -2.5£0.5bar, 2
U AF -5.5+1.0bar, 3Y AERAE AEA7} A3}
A YZEE 9.0+ 1.5bare] EFFECINCH, Hed

Z FANAE "ol -03+0.2bars WERAIT
BB potential® gypsum blockS 7 A &]vjrt
A3l B 237 (Licong A71A8Re 43t
of dojH ke Ftsle] o83t

g FEIRE S BErR-S XA The ] A
Q) 07:00~1¢} 18:00A]°l]l Dew point microvoltmeter

(Wescor HR-33T)E AMS3l] S783H]Th.

ABATH 23S Sl5lo] AEA AEE AF8
FE BEAR F 2002 WAl Rl B4
£ Alga ARgsiat Alge o JEE 158 Het
o] 80% MeOHS} &7 mls ¥ Name} Woo(2001)7}
o)83t HAAYHAAL AZ T HPLC(Waters, 410)=
AeH(Nam, 1996)5Ht.

2. slEtEAN 2|

ABA(abscisic acidy*2ls W ¥} EFEE])A
22 sigE), gUdIE ABA 10°ME A2AE
24723} 317 Aol 2 131 A (d Aot AeA
T A 2441710 24 1S E Ay Faldll &
3] st EYEre)) Mele XE(0.76)F ABA
(10°M) 20miZ X2} A 2421310 13] 223kA
W, Aexjgd A7 Bg EYlEre))el 13 a5
sl 2% BElEA Aele 30U3t SHS Aol
A0 0)Z 0°C B 4°Co 1077 HEF- A7 7 24
AIZF 3ol ZF 13 84 02%, ABA 107°M, KH,PO,
0.4%, Sucrose 0.3%S ZtZ A3t s 4 Foi
235 B2 Hoagland(1938) 74N 0= Aulate] =
7] RS ZARIYA UnAle ERApE
3& Hgkth

AHNA & 2L 1529 A& AH3Y 2mm
A 2 HolA 40mle) deionized waterst A
100ml2] AzpEek~T0) ¥, 1, 2, 4, 6, 8, 10, 12
2 2407t B2 25°C F27]e FIHIE EC meter
(YSL model 35. UAS)E A7IHEEE 79313t
ZAo] Ty AESL 100°ColA 10827 & 27l
e At AVNAEEE 2t FsA FE2% A
Ake AzhEE 25°CellM EAE AVAERE 100°C
oA 1087 BAM 2 A WHAEER Y
o] Zakd i3t vHIEE AlLkelHT.
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Table 1. Survival rate, water potential and abscisic acid
content in leaves of 30-day-old cucumber seedlings as
influenced by soil water stress and starting time of chill-
ing at 2°C for 48 hours.

Soil water Starting time of chilling
potential (bar) 07:00 18:00
- Survival rate of seedling (%) -
-0.3+£0.2 28.3d* 87.3b
-2.5+05 66.7¢c 96.3a
-5.5+1.0 83.3b 100.0a
-9.0%1.5 100.0a 100.0a
- Leaf water potential (bar) -
-0.3+0.2 —-3.03a -2.73a
-2.5+0.5 ~7.53b —6.47b
-5.5+1.0 -11.47¢ -10.10c
-9.0x1.5 -16.70d —-15.40d
- Leaf ABA content (ng/g'FW) -
-0310.2 4.63¢ -
-2.5+0.5 8.93¢ -
-5.5+£1.0 17.00b -
-9.0x1.5 30.37a -

A2AeE P, €71 AAZI1 18:0040) A28t
< uf B} AEE0] A Lolths ZF(Nam 5,
20015 A7l olol] At EYGE=A7) 315t
EdAE7t LolHe Wajd] mAs FEFE ol
A A7 A= v 2ok

1. EQ 2=

EY R0 20| B Walol vA= 9FS
T8 A= Table 13} 2T} XEQ EFS 20°C
o] g2 1, 2 ¥ 34z AR A 193 A
FAFE Wolle EY FEFEEo] —2.5+0.5bar, 2Y
7t AFAE 55+ 1.0bart H%leH, 3dE 9.0+
L.5bar F=7HA] Solr] @ onw AEA7} 431
fx=E @3S et FAEe EYol AL
Fe7t FRAEES A7l BG5S g A 03102
bar2 AT ETES 2HE o A2AE
21721 07:00419}F 18:004]0 FAl] FEFHES =
A3 Ay} EY SFEFHEO] 0.3+0.2bard Hjolle
E FEINEL 27~-3.0bar0|R3L, EXFE 25
+0.5barrlollE G FEZHEL 6.5~-7.5bar0|20 0™,

Bz 3 SREEA st QolrY A2 s gF

B 3U7 ARAA EY FEEEIE0] 90+£1.5
bar2 W9 AZE AJElollMe @ FEXEEL -154
~—16.7barZ. w}-$- Solgth. Aubrom A& § 4
BEXeEo] _15bar FEE SoOlAE AEA 2N
o] AsHA Vet BFAEE & 5 A Aok s
<t (Kozlowski, 1976), & AIZAANE JA-g AA|8}
A ko), § FExEEo] ~15.4~-16.Tbar F=
2 9xd deelM B Z1TAEE 9% A9
A2 8-5 A9 317 ke Ao A

2°Coll A 48217 HelSkE 07:00419) A2A2E A
Algt Aolle EYTEe] Ax el -0.3+0.2bar
e 28% F=9 W2 AEESS Yoy 1
b AZAA BYFEC] 2.5+0.5bar AEE WolR
S o= 67%7EAl Bl AL, EQE —5.5+1.0bar
9] Tk Az el e 83%7HA] AFE&o] Bl
ot E3 Bl ¢S A28 AElel 9.0+ 1.5bard]
Me 100%7F AFsiach 23y 3 stressE A8
Al EE QolHe A2 F 200 2004 3
EAAR Ad B A% Aus AL Jepiioh
18:00~]0% ALA A= -0.3+02bard] AGAEIS) E
FANNE 87%2] T2 AEE-S Ve, 20l89] W)
WAL EGSEEOE B3] % A gslE
227 oS 2HS BAV de Aoz AU

A2l A7 S71ER] 24, Hr1E]] .5
e} el e AE8-2] Aol FoI) catalase, super-
oxide dismutases} -2 ksl E Aol EAjol] 7)1
H olg Rlslare] FYFE= ALxg] A P
ol "EHI BHo] dokeE B31(Kerdnaimongkol
T, 199771 Slo] ¥ TS I7 & AAlR A
"o} King 5(1982)2 Q0]Hd] FE stressE5H
Aol olddar ke, Rikin 5(1976)% <
o] Hojl A2 HE)A F& stressE FAL e} AN
Zo g AFAIZE o) Yajol thet w32 A3 E
3}, B EYTE oM E 2°CAlM 24417 AL
YAl Yo} AAFL tRTol BlE 80%, UL
77%, 2] FA= 76%7} 138150, ke
=T A2 XEe woe o AAFTE dzT)
HIE] 20%, 2] FAE 4%To] 7haste] Ao 9
3 AElE Y 4 AL Rk

EY 52 stressE FIA7TH GAle] ABASEF
o] S7IEAE, EYrEe] A deiel ~0.3+0.2bar

-379 -



T8 - 99 - olds

o ME 4.63ng/g - FWOIAL, EXTFES —9.0+1.5barE
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Table 2. Survival rate of 30-day-old cucumber seedlings as affected by ABA application before and after 24 hours of chill-

ing treatment at 2°C.
Application before chilling Application after chilling
Treatment — - — T - —
Leaf application Soil application Leaf application Soil application
Non-Chilling (20°C) 100.0 a 100.0 a 100.0 a 100.0a
Chilled + ABA 94.0a 99.0a 81.7b 80.3b
Chilled + Non-ABA 66.0b 68.0b 66.7 ¢ 673 ¢c

*Means followed by the same letter within column are not significantly different by Duncan's multiple range test at 5% level.

Table 3. Growth of 30-day-old cucumber seedlings as influenced by ABA application (10~ M) before and after chilling at
2°C for 24 hours and subsequent growing in nutrient solution for 15 days.

Application before chilling

Application after chilling

ABA treatment Plant height No. of Leaf area Plant height No. of Leaf area
(cm) leaves (cm?/plant) (cm) leaves (cm?/plant)
Non-Chilling (20°C) 58.0 a° 6.1a 1,458 a 57.7a 6.1b 1,502 a
Chilled and ABA spray to leaf 3830 51b 956 ¢ 36.1b 52b 884 b
Chilled and ABA applied to soil 422b 5.0b 1,114 b 219¢ 34c 524 ¢
Chilled only 18.8¢ 33¢c 365d 183 ¢ 3.0c¢c 350d

*Means followed by the same letter within column are not significantly different by Duncan's multiple range test at 5% level.
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Rikin 5(1976) 20| 3UE| 2°CE 24717t A&
Hejslr] Aol #ajol] ABA 107, 10° 2 10°*ME
A8 A, A2 AH2F ABAE AR ¥%ke
73l vls) 1079k 107*M Mzl Age) gud 2
AEZFo] 3.54) ol FrRIATAL 31, 100°M A&
Al 23} vEoky 39T Tajima®} Kabaki
(19815 = ABAS Al8FoZM Walg A
2 4 vk RaslgEd, sEs 107'Me] &3
Holg} 3t A7Akl met tha zlole Qo o
Bl oz ABAS XelEky 107°~10"Mo] &30l
o, 1 oPdellxe Asirt wATTkaL 3HtH(Sasson
and Bramlage, 1981).

ABAE GAlolu Helo) AHjsidx AXUE 2
o3z AoE dHA sledl, A7 A= &
W3k ABAS] Azle A7l et fald] skt
(Jones and Mansfield, 1970; Sasson and Bramlage,
1981) S ] Fgol| AF3ke WA Rikin 5, 1979;
Christiansen and Ashworth, 1978)2 Al-8-3}F o1}
ABA A8 7] U AleolE HIng a5 8l
Act.
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BAl9] AfA FEFS A2 7R Al 7] H)
W3PH Table 49} 2}, 07:004]0 A2x]2]S 7)AIS
73 ABAE AEletA] &49ke Wl As|d w2
°] 532%% FA FTRIAoH, ABAE Ao 2N
28.5%% 7HASIAtl. €9, 18:00410 ALAelE Al
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Table 4. Leakage of electrolytes from 25-day-old cucum-
ber leaves as influenced by pre-application of ABA in
soil before 72 hours of chilling at 2°C.

s Leakage of
S?frg}? igllitgge Treatment electroglytes
(% of total)

07:00 Non-Chilling (20°C) 9.83¢*

Chilled + ABA 28.50b

Chilled + Non-ABA 53.23a

18:00 Non-Chilling (20°C) 9.77c

Chilled + ABA 16.37b

Chilled + Non-ABA 25.67a

“Means followed by the same letter within column are not
significantly different by Duncan's multiple range test at 5%
level.

Al 71ZAEe] Fobdet] ABA(10-M)E A¥ 3}
W ga-Feldo] wobd 718X o] Wolx|aL B
Aol 3BTk 31, Rikin 5(1976)2 20| Y
o] ABA(10°M)E Ax gt g3 F4tsko] FAed)
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AJo] ZH=o](Pitman and Wellfare, 1979) ¥3l7}
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ozx 7]Fo] B8 AL A FESES =Y
F Aot B3lYtHJones and Mansfield, 1970;
Christiansen and Ashworth, 1978, Ackerson, 1980;
Zhang and Davies, 1990).
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de HIE Table 5o YeMIRUTE ZE 35k83 A
2= A2x] A3 gl Aelsisi=t), ol A
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E7FsdS goliy] AT o°ce] A2 AET
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o1} 84 3 ABA HEAE 92~96%71A okt
845, ABA ¥ KH,POAlEE A2 A2j¥ sekez
Fxge] vlsted 27, G, AP 2 Ashe] A
525 felsl SV 4°Ce] AR Al TolA
84 9 ABAE HEEIH A A2 (20°C)2] 95~
98% /A o] FEH oM, 53] ABAXE7}
7 a0t 0°CH 4°CHEl EF sucrose?]
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Table 5. Effect of chemicals application on survival rate and growth of 30-day-old cucumber seedlings chilled at different
temperature for 10 hours. The chemicals were applied immediately after chilling and the growth of cucumber seedlings
was measured 10 days after subsequent growing in nutrient solution.

Chilling Chemicals Survival  Plantheight  Leafarea Dry weight (g)

temperature (°C) treatment rate (%) - (cm) (cm?/plant) Shoot Root
0 Non-Chilling (20°C) 100a” 49.6a 866.7a 5.33a 0.75a
Urea(0.2%) 92a 34.2ab 433.3¢ 3.37c 0.39¢
ABA(107° M) 96a 36.5b 539.3b 4.47b 0.48b
KH,P0,4(0.4%) 88b 34.1bc 505.0b 4.23b 0.48b
Sucrose(0.3%) 88b 31.9bc 391.1cd 3.30c 0.37¢c
Chilled and non-chemical 80bc 29.5¢ 350.3d 3.11c 0.35¢
4 Non-Chilling (20°C) 100a 51.5a 892.6a 5.73a 0.76a
Urea(0.2%) 100a 51.7a 685.0bc 5.03a 0.60b
ABA(107°M) 100a 48.3a 789.1ab 5.73a 0.72a
KH,PO4(0.4%) 100a 44.7ab 675.0bed 5.20a 0.60b

Sucrose(0.3%) 100a 38.5b 585.3cd 4.42b 0.53bc
Chilled and non-chemical 100a 37.5b 534.3d 4.23b 0.46¢

*Means followed by the same letter within column are not significantly different by Duncan's multiple range test at 5% level.

FhE @ 2o Vet

Tajima and Kabaki(1981)¥= % 5.l sucrose
9 35t 1AA, DCHBS} 22 YF=zde8de &
WA T Pz 108 B S°CE ARARIF
&8-S A8 A3 sucrose+spermidine phosphate
A&7} 7P Aol W&l Walls A5 9

e BRE sFse # wol Aol 227l A

o o) s, MRZAAL Al 2Rl
FZo] B2 739l &yt Avkal sied), 7 49
9] Aijel= g5t} o= FoRL catalase, superoxide
dismutases} 7+ iBlaAo] Ed=) IS A=A
(Kerdnaimongkol &, 1997)°] = Aoz sz}

3% % 97 @ Izl Yzt
304EE 0°ceh 4°colA 22t 1047 HEF #

Table 6. Effect of chemicals application on fruit weight and yield of cucumbers chilled at 2 different temperature for 10 hours
given on 30-day-old cucumber seedlings. The chemicals were applied immediately after chilling and measured 10 days

after growing in nutrient solution.

Chilling Chemicals Mean fruit Yield
temperature (°C) treatment weight (g) (kg/10a) Index
0 Non-Chilling (20°C) 188.8a* 7,06%a 100
Urea (0.2%) 178.9bc 6,509abc 92
ABA(10°M) 182.6ab 6,685ab 95
KH,PO, (0.4%) 176.2bc 6,330bc 90
Sucrose (0.3%) 172.4c 6,023dc 85
Chilled and non-chemical 172.5¢ 5,752d 81
4 Non-Chilling (20°C) 191.3a 7,014a 100
Urea(0.2%) 185.5ab 6,633abc 95
ABA(107°M) 188.4a 6,848ab 98
KH,PO,(0.4%) 185.2ab 6,284bc 90
Sucrose(0.3%) 184.2ab 6,393abc 91
Chilled and non-chemical 180.2b 6,069¢ 87

*Means followed by the same letter within column are not significantly different by Duncan's multiple range test at 5% level.
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