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Influence of chilling stress seeding stages on photosynthetic rate
and physiological reponses of cucumber(Cucumis sativus L.)
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A HeRE] ALH 2287 TEd ud dye Y 2%E A% A2
#ALE FH(Tanaka 5, 1986), T @R X A4 93 FEo AN FA
ATt 2 HAed & A7t ®Bel w388 A (Fujie®} Saidou, 1983). 22yt
Alde) &37] 1% & AW 5o FEo) AKAA X059 ALY A FA
AT HA9S 9 vdehde Qb AAA Zay gad] dg A7 o F
& A Aolth(Reyes?t Jennings, 1994). 20]He A& HA A== Lad 8T
(Fujie} Saidou 1983) o3t =AM FA A= AL, AH oz A5
*‘1 o &g JellER], B W& g $E o5 E FA8Y Audg T2

< o= Zqiur FHE HeA o g AFe FolRY] Y. O AFFES F
’Qii 3 Wedsie 712 7 € Ao AME B AFZEAIA/ 434 6 o
(Levitt, 1980; Wang, 1990).

A B AFE Qo] Hol it ¥ stress7t FEA 2 Akl wAE o
TS FHsta FAAY

of

Ax 2 Iy

BAEE ASHNHFLNETFTH)E A8 12cm 4 B EE(0.76 £ )l A
BE stgon 7iEl Auiy € 2EAHEE Nam(1996)M Sl H 3 FdsiA skl
FEPL 0YE 2B didted WXE E= 9 10AFE 124 Afelo] #F
34 2R 7)(Licor-6200)2 20T (% 700~900pEm s ' )3 224 So
g 483 310 xEm’s’ el EAsc 92 10849 chamberd] 7]
F715% 1.0L/minZ AN FAsEe 2882 Youshita(1996)2] ¥ ulet
Ak W2 AHEgd eoln BE ARSA AAS ¥ 2cm= Dt AAF 15gE
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100me 8] 4t+Eek2=A¢] 231, @ -naphtylamine &< 40ppm 2 M/109} <14 @& A (pH 7.0)
o] THEFY 0miS WS F 5T JHHA AYe F 7RG ZAAAG 2mE A H 8
%719 a-naphtylamine ¥ 5% ZA3}A G A S D3 4N F<F A
A F 2mE NS 10w F/FTE H7F8Ea, 1% sulfanilic acid(1g®] sulfanilic
acid € 30%9 %4t 100mE £3) 1m¢ 2 100ppm NaNQ; £ 1mE Y& F anks}
o, 57 A& BAHA A gF FHRFE HA/MEY 20wz UE g £3F
TA4 5104 m EBEFE o] &3 A v At

EX gujd e ool AAREZ FE 2¥AS 3WUA vir] Alo]E Hudte 10:004]
e 120071A 22 B wWEd A9 Fo2 FFEAY. DFEMLE 0¥BE
3T 5 24 B 48X Y2H2 F § F9o F 2FZFS 43dd, BAYEe
e AFsH 24X FA URAIA vk ¥ 5¢8 EtOH © HO= 50 : 5084 25mlell
ol 50C F2FzANA M FE39 B4 g F/HT S0mlE A 885 seppak
C18, 0.45u4m menbrane filter2 o33t & HPLC(Waters, 41002 Al&3lo &A3Q ). A
A B Wexay eoue HE 80TCHd AxRANZ F B3 hexane 20me et
7 o]g FZehAZA ¥ &7]e] Na : CH:OH(1:100) 1mS 3713 o, 70~75C9
Sz A 0% AN F, A20A AY FlEzgAA 01% Aoz HANE
As F, HsSOs 0.IN &40 2 HAeGY AR AAE BdZdr|d ¥ F,
HySOs OIN £98 Y3 2E8F IYgsid, F S22 Roded, 238 F7Fe 4
3 A FHFFE Yol o9 e AL 33 wEEHAY #2d A2 100me Azt
EIg@aA0 ¥i NaSOs o hexane2 2tz 01g ¥ F, 197 & & Na,SOqx= Z g
Wi, hexane® Z2AZl & EF hexanel & 33X 3F gas chromatography(Varian
6000)2 A #HstAdch AR EXstE g o]FARATE 5 2ol Aistih

o oot

Unsaturated .. _ 26181+ %182+ 2%18:3
Saturated %16:0 + 2%18:0

(% of18:1)x14+ (% 0f18:2) X2+ (% 0f 18:3) %3

Double bond index(D.B.I) = 100

a3 2 33

7k, A g wsg

YeXxe 7N F v d2do] I vXE TS A A 191
3 2o, YAy Fol ¢EA0IYS ddE 6TAA 10X AHA FA g i
831+9.8%< JFAHE Uetuen, 3CANE 508+89%, 0CAME 405111.6%<]
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Hud =& FF ﬂ BEAFS vehich, zelg Y2 Ad FEI0gEm s HE
AstE 6CHEE T 402+82%, 3CTHBE 21.2161%, 0T YoM E xial
9] 138+49%9 JFAE B Y7L Fo FRAE FFPAAE A EFc A=
Uebstth 3CAA W2A8 77Hg 2Eldd s o 33 dxzel AgAFd vAE
gee ZAS AFAE Y2 e, HeXA dRANAEHE FHd v
o] 5AIZF e 75.319.7%, 1012 XE 63.0%14.2%, 15412 XM e 363+
95% FFARFL YERAAT a2y J&XEA] F& ZAEAES " FAF v
o] 5A1ZF A 564111.7%, 1042 A2 E 31.1£8.1%, 1541 A e 224+
104% % BgAHL A F23AH.

Lasley 5(1979)2 20°] AYFL 2, 6 ¥ 8C A 2~13 Azt A gd 34404
Em 2 )e zAME #A99 dxANA 5T 104 AYstdLrets vud a3, ¢
zA4A HEadHe dHole FEAHel JAHA FRov, F& ZAEIE 8TAA 84
r HAYA FAEe 30%, 13AZF AHEldAes 87%7F ZAaHATUR FHTh. Van
Hasselt $(1980)2 2~33d® Q0B AHWL 1TAA 2, 4 L 6412+ T A3 &,
dzAAAE 643 A E FiHAgol dxFY4 Z2AY 2388 oA oy, B
(270W/m?) o] ZAFEW 2417 Hele xT9 63%, 4217 28%, 641 Al e 2%
Aeo FFAL Ytz B3uE bl g} oje} o] W) o3 FFAo] AAHE
g ole] thaled Van Hasselt 5(1980)= FAF3lAHgo] 23t x4, AW 2 X H 9
Faol 71913t dgoen, O Pk B2 d7AREC] Bk AAE Bida gl
CFFdAE 10CE AT o FI60W/m)S ZAHE 24417 Fols AWe] AR

%3] 7h¢EsEo] FFA Fas Yairt ek thai st (Rowley ¢t Taylor, 1972),
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FejoA WA g S B WA ADBZAAT dFS FU Bo] =
8 A lx ADRA ZF JFE Fof AA Ao A7 BAsd FFA ol
AAETE BE AtHKee 5, 1936)
WA E AEAE A4S H2o2 A4 52 W9 FxA 9477 FFAA vA
gge dux AP AHE 21939 R T. Fo] HANEE deHAA 3CE 5
k3t 15713 BeXHFE IANTE FHAZ E}° o8 20T A§Yoz &7 F ¢
AeolA 12217+ FRAANZD 8 3L 2T Ao, A Y2AE A= FA P
Hlaste] 12A17F Felle 77.3110.7%7t2] B Fo] FHEHIJOH, 24X T Fol
86.0*6.1%2 EolArh Iy FEBANL Fo F& RAEAS W 124120 417
+6.3%, 24Xt & 503+99% AT vte] 3EHUc)

w3 3T oA 1543 HYstgeds 20T ¢2AAA 1247 AAARE w9
B FL FHaY 379188% &S HEIAN L, 24AtE 51.816.1% FE7HA
EHAo Y, FE FAEIE 1223k 78+55%, 24X tlE 04106% FELE B
olAd BYFA 715E AY AAEHATE Lasley 5(1979) 0] APl #F& RAeE
ZZA A 2ColA 6A1Z ME X 3BVt & ZAG Z-$9 G424 Fe9 37
A% JEAEE Ny 29, A E 2043 Fol dET FFAH T 0% =

S
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7hA FEHJ ot FRAdAE FEE 715 S FEFA Regdn 2ud b o
olgld dMol dojux dllel uidtd e olA7A WulE wEA ARE gon}
Lasley 51979 Axgtol A3 el Wsler #dol & A 2oz 3.
2 Ao AFESZREE {53 B9, YJAE & AT B3P 2AEHA KFoly

At wist Bk olyel, XU &4 84S FTUAA dAzEE O EFdo]l x5
o 549 FZ(Patterson 51981)0] Iy HsA9 F&& é?l’*]ﬁ o] 9] #§
o] FAHAY EE Fe 3t 7|Fo] EHoEN ANTZRE Y FE &4
71e T 22 AE, 3884 gEo FYHoR 3}%3}937] wEo] ohdsl F2HY
o} 20o] HIF YalE ol X] PR ol B AXg JFdx FHo|zt dof
Y 933 {%F0°] AAHI, ATPEFol Z2goZN nEE=Y 3Fo] Al
o (Levitt, 1980), ¥Tv9 ““:"°] FLPoEN, AEAN d2ELS o7l (Levitt,
1980).

Y2xg 7)ol 2olHe ZEHAUAE IS 5’.7]-‘?"3}&1 2Tl A 12, 24,
48, 72, ¥ 96X AME F, AT HE 397 6dol 28 S ¢ Ade 194
¢ Zol AHE7|e] IS E ZEHLE AHAHo= %}.&:3}9&‘3}. 07:00A) o} W
ZAHEYE MASASHAE WA YF 3P ZAG A, 4A7 YA E
T2 (814196 g/gFw)d 69%7HA] RolA 1, 48412 A ME 21%71A,
2N HE olFoe FAYY 9% L2 AA ZAdIGT. 24470 AHAEX9
A YA E 69F td ZEHo| I FIHY, 4827 o] d Y Y2 oA
A9 FEHA XA

08:00A10] B2XE & MAISIS WX 07:004 A2} w3 F o)y, thet g3 A
A 28] ZarE A3 3 Fo] wE ot

Creencia®} Bramilage(1971) 445 03T Agsgded 7142 9 A=
4L 36~60A1tto YEt o, AEHE-] whEE 1 By =4 Jeldun sy

0LEE 10A1HEG 0,3 2 6Tl WeANeF Ed FAS o5 AFAIVERE &
Fo dujdgks AR A#E Table 19 Yeb AT

Y2XYE ot HAAF 20, 40 2 704 0] AEA ANALE FE F 10~124]
7hA 2A1Z dElAS AFsA e, duldoz B Qo] ¥y #Ee YXIdFE 20
4 ZARA] 0TS 3T AMErte] FostA %S ¥ 6T AHe FAYHY o7t U
on 404 olFoe WA wE gulF Favt KAsA JElUA Zdd

U. 4F A% as)

Y2A g7t o] He BEF uXe IFS 2AG AP 29 2o 0¥9EE
3C oA 5 24 2 48A7 XNedHon FEFL 4F Azt we & ¥MdgE e
7] W &oll(Nam, 1996) 12:00Al0} A2 S AF st 43

9% A9 YL 542 YeAYE FAAS Folst QYo 4N AT A

166



ol Hlsld 12%, 48A1 M= 23% S71sl|d v Sieckmann®t Boe(1978)& 3 45
3} Cranberry & 7ColA 887 WA g & A, o] 293 Ao FA e
H]3)] 38%, 49 HAddAM= 48% F7tetA L 643 MM E 80%7HA FrHst oY
I olFolE F7HEA Fha P en, Guinn(1971)& F3elA ofzte] 5CE 2YUzt
fFAAeHE, FAdd vH& Mol 52% F7HEt9n, AELS 24%7F F/HEHJG R
g v itk A2 Y23 E BA Hu AET A Fo] HAX AAGAGNA 1A
wnFFo g FHolZl dojut AALY 715E 47l WE FHAFo) FUH A
= 9% Exe ol29 d¥ol AAA AEZA AFAY FHE TA ddn =, 4
Aol ZAAe AW x4 we AolE  HIY AUt (Raison$
Chapman,1976).

Q0] 3098E 0,3 % 6TollA 104 XHEeHRE W F AE F AL =4 W
31& Table 39 et HE2=7t Wold4E EX XA linolenic acid(18:3)
9} oleic acid(181)9] v]&L FolX E3X Q] palmitic acid(16:0)9] TS FA 2
7t 7 w1 257 YoldSe Fhde AFgo|Un. AW EXdEe FAY

+ 5120d B8l 0T Ao e 712 oAy, @499 o]FAY =& YEHY
© o]FAFATE 0C A7t Fo3tA 717 Ekoh. Horvath F(1983)2 ¥4 A
=7t 2 20 FFE dste A AW 24E A AF AP LS Auy
W §H2 Wolo wa} zolrh Qlow, WY FZFEL AdxA e B Exutakal
linolenic acid(18:3)7F o] Wi @& ola AEA7 ZF&gHE ARF K9 linolenic
acide= A F713g3 B3gk vp gl Judith $(1976)2 =31 28 8T W24
g stFE™W SAHAEF linolenic acid®] %ol T/t sttt E3 Passiflora®
AA YEAJA AFTEL 1TCAA ZA Aol Wated, WyAdol s AFTEL 9TAA
Attt b, W2 ik nAd Aole HAHY EA Aolo #He] e A
Zohi 3R tH(Patterson 5, 1981). £ Alge] Axx o] Hu9 v L34 >
A g] Algbo]l 10712 Fskx, F A H o x| yakgt 2231 7] o) A
AW Ao g AZHE )

FEAHOCIE FA2A NP 20lue] FWPFol 1047 AE 528%, UM
Ao M E 676% ZHAarH oY, 5A17HA

2 o L

71ZxF (3T, 15A)F A G HA 2o 3849E A AHART ¥
SAEUF B T dxdE FH FFAFl ta IAEHJoUt FRA

Alele BEEHA XA 0~6T HAUNY WA e FA b5 Ha
288 Fo5A FaAA 2 409%F AP olFv)e Uu|AFe
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At FYAE Holx FUo. W2AHHYEBTA IF §F-2 FAd v
24X A E 12%, 48R AgdlA+ 23% S7HE A dH J2F el
o)ste], 23X w4t <l linolenic acid$}t oleic acid® ZF7ME Yoy, E3x4
Akl palmitic acide ZA= o
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Table 1. Amount of xylem exudates from cucumber plants as affected by chilling
temperatures for 10 hours.

Chilling temperature Xylem exudates (mé/plant/2hrs)
() 20 DAT* 40 DAT 70 DAT
0 102 b¥ 388 a 311 a
3 131 ab 447 a 324 a
6 158 a 498 a 358 a
Untreated (207TC) 16.3 a 487 a 3H3a

Days after transplanting.
YMeans followed by the same letter within column are not significantly different
by Duncan’'s multiple range test at 5% level.

Table 2. Total sugar content in leaves of 30-day-old cucumber seedlings as
affected by duration of chilling at 3T for 48 hours.

Duration of chilling Total sugar content in leaves
at 3°C(hour) (mg/g DW)
5 248 a*
24 274 b
48 30.1 ¢
Untreated 245 a

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

Table 3. Fatty acid composition in leaves of 30-day-old cucumber seedlings as
influenced by chilling temperature for 10 hours,

Chilling — Fatty aCi(.i - - - — Degree of Double
temperature Paln}ltlc Stee}nc Olglc Lmqlew Lmo].emc unsaturated  bond
C) acid acid acid acid acid fatty acid index

(16:0) (18:0) (18:1) (18:2) (18:3)

0 1089 b* 152 ¢ 820 a 729 a 7210 a 7.1 a 240 a

3 1203 b 213 b 723 ab 728 a 7133 a 61D 2.36 ab

6 1218 b 232 b 568 b 886 a 7131 a 59 b 2.37 ab
U’(‘g)‘iét)ed 1367a 28 a 492b 905a 6962a 51c 232 b

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

169



rate of

Max.
photosynthesis
(% of untreated)

Untreated

Chilling temperature(oc)

Fig. 1. Relative photosynthetic rate of 30-day-old cucumber seedlings as
affected by 10 hours of chilling temperature and light exposure.
Maximal rate of photosynthesis was 17.8%2.1( #mol CO; m2S™}).
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Fig. 2. Relative photosynthetic rate of 30-day-old cucumber seedlings
as affected by duration of chilling at 3C and light exposure.
The photosynthesis was measured at 25C, 11:00AM and
maximal rate measured was 19.2£35 (zmol CO; m? s™).
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Root activity
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3.
pretreated at 3C under the light and allowed to recover at 20T in
the light or dark conditions. The photosynthesis was measured at
25C, 13:00 PM and maximal rate measured was 17.5%f1.8 (xmol

-NA, g/g FW roo
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Root activity of 30-day-old cucumber seedlings as affected by
duration of chilling at 2C. The chilling treatment was started at

07:00 AM and 18:00 PM, and root activity was measured 3 and

days after treatments, respectively.
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