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The Influence of Hydrogen Peroxide Treatment on Water Stress,
Photosynthesis and Thermotolerance of Cucumber(Cucumis sativus)
in Greenhouse Cultivation during Summer

Young Hoe Woo'*, Hyung Jun Kim’, Tae Young Kim?, Ki Deog Kim®,
Yun Chan Huhz, Hee Chunz, I Hwan Cho?, Yooun 1l Namz,
Kwan Dal Ko?, Kwan Ho Lee', and Kue Hyon Hong'

Korea National Agriculture College, Hwaseong 445-890, Korea
National Horticultural Research Institute, Suwon 441-440, Korea
*National Institute of Highland Agriculture, Pveongchang 232-955, Korea

Abstract. This studies were carried out in summer season to increase high temperature tolerance using
hydrogen peroxide treatments on cucumber in greenhouse. The water stress of cucumber in greenhouse by
the hydrogen peroxide treatments showed as control > 250 mM > 500 mM treatments in
order. The photosynthesis rate of cucumber at 30°C did not show difference with each hydrogen peroxide
treatment in temperature controlled greenhouse. However, the photosynthesis rate of cucumber in the
control and hydrogen peroxide treatments at 40°C was significantly different. The photosynthesis rate of
cucumber in combined treatment with 1,000 mg : L™ CO, supply and hydrogen peroxide was
also higher than control, however, there was no different of photosynthesis in 250 mM and 500 mM
treatment. The value of F/F, and F,/F, of chlorophyll fluorescent in 500 mM hydrogen peroxide
treatment at 40°C was highest. Also the activity of POD, the antioxidant enzyme, was higher with high
hydrogen peroxide concentration than the other treatments. The high temperature limits for growth were
43°C in the control, 44°C in the 250 mM and 46°C in the 500 mM according to analyze chlorophyll
fluorescent F,,. The high temperature tolerance in cucumber increased approximately 3°C by the hydrogen
peroxide treatments under this experiment conditions.
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Qg E As, HIXE & A=FQ MUlE HHO2 UHGILD UM AL0E M0 22
FHE UsH12 UCHWoo S, 1996). £t XHeb|AE 0|8E AL HEE 248 U=R9
ZIIN2E % 45°C FEZ2M XED ZHEIIE HE Sl UNSY FHIMFEHH 120
35°C 0l5t2 a2 A= ‘%"?éolm(Woo S, 1996), £9 SLHIASHE 0|E& fog system,
pad & fan systemO| T=&c0{0F2F 30° EO2 stAAZ = UCHWoo &, 1998). eiLt olddst
2o ZTLAZE sE2 0188 AlAHE OPJOHE AE & glon, tsst NAHHAE AIA-SY
SO aEd AT Alde 240l ACH L£s AIAEH AXHI80 20l 2AR2H22 HAME

o0l A iDH)H 2a0] 2 % AUCHWoo 5, 1998). WatA OIS AIES A glof X & 2HAl
&DIS HIZ8 J]|=2H0l 95 SIAE X (Woo S, 1995)E ALBSI0 GIS& 0l =2 Xulst 1A &
A 20l

OU
> >

IR0z THHH S MM HWALES &4 A2 = A= Iz N Ol 01 MOk 8t

Olcigt GHEE A& LH/H"CS%t Fl 2i5tol atstE2 2 X el(Dat § 2000)2 COAI&(Taub S,
2000)8 170t 98 210 ALt ASHO EHNA 01&8 AFO0ICH.

9 j52’“(‘>H 2 Qo2 SEP_FOI OtLict CHE &ZX = HE KM WAL LEst
SHO ACH, D24GAEMAE £ JHA g8 | 12 MNEANE I8 ds 2ZAM, E=
N2Foyele=z quc’HZ}(Dat , 2000; Yordanov 2000). I2FHE &2 AS2 2st MAUEEE
HMHGtD OIS MESEHES kII&&Q*XI’é‘, SR, DNASOH ZZot0 MEE THUSHCH Dl FaRel

20 H= SOD(superoxide dismutase), CAT(catalase), POD(peroxidase)S28l &&tst SAE2
MBEEEC SN FHES U= 2R AE 2 60 NEQ AEYAE HXSHCHDat S, 2000;
Yordanov 2000).

Z2 SAO0ILL "Hallol e HEXNHY B34 o2 2 eu-stress HE0| T AUCH
QIRIFOoZ BAN o8 FollLt HaiE OILotH ZMAIH ZS0] ol st Es4S 3I°°§M1
OIE A0 olEstD ACHDat S, 2000; Yordanov 2000). LHIHOZ ALGHHIOL MWASIEAE &
HelolH MeHdll(Prasad S, 1994) & Yol Xl S(Chamnongpo! S, 1998)0 St U= A=
Bl= H1 ALt WS4 E 0|88 D26 d7= 01§ &4F0(0h

MZhd 2 d3= SEE AETUA D26 2=2 st FHE0 HENgY dae=z
UAA a2 28 BatsissA XelaitsE REoI| 2610 3ol ALt
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43 1. 0EE NE0 =2 =4

SIESE EciAE 24 100BUA SMIEY 40%E 0IE0SIH AR LA0! 650W
m? 2 I KNS L£AMZ Sls L0M AESAH, SAIHIZI2 HHHHQ SE ML,
SHWMCCH| 2018 0IZsACH mE2 48 222, A2 58 212 SHACL 201 THHHEE=2
ZHH 0| E5HACH

WaSteA Mol sE= RHa, 250mM, 500mM 3+FEL 2 St 6FFH LT SHA QX
INZN ST 2 XNelsEgE2 78 0IZHME 201 20| 20 My B2 22oHULCH

HXls 24, 28 F B2 2 sLEz SAFYOHRY 3u=2=Z oiACH 01
$= 50FZ S0 WdEEA Helol OE 2019 £2AHE X Aletdl fste
40| J|2, MES, YA S JMSAS =HIIA20, &37I18 =(psychrometric chart)Oil
S22 SAS(statistical analysis system)Z XA 3t modelal 0l HE5tL, HAE VPD(vapour
pressure deficit)atdt MM EHQ 22 HF& X4 AAHE FYUSIN D20 28 201
28 HalE ZAGIRCHIdso 1982 Jackson S, 1981; Woo S, 2000). €& ZAl= UALESO
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Hydrogen Peroxide XM2lJt HEE AER0/2 =8 AEY A, 24, AL 0IXl= &

s g8 152 FHGO AFE Y2 EZE Y IMEAA HsTHEZ MM(HdsEE
1THANE &8 ZTABIH ZatE 0I2otALH ‘%ZEM“ 242 382610 XA 1.2mol
& HANE 3JMA EX6tH S U9 HoetsS 6L 24U 0D 3T A= CR-10
data logger(Campbell, Inc.)2 HOBO(Onset Inc.)& OIE5IRUC Y22 2 MYIESFHIQ
Phytomonitoring System(Phytech, Inc.)22 =H3aI2UCH.
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A 2 D24F0 02 2ed ¥ dSLAgUsl sisgA8H
2 % §E 2E0! Jtss XHH
2t EE(1/2000a)2 |§
TAISEL 15ADIX cellE2&
HelRe sE= 60~70% +EL2 IS E’éﬁ}m OXlo}G‘E} niZ\g=s
SHHM QFY R2Hel, 250mM, 500 mMZ HelotAlh EESHE2 0 <@
HiXl= JI24FY 30 celllAd WatsixAHelsT0 Ot 22 bY
INMZ 3HH cellE QMAE HHon}G'U LEHEH2 ¥HEHO 152 HTOl &
2A8E AS HEHSIH 1M S ST sEE2 3IMM 982 EF ZAGIRICH
YA CO, SAIHE 9&% A8 IS0 A oz JA2A0M 11AIRH
15AIDR 1424 5°COiI)H CO,=%E 1,000mg - LU'ez 22504 sk s20
2 ZEFH2 TASACH AER e UagsLHelsT0 O SFJSAYX eH=E =2
O 1JNM2 olUC ZEAEAES IOl 15 FHEO 245 2ssise HEE
1A & 382 &F sEE8E M 9HE =T XZAIGICEH JIEF Tl
d =HII0lE= LCpro” system (ADC, Inc.)8 A2
0l =0 50 LuxJt &l o3& HUQZ D4 240lA 40°C
x-IEIiEOiI OE S54 & 2l SMsgd PODESEE X ANOIRCH
ZASIRCH, EMstades HMelsZ¥2 g0l 58 OILe
=, = TS Y2 S50 1M @ 292 SFGIH 3MHME
A=A II= Handy FluorCam(Photon system, Inc.)2 OIS5I%2H
Yamane S(1999)0] AtE8t 20 510 246tACH
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LIS A XM2lsS o) o =2
ZA0I RO 58 luxIl &= 13& HUCS JI& 2AHAM JI24+-F2 603N &R
38°CUIA 49°CE HASAIICA ASAEMA HEAHZ F, (initial  fluorescence)gt
ZAMSIRCH Watst4 H2le LAV 2H2!, 250mM, 500mME Helstdth phatsis4A o
33Hi1|§ SIUCH, HEASEHE FEEE/= S0l 152 L0l S48 #sot= ANE
IS0 1M & 382 HFotH £F XZAGIYULH DIE Helge aF 1, 29 20
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LA LEF-UNY-ZIE-AE& M 5 2LE-EEY DAL 02E-EFE

-

WMeteA sE0| T2 VPD(Vapor Pressure Deficit)2F 212X 2lst HeE BB %
&&= 500mM < 250mM < FHde =2 X2 220 st
£Z0] JIE =U420 500mM X210 DI RLUACKFig. 1). VPDE Z343D|20
XOIZM VPD st2 =2 SHEE DT F9440| AXNEN VPD 20| E0IE4E
YOI LOHUA S, SMER0| 2ot doHlis A2 H2(leaf temperature) 0l ROINCH=E
AE 20|8tCHIdso 1982; Jackson S, 1981, Woo S, 2000). €J|2X= E2(leaf temperature) I
UoieZ(air temperature) 5 ¥ g2 YLINO ZAXIZ0| JESHH LoLIS F2 LOIXA
T 20|22 g2 ooldA (L) I S0t g2-0(229 20l DA 9H O #EE non
stress AEDI ECHe A€ 20IST g2-0|29 20| BHAHII HH SARE0l MO
g20| JI220 =0tA AEH0IH Ol MEIE stressE 2AUACHD & 2 UCHIdso 1982 Jackson
S, 1981).

CetA 0ol A(-) R0l B8 2019 &8 AEYA L
E24E 20 22AEYAE =00 & £ UL

2 C0A VPDR YIRS X9l HHNA €20l IS0 W -2l E non stress0I0,
H20! JI2EU =2 +4HlliNE stress AHZ AAES Idso (1982)1 Jackson S(1981)2
HRAWUE IHEZ SAHGHEH 500mM XH2ID D20 ot 22AEHARTI WSEE ¢
AACKFig. 1).
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a8 2. I2+F0 OE Zed L SAsZUsn stalgidd 24

12 F0 O 2Egd 42 30°C 2% ZASNAME tetstsd s&0 IOE LSS
SRE X010 UL JI120l S02-F it sE0 OE 201 g2 FE8HS00 A0t
LHEIS OO, S8l 40°CHId=  nratsh4 E ZEHE=2 R2GtH X0t

A HelsSo 0
SYFASH, PHels FHLB0 2201 LOIHCHFig. 2).
ATH HUT JIMRSMUA 45°C D2 ZABHA CO, B U Dasies H2IE By
2 o

22 FEFALU OIXes Fs2 248 2D 1,000mg - LU COAIE2 nataisL 250mM,
o

[==Ta g o B o S (i
500mM HMolEE 2H2i0 HIsHH ANez B AMZESLHFig. 3), Watskseid 250mM,
500mMel & HZl2tils ZetdE X0ls CIEE X LpACH
OEE ANAMA THHIA CO, ANEE2 L2 SHAN I
2000; Weis S, 1988; Yordanov 2000), dt&tat4a-A-QF Baist A
HSHog 33 & Mty M2ECH :
Datsted =Y HEA g2 sHs 2 F/F,, F/Fo= 500mM Helob BF ™20l Histo
=AUCH F,2 EUCL 0l 500mMel atsteA XHele ClE XMalol BIstH R2ASH0| =01
D2 BUSE B0 F UCHFIg. 4, 5). PO B0 N2AEYASE 2ol Fa2
Zotetd  Fo(maximum fluorescence) @ 2400 F/F, 22 =29 AEYA XNEZ
MNEBICHWeis &, 1988; Yamane S, 1997). F,-F, 8t F,(variable fluorescence)0|d
F./F.(Photochemical efficiency)= ZSASE2 UIEIWHCH O 22 20| FEAHE e £ U
20, & BWEES 2018 CHYamane S, 1997; Weis S, 1988). Yamane S(1997)2 & 610l
OIS HAH(PS)E S8t EXESAHDL DIE ASIH 42 20} F, 340l SIH8HC) 8 DR
st =m0 OE gdtglgs PODY HSE 20 24, 28 £ EF 25 500mM
HeR0A 83T Ul ES2AHE X0 JAUACHFIg. 6). Ol dtetsL Heles
LISt (Prasad &, 1994) 2 YA Bt&HChamnongpol &, 1998)0 280! AUlks L@

gttt 210t AeB(Taub S,
? O &0tH0le #gHL =5

Ol
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Hydrogen Peroxide XzZiot HE&E A£20(2 &2 AEY A, &M, WML DiXle A&

HRAYYG SAMs FBEES 20 PODU CATE EH=29 NEIRLQAN Rilist sS4 24
MAEE 2N NABRKNE ZEC=ZM &8 AEYHAE HZADle ALz 2dA
CHChamnongpol &, 1998; Dat S, 2000 Prasad &, 1994. Yordanov 2000). Sairamt
Saxena(2000)= BE0 Mct =2 AEHUHAMH 28t gigigs 849 U0IE B SIUCH, &
HIAN ALZE WHEDN WD) 2AEE0| SEH WOCHIQ S4230 distH =8 Y AZ4H0l
=0t LHIM&0| 248 202 HUHEILKDIYHE) 20 o A7 HE0oE Aes: M

2tECH st
Chamnongpol §(1998)2 HE2| &SR0l WctMs s AXelol 2Ad ol tist F=XNES0l
SdE 2O Otllet mrotsteds= HEXAMN ESEHCHot: PODU CATR 22 gttatg4ol
HE0H Aok WEHN BHHZE2 += A SRS 20 JIES s2AU=s el 2§

HU Hoh

AEEES Sot A7ds UEHUHE2 XNEd o3 #8ESI MO0 StACHLugE Higgins
1999). Olet 20l @e GHFZBNUE SEHHNETE Wetsted Xels HEMUH Sos 549
HE8 REECZN D2 e LHAARSE E46I0 WAMLE0 &atds A2 FEEHH
Sl mMEZIIIE HIRS o ANEXMAZSUAM U&EL HMeldb WA saEor otLict
BJtRY SHNE SIHOIZHE)I AEEH METHHHSIINHA AEF22 018510 /UL

a8 3. HatEsL Melso OGE 2009 12 83 24

2eEoZ HEL B2 F, 20l =2 £5 84 820/ ZOHACH IS ZHGHHA S=L
& F, 2 A2 FZ0 el X SO6HEOO o AIZE0Ad SASHH asocls
HiJt =0l &S&0l LIELHEN 0 AIBY 82 X201 U2Fd= 2o a=m8 = Qe
NEezAMel 8 2 H8ot=0 0126t ACHWeis S, 1988; Yamane &, 1997). 2 &7

ZAUBHHA D2 8 AES 2436 /ot Il HMel¥ F,B ZAE 2 RXHclR0ls 43°C,
250mM 44°C, 500mME 46°COIRACHFig. 7). O ZUE 2V MatgtaL HMels &ald H29
02 SH2LE D) % 3L 50|22 UWAM0l o A= THEL AL

= ¢FZME SEUEY itded Hels HSIAM s a2 MHs RESH
o0l st LOAAE EH22 ZAPS)E S8 AXNTLH 42 oL Fx BESol=

W R
10 ro T

E FEIU2L O A=Y 3P0t 226102 =0

= 2
20l ALTHIAI HEE WAL &2 S8 Wdsted HEFNUE S48 3, HEE
ANETHEE JI2tEQH MUatgte=aA HMelsTll OE =2AEdA dZ= 500mM < 250mM
<  RHe £22 RN FEAEMHA =F0 HE =U2H 500mM Mot JHE LU

It
Jl20] 30°CQ! XZHGHHAM ZEHES WSt MelsZo TOE X0iot siMeu 122z
JI20f =0 &4+ WL sZ0 @2 J0IJH LIEHL 40°CHlidE K801 A EIACH 45°C
A2 ZHSHUA 1,000mg - L' CO, N8BS ZEHSUAM WA 4L H2lSUE MAJIROR
O AL 500mMDt 250mM & sEXH0I0 e ZEHE X0l= UFEX YULCH 40°C
2RASINA 5L 82 F/F I F/F.0 A2 500mM XM2lo EF Melol HISIH EgA2M,
ehitst 40 POD E4T MMtstsA Mol a5 g2+8 24, 28 & 58 25 =0/ CH
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A3 LEE-ZHE- WG AHEX-H & -2 YeHHEY- N 0|2AS EFE
gEAZ FE 248 D2 S MER2 WeEa4A 2HelR0E 43°C, 250mMEe  44°C,
500mM2 46°COIRUCE 0] ZIUE ¥ 2 A TAHGHIAM 2AHeHEA XHele 2012 I2EHHREE
D &% 38E 50188 D20 O 2 AUA ol A=z BHL AL
FHO - N2, Eislgs,
elg 2 d
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