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ABSTRACT

The selection of drought tolerant trait in sugarcane is generally conducted in field

experiment that often leads to variation due to uncontrollable environmental factors. The



testing in the controllable environment couple with the detection of growth, physiological
and biochemical changes offer a more effective approach for the evaluation and selection.
Two drought conditions i.e. drought cause by heat and water deficiency, and drought cause
by water deficiency were observed young sugarcane at 60 day after planting (DAP). The heat
and water deficiency stress on the drought tolerant variety (Khon Kaen 3: KK3) was conducted
in a growth chamber programmed with 33°C (dark) 39°C (light) 55% RH, 20,000 LUX and 14/10
hrs (light/dark) 4 days no irrigation. The result showed that the activities of APX and GPX
enzymes, hydrogen peroxide, proline and glycinebetaine accumulation were alleviated in the
test group. In contrast, only the activity of APX enzyme, glycinebetaine and hydrogen peroxide
accumulation were alleviated in the test group of drought sensitive variety (Supanburi 72:
SP72). But the GPX enzyme activity and proline accumulation were not stimulated in this
variety. The testing in the unknown sample : Saccharum hybrid (UT10-015R) revealed a lower
APX enzyme activity than that of KK3 while GPX enzyme activity and proline were not
stimulated. However, hydrogen peroxide was not accumulated while glycine betaine was
found at the same level as in KK3. It is worth notify that the accumulation of proline and
glycine betaine can have positive effect on the cell turgors purposes in drought stress from
heat and water deficiency. UT10-015R may be less tolerant to drought when compared with
KK3 from this finding. The tests on drought stress caused by water deficiency were carried
out in the green house using young sugarcane at 60 DAP in planting pots. The control groups
were irrigated to field capacity level (FC) and the test groups were treated with no irrigation
to the level of 1/3 of available water (AW) for 14 days. Recovery testing was re-watering to
FC level for 30 days. It was revealed that the electrolyte leakage in water deficiency stress
condition of the tolerant variety (KK3) was lower than that of the sensitive variety (Badilla)
which correlated with the higher osmoprotectant substances (proline and glycine betaine) in
KK3 than in the drought sensitive variety. The testing of drought stress caused by water
deficiency in 19 Saccharum hybrids showed different level of tolerance to water stress based
on growth, physiological and biochemical changes that related to oxidative stress,
osmoprotectant substances accumulation and cell destruction substances. The majority of
these unknown testing results indicated lower drought tolerant, when compared to KK3. It

was found that clones 307, 315, 320, KKO7-234, KKO7-370 and KK06-381, potentially showed



moderately water stress tolerance while clones 103, 381, KKO7-250, KK120-85, UT10-175 and
UT15 potentially were water stress sensitive. However, this study facing the on the limited of
healthy planting materials that resulted in insufficient samples for statistical analysis. More of
the drought sensitive varieties need to be included in the testing. This is to make sufficient

data for statistical analysis.

Key words: Saccharum spp., drought, water deffieciency, oxidation stress, growth
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nsinarUSunasnduninstulu : saminan (fresh weight; FW) aaslu TVD Tnathdudiu
TururngUszunad 2-3 wudluns ldaslurasn Eppendorf Uanlailv wazvinnisdeuiniingn
9819590157 freluluurluanu (petri dish) Aidlinnaulsiaannleseu (Deionized water) USuas 10

ml Ypehwdrtlundilasunasigoatsawud 1Wunan 24 Flua ieliludesgauiag1hiud
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nszAEnIes (filter papenin3ounasn eppendorf WaRUSuILFIeEe faogrsay 3 91 130309
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FW

AsInUsSuIvaslusiu : msindsurawedlusiululuosny Tnedaulasisn1sinu1annio

494 Bradford (1976) TagtAusiegrslusesiividn 0.1 n§u uaslelulnsiauial LAy extraction
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[ ' =

gaumnivies 1UuIan 5 il dau Blank Wiy Extraction buffer 20 pl mmamﬂauumﬁmmmmﬁu
waadl 595 nm ududinAiganduas AMuaiUisuliisusnisganduuasiiinlifunsminnsgu
Yasansararenglad wansUIunalusivlumie meg/ g FW

n1siananssuvastaulesl Ascorbate Peroxidase (APX) : n1sinfianssuvesiouleil
Ascorbate Peroxidase lnainLlasisn15inu1a1n35909 Nakano wag Asada (1998) iufaegsly
Fodmitn 0.1 nfuuadelulnsiaumaaiiu extraction buffer (HEPES buffer pH7.0) Usins 1,000l
Talu Eppendorf wua 1.5 muwenlsidniu wdhduwiead 12,000 rpm Wuaan 30 wii ﬁqﬁumﬁ 4
N RIRRG! ﬁﬂﬂg‘jﬁ%m‘lm@uﬁwné’u USU1AS 760 pl mumae 1mM EDTA Usuns 100 pl wag 5
mM ascorbate Us1105 100 pl waztivansazanvdiulalsuing 30 ptmﬂﬁ?wﬁu 1mM hydrogen
peroxide U3ams 10 pl (Fudeutn) Yadigandunasiinuenaduuas 290 nm dau Blank fo 111
& ﬂ’uﬁﬂm@mﬂﬁmmﬁ‘imﬁﬁ 0 Uag 1 Uil

n1sinnanssuvesaulel Guaiacal Peroxidase (GPX) : n1sinfanssuvesiouled
Guaiacal Peroxidase TnefnuUasisn1sinun9n3Zves Ghamsari et al. (2007) newfusiegdluds
dantdn 0.1 n¥u uadaelulnsiaumas iy extraction buffer (GPX) USunns 1,000 ul lalu
Eppendorf 2u1a 1.5 ml wglidnfuudrniludumiesd 12,000 rpm Wuan 30 widl ﬁqmmﬁ 4
asrwalya vinufazelay Hunndu Y3uams. 830 ul e3678 10x 60 mM K-phosphate buffer
(pH6.1) USum5100 pl 1az28 mM guaical USuns 10 pl Whnansazatsdiulausuims 10 pl Ny
L3 1mM hydrogen peroxide U395 10 pl (1Bunauin) 5’@ﬂ'ﬁ@ﬂﬂﬁuuaaﬁmmmaﬂﬁuuaamo
nm &1 Blank fie thndu SuiinAganduuasiiudiil o uag 1w

mMshesevUsunaudatasiiaasiy: nmsinsinaniniasiugig Anthrone reagent Ing
Faulasianisiaunainisves Patade et al. (2011) Inewfuiaognsludosdaimin 0.1n%0 uadne
TulAsI9Ua7 UALHY 80% Ethanol Usums 1 ml dwwidesdi 12,000 rom tHutian 10 unil i
gauuildasrwalTa Mntdinansainlalanasn eppendorf Usuas 100 uludaifisl Anthrone
reagent U315 500 plﬁuﬁqmmﬁ 100 asruaded Wunan 12 uiivgauiiselaenisuiluug
Tuuda ﬁ]'1ﬂﬁ?uﬂj"]mﬁazawalﬂi’mm@mﬂﬁuumﬁmmm’m?{mmﬁ 630 nm lagly Anthrone
reagent 19U blank Awaieuifisumnsgandunasiiialsfunsmamsgiuvesaisazaienglaa
wanUSanatnnasaluniae me/ ¢ FW nistadsunaunds Tnemsdnioidefiatnimasanudy
Yhundiuninduusinns 500 pluas 52% perchloric acid U31193 6500l el fundadndlsdu
nan 30 winntuilduwied 12,000 rpm Wunan 10 wd ﬁqmmﬁdmmwa@aa 9Nt
ansanailaludinsizimusunautsdieds Anthrone reagent mutuneusailéndnli4nedy uay
AunaiUsuiisumnmsgandulasdiinldfunsmansgiuvesansazatenglaa wansuSinaudily

e me/ g FW



nsataszvviuuaaslsilas: TnUsununaslsiladnuidues Amon (1949) lagitindieeng
Tudostmiin 0.1n% ungelulpsiauman iy 80% acetone U3inas 1 ml duwdesit 12,000 rpm
Wunan 10 wf ﬁqmmgﬁﬁaq mﬂﬁ?uﬁwmiaﬁ’@ﬁlﬁlﬂi’mmmi@mﬂ%uuaﬁmmmmf?i'u 645 Lay
663 nm lngld 80% acetone 1Uu blank udthAgandunasitinldlumuamuiinunaslsilad
531 fuvthedu mg /g FW 91nans
aaelsiladsan = ([20.2 (A645)+ 8.02 (A663)]  )/(1000x i miinsagnaiin) x Usuas
A645 = @i”]mi@mﬂﬁuumﬁmm&mﬂ?m 645 nm
A663 = mmi@jmﬂﬁuuaﬁﬂ’amsmﬂ?m 663 nm
nsaasziansUsznauiuednd  Tnusunaansuseneuiiuedndlasfnulasionisinunain
Kaur waz Kapoor (2002). Inguashetslugseiimin 0.1n50 drelulasiauman fiu 80% Ethanol
USunms 1 ml Juwiesit 12,000 rom Uuian 10 w1l ﬁqmmﬁﬁm nudiunasadlalavaen
eppendorf U9 1.5 ml U3u195 20 pl Fuhndud3ums 780 ul LazstAd Folin-Ciocalteau reagent
USums 50 pl wenlmaniu ntuLiy 2.5% Na,CO; Usums 150 pl ﬁ'ﬂﬂﬂuﬁqmmﬁ 80 891
wandea (unan 30 wift ieasunantundsdBuiigamgiives uduhluindiganduuasi
AUB1IAAULES 532 nm Taald Folin-Ciocalteau reagent, 2.5% NaZCO3,1§1ﬂ§u wahd 80%
Fthanol wnuansafn 1u blank AuladSeuifisuAinisgandunasifnlétunsnuinsgiuves
a1savane gallic acid wansUSunuansusenouiueandlunuig me/g FW
naazanIud
(Fudu : manAu 2558 §uq@ UNEU 2563

anuilinimeaes : Audideivliveuunuy

9. WaN1INAABILAZIANIAl

4

n1sWasuLUaImNIedAlifaan1zATEALE1AINN1TVIAUIkasA NS auTud o e WU S
vauufiu 3 nagaulugaruaunisaseyiaule :
N a oo a I a & ot | . .
HAN139593NTUABULURIMNITRATdwIY 9 9ila wudt Aanssuduledlungy oxidative
stress LA Ascorbate peroxidase (APX) iUSunagauyseanas 2 i1 (1.40+0.56 uay 1.41+0.38
unit) aiguiunaualuaufliul (0.68+0.15 unit) TuvaeN Guaicol peroxidase (GPX) 1013
v ' N A & ] 9 - Y a ¢
nauANRINtINIT InedlUsunagludseana 1.4 Wmdimsnaaeui 4 Tu MIasIaaATIevansiy
NauLANeTaN15v1a18v09wad Laun Malondialdehyde (MDA) wuINHUSHIMEUWEBNIUATT
VdauLas lagtiinann 0.012+0.006 mg/gfw 181 0.085+0.029 waz 0.110+0.008 mg/gfw wazngy
a = ] sy . P o X A ) Y]
uansfianelgvinnusisvaaas lawn Proline In1suiiudiu 3 uag 5 i1 91 2 Tuway 4 Ju (2w

1)



Unit [umol ascorbate o A1 APX aasdas KK3
3 a
~ - o
2.5 = 3 = w
. 0.68+0.15 4 = 1.40%0.56 s 0 = 1.41+0.38 -
} ~ 1
2 - - =3 =
© = 2 ]
n @ @ o — = w 2
15 5 - z  Sogwm- sl 223583 ess =2
= = S o @ — = =1 =
o~ g = =] 33 F ] =3 - =
1 2 Se = = 3 = 2 =
=] 5 =
] P=1 =
os |2
0
R A T R T B I B T B I T L e B B I B BT I I IR
o R A A = NN A N N - A A A N WY B NV N - RV RT3
SE8888BRERERIT  EEEREREEEEEREEEEEEEE
ETEEET EEE = E A A~
control 24 ks 4
: . o
= GPX [AA470 (mg... A1 GPX masdas KK3 2 -
[ 2 105.08+22.70
180.000 gy 74.69+19.53 = = =2
160000 | @ [3.55%£31.75 2 - e S -
140.000 98§ o = ] - o B . g = I -
120.000 -2 ER & 5 . _. =Zs|25Se ss%:&ﬁﬂ‘z
100.000 S ., ~ |5 - B BB S 2 - R R
80.000 o8 g3 = g S a2 gs =8 2
60.000 % 2 =1 a8 = 5
40.000
20.000
0.000
b=} IR Rt IR I B B B = s e R A Rl s T R A R = A R T R A T
o ot o e e e o0 o0 | | <f | oF (30|30 | o0 0| 00 38| 0| 10| 8| 58
=1 EEEEEEEEEEEEEEEEEEEEEEEEEE
= S T T | e =
control vk 2 Fu vuwka 4
0.012+0.006 MDA waséas KK3  0.085+0.029 0.110+0.008
— M~ = W 2]
o o
MDA (MM g-1... mw x 2dg 934 3 94
@ ! S 5 = !
0.150 g 588&8° sz °°°  Fo °c
o S g o °© =]
0'1oogﬂwquﬂggamo 8 835
R RS AN ARSARRERARNENE Swh
o0 B 8 & o < & & a s 2 [ 1
A A = A s e A A e A R A AR R T A A A R R A R A
QD F|G G e 8|82 S oo oy m| ;| o S| S|
O 0 90| 90 90 === =|=|NN[MN | &N/~ N N[~/ NN (&S (&SN N |
s/g|8 8|8 glg g gsgEIEEEEEEEEEEEEIEEE
FIEFEEEESE LS TEy Y Y Y ST S S EEEEEE
T ¥ F|=
control nuudia 2y nuuka 4 4y
1. - s [=a]
= Proline... Proline 2assas KK3 & 5.23+3.10
0.87+£0.21 3.08+0.70 S =
15.00 8 N =95 a3
10.00 T T oo TOg 0o oy o n & ~
mungaT TN ONE NN, g ] =
500 ERGFIRAESST mm«-nNMm.-iMrnggE%mII a I
S g e A
oo ISSseassc Sl il I n i n i ARl nnnl M |
D I T T e T = e O O s N K O e A O T O et I e | R R T
o @ g |g |8 |4 4 |2 |d &l (@] (@ (= |« |s] e |8
gl |8 |8 A8-E e g g g 8 e e E g E g E
= = = (=] =] = = = = = = = = = = = =
= =
control vuuka 2 4u vinuda 4 9

A 1 nsidsundasmaaiiludesiugueuwiu 3 91guseinn 60 Ju nainisvaaeuludaluangumgiilui

muANgMNT 39°C ANUTUdUITMST 55% RH Anadaas 20,000 LUX uaznsdesadng 14/10 s (adne/din)
w1 2 Ju war 4%y lallidn APX : ascorbate peroxidase, GPX: guaicol peroxidase, MDA : malondialdehyde

Control : lildmeaeuludaiuauuaglvii duaumilensu : Aade

nManageugluiugueukiu 3 wuirfanssuduled APX fanadeasduszaia 1.09 f
2.76 wih Tunguénegsivageudiaifisuiunquaruay lunazifanssuduludnguesndintusn 3
yiln Lok GPX, CAT, SOD #AuUsusiu wainuddlalasiaueseenlenasauiiusuangiulungy

nedeuLady 1.19 &1 1.72 wiweanquitlilineaeu lnefidinisiwdsuwlandululubuwimadeniu

[y

fuAanssudulasd APX (AW 2)

fa o A

mamimmamﬁaamé’mﬁumamsmaauLﬁmﬁﬁ%ﬁumiﬁ@um%w lSvaunnu F9vi1n1s

YNUSDOULDRDANIIEHAT bALA

naaouludey 4 us laun veuunu 3 gnes 6 wagiug K88-92 uaviug
2.94 1

'
a

KPK 98-40 wuanafanssudulesl APX luiugueuwnu3 faaandtAadeaingnniugy

(1afg 3.65 : 1.24 unit) A1AINTsHLOULEd GPX wudl fudveuwnu3 TA18InIYnRIUAN 2.06 11



(1ed® 220.24 : 106.99 unit) Uiinailalasiauilesesnled geindiyamuau 2.06 Wi (ade 73.99 :

35.89 mg/l) Ay MDA ganinyamauAy 4.00 i1 (&8 0.092 : 0.023 mM/g FW) ilewfSeuriteuiu

& 1

g gne 6 wagiug K88-92 wulniugueuwnu 3 TAanssuduled APX way GPX gendnve 2 wug

99U

s

TuvaugAiiug KPK 98-40 Mlanuuaenuiniivsunu lalasiaulesesnlys uay MDA avaugauinndd

9

8n 2 g wazdfanssuiduled GPX M18naae HUSuaals Proline @ani1A1Lade wag Glycine

betaine g4nI1ANARYIINYAAIUAN 1.27 111 (1aFY 36.66 : 28.81 nmol/g) wWulAgfuiuUSUIN

[

Chlorophyll Tanvemniusiiatanatadeussuas 2-3 Wi widunawdeasiiniasiuussunn 2

APX 0D
2000 10.000
. 9.000 8037 8501 8444
2300 212 c 8000 7620 7.482
: m  7.000
2.000 L6 2 6000
4473
1.500 1273 1391 ol 5.000
0453 2 4000
1.000 0775 € 3.000
0500 = 2000
: 1.000
0.000 0.000
control Drought control Drought control Drought control Drought control Drought control Drought
Day0{1) Day4(1) Day0(2) Day4(2) Day0{3) Day4(3) Day (1) Day4il) Day0i2) Day4{2) Day0(3) Day4(3)
Catalase GPX
0.140 100.000
£ 0.120 T, 5000
E & £ )80.000 oo be1
§ 0.100 o g 70.000 -
[=] —
5 008D o.g7o ol = 60.000
i 0.058 - 5 50.000 37365 37.349
g 0060 odes 5 aooop 39315 25T i :
- m .
o0 o £ oo
E]
T 0020 = ‘ 7.468
= 3 10000 =
o 0.000 3 0.000
& 4
E control Drought | control Drotight”™ | cofitrol Drought control Drought | control Drought | control Drought
o
E
g ) ) . ) )
DayBl) | Dayd(l) | Day0i2) | QEv4IQy DEVORE) | Daya) Day0(1) | Day4(l) Day0(2) Day4(2) = Day0(3) = Day4(3)
g -
LNING Hydrogen peroxide
ST.HET
= 70303
i 5700
£ 50.037 56400
0.000
cortral Dirought cortral Drought contral Dirought
Diay 0L} Diary 41} Day0i2)  Daydi2) Diay 013} Doz 443}

s

= ' a a I a < s 1 a o s % o
a2 AnedevesnissuwlamuafanssudulelindueentinduraslslasinuUeseenludludaeiug

]

Youknu 3 9gUsvanm 60 Tu waansnadeuludgaiuananmgilunaiuaueamgil 33°C (Hn) 39°C (a319) AU



FuinsA 550% RH Amduuas 20,000 LUX wagnisdesaing 14/10 Halue (@dne/dle) wiu 4 Su laflviin APX :
ascorbate peroxidase, GPX: guaicol peroxidase, SOD: superoxide dismutase, Catalase Drought : nagauUlu

anwenuey Lilvidn Control: Tulldmaaeuluanineupuuagliinuund duaumilensin : Anade

MInTIIliTziesAUszneudu luiusveuliu 3 wuin raslsiladiiaadenias
0.49-0.74 LW URINGUAIUAY Iu%mzﬁﬁmiazamLLi’JqLLazﬁwmaqa%ﬂuﬂdmﬁmaau 2.01-4.03 1
wag 1.62-2.65 i1 auddiu uansbiiuinldiinavedlsaluriuwnsndeu wudeiivaisusznoudl
ueAnduay MDA finudididuadegelu 2-5 1 wag 2.59-3.59 wh anuddu (nnfl 3) Msnsrany

USinahenadiingelundinimegey s‘ﬁaLﬂummsﬂﬂammé’aaﬁgﬂwmaauiuﬂns%auLLazm@ﬁw

Phenolic MDA
0.200
0.014 0.180
0.160
0.012 odio 0160 0.433
0.010 o E o
0. - - -
E 0.008 & 0.100 0.075
2 = 0.080
0.006
£ 0.004 E  o0.060 0.035  0.037 0.029
0.004 002 0.002 e X i - -
ooz g B oo
0.000
control | Drought control Drought contrel Drought
control Drought control Drought control Drought
Day 0(1) Day4(1) Day0(2) Day4(2) Day0(3) Day4(3)
DayO(1) Day4{1) Day0(2} Day4{2) Day0(3) Day4(3)
protein Total Chlorophyll
16.000 1.200
14000 12956
1.000
12.000 0412
F 10000 908 a3 S Ea z 0800 0. 0.
w8000 ) a4 % 0,600 0.485
S - 1)
g o0 4472 E 0.400 e
4.000
2,000 0.200
0.000 0.000
control Drought control Drought control Drought control Drought control Drought control Drought
Day 0(1) Day4(1) Day0f2) Day4#(2) Day0(3) Day4(3) Day 0(1) Day4{1) Day0(2) Day4(2) Day0(3) Day4(3)
Total Sugar Starch
6.000
25.000
5.000 4.907
2,000 3,205 20.000
. - 15.019
E 2.859 2 £ 15.000 13.874 13317
2 3.000 . £
g 1.853 B 10000 7.459
2000 H : 5.734 '
1.000 ;] 5000 3442 .
0.000 0.000 i

control | brought  control  Drought control - Drought control Drought control Drought control Drought
Day0{1) Daya{1) Day0{?) Day4(2) Day0(3) Day4a(3)
Day0(1) Day4(1) DayO0(2) Day4{2) DayO0(3) Day4(3)

A 3 nMsdsuudamsduaiiludesiugueusiu 3 ongUssunn 60 Ju vaanmmeaeuludaiuatgamgilui

a

AavANaumgdl 33°C (@a) 39°C (@319) ANUTUFURNSN 55% RH A1LULET 20,000 LUX wagn15dedadng

U

14/10 F9lus (@i/din) w4 Fu laflsih MDA : Malondialdehyde Control: lafldmmaaulugaiuasuaglsin



NaN13A529ATIanslungu osmotic stress wdaMAzaU 4 Yu NUIET Proline MLdu
nsneeilulungunsinwianudanguuaslusiuianadogetu 2.21-3.54 1 dauans Glycine
betaine i compatible solutes Yiuntifiusuauanslusad (Osmotic adjustment) wuind
ﬁwqﬁwﬁwﬁmﬁ’u faust 1.32-9.61 windleifisuiungumuny Tuvueimnsuaneeadnsanan

A1 Electrolyte leakage Hafe 4 WivaInguAIuAL (AN 4)

Proline Glycine betaine
0.350 9.000
0.300 8.000 7423
0.250 0425 7.000 6.357
E . Z 6000 5-633
w  0.200 0.755 0.370 & s5.000
E‘ 0.150 g a000 3.634 3309
3 0100 0.070 0.069 £ 3.000
0.048 2.000
0.050 - B roon 0378
0.000 0.000 ==
control Drought control Drought control Drought control  Drought control Drought control Drought
Day0(1) Day4({1) Day0(2) Day4(2) Day0{3) Day4(3) Day0(1) Day4{1) Day0(2) Day4(2) Day0(3) Day4a(3)

Electrolyte Leakage

90.000

= 80.000

§ 70000

& 60.000 55.195

3 50.000

@ 40.000

% 30.000

§ 20000 13.546

& 10.000

“ 0.000
control Drought
Day 0(3) Day 4(3)

A i 4 Mswdsunuasma@uaiivesanstungy osmoprotectant lugaeiuguouwiu 3 a1guseunn 60 Ju nda

nmsneaeulugrivaugumiiluiauaugamgil 33°C @la) 39°C (@319) ANUAUATINS 55% RH ANUTLLAS
20,000 LUX wagn1sdesadng 14/10 93lud (ad19/da) win 4 Ju ladlvidn Drought : ngunaaeuluaninaiuuuas

Lailvin Control: lullsnaaauluannaiuauuazlminnuung duaumilensiv : Aade

Mnuamsnageufina wandidudnalnlunismevaussieanindounazamivesdos
ftugvouniu 3 luszesdudautszan 60 Jundsugn Famuirdnafistuvesianssuduleslungy
ponfiaduiiiudn fo APX fnsmuauaninnsnmiinelugadainnsfisduesis Proline uag
Glycine betaine lnssiansansiifiniafosugeiuninguauauivity 2.7 whdwieatu

4 =

nswasuUamisdaaliseaniiznseandsainnisuintiwazaiuiouludesnuganssays 72

9

uaz UT10-015R wasauludaiugunisiaseiiule :



wu31 Aanssuduledlungu oxidative stress Leun Ascorbate peroxidase (APX) waz

[
=

Guaicol peroxidase (GPX) fn1stUasuntasimnanedulu 2 siugll wadusununisinduyednanssy

Wulwgdinndiugueunnuy 3 AAnssuduleding 2 vlailifindu 2.94 waz 2.06 Wi MUEIAUL

Re

nagauluan1IzideIny wagnuIUTuIuYes Proline uar Glycine betaine YeINUGENTIUYT 72

way UT10-015R lalwmnsnaniuseninamsnegauly 2 @anig (9N 1)

M157199 1 szaun1slsunlasvesanstaeiuazianssuduledvesdes 2 Wudanmsmageuaniae
waslugaruaunisiasyulauiy 2 uag 4 Ju Mg SutusiivesmsiinyTunaisuiungy

muaudlilanaaauaniizuds)

ANTTUYT 72 UT10-015R
wlipansyaall

2% 4 Ju 23U 43

APX 0.41 1 0.58 1.88
GPX 0.78 2.5 1.68 0.97
H,O, 1.37 1.90 0.90 1.03
Proline 1.00 1.03 1.04 1.09
Glycine betaine NT 2.78 1.13 1.84

NT : lailanaaau

vy A

nsnageuly 2 Wugll lateyanldauysal wasilymilsaluan

s

nWanIsageuUfAzen snusdsluaniniounazaiaulunal 4 Tu lusouiug

]

MUY town Yauwniu3 fadanssuduleyd APX, GPX anslalasulaseanluravay Tnsau way
lnagudnu aandinguarvpunanun luvaeiiugdoukosaaniItzuas lawa anssays72 den
Aanssuduladianig APX astnadulinu waraislalasiaueseenlenazanginiinguaiuay

wiAfanssudulel GPX wazanslnsauldiasuwlasannguaiuau dnluiugneaeuilinu

Y

anwaen1IULAs laud UT10-015R FaluiudgnuauiilaninnisAnlugudesns wuinfifanssy
Wulasl APX astuusitiosnitiugueuniu 3 dafanssudulel GPX wavansinsduliwieundas

winunliiinisazavanslalasiauleseanlediiiuwiogluanimuas uagiianslnadutinulndifes

[y v & 1

FURNUSVOULAY 3 (AT 5) NNISNRaRIRITFNNALAIINTaS19asInsausudulnadudiny

3

D1AINARDNITINYIANINLAIVDUYAA I UAN1ILUAIDINANUSDULATNITVIAUT LALIINHANIT

v
v 6

VAaesliug UT10-015R anafinauanddlinuudailomeuiuiugueunnu 3

]



3.5

25

15

FUULAN

v

0.5

APX GPX H202 proline Glycine betaine

WKK3 M gwssays 72 W UT10-015R

Al 5 sERUSuesAMaUAsuLUawesansTaaiilung osmoprotectant uazAanssudulusings
oxidative stress 91U 5 ¥llalugey 3 Wugorguszann 60 Jundslgn nnsuadeUanTIIzLadlugAIUAN
Mavasaiivle 7 33°C ({in) 39°C (@314) ANLTUFITNST 55% RH ALdauas 20,000 LUX wagnnsdosang
14/10 F9lus (@ine/ile) wiu 4 $u il Feufunavesnguauauiilfhmuuniuiu 4 $u gnast : sz

wiriunguAIuAu

n1s5alvavesansdianlasladluniizuiainluaninlseiteu Wisuweuszninsnugnuuduas

L

WUFTIULD

sfumsludesiusrouuny 3 ifidnuasmuduasiuiufadifiseuiedeanmudsinti
Tnsmsnanosiniranznisvaifeneliilunszan neugndeslunszandlulsaieunnass
Auiisoiinlsvouniu saiiliAuynnszansfinnutuiissduarugtuau (11.43%) aunseiadesd
01y 124 Jundsugn Sndilidosndumaanegluaniizinioauds Tnswlfiauanudulufuanas
quiesEAu 1/3 AW (8.79%) e Wunian 14 Ju udaliindunsivaeunisiiuanin (Recovery)
vosdon Tassmirlunszandlifienuduiissduauganuduauy unan 7 Yu sunssiisdosony
AsU 145 Yu Tuiindeya iuseddluvugaiiusiiiniiuaziiunsludaiau (Top Visible Dewlap
(TVD) leaf ) ssramsiilnavesansdianlaslast wuilunmeiath feaesiusuaninistaluarosans
dianlaslavi lnowugvouunu 3 Tansialva 32.73 % luvniiuguifaaiidinisila 53.86%
(il 6) Begandniugueunniu 3 uansieunmziiawadgnyinatnnnin denndesiUNANNTHTIENT

lungy osmoprotectant Tugegiuguouwny 3 MnuidAmgeniniugauvagey



A - - [ e
msfaluanasaidininslan

F0.000

G0.000

- 50.000 de4el 45492 44571 BC
{?“ 40.000 35104 ED
27 has BR

:% 30,000 27444
g WK
= 20000 .
m D
10,000 mER

0.000
BC ED ER (it KD KR

s

A7 6 N1INAaBIRTIIANTTIlnaretasdianlasladludesiudvaunnu 3 wasiuiuifaal B=douiud

a
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