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ABSTRACT

Water is a vitally fundamental element for the chemical and biochemical processes
supporting plant metabolism. However, some areas face the problem about water management,
resulting in drought stress to plant. Drought is one kind of environmental stresses that can cause
greatly reductions in yield. However, plants don’t need a lot of water all the time. This study aimed
to investigate the effect of water stress during sugarcane development on sucrose yield in order to
gain the knowledge to find the good management for sugarcane growers. Moreover, It has been
reported that water stress affects sugar accumulation in some plants. The objective of this study is
to examine the effect of water stress on sucrose accumulation and physiological and molecular
changes in sugarcane in order to determine what stage of sugarcane development can be induced
by water stress to increase sugar accumulation to higher level.

In this study, 7 month-sugarcane and 10 month-sugarcane were treated with water stress.
The level of water stress were divided into 4 groups ; control, 10 days no watering, 20 days no
watering and 30 days no watering. At harvesting time, the physiological changes (such as the
height, the number of internodes and the weight) and the values related with the sweetness of
sugarcane (such as Brix, Pol and CCS) of each treatment were measured. The height and the
weight of sugarcane of each treatment didn’t differ significantly. But sugarcanes which were treated
with 30 days no watering at 7 month-age have the smallest number of internodes, 14.33
internodes/plant, while the control plants have 21 internodes/plant. The value of Brix, Pol and CCS
were affected by water stress. The lowest value of Brix , 10.14, was found in treatment with no
watering 10 days at 7 month-age. While treatment with no watering 20 days at 7 month-age has
the lowest value of Pol and CCS, 8.50 and 6.30 respectively. However, sugarcanes which were
treated with water stress at 10 month old for 30 days showed similar value for Brix, Pol and CCS
as those of control. This result suggested that we can reduce water use prior harvest for sugarcane
without any effect on sugar yield. Morever, the expression of Sucrose phosphate synthase (SPS)
and cell wall invertase (CWI) were investigated. SPS and CWI were induced by water stress prior

harvest. This suggested that SPS and CWI might involve in sugar accumulation in sugarcane.

Keywords : Water stress, Physiological changes, Brix, Pol, CCS, SPS, CWI, Gene expression,

Sugarcane
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1. ﬁ'ufa”asﬁmwmau 01-12 maaguﬁ%%’yLLazﬁwmﬁamLa:mma
2. \evasilenlfiAudayaaniweinia (data logger)

3. in3asleflfiiudoyannuTuludu (Tensinometer)

A A AAd) v A A o o o A € . AA
4.LﬂiaﬂmauﬂtaTﬂﬂNTﬂTQWQWWLﬂUQTQGﬂUﬂ?WN%?W“l%@QU Usna (Brix) IW@ (Pol) azDLON
(CCS)

5. 1.@389 Real-time PCR
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1. LHNWN1INaRD

MIUNBNITNARBILUL randomized complete block design 3143% 3 61 MIANBIATIRAN®EN
sasiladn A engdopuszdiwiuiunriimasei TagyinnsansuavasnITIasinnlvunaasluszes
7 100% LazIzor 10 1A% §IWITAUVINTIAULLWTK 4 530U Aa 391UNG 9911 10 0 9@3in

20 1% LAZIAEN 30 %
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FDUWIUURZNAWITILANILE T VA INDIRULNBATAIRAT
3. N9

i'ﬂmmm%uluaunﬂi'uﬁ 1,5, 8, 11, 15, 18, 21, 25, 28 maanmaau ﬂ’]ii(ﬂﬁﬂu?j(ﬂﬂ’JUQN

[ % a 1 ] 1 & :‘ R g/ o :/ °4
saTwiwin @ungunassdsazuiiaie 9ath 10 T 9010 20 4 uazIAtn 30 T
4. m‘nﬁuﬁaya

4.1 Lﬁﬂ‘*ﬁa;&aﬁma%ﬁﬂmimﬂi’@@hﬁmﬁfﬂ FAIWIUTD daugwaaﬁawé’amnﬁmﬁmiuﬁu

Wwauh 11
4.2 fGTLar FUINT dnlwa
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5. MIIANIUFAIDANVDIEH
>3 6 & ¥ .
5.1 MIanaa13iawie : lagld Trizol reagent
o @ . t . .
5.2 M3&319 cDNA : lagld Superscript llI 1 strand synthesis kit
5.3 nM3aanLwuy primer

laglsiUloé http://www.ncbi.nim.nih.gov

sequence

gene
forward (5'-3") reverse (5'-3")

Sucrose Phosphate

Synthase (SPS)

AAGCACCAGGCAAGAAATAG  GGACGAGCAAGAGCAAGAAT

Cell wall Invertase

(CWI)

GTTCTACCAGTACAACCCCAA TTGATCCCAGTGTACAGGATC

Ubiquitin CACTATTGACAATGTCAAGGC TGGATCTTGGCCTTCACGTT

5.4 MIATIIRAUNITLEadaanvadbulasldinadia Real time PCR : lagld Express SYBR Greener

gPCR supermix universal kit
ghlier]

N3 Master Mix 148a9&11614 9 a9l Tube strip @98 ( @@ 1 Primer )

Super mix 10 L
10 LM Forward primer 04 L
10 UM Reverse primer 04 L
Rox Reference Dye 0.04 uL

DEPC-treatd water 8.16 uL


http://www.ncbi.nlm.nih.gov/

s

NNT 1 Template 1 pL wazidLaas Real Time Quantitative PCR lagasdngng ﬂ@df:
Stage 1 50 °C 2 W7
Stage 2 95 °C 2 U7
Stage 3-Step1 95°C 0.15 U
- Step 2 60 °C 1 wn
Stage 4 - Step 1 95°C  0.15 w7
- Step 2 60 °C 1 wWn
-Step395°C  0.15 w7

Cycle 45

6. NMIIATIZHHANIFDA

myierzilaslsldsunsy R (R-language and environment for statistical computing and
graphics) lagAaszranuulsdsu (Analysis of Variance) @MULLNWNIINAABILULY Randomized

Complete Block Design waztSoufisuaadslasly Tukey’s test
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2. M Uasnladan19agIsIingvadass

v v 1

dudasagizning 163-191 Loudluay NINLUUAN LGIUNITIANN 10 ’TuLﬁamq 7 Laauﬁmwgagaqﬂ

2.1 mmggwaaé’am

Lﬁaﬁ'm’]ﬁ@ﬂmugwaqﬁua”amé’amnﬁmﬁmluﬁmaauﬁ 11 WU aNWEI04

A0 191 LTUALNAT FIWNINLUBAN LGTUN1TIALN 30 'S'ul,ﬁamq 10 108 ﬁmmfga@‘hq@ fa 163

irudias adgbifianuanugandaznInaud luandinueslitbdayniieia

@13V 1 A1IVUFAIALRAANGY (cm) asdasnasnaiiuinslunInuudanldsuieme ey

LANATIN LAZANTIATIERAN LU TLTINLAEAT Tukey's test

Treatment m’m;ﬁamﬁﬂ(kg) +S.E

Control 190.67+3.45

7m10d 191.004£5.36

7m20d 188.33+7.75

7m30d 171.33£3.98

10m10d 190.33£5.43

10m20d 173.0046.23

10m30d 163.00 £1.53

Df Sum Sq Mean Sq F value Pr(>F)

Mon 2 533 266.3 0.554 0.587
Day 2 808 404.1 0.840 0.452
mon:day 2 849 424.5 0.883 0.436




2.2 3wauntansvaddas

Barmyiaiwmndassasdusasnaimaiuiolududonii 11 wui S1wan
Udpsvasdudanatszning 14.3-21 78 viannd R ldsusingng (7aaUAN) danuiwinlapgiga
0 21 Udas muninuuddlasuniseain 30 i'ul,ﬁamq 7 Qe ﬁmma‘hmuﬂﬁaw‘ﬁq@ fa 14.3
k) LLa:Lﬁaﬁwmmﬂ’smgwiaﬂﬁao WU TENLLE A le UM TIasia 30 'Yul,fiams;ql 7 0w HANgd
@iaﬂﬁaagd‘ﬁ'q@ Ao 11.9 wudwasdenislans LLazwudﬂﬁmmgaﬂﬁama@‘iﬁﬁqmluy@mqu Ao
9.16 laudway  uaasliAninmslianasmaaundudasluss ozl ldaenasuginsia
gMBITASLAENIle luﬂwomiaﬁuiwuﬂé’uwu'j']mmga@iaﬂﬁaaluw’%'ﬂmu@?ﬁvlﬁ%'umiam‘fﬁﬁ@h
mnﬂdﬂuq@mqu Lﬁ'a'iLmﬂ:ﬁr@hmmLLiJﬁJmumdaﬁawudﬂa’lqmaaéTawm:ﬁ"l,@ﬁmamai’am
FUHAGEANTIWINUADIV0980E  LATTALVBIANNLATHAVEIIBLADSRLAR bIFINAG T W IN LR DIV

sagagINnusIADY

@3N 2 A17UEAY Anafsduwiuldas Ratio AugI(cm)Uiasvasdaandinmuiuiedlurin

ean oo 6 ' o a [ ad ,
L&lu@]“flvl,@ﬁﬂ’)aL@laiﬁl,@]ﬁLL@]ﬂ@WGﬂuLLﬂz@WiWG’]Lﬂi']zﬂﬂ’]']&lLLﬂiﬂi')%I@ﬂ')'ﬁ Tukey’s test

Treatment $runldasads (kg) £S.E Ratio mmgd(cm/ﬂé/ad)
Control 21.00+0.67 9.08
7m10d 17.00+0.88 11.24
7m20d 16.33+0.96 11.53
7m30d 14.331£0.19 11.95
10m10d 18.331+0.84 10.38
10m20d 18.67+0.84 9.27
10m30d 17.331£0.84 9.40
Df Sum Sq Mean Sq F value Pr(>F)
Mon 2 63.37 31.68 4.465 0.0316 *
Day 2 12.33 6.17 0.869 0.4408
mon:day 2 211 1.06 0.149 0.8631




2.3 WNNBNVadInes

WarinNITIaiNRINYaIdws o anaINITALLN L G wAaUN 11 WU WRINVaIAY
0808 ning 1.1-1.5 AlanTy NINLUWAN L@ UN1TIAYN 20 'S'ul,ﬁamq 7 Lﬁauﬁﬂ'mﬁfﬂgoq@ fa 15
a o \ a &N v s o A A a s o o A a v
AlanIy EIUNINLUBAN LG3UNITIANN 20 waz 30 Twilloany 4 10aw dwmnndge Ae 1.1 Alansy

agig lafauihninudasnInwue kiuandanuad9linesagneana

ATWN 3 ANTILFAIINIRTNIRAEUDIDDURAINIIALLA IUNINIUKGN LaTU LA aSFLARLAN AN

AULAZANTIIATITRA MUY TUTIULAEAT Tukey's test

Treatment ﬁ’mffmagﬂ(kg) +S.E

Control 1.30£0.03

7m10d 1.23+0.10

7m20d 1.50+0.17

7m30d 1.40+0.08

10m10d 1.27+0.05

10m20d 1.13+0.02

10m30d 1.13+0.08

Df Sum Sq Mean Sq F value Pr(>F)

Mon 2 0.1813 0.09063 1.236 0.320
Day 2 0.0144 0.00722 0.098 0.907
mon:day 2 0.1300 0.06500 0.886 0.434




3. AN TaINUAMNRINUVIDDE

3.1 @UIND

> A4 a € A a e v & g
WAL I@ﬂq@mqummnmg\aqm 15.04 TwrnenlunInundn lesuiataassaalagnissain
e 10 ’S'ul,ﬁamq 7 \0au ﬁ@hu’%ﬂsf@“wq@ WNnu 10.14 Ladtaszrananlstsinlagizng
FnaNazlaay wuhﬂa%’sL’%aamqLLa:ﬁa{fﬂL%aaizé'ummm%mmaaa‘hmui’uﬁﬁ'}msmﬁwaaé’am

lupmenlasioneimasdiinadasuindainslinusany

ANANINAUINTLAR VDI D URRINITLALLAL

FTALAULATEATEN BRI AR ANadar LS ndasa il vadAn

= . a6 4 [y o & A a eay oo & '
M139IN 4 @]’]3’]\‘1LLﬁ@ﬂ@nUiﬂ‘ﬁLﬂﬂU°ll8\1ﬂaElcﬁﬂdfﬂSLﬂ‘ULﬂﬂ’llu‘ﬂiﬂLN%@]VIVL@]iU’JBL@]aiaL@ﬁLL@]ﬂ@nﬂ

AULAZANTIIATITRA MUY TUTIULAAT Tukey's test

NUINRAANA1IN WD

uddjaunuszninenyvesdasuas

Treatment ALUSNTIaALLS.E

Control 15.04+0.30°"

7m10d 10.14+0.26°

7m20d 10.24+0.19°

7m30d 10.68+0.41%

10m10d 12.06+0.14"

10m20d 11.70£0.25"

10m30d 15.12+40.14"
Df Sum Sq Mean Sq F value Pr(>F)

Mon 2 55.05 27525 34.930 3.61e-06 ***

Day 2 7.67 3.833 4.864 0.0249 *
mon:day 2 3.23 1613 2.047 0.1660




3.2 élna

>

LaNTINAN I NALRRLVAIADURAINTALLALY WUINRALANAIINWaENINERA D

[

I@ﬂq@ﬂauqmﬁdﬂwagaq@ 14.10 lwamenlunIniuuan lesulaeassaalagnisiatinduwian 20
"S'uLfJamq 7 100% ﬁ@iﬂwa@‘hq@ Winnu 8.50 ez nunlslinlasdinsaiaundazilady

1 ‘v d' v p.l' s 6 [ d' = A o o ._-.{'
wuhiladpizeseryresdaslunnizildimnameiaasuazifadvisasszauanaaiuavasiwiuiug
masaihalnadad lwsagelnuiag uddny fRunuszniniengueidasuazszay

RN

[

= [ 4 1 1 1 1 =
mmmmwamamasamavl,mwwa@]amiwaamau

A139N5  ANTIULRAIAT WAL REUDIADURRINIILALLNL N INLUBAN LFTU2 LA AT AL A FLANGII N

WATANTIIIATZRANNLUTUTINLAETT Tukey's test

Treatment @i’]IWﬂLagﬂiS.E
Control 14.10+0.21°
7m10d 8.68+0.33°
7m20d 8.50+0.26°
7m30d 9.33+0.23°
10m10d 11.68+0.12°
10m20d 10.93+0.18"
10m30d 13.58+0.05
Df Sum Sq Mean Sq F value Pr(>F)
Mon 2 72.00 36.00 86.127 1.36e-08 ***
Day 2 9.85 4.93 11.787 0.000997 ***
mon:day 2 2.67 1.33 3.192 0.072078




3.3 AT DA

A A A a Y o & A | o oA

WaNIWATTasafgaddagnaIn1sLALINg? WuIHeuaneenaned
woiay lasgamuquilddfiesgiga 11.39 lwanziluninaudnldimnawmefanalasnmssaii
\unan 20 Twidleeny 7 WWeu Id@Teadiga winu 6.32 Wallanzianuudsdyiulasiingg
aad o ' o A % AN e & a Vo Aaa L A o W
sidfiaziady wodiedvisesangesdosluvnznlaineineisasinademdTiaratefiiodamy
uwdifadbGesesszauanueisavasduwiutinmsel  uazdfsuiuszninengvesdasus:

= a 6 1 1 1 adA [l A @ o o
s:@ummmim"uaa'saL@laim@la"l,wwamamsﬁmaﬁamauummmy

> A A Y o & A a el o & '
M139N 6 @niqﬂLLﬁ@ﬁﬂqsﬁsﬁLﬂaLﬂaUTaﬁE]aﬂl%a\‘]ﬂ’]SLﬂULﬂU?iuﬂiﬂLNu@ﬂvLﬂjﬂjaL@aiaL@aLL@]ﬂ@nﬂ

AULAZANTIIATITRA MUY TUTIULAAT Tukey's test

Treatment FNTTORIRALS.E
Control 11.39+0.14°
7m10d 6.62+0.34°
7m20d 6.32+0.76°
7m30d 7.22+0.36°
10m10d 9.54+0.09°
10m20d 8.81+0.12°
10m30d 10.6320.09°
Df Sum Sq Mean Sq F value Pr(>F)
Mon 2 60.54 30.270 90.062 1.01e-08 ***
Day 2 6.67 3.335 9.923 0.00207 **
mon:day 2 1.01 0.503 1.498 0.25741
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4. MIUEAIDENTDID
ldv¥insAnsinsusasaanvasdn Sucrose phosphate synthase (SPS) ez Cell wall
invertase (CWI) laginafia Real-time PCR lagf ubiquitin 114 internal control WU sucrose
phosphate synthase i’lmmamaangoqmsluw%mmu@?ﬁvlﬁ%mma 30 Tulndaufions 10 Laow
' (> . 2 ' o o, @ 0%
VWAL cell wall invertase TadndagaliipdmdyiunanInuud fawinsusadaanvasiiv
sucrose phosphate synthase L8z cell wall invertase ﬁ]zLL@lﬂ@i’m}’mgﬂLL‘LnJﬂ’lsa:a&lﬁ’l@l’lalué'aUﬁ
A o, A = o ' A @ & = o '
oy anvazaTuneldinfasnnnaiiudaddzainata RNA Wumafvluszozgarie dewnns
=3 dl e g: = {d‘ Qs :/ =) | 1 dl 1 a et Qs v
AuAEY asuurInaudn ldsumssesiluszo: 7 @euuazganiugu iunduiiaziimalivady
gan1zUn@ud asuunuaadaanvasdunizesdsliuandiangaaiugy udnisniimiuaasaan
& ~ & o & o A ! = { v A |
pasdunizeninglulunInuudgarite (et 30 Tuheny 10 WannaunaAuiie) fullsgiui
by o o o 2, A & A { Ao &
anueIsanMsIatn Lt IR iinsuaaseaniiiudn SInsuaaIaaNANNIULDY cell wall
1 d v o o v U o v &’ U
invertase 1132187 T29NUNIEUALY sucrose LINFLTAREGUNINTY FIUNTURAIDANYDI Ssucrose

phosphate synthase 1hazdunusnuiulTanaglasanazauunluninuudgare
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Real-time PCR
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