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Nittaya Wanikorn 2007: Effects of Varieties, Harvesting Dates and Planting Seasons on Starch
Biosynthesis of Cassava. Doctor of Philosophy (Agronomy), Major Field: Agronomy, Department

of Agronomy. Thesis Advisor: Associate Professor Vichan Vichukit, Dr.sc.agr. 86 pages.

This research focused on relationship between biochemical activity, physiological characteristic and
environmental condition on yield and starch content as affected by varieties, harvesting dates and planting
seasons. A 3X7 factorial in Randomized Complete Block Design (RCBD) was used with 4 replications having
varieties and harvesting dates as treatment combinations within two planting seasons. Three varieties were
Huaybong 60 (HB 60), Kasetsart 50 (KU 50) and Rayong 1 (R1) and 7 times of bimonthly harvested starting
from 2 to 14 months after planting were combined. Cassava was planted at Thai Tapioca Development
Institute, Dan Khun Thod district, Nakhon Ratchasima province in the rainy season (March 2003) and in the
dry season (October 2003). Results of this research indicated fresh root yield, root dry weight and starch
content in fresh root were affected by varieties and environmental condition especially rainfall and soil
moisture. In the rainy season, three varieties grew during drought that soil matric potential was low but fresh
root yield, root dry weight and starch content in fresh root did not change singnificantly because they induced
small heat shock proteins (HSPs) activity in root peel. Root dry weight and starch content in fresh root were
reduced by high soil matric potential after drought but leaf dry weight was increased because regrowth of new
leaves. In the dry season, fresh root yield, root dry weight and starch content in fresh root increased

ontogenetically in all varieties because soil matric potential was high during growth cycle.

Fresh root yield, root dry weight and starch content in fresh root of HB 60 and KU 50 were greater
than R1 at all harvesting dates in both the rainy and dry seasons. HB 60 and KU 50 acclimated to drought
better than R1. Almost immediately after soil matric potential dropped (more negative), HB 60 and KU 50
induced small HSPs faster and better than R1. Dry matter partition in storage root of HB 60 and KU 50 were
higher than R 1 and dry matter partition in stem of R 1 was higher than HB60 and KU 50. HB 60 produced
the greatest fresh root yield and starch content in fresh root at 10 months after planting but KU 50 and R 1
produced them at 8 months after planting in the rainy season while in the dry season the three varieties should
be harvested at 14 months after planting. Protein in leaves, peels and pulps have been identified as rubisco,
starch phosphorylase and small HSPs, respectively. The expression of those proteins depended on period of

development, varieties, planting seasons and soil matric potential.
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Na@muumﬂwamﬂ Tﬂthfa@5wmumwuﬂmwmwuﬂwwmu AITULUANAINUBDIA

'
[ < o AA @

~ A 9 e v A v Jdo o 9 A
gutinunedrmnso lsniumnam lumssameniuiiudievasnidgnennlums 1vwanan
Y

Q
4

{ (Y < { Y ) [ (Y] a a
998 (Alves, 2002) Msldouuasmaatinunevesiudilznausgivlszdnsam

A 9 g/ o Y A 9 4?’ Ao 2 1 Y a v 7
fﬂilﬂﬁﬁ]uEJ'IfJU'IWUﬂLLW\W]ﬁTNGUu]lﬂﬁg’ﬁMT]W’J FILANA NN UATUFUAVDINUT (Tﬁlﬂ'l'H,

2531)

Y P4
msazamiminuieludiuane vosiudilzndliuegiunanssuusananan
911117 (source activity) LAEAINY VOIAIUALAND111T (sink capacity of the storage parts) %9

o g’ o { g J a ng; ]
IUTINATENIMISIaziMinvess g aue 1 siiivesndseneunananiiy vaalu



mM3iannuuesdLAz AN dATIMIdIRNgHIaslianuduITuS luFaaniunanaa
vouazHanaAaT LA TR UREIFIANFNTTEH 1 LAT (Icaf arca index)
uagmMsFuuaavesluiey AUMINAALIATIY (El-Sharkawy and Cock, 1990) tiaasliiiu
anudesmsomsdi ldnnmsdaunssiuasessinasauemssieiiuionssums

Fuaszvinaavealy (Alves, 2002)
[ d Y] o (Y2
msgduanzvinadusiudnlzvas

o ° Y Y o o (] 1 D -

Hudilznasdisasimsdunsiziuasgegaod lugie 13 - 24 pmol CO, m”s” meld
ANWTOUNANONTOAN N growth chamber (Edwards er al., 1990) taz Tuanmuilasilgnil

a ad o ) ) I 2 -
Usua co, aniniudlzvaaind 1% uptake) 1Tu 20 - 35 umol CO, m” s (El-Sharkawy
and Cock, 1990) Midaunziuawesiudlyndsdomsgaungiigs 35°C) uaglizaa
ad Y o o o J Y 0
gaginnIudmsumsduasziuaanielaanimuilasilgn (25 - 35 'C) (El-Sharkawy and
o o o o v ! . . .
Cock, 1990) MsFUnTIEHuEvo luNUa1eaela saturation irradiance UsEu19 1,800
umol PAR m” s" (El-Sharkawy et al., 1992) %39 2,000 pmol PAR m”s" (Angelov ef al., 1993)
E4 [
1azdRI1HaAARENINHINAANNIANANTEHI19ANAN 1o (vapour pressure) Yo lUD
a 2 dyd v o Jdo a) o o v A
VTTOMENAY 1.5 kPa Famsaaastiianuduiusiumstathnly lududlzvded
.. o 1 . . 72 2 = S

photorespiration A1 (A1 CO, compensation point A1) osIFuAmMInsa CO, unsa C, qiuay
M3 191UV phosphoenolpyruvate carboxylase (PEP case) 99 (El-Sharkawy and Cock, 1990)
@ a o o v A I A A < @
anyUzN1NeINAYe U ud1)nasl bundle sheath 1UUD VTV VUIALGN WTIU LoD
pONIAzOgaN palisade cell FIANANIINGNYWZIDY C,-Kranz N bundle sheath 401501
9 @ @ 1 2R o o o v A
A28 mesophyll (Edwards et al., 1990) MnanyazaIna1nddaiud)enaull unsc,-c,
intermediate photosynthesis IW3123115%1911U93 PEP case 199 1@ lullanbmzuod C,-Kranz

(El-Sharkawy et al., 1992)
msdunszrindaesdnuazudlduiuailzvas
[ 4 a d? . d‘d ] Y]
msFaunsizrutlanaduly plastid Taemnizlu chloroplast 13 chlorophyll %3891

@ Aa Jq9 o 4 oy 9
NAINUNNUAIDINAY Gl“]fﬂ']ﬁﬂﬂuulﬂ@ﬂﬂvlcb'ﬂfﬂ']ﬂ‘]_lﬁﬁfﬂﬂ']ﬁlmgu’] GluﬂWiﬁS’NﬂgTﬂﬁ

a [ 4 v 4
(glucose) LLﬁS@@ﬂ“ﬂL%H%’Jﬂﬂﬁ&JTJUﬂﬁﬁﬂLﬂﬁTSWLLﬁQ Gluﬂigﬁ‘]J’JLlﬂ"IiﬁQLﬂi"l%‘l’illfﬁﬁslf
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ausansemiveulasenladiasa21a phosphoglyceric acid (PGA) iluanssuni st 3
92A0) 1A PGA 92H1U Calvin cycle Y¢uhmaiitaueu 6 ozaew 393 PGA 910
ﬂizmumsﬁqmiwﬁuﬁm%mﬂmﬂﬁff’ﬂsﬂwﬁmﬂ!,gﬂqﬁegj“lu chloroplast 9z1AAD UGB E
ﬁamﬁzﬁgﬂmfmmiu cytosol TagazNan fructose 6 phosphate ‘ﬁmmmgﬂﬁﬂmﬂu glucose 6
phosphate uax;ﬂ'ﬁ'ﬂmﬂu glucose 1 phosphate Tagiion 'l phosphoglucomutase Wuduga
UnTen i glucose 1 phosphate domihlnaauilalnonsedaemaiamues phosphorylase
wionlasunduliiiiu adenosine diphosphoglucose (ADPG) Haazifuansisuduly
nszuIuMIdunTIeruiladie ADPG pyrophosphorylase (ADPGase) (Iglesias and Podesta,

v s 2
1997; DTN Llﬁglﬂaaa, 2546)

: o o o < { <
Tusgwiumsduasziuaslunanarsiu uilezgninu Anlulugdveaiiaudle
[l [l o IS g/ 1 <
Tugananarsan uflsezgndos Tasou lai IdiTuiharaglnsa (sucrose) azgndaliiny
A [l A ] < o ¥ I 9 £ . A
ﬁzﬁuiugﬂuﬂwmumm VOINY 1FU AR TINTASANDINT AU 1T UAU B9 plastid NUNIT
@ J ' ¢ o
FunserivavazauuilaSeni amyloplast FINAUINIDIN proplastid (Martin and Smith, 1995)
' o ¢ ¢ 2 4 2 ¢
Lclfuﬂ'ﬁhlﬂﬂWiﬁ\'iLﬂ‘im‘l’iﬂﬁiﬂl’lmﬂiﬁﬂWﬂiu endosperm sunnMsasuiimanisuou 6
[~
azaow Tl dihydroxyacetone phosphate (DHAP) Tag glycolysis pathway malu cytosol
9 ]
198491014 DHAP 921Aa0UA1Y phosphate translocator 911 T amyloplast LAZINANIT
o Jd 4 o 4
Fansreriudlavy (gluconeogenesis A% starch synthesis) ﬂ’iz‘U”mﬂ”l’i?fﬂ!,ﬂ’iwml‘}sjﬂgﬂﬂ?UﬂiJ
& a o 1 4
Tng ADPG “?\‘]Nﬁ@ﬂ?ﬂﬂﬁﬂ%ﬂﬂ‘u@\i ADPGase 61,11!331”?’ZINﬂ"liﬂ?\iﬂﬁ‘ﬂ@uﬂ%ﬁﬂﬁﬁgﬁ
v 9
phosphoglyceric acid 114 chloroplast tVUXIAYY darFunanaranu lulinmsass
. .40 Y [ @ s = d"
phosphoglyceric acid 191117 352AU ADPG anas msduasiziuiledangaas uenanilunan
A = Y . A 2 % % A o
NONAUITUNITHI N inorganic phosphate Tu chloroplast INNYU 30 - 50 osirua taziiszay
I 1 < Y a 9 o
ANUYUNTAAVDY stroma Tu chloroplast af84 L”IJ‘L!NﬁGlWLﬂﬂﬂ”liﬂﬁgﬁi]uﬂTi‘ﬂN"lu‘]J@\i
Al a g t;y v 1 4 {
o laidosutlanaiilinimag Tasa vude ldedruaen 18 (ndrased nazinega, 2546)
1 oﬂl < v [ ' ] '
suhaaglasavziiluasindondie1d luiy neuszindeud g amyloplast 9zgn
A g L. . ° P
/asuilu uridine diphosphate glucose (UDPG) TasmsBrauueaeu Lol sucrose synthase
= ' IS 9 J A
uazgmﬂaﬂum"lﬂgﬂu glucose 1 phosphate areiou lasi UDPG pyrophosphorylase 13991990
P y g
Wasuse 1y glucose 6 phosphate A phosphoglucomutase 114 glucose 1 phosphate Liag
Y 1 Y 1 A o 9
glucose 6 phosphate 1U1¢ amyloplast 1@ Taeruma hexose-phosphate translocator wieiin 1114

o [ [ 4 1
fmsudunszy ADPG @o'l1) (Smith er al., 1995)
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[ '3 a 4 4 { ]
mMsFaunszrutlanavuly plastid 1199910 plastid THvAmWE 1 14 chloroplast
= = J J o J . 3 A oy @ o 4
@imsasensveu laeen lea lumsaunsizia) plastid veuuaanwimgu (dunszinsa
Y @ 4
1u5iu) uag chromoplast Tus1nLATON (F9AT1EH carotenoid) 130 1UU19ATE amyloplast 1 11
4 o a @ I 1 4 o 4 [
(AU VIR WAILIN191A chloroplast tHuAY tazlidmduidunsziudla ldthaldua

meristem @< root cap (Martin and Smith, 1995)

) [ [ o 3 = s A 9
ﬁﬁ’i3‘]_1ﬂig‘]_lﬁuﬂWiﬁ\Hﬂﬁ1$ﬁllﬂ\1ﬂ§$ﬂﬂﬂ 4 YUADU Iﬂﬂllmuhl‘ﬂ)’ﬂ‘i/llﬂﬂ?ﬂlﬂﬂﬁiﬂﬂ

¥ila laun ADP-glucose pyrophosphorylase (ADPGase) starch synthase (SS) {1a¢ starch

E4
A v A

. & Y & o o ¢
branching enzyme (SBE) Hudu Favunoumsdunsizviuilaliaail

L. ef?m?m’fu (initiation) T1m3e519 adenosine diphosphoglucose (ADPG) ﬁ"léfmmﬂ
glucose 1 phosphate “ﬁ1ﬂ§ﬁ§81ﬁﬂ ATP Aol ADPGase Lﬂuﬁjli'\‘lﬂﬁﬁ§ﬂi ADPGase f:}ﬁ%‘ﬂu
18@ 1% plastid ST IR glucose 1 phosphate 118z ATP Us1nguinlu plastid d 5y ATP 1u
chloroplast 18 nanmsdansiziua au glucose 1 phosphatelléfiﬂﬂ pentose phosphate
pathway Tu chloroplast Tagil phosphoglucoisomerase 4181¢ phosphoglucomutase RIPERIER
ﬂﬁﬁ?iﬂ nseFunATIEH Iu plastid 1&9n glucose 6 phosphate Tagil phosphoglucomutase W
#11591N381 89U pyrophosphate finAnT1TAs ADPGase 1z1A a0 U 9DNIIN plastid 14 1ag

inorganic alkaline pyrophosphate

09/’ 1 . . = 4 o Y A A A
2. YUNBDA18817 (chain elongation) ou los3d starch synthase MUUINADIFDOUN
AUMHU a-1,4 52119190018 non-reducing ¥99818 1% glucan NV glucosyl moiety Y94 ADPG

e 1¥ ldae Tgen1veelnseers1e amylose 30 amylopectin

2o,z o oo
3. YuABNIAIU (branching) 118 TATIA519 amylose HaneeIneauads ou lminais
WUBLN4 (branching enzyme) AANUTL 0-1,4 Voo Taf uazadaWuse a-1,6 21Ny
Ao o ] a I A v A g A A dg’ ~ ]
Tgndanunitevesng Ina allunaduves amylopectin Nad e uIziinn 20 niiae

voIae T4

g 9 < . 1 {a 1 a
4. umsadradautls (granule formation) ¥29NNARDE 188712 V2INANIIF 09 TuaNa

I Y A g ~ = . Vo a =] A o
L“]JuiﬂiﬂﬁiN‘mﬂui%mﬂ‘ULm$Naﬂ (crytalhzatlon) ﬂ’J‘lJﬂﬂu u,azmﬂimaqmmuﬂmﬁumm
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H ¥y v @ . 2
TudumsasradaudlaTaslden T starch synthase 1461 branching enzyme %4 starch synthase
[ a a ia o <
T4 amyloplast taiailu 2 wila Av sianAan AN (granule-bound starch synthase, GBSS)
~ 9 I asJ‘ 9 o 9 A A 1 o 1 ng A A
Vlﬁlclf ADPG 11ua15699au ‘VI'I‘HMW]L%ﬂﬂﬁu’lﬂﬂlﬂﬂﬂgjﬂﬁﬂﬂﬁ']ﬂ amylose INTUU HASFUAN
! 3| 3 o { A '
aza10 (soluble starch synthase, SSS) 114 ADPG 1fludisasduimihiidounievesnglnd
[ 9 1w ' [ 4 @
AU amylose LY amylopectin Falinanoonsamlumsdunsign amylose N1

v 9
amylopectin NuanNANNY (ﬂ’cglj”lmixi?sl’ uamﬁaqa, 2546; Martin and Smith, 1995)

I 4 { 4 a [ 1
udladlums Tulamsanisznoudreamsueu lalaswu tazeondou ludasiaiu
I = 9 ] g/
6:10:5 (C_H,,0.n uilailu polymer v01ngInd Falsznoudieniitevenimiang Inau
A " v 9 [ aa V. . A 4 o oA Y
lﬂf@nﬂ@ﬂuﬂﬁﬂwuﬁzﬂ@jﬂ%ﬂﬂ (gluCOSIdIC hnkage) NANTUDUAUKUIN 1 VIWQ@WUG]'EJHIJQ’]EJ
A ] A 1 = 14 ~ ' AAa A
UYDIEY polymer mwmﬂﬂqiﬂﬁwwyjuaaﬂ%ﬂ (aldehyde group) FenUaeiaIsa
(reducing end group) uiladszneudie polymer 6U’E]Qf‘l’icﬂﬂﬂ’ 2 ¥1iAfD polymer gy

(amylose) 11a2 polymer 13404 (amylopectin) (NA194597 LazINBAA, 2546)

I a 9 ~ 9 1 A [

amylose 1111 polymer 13 uNsenovAIeng Inailszunal 2000 Hie FouABNY
AeWUTZNY IAFANYIA o-1,4 TUFTTUWIA amylose Anamuegiiaua luun dwmsuutleiv
) [ Qg)/ ) S I o oy v A
dlerdaiuialsua amylose 17 nlosisuave 11imiin vualuanamas 2,600 DP (degree
of polymerization) 311U 10988 7.6 NC (average number of chain) AVEUNAY 340 CL

. A I3 £y s E . .

(average chain length) Tmaqam 42 1lossua (a5 uaginena, 2546; Martin and Smith,

1995)

. I A A (] A & 9 A T Y
amylopectin 111 polymer 13049030 Iaa drunihuduassveng Inmiondonis
o aa a 1 A A A 3 ~
Wuseng Iaganwia o-1,4 wazaruniunaeniily polymer ng Inamedulivuna luana
] ] = [ 4' 1 1Y Y v an a ti! = 1
91153 10 D49 60 11178 WoNGBNUMBWUTZNY InFANYHA o-1,6 Falodissum 5
4 4 a 1 . 3 .
nlosua vollsmamiiieng Inalu amylopectin 1avua vu1a Tutanaves amylopectin 1

1 a a0 Y ]
uﬂqgmaz%umzumﬂizmm 2 ATUHUIY
@ 9 A . Y ] . a
anbe InTaai 1 UNIeY amylopectin Usznoudloaeas (chain) 3 ¥U@A

LA A 4o Lo U a &
1) @18 A (A-chain) UADNUN YD UNA ULV UIAYT luinureunoeandna el
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oA Y a A ' A A ' Y
2) 918 B (B-chain) MiﬂiﬁﬁﬁNLL‘U‘UNW?J&JWJmEJ@uG] 2 813NN IATIAI 1

amylopectin Usznoudieaey A tazene B 118a310.8- 0.9 1

<3| % HAa A 1 '
3) @18 C (C-chain) 1l udeunudalsznondionyiaiss 1 vy Tu amylopectin uaaz

Y 2 1 q’j
Tlllﬁfla Uszneuaeaiy C nud@amIuuy

o o v A (A . J <2 4 09} o
LLﬂQNHﬁTﬂSWﬁQNﬂSMTm amylopectin 83 weosiuavesivin "UHT@I‘JJLE“IQEI
] oy < g
Uszanm 2X10° vierihaang lne GERETRAL uazgﬁaga, 2546; Buleon ef al., 1998; Martin

and Smith, 1995)

< ~ Y J £ = . ..
wiautleli Tassadrafunuunman (semi-crystailine) Tag Tutanaved amylose ag
. v A o < < Y o o v oA g
amylopectin 923a389i ludautlailuTassadaisdruedaigiu (amorphous) tavauiiu
= . 4 y Ao & w1 v ) o @
Wan (crystailine) Tuuanviusu Taeiinuse lalasnududasadraldidanis saiudsu
. A v o :’ . o Y a o a v o 1 I
(Whistler et al., 1984) #501M125UAINUN (hydrate bridge) W lnal uusnudanuuuudlu
= A A o a A g o A =\ Y
nantiieenniinuse lalasnuann tazusnaiiluedugiuiesnniiusaivsy lalasau
9 1 A d = a . 1 = A [ [~ 1 Aana
uog drunurNaNINAIN amylopectin iAay Tutana luraiggranyounuilusiaum 3 4a
Y [ <3 = dg’ 1o o A A [
areiuse laTasau AnuuiwsweInaniuegiuiuiu luanaiuusouasfuuazns
[ <3 v @ T A 1 Y
dases Tuanameludaudsadunuliinlaell amylose unsnoguinanmaril luudl
a A A = d < 4 A o A A
FITUMAVLTUSNAUMANY TN 25 - 50 lesiFua uilaaniiyiinazsinazlitie

Y v 1
amylopectin 111 uNog U IUNAN @1 amylose azunsnogluoduguFinsouvzgnrzoon

<
ALl (Martin and Smith, 1995)
o A S
msarupumsimalunslaallsav

yiauedTUsaulunsusaudnyazmsian iy 3 wia 1dun Tsdulaseads
(structural protein) Tals aL!ﬂ’J’lJﬂiJm’i 11914 (functional protein) waz Tlsauazaw (storage
protein) TsauTasearaduTusduntluesdisenouvesansluTnseadave sive i 15w

Tuls@uiidn 1] inert luagasenFuniivaynsznveglumiveadie Wudu TusdAuayauilu

Tsauiitrazan i uaiuaeg wuluwda Wudu SwmsuTsauauaumsinu 1aud
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Jd A 1 % g ng 1 1 aaa [
u ladatiaaiee Tuiy FaduTdsaunmuanazsasalfasoduail luiey viodluTdsau
A o A 1 =& v 1 =& A I 9 .
Mmha13n3e ion Mndruniie ldsdnaruniialuie Wudu (Sinha, 2004)
=) o ai’ =\ A &2 vAa [
TsAumugumsinu Tasmwzeu lxnhiulivaeytiaddinguauiauazdnya

msmauuanaanu 'l 1dun

P = s 1% o s A A
Li’)l!]1“]511‘WU’Jﬂ@]5\1ﬂ15‘]J’EJL!Ulﬂi’)@ﬂvlcﬁﬂGlUﬂigiJTJUﬂﬁﬁ\imﬁTSWLLI‘N“UE’N‘WGU C3ﬂ@
. . . I A

Ribulose 1,5 bisphosphate carboxylase/oxygenase (Rubisco) e linlivinalszuu 560

2 Y ) ' ' . oA ., .8
kDa %9152N0UA2Y 8 subunit Gl‘lfiﬂlu (L1 subunit Tuwadseum 55 kDa) (a2 8 subunit (AN
(uag subunit DyuALzIY 15 kDa ) TA8iTond1 L wag S @ua1aD L subunit §n endcode
oo chloroplast genome @24 S subunit 198 nuclear genome Llé}ﬁlﬂﬁﬁlué’hmﬁfﬁd chloroplast

v @ o <
59UAN L subunit 144 stroma U4 chloroplast ué’ﬁwnmgﬂu holoenzyme (Martin et al.,

2000; Buchanan et al., 2000)

substrate Y94 Rubisco 1/0¢ 2 i1 1AL CO, 1Az O, FIWATUAUTUN active site
v A ( v v o a
@eanu nanssuvesou Tad lumsduny substrate gnivua lasdsumues Co, uaz 0, lu
k4

anmuaden 9nUSumves Co, uag 0, lue1me UHATe1 carboxylation MATUNINAT

. 1 G 1 1 a . I A =K P4
oxygenation 3 1111 1t 193192 1317@ oxygenation Tuuansal co, Angelalunszuaums
o J I s A )
dunsziuasdosgadeliiszinm 50 wosidud e 114 lunszuaums

photorespiration (Buchanan et al., 2000)

Tu1lATe1 carboxylation 1H11M5%191UUD4 Rubisco 113103 carboxylase 1391/§ATen
ribulose 1,5 bisphosphate U1 €O, 11liflu 2 Turanaves 3 phosphoglycerate A14INULIUANT
photorespiration TaBITH1NNT91191U904 Rubisco Gll.!g‘]Jslli’N oxygenase Lfdﬂﬁﬁ?ﬁﬂ ribulose
1,5 bisphosphate 1111 0, Tty 1 Tmaqamm 3-phosphoglycerate L1 2 phosphoglycolate 9

:ll A A 4 1 3 ) 9 4
2 phosphoglycolate HHUIWEN 2 ANTUDUINIUU Tumsii 2 phosphoglycolate 119152 Toand

éfmﬁﬂﬂtj VYUIUNIT photorespiration (Roy and Andrews, 2000; Buchanan et al., 2000)

c’d‘ ] aan . 9 1
ou'laingosutlaluilfnsen phosphorolytic cleavage 1ALn Pho (starch phosphorylase)

! 1 A :ll I P Aaaa .
wuludiuaeqvesluneduge Wuou lanifis 11§51 phosphorolytic cleavage Y04 glucose
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residues U89 non-reducing end UOJIH 10 Ta glucan iy glucose 1 phosphate ‘;l:;\i Pho 13
annsadeaandlald msﬁuéf‘umiEieﬂl,aﬂqs'ﬁyuagjﬁmeu"lmﬁ hydrolytic endoamylase noy 1u
M31591UYN381M13888UDI Pho 111 Pho 1§ 1mINE bond lugumiafiviianngauaniedna
Hoo 4 glucose residues ﬂf]ﬁ?fl”l phosphorolytic Lﬁﬂ@i@tﬁ@ﬂﬂﬂ debranching enzyme WU
Tuanauth #1606 (1.6) bonds 1Aiiuane T9iAen a1t pho ingAsn iy
debranching enzyme L101¢ glucosyltransferase Ml polymer U9 glucan f%}uauﬁa pamily

substrate UD phosphorylase (Trethwey and Smith, 2000; Buchanan e al., 2000)

% M z : J a
Tuaiuss isoenzyme VDN Pho wusialu plastid LL@g cytosol Futunananves gene
A =\ e . A a &£ a Jd ]
1@ 1 2 plastidic isoform NWAR 1A8 gene pho Ia 1Az pho Ib ¥ pho Ia waaeu laiaiulvg)
@ a d [} 09: )
Tu plastid 1w wag pho 1 waaeu laiaaulvajlu chloroplast aZWUNT 2 isoform 11U pea

(Setup and Latzko, 1979)

Weanmmnadouivlimn)asuuasldnnanming shldmsiauvesllsau
o a a = 1 dyﬁl 1 = FR d' ~ [
augumsianudaalnd il TusAumaridesmsnguuesTisAudeenizendn molecular
A 1 A
chaperones 141 1un3noglu functional form Woq TsAwmaniv e lw TsAwmanindam
1 9 & a1 ] 1 ~ o W A
a0 'l1 14 39 molecular chaperones HaAIU81UNTEVIUNTAA NEINYVDINFH QY
1 4 1 J 1
WuuMs ldun msnaoudie Tsaudigsad msdesaatsTdsdu mslsngues antigen
1w o < a
MsaedyQ N MINAUIAZNMIAIVAN apoptosis ITudn Tumasudumsinmimiudaoon
9
499 molecular chaperones 111 ldnaans lagmstnihAroguugi 1R am 501N heat shock

U & A 9 ogz' = g; o 1 @ 09/’ 1
protein (HSPs) "lﬂ %3 HSPs mwﬂ"lﬂuuumwuﬂmaQmmnmqnu"lﬂ AaLe 100 90 70 60 Lay

BYIZNIN 15 - 25 kDa (small HSPs) (Sharkia et al., 2002)

iadannanemsaawananuazSunamilsveuiualzvias

Tudnlzvdudazius ItwandanazdTuaudsluia lduanareiula wu lu
4 4
wlavilgnveanyasnsilszmeniu (aanamsdisiavesilimizilgn 2539 2541 2542 uay

2545 m@aw 4 1)) Wug52004 5 52004 90 LazBATANEAT 50 THNanAAmAY (2,868 2,788 112
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J

a % 1 1 o w T W d Aa a @ 1 [ A o
2,867 i lansuae Isawday) geniiugianszens 1 (2,126 nlansuse 19) Tuvmzhiug

Y a A a [ 1 [ 1 v 7 "o J Y a
5299 60 IHHananAmay (2,372 ﬂjﬁﬂill@]’ﬂulﬁ) NI WUFTZYDI 1 LANUTISYDN 3 Tvinanan

(2,097 Alansuae13) IndiRoa U U 32809 1 (Rojanaridpiched ef al., 2002)

1 [ a o {
Tun)asnaaeanuieeiug MKUC 34-114-2061dwanaaiaauazuiunae
a o 1 1 RS a o 1 [
(5,751 uaz2,138 lansuan 13) FINNNWUTIEYDI 5 (4,988 Lag 1,877 alaniuae'ls) uaz
4 a @ ' ' 1 a @ qﬂjl 4
INBATAEAS 50 (5,382 1A 2,002 dlansuse 15) aaudFuamdaluiniu N UT MKUC
S (a o "o - Yy o o s =
34-114-206 uﬂimmuﬂﬂumqqq@mmu 25.4 nlesidua InamesnuiugINbaseNaAs 50 N
a o 73 o {o ¢ a o /3 o
H5unamdlaluim 25 Wesidud luvmziiugszeos 5 Tusmantlalui 24.1 wlesidud
a 4 [ A a o
(AU LaTARE, 2546) Lmﬂumaﬁnmwuﬁﬂﬁmmzﬂmﬂmumnwuwawammzﬂmmwuu
[} [ o L) v 9 Y A 1 A
dlerds Tashnminageumsnsuauosveaiudlzrdimelaammnadouiuanaiaie
1 a o v d @ ' J %
ﬂgﬂ&’uqaﬂuwmmawaﬁmﬁﬂmmwuﬁizﬂm 1 (28.2 AUANBLENAT) HAZAITIN 1 (27.4 U
1 s o A 4 o < v 2.
ADLINATT) AN NWUTINHATAAAT 50 (33.2 AUABLINAT) TE8DN 60 (32 AUABDLINAT) LAY
@ 1 I a @ [ 4 I3 o
72894 90 (31.4 AUADLINATT) muﬂimmuﬂﬂummmwuﬁiwm 1 (19.7 nlosidud) uag
I3 I o Vo s 73 o
52804 60 (20 11/asiEua) MNIUFINEATMAAT 50 (24.5 1laT1EUA) 53899 90 (24.4

nlosiFud) naze3 1w 1 24 nlesiFud) (Tonw, 2539)
2) 99ian

o o o 1 A a Y Y A o 1
madgniiudilznaalugieggelu (aeudamay - fussw) linanaadiniims
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Wazszee 1 fleny 10 Lﬁ@uwé’ﬂﬂgﬂﬁmﬂu small heat shock protein (small HSPs) (8301w 16)
uReT 20 kDa Miily predominantslu!ﬁy@L’éaﬁmclummﬁaﬁuéhﬂw’5@ devhl3ns et
$18unsaeziiTu orflumndnveandu small heat shock family Tasmmziudnlznasiign

TuuSna arid veanIususnuazemsn @ (Souza er al., 2002)

1 . t:‘ 9 d? tﬂy o o [ 4 ti'
@9 polypeptide Y119 112 kDa N3 1wUuTuleiudlenanuiugszen 1 1919 10
9 v 1 Y
1A UMAI QNI 1o UR starch phosphorylase isoform L (Pho2) (A0 TW# 17) H4019W U
v Y
“lugﬂ cytosolic 10 amyloplastic Taef isoform L egclu amyloplast LLaZﬁﬁ1ﬂﬁﬂTNLaQa

1521194 112 kDa (Hsu et al., 2004; Yu et al., 2001)
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5N 1 uaass1aunsaozil Iuved polypeptide YH19 55 kDa 90 ludud1tlzwas

@

J J A g A = @
UTINHATAITAT 50 NoWYNUINYI 4 meuwaﬂﬂgﬂ

fragment Amino acid sequences
1 DTDILAAFR(Asp-Thr-Asp-Ile-Leu-Ala-Ala-Phe-Arg)
2 GGLDFTKDDENVNSQPFMR (Gly-Gly-Leu-Asp-Phe-Thr-Lys-Asp-Asp-Glu-Asn-Val-Asn-Ser-

GlIn-Pro-Phe-Met-Arg)
3 DDENVNSQPFMR (Asp-Asp-Glu-Asn-Val-Asn-Ser-Gln-Pro-Phe-Met-Arg)
4 AQAETGEIK (Ala-Gln-Ala-Glu-Thr-Gly-Glu-Ile-Lys)

5 DITLGFVDLLR (Asp-Ile-Thr-Leu-Gly-Phe-Val-Asp-Leu-Leu-Arg

A15199 2 LA IAUNTADLH 11UV polypeptide YUIA 18 kDa 21nilaenrniudlzvias

v

9 A g o oA = o
UTHIYLN 60 HATTEYDN 1 DINUAIDINNDIY 10 mauwm‘ﬂgﬂ

fragment Amino acid sequences
1 ADIPGLK (Ala-Asp-Ile-Pro-Gly-Leu-Lys)
2 VLQISGER (Val-Leu-Gln-Ile-Ser-Gly-Glu-Arg)
3 FRLPENAK (Phe-Arg-Leu-Pro-Glu-Asn-Ala-Lys)
4 ASMENGVLTVTVPK (Ala-Ser-Met-Glu-Asn-Gly-Val-Leu-Thr-Val-Thr-Val-Pro-Lys)
5 ASMENGVLTVTVPKEEVK(Ala-Ser-Met-Glu-Asn-Gly-Val-Leu-Thr-Val-Thr-Val-Pro-Lys

Glu-Glu-Val-Lys)

6 AIEISG (Ala-Ile-Glu-Ile-Ser-Gly)
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[ Y
A15199 3 LaAId 1P UNTADLH THVD4 polypeptide YUIA 112 kDa 91t ud1tlevias

[ 4

A g o ] A s A Y
UTTTYDI 1 IUBINUAIDINNDYNUINYI 10 meuwmﬂgﬂ

fragment Amino acid sequences

1
2

YHAEFTPLFSPEK (Tyr-His-Ala-Glu-Phe-Thr-Pro-Leu-Phe-Ser-Pro-Glu-Lys)
DGQEEVAEDWLEMGNPWEIVR (Asp-Gly-Gln-Glu-Glu-Val-Ala-Glu-Asp-Trp-Leu-Glu-Met-
Gly-Asn-Pro-Trp-Glu-Ile-Val-Arg)

TGYSVSPDSMFDIQVK (Thr-Gly-Tyr-Ser-Val-Ser-Pro-Asp-Ser-Met-Phe-Asp-Ile-GIn-Val-Lys)
FITDVGATVNHDPEIGDLLK (Phe-Ile-Thr-Asp-Val-Gly-Ala-Thr-Val-Asn-His-Asp-Pro-Glu-

Ile-Gly-Asp-Leu-Leu-Lys)

61

121
181
241
301
361
421

MSPQTETKAS VGFKAGVKEY KLTYYTPEYQ TKDTDILAAF RVTPQPGVPP EEAGAAVAAE
SSTGTWTTVW TDGLTSLDRY KGRCYRIERV VGEKDQYIAY VAYPLDLFEE GSVTNMEFTSI
VGNVFGFKAL RALRLEDLRI PPAYVKTFQG PPHGIQVERD KLNKYGRPLL GCTIKPKLGL
SAKNYGRAVY ECLRGGLDFT KDDENVNSQP FMRWRDRFLF CAEALYKAQA ETGEIKGHYL
NATAGTCEEM IKRAVFAREL GVPIVMHDYL TGGFTANTSL AHYGRDNGLL LHIHRAMHAV
IDRQKNHGIH FRVLAKALRM SGGDHIHSGT VVGKLEGERD ITLGFVDLLR DDFVEQDRSR
GIYFTQDWVS LPGVLPVASG GIHVWHMPAL TEIFGDDSVL QFGGGTLGHP WGNAPGAVAN
RVALEACVKA RNEGRDLAQE GNEIIREACK WSPELAAACE VWKEIVFNFA AVDVLDK

A o a =2 % = A =} o w
7NN 15 dreunsaezdl Tuvesllsauvuinilseuna 55 kDa (8ny5aNAd) Nirleuaial

1
61

nsaozil Ty glugmeffmgja gi 223866 : carboxylase oxygenase L

MSLIPGFFGG RRSNVFDPFS LDMWDPFKDF HVPTSSVSAE NSAFVSTRVD WKETPEAHVF

KADIPGLKKE EVKVQIEDDR VLQISGERNV EKEDKNDTWH RVERSSGKFT RRFRLPENAK

121 VNEVKASMEN GVLTVTVPKE EVKKPNVKAI EISG

~ o w a = v = A A
MU 16 an vnsaezil luvesldsauvuiadszanu 18 kDa (9NHIALUAY) NHUDU

[

RN TP LEATARY 11!3@11!5191}@%1,6 gi224545 : small heat shock protein
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1 MTMRFHPNST AVTESVPRRG SVYGFIGYRS SSLFVRTNVI KYRSVKRNLE FRRRSAFSVK
61 CGSGNEAKQK VKDQEVQQEA KTSPSSFAPD TTSIVSSIKY HAEFTPLFSP EKFELPQAFI

121 ATAQSVRDAL IINWNATYDY YEKLNVKQAY YLSMEFLQGR ALLNAIGNLE LTGPYAEALS
181 QLSYKLEDVA HQEPDAALGN GGLGRLASCF LDSLATLNYP AWGYGLRYKY GLFKQRITKD
241 GQEEVAEDWL EMGNPWEIVR NDVSYPVRFY GKVVSGSDGK KHWVGGEDIK AVAHDVPIPG
301 YKTRSTINLR LWSTKAASEE FDLNAFNSGR HTEASEALAN AEKICYILYP GDESIEGKTL
361 RLKQQYTLCS ASLQDIIARF ERRSGASVNW EDFPEKVAVQ MNDTHPTLCI PELMRILIDI

421 KGLSWKDAWN ITQRTVAYTN HTVLPEALEK WSMDLMEKLL PRHVEIIEMI DEELIRTIIA
481 EYGTADSDLL DKKLKEMRIL ENVELPAEFA DILVKTKEAT DISSEEVQIS KEGGEEEETS

541 KEGGEEEEEK EVGGGREEGD DGKEDEVEKA TAEKDGTVKS SIGDKKKKLP EPVPVPPKLV
601 RMANLCVVGG HAVNGVAEIH SEIVKDDVFN AFYKLWPEKF QNKTNGVTPR RWIRFCNPDL
661 SKIITQWIGT EDWILNTEKL AELRKFADNE DLQTQWREAK RNNKVKVAAF LRERTGYSVS
721 PDSMFDIQVK RIHEYKRQLL NIFGIVYRYK KMKEMNAAER KENFVPRVCI FGGKAFATYV
781 QAKRIVKFIT DVGATVNHDP EIGDLLKVIF VPDYNVSVAE MLIPASELSQ HISTAGMEAS
841 GTSNMKFAMN GCLQIGTLDG ANVEIREEVG ADNFFLFGAK AREIVGLRKE RARGKFVPDP
901 RFEEVKKFVR SGVFGSYNYD ELIGSLEGNE GFGRADYFLV GQDFPSYLEC QEEVDKAYRD
961 QKKWTRMSIL NTAGSSKFSS DRTIHEYARE IWNIEPVKLE

d‘ o a = [ = d‘ A
AN 17 arwunsaesd Tuvesllsavvuialseun 112 kDa (ANYIFLAI) NYINDU

Maunsaozi Ty Glugmsl’feyja g1 629646 : starch phosphorylase isoform L

a d
913

4 7 o [ z Y4 Y] a
Tungilgnduduiletiudnlzndwisenuiugiiony 8 eundaslgn awisalvinanda
w F Y a LA 2 A A 2 9
Waaa hminudaiuaz Tt aiudy (0 4 1az 5 MT1RUINTI 7 8 Lag 9) el
a ] o a g’ qul 1 { [ I { 1 . .
au'li'ldsudSunaniwludwadare@oun 6 naalgniaiy (M 1) 1aA1 matric potential
a 1 = A v =\ g’ Y Y Y a Y
yosauanadluraredoun 7 Tasiugizend 1 TMinuiawedn nanaaiaa taz
a v A dgl (] A v =5 a a v A
Ysmamdlaluianuiuediaunn iesnniugszens 1 ionsiminiayau Taveeriuny
d? ~ A v Y 4 =] a a o
AU (0NN 3) TuvazNRUFHIELN 60 LazNEAIAAT 50 UoR31MIRITYAD TnvaaH)
1 9 o =& Y @ = v Y 4 A
ApUYI9AT FaareandonuzluuuuedTisAuve W ugiIsD4 60 LazNBATAIEAS 50 (10D1Y
1 Y
8 1nounaslgn 15T polypeptide Y94 small HSPs Tuildonsialsingiuaud lu

[ @

] v ] v
Fauiin wemsnaivesaudiaeiiosas llvunsenaiudnlendserg 10 ounasilgn

9

o o oaj v I . = v dg’ 1
WAz HANIEUNUFULO VYD polypeptide YD small HSPs Tuilanniinlinguned
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o { Q 1 < 1 { A YY)
FAU (AN 12) F9151891191 small heat shock protein tHunguaes TsAunimeiunums

' J oy g Y dno
NUMUABNTVIALN (Coca ef al., 1994) uaz vl chaperones Tuanwiadoni lu

= 1 ] S Y [] = 1 A Aa 1

mwnzay TsauduIvglusaansdosmsnmssiomasvoingu1isauiiEiendi chaperones
e fold 1911111 functional form Taeienaeiiv folding Tumsuadoya (translated) M3
° . o g 1
1141 (imported) 42 stress-denatured Y83 1U3AU chaperones 39iANuIuiuaonszuINMg
1 I3 U 4 4
a9 9 meluaaiy 1aun mandeuine TusAwdr lulusad iy M5 degradation voelysau
M31/351n7 V01 antigen M3tiiladayay1a (signal transduction) NMIATYAD TN MIAIVAN

apoptosis Fludu (Heldt, 2005; Sharkia et al., 2002) AuUiUPAUTIAT matric potential ¢ Wy

v Y

o o s Y Y Y Y} LA
mﬂzwmwu‘ﬁmam 60 LLASINHEATAITNT 50 llﬂﬂi%ﬁ]u‘lﬁhﬂWiﬁiN small HSPs 4UINONIT

a

]
a a

v v v an 091 9 P " v d £ o Yo oY
ﬂjum’J'V]uv]v]ﬂulﬂﬂﬁﬂ'lwﬂ’lﬁeU’]ﬂu'lllagﬁj’l\‘]hlﬂﬁ')ﬂ'g’lwuﬁqigﬂa\i 1 iN‘i/lﬂ?iWH‘ljﬂ’JﬁJ"lN 60

4 " Yo g‘ 1 9131 o Y @
Lﬁﬁ]’fﬂq 10 Lﬁf]u hliJhlﬂTUNaﬂiZ‘l/liJiﬂﬂf‘fﬂTwﬂﬁGUWﬂuW ﬁmaiwumummwmmuaz

Y
=

a o A 4 v 7 J o < o Y @
HAHAAT IAANNGITY WUFINBATAAas 50 Tasunansznuanios atihminuieueia
a o a Y 1 Y A 1o Yo
nanan e wazlsinautllubaasoudieni uaugizees 1 1dsumanszny
' Y
Aoudaun Mlnoasimsnsaay Tavewitaadiag Wintinuiaesia kanaaiiaa uaz

Usuadlaluaatinu Tivanas

A A Yo a 2 A ~ o o Y1 . . 2
luﬂ@ullﬂSl]_lﬂiu’]mu']p‘]uﬂa']\uﬂﬂuﬂ 11 ﬁa\iﬂgﬂ ‘1/]16114?]1 matric potent1al UBDIAU

9
1 [ -4 =

< i o o (% QEJ} [ oy @ @
Q'Qﬁuﬂﬂ']\ﬁ?ﬂ!j? L!aglﬁﬂﬂUﬁTﬂz‘ﬂaﬂﬂﬁﬁ’lﬂJWH‘ﬁ'ﬂ’]ﬂ 12 Lﬂ'ﬂucﬁﬁ\iﬂgﬂ u1ﬂuﬂllﬁj\1ﬂl@\‘]ﬁ’3

a q

A

9
nanaaaatazdsnawilaluiaaanas NflilewnnnsasimsnsyauTavewidan

e

9
v A o 9

o' (Y a a A 4 [ QSJ‘ @ 4 {
dras uaoasimansyan Taveslumugeiu dufeiudilzvauisamiugaaeutlsiazay

Y v 4‘ o 9 1 [ [ a a A 1A 1 1 zﬂ' d!
sty o ladealulmi nasansasimsnsaauTaveslulimaaaueduaeiiios @
<3 4 Y] { 4 Y o @
win'l1nuauues polypeptide 499 Pho Tuiilatia (nmd 13) iietiudiilzvdniy 12 1Hou

1% 5 I P 1 1 < 4 %
waa1lgn 9 Pho 1o lasiNdesdarontls (Hsu er al., 2004) uaog1alsiamiiod

9

d1lzvdanny 14 ounalgn Uuauved polypeptide Y04 Pho Tuiiieriasing ludu

o [ 3 [y 4 UK o o a % 3’ v
drlevdaneauiug uanugHeue 60 LazinbAsMAAs 50 Tnanaaiaauaziiminuia

v A 42’ A o rr’:: A v a a Y A d? £ 1 =\
YoIHANUUY TasNHUFNId0lonTIMInTyas TnueIn uNLUL F9Uda331 Pho 0193
o @ 1 [ 4 lqa.ll { ] 1 Aa

anudngmemsdunsizruils TagTgdus ¥o9 maltooligosaccharides Nogod1adass lu

aan @ I [ o d
1501 trimming gnAunals 1dduTeevesTuana glucan Tasmsiauveuon laidos

3 1 Q :/l 4

glucan aqldun isoamylase Pho Uai& debranching-enzyme 9N Pho tazton la debranching

1 1 1 o [ [ 4
p191d U3 WgA181UNS recycle Y9I maltooligosaccharides @5 Ul lumsdunsizindle
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' o 4 Y Aaaa .
Turanaved 15817904 glucan i ldlss Toani Id lunuiluil§asen phosphorolytic Tag
o % o o

Pho 13 1 glucose 1 phosphate ¥q glucose 1 phosphate Qﬂuﬂ‘ﬂgl%ﬂi z Tow1l lng ADPGase

o [ [ o 1 v QSJ‘ { 4
VT UATEHUTI (Yu ez al., 2001; Mu ez al., 2001) duiugszeed 1 1iu Pho Nlsngiu
1 9 1 = v o 3 A4 A o a a o ¥ =2 o Y
1!1’1]311(?Nﬁl%ulﬂﬂlﬂﬂwuﬁﬂﬂﬁﬂﬂ UANUTISEDN 1 uamwmmitgmﬂmmamqumﬂw
o Aa a v A z:? S v J 3 3 A Ay ¥ [ d o
@ﬁiﬁﬂiﬁ]iiyLG]‘]JI@]ﬂl@ﬁﬁ?LWﬂJﬂlHLﬁﬂUﬂﬂWﬂUﬂ “L!Uﬂi’)@ﬁmi‘ﬂ”lﬂiﬂﬂﬂﬁﬁ\ilﬂﬁT%WHTllﬂ

azanludrvesdiduainniliuia

. . d’ 42’ % o [ :ll Y] 4
LOVYD polypeptide Y94 Rubisco Ns1ngUnluluvesiudilenaaisanuiug Tu
09.: 1 [ { 1 o o [ YR 4 Y]
gadgndurunazdaeduiuiianuuanaieiu i 1) udua lwindlznduiugifentu
o o ¢ a A g ! o

Taslugqilanduduiiu Wugraous 60 TuovvesTsauriaiisngiulwdaeun 2 naslgn
1 o o 4 =\ = a dy 421 A ~ @
druRufnEaImaas 50 Juavved llsauriatilsinguuluaeun 2 uas 4 nasilgn

' o 7 Y Y v o '
Tuymzinugizees 1 Tuovtidsingiulwdoui 2 4 uaz 6 navlgn ualuggilgniareru
3 3 [V . = a dy d? = ~ v 1 z
WU MR UFULOUUDA polypeptide ¥4 T)sAurHatilsngyuludoui 2 nasilgnmniiy
A & 1 dy A 9 a A . . A 1 Qa: 1 =2
nhurutioaiieawnnluggignausdy AuiA1 matric potential HAgadungndal sz

A d‘ [ d‘ = dy =\ 1 a a w ) [ 1
Yang@oun 7 navlgn (M 1) Ianuduisanedaenseig@n Tnvesiudnlenas ualuy
o a A . e o Y A A =2y A A o
g91lgniareruiiy Auiia1 matric potential S1INAWAAUADUN 3 DIAUADUN 5 Nadllgn
d' =S g’ o/ o 3 ] = U
(M 6) wazanmsanyimsviai luulasilgaiudilzvaslug 3 meuusnnaailgnlag
1 09/’ a 4 L% ) (% 1 oy

VIAUIULINNI 2 1AUY DanTTuVeAUou 93] Rubisco Tuludiudlzvdanviminnunu g
@ 4 A~ s A I~ a v W o v A = o [
dlamanasilszanm 40 nlesigua enfSeumeunuiudnlenasnlgnluamw@eriuug

1 3’ I a Jd &% ) [} § oy
Tuwarh wazlumaassdudnunanssuvoseu lai PEP case Tuluvsaiudiilendanaiain

9
o

A d? I3 s A =) ~ v o o o A = o 1 ] oy @
WYY 13 LﬂﬂﬁL“])"Ll@]Lllﬂlﬂi‘EJ‘]JL‘I/IEJ‘]JﬂiJ‘JJuﬁ"l‘]JzﬁﬁQﬂ‘]JgﬂGluﬁﬂTWLﬂ‘c’nﬂulmllllslﬂﬂu"l ANU

4 g} a 4 & o v Aa -4 1
Wensnatienuueen llnanssuveueu lul PEP case Tudiudlzvaunayuunnnii

4

Rubisco (El-Sharkawy, 2004) 39inari ¥ luggilgniaeduiiunuves Rubisco Tuiinug

E]

J dgl Y 3 ' 9
INHATAITENT 50 LUagTeenl 1 ‘ﬂﬁﬂj"]sllul.!i’)EJﬂiQﬂ’J”I(lui]E]‘]Jij‘ﬂ@]uNu

Y
v 1

Y A = [ a A . .
Tuggilgnilaeruduaduaeun 5 nasilgn AuTAT matric potential genanAIY
oA ~ v v o o :ll v IR A a a ' 1 A £ o
nsgiaupeui 14 naslgn Mudnlzrduisauiugasiimsniymy lnog1aneiiod 596031
a a o A & A =2 099 a o S Y o
mssyan Taveuiauiluuan (mui 8) dsi ldwananiaa minuve il uay

a o 4 - K o oa L A
“]J53J1i1!LL‘ﬂﬂuW’Jﬁ'mWNﬂJu@aﬂﬂi}ﬂﬂQﬂ Taeditauvod Pho Muilarunaay (DINN 14) naoa
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1 § @ % { % [ 4
gagn endulurrudoud 2 uag 8 naslgn 49 Pho o1vmeItosnumsdunsizriuil (Yu er

al.,2001; Mu et al., 2001)

] 9 9
wonlSeuiisumsilgnlududunazdareggduiu Taennsandeyadsuaninu a
9
matric potential Y8eAUTWAVINMITNUR VR wandarida nazlsuautladuiiaa Tugg
Y
Ugnduduiide lanSoulundvesduiinnuiulfiisanesemsniyan Tavowuiudilzvas
o @ 14 1w qu/ o o o 9 v 14 v v
Tuszozusnaunszneazauutlaluia 18 uandenniuiudilzndedowiunquisaduny
Aa a dy ' S KR 9 a o oy @ 9 @ a
AMWNAUTANNFUFIDE193IA5 dana linanaaidaa iinunvesinazlsuna
Y ° ll £ 9 g Y a o 3} o Y v A dg’ 091}
utlelusiranandiasediann dddesms Idwandaiidauazihminudave s unu iy
Y} D) 2 Vo o @ = Vo Py % 9
apslyszezinn YWegnUWUE 91MINAARIUNUINNUFHIUI 60 LazNbATAIans 50 19
' A g’ 9 Y a o 1o
natedtios 2 mon Tumsmuhmiinui e s uagwananiidn uanugszens 1 Aeald
' dy 1 qul v o v 9 1 3’ 1
nawnnnl drmlumsdgniaedniu dudilzranesiuaniizuiaiilugiansnves
a a [ 3 A 1 v 9 v KX A o v Y Y o
M3y e duiulumsiaenisialumslgniudnlenasnatianudiay aeq iy
o (% Yo dy d' ~ 1 a a 1 1 9 A (%
dnlendaldsuanuuiiisanesemssenuaziniua laTugwsnedaiios 2 Aound
@ 1 da'w ) v A :I 2/' 19 A = [ :’ ' 9
Ugn Avumneassiiudlerdausuvnamhduwduaoun 3 vaalgnuazvimitediaies
A 4 % 9 v v a a 4 Y a o g’ o Y @
2 hiou (nguda) udilzrdsdiannsaniydaulald Tnandaiaauasimminuivean’
A d? 9 & [ 1 9 Yy a A dy = 1 a a Y
INNALAIY Fanaenndugguas uda Aulinnuuiisanedsnisniy@y Tnve sy
o [ Y= Y 3’ [y 9 [} 1 1 [ o [Y] 1 [}
dnlznas daudngluuumsnsznnihmminuie lldsdiuae veuiudulsndwanaany
a a £ ~ Y o v o 9 ' IS
Tilamwszgezmansay@ula selimsuiaihminede lasauidrduas luluge 3 - 5 @ou
o o d oy - T < S w oy
usn vasnntnhmineds llazauiiaudundn egnelsdawgluuomsnssnetiminui

9 E4
lgeduanen vestudnlznaninivegiuanmnadonlumsilan Tasmwizns

U

9
a ) Y a

L‘]JﬁfmmJmﬂ?mmmmm&;mmﬂmu W ANUVNLE ANNIUIUVDITY Haggauny

L]
9
Y

Y
(El-Sharkawy, 2004) 31nmsnaasstidesms 1y 1a inanaaiiaa ihminutevesiag

9 4

USuamdlslustiangs lumsilgnduggduaisiiuinesiiony 10 weundulgndmsviiug

[ 9 o v J J 1
#1019 60 1Az 01y 8 ApUNANlgndmSURUTINbATINEAT 50 azIzees 1 dauluggilgn

09: g A g o oA A Y
Yangruiiuarsinuneisauiugnely 14 weuvidalgn

A = ~ o o [ 09: [ 4 o 9 a :j ' . .
wenlseumesniudilsnaaieuiug Tastihdoyailsuaniiy A1 matric potential
Y Y 4
a ' v o 1 o Y Y o o Y 1 1 a %
Yo9au Swnudaduveniminuie dminudavesdiuaie uazisinandls 5w

{ o C2:) o a ' v ) 4
Tsaunarugumsiaulududilerdunionsans i Wugeue 60 LagnyasmMans
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Syana UMY ﬁu‘ﬁ: Aunae
(Lﬁauﬁﬁaﬂgﬂ) WWUI60  IAHATAEAT 50 28049 1
2 1l4e' 183.3d 126.1 ¢ 1403 D
4 267.4 a 2289b 201.6 bed 232.6 B
6 225.5 be 187.9d 194.2d 202.5C
8 76.0 f 386¢g 329¢g 492 E
10 142 ¢ 143 ¢ 135¢ 140F
12 200.2 bed 205.9 bed 197.6 c¢d 201.0C
14 284.7 a 258.1a 2699 a 2709 A
f‘hma‘ﬂ } 168.5 A 159.6 A 148.0 B
CV (%) 12.03
F test var *k
F test har *k

F test var*har  **

4

WUOIR var HUNODQ WUT
har ‘Viiﬂ‘(’l’ﬁ\“l 5$ﬂznanﬁmﬁ'm

'In rows and columns, means followed by different letters are significantly different at
P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05
by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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2 85.6 ijl 104.91 74.9 jk 88.5F
4 185.6 fg 136.9h 106.0 i 142.8 D
6 181.7 fg 1752 g 198.0 ef 185.0 C
8 231.2d 218.1 de 281.6b 243.6 B
10 256.1¢ 235.24d 346.5 a 2793 A
12 1509 h 88.51j 99.3 1 1129E
14 92.8 ij 553k 29.8 ] 593G
ﬂ'uﬂa’&f 169.1 A 1449 B 1623 A
CV (%) 9.24
F test var ok
F test har ok

F test var*har  **

4

WUOIR var HUNODQ WUT

a

= 3 A
har KUYDI TSI UNVINYD
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'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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6 4943 ef 540.7 def 508.0 ef 5143 C
8 670.0 be 72340 72370 705.7 B
10 566.7 de 568.6 de 519.1 ef 551.5C
12 4679 f 562.4 de 631.4 cd 553.9C
14 757.0b 738.5b 1007.6 a 834.4 A
Aunge 4613 B 4933 A 519.6 A
CV (%) 11.91
F test var *%
F test har **

F test var*har  **
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WUOIR var HUNODQ WUT

a

= 3 A
har KUYDI TSI UNVINYD

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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10 427.1 f 398.4 f 5459d 457.1C
12 4824 ¢ 3992 f 764.7 a 548.8 B
14 697.3b 617.7c 774.2 a 696.4 A
fhm?if 293.6 B 261.7C 369.0 A
CV (%) 10.87
F test var *k
F test har *k

F test var*har  **

WUOIR var HUNODQ WUT
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= 3 A
har KUYDI TSI UNVINYD
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'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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8 1297.8 bed 1496.9 ab 1161.1 de 1318.6 A
10 1582.1a 1447.7 abc 968.3 ef 1332.7 A
12 1125.5 de 1239.3 cd 7354 ¢ 1033.4B
14 1632.4 a 1345.0 bed 776.0 fg 1251.1 A
ﬂ'1m583 10232 A 1050.4 A 6269 B
CV (%) 15.99
F test var ok
F test har ok

F test var*har  **
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'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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6 694.1 hi 740.2 hi 520.2 jk 651.5E
8 797.2h 960.4 g 594.8 ij 784.1 D
10 1816.2 cd 1765.6 d 1258.8 f 1613.5C
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F test var ok
F test har ok

F test var*har

WUOIR var HUNODQ WUT

= 3 A
har KUYDI TSI UNVINYD
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a

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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(Alansuae lsaamon)

sTEZNANRLIRY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 73.94 126.79 80.47
4 372.64 345.99 210.19
6 48127 570.11 350.66
8 94.02 86.53 317.56
10 59.61 11415 -208.39
12 -184.72 -11.48 31.66
14 44029 167.03 244.62

MINHUINT 8 BasimsnTyay Tavesiiazauenistiudlznaslugalgndudy

(ATansuae lsaadon)

sTEZNANRLIRY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 5.54 13.43 4.79
4 183.27 206.68 74.00
6 379.14 458.47 211.43
8 80.94 69.84 290.35
10 142.16 -24.60 -96.43
12 -228.32 -104.17 -116.46

14 253.49 52.84 20.31
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~ Y] a a o 9 Y o % Y
AMITNWHUINN 9 ’amwmimﬂgmﬂmmamumumﬂwaﬂquﬂgﬂﬁuvlu

(ATansuae lsaadon)

sTEZNANRLINY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 12.70 21.68 12.62
4 111.38 116.53 98.44
6 123.06 132.11 142.96
8 87.85 91.36 107.85
10 -51.67 -77.40 -102.29
12 -49.40 -3.10 56.11
14 144.58 88.08 188.14

M3HUING 10 sasimsnigayTaveslududilzvaclugadgndudu

(Alansuae lsaamon)

STEZNANRLINY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 55.70 91.67 63.06
4 77.99 22.79 37.76
6 -20.92 -20.48 373
8 -74.77 -74.67 -80.63
10 -30.89 -12.16 -9.67
12 93.00 95.79 92.02

14 42.23 26.12 36.17
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d‘ U a a Y o U
MINHUINT 11 dasimaniada Tasiuvesiudilzrasluggilgnilaiery

(ATansuae lsaamon)

STEZNANRLIRY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 55.90 77.03 51.30
4 255.70 206.03 178.40
6 194.33 23535 185.67
8 126.53 179.87 183.67
10 617.18 501.28 476.59
12 63.26 34.91 76.03
14 42927 402.17 183.83

MINHUING 12 dasimsnsaas Tavesluiudilzvddluggilgniaesy

(Alansuas lsaadon)

sTEZNANRLIRY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 42.78 52.44 37.47
4 50.03 16.00 15.53
6 -1.98 19.18 46.00
8 24.77 2145 41.78
10 12.43 8.50 32.49
12 -52.60 7334 -123.62

14 -29.01 -16.60 -34.76




MINHUING 13 daaimanTyay Tnveaiiasaueisiudnlznasluggigniareny

(ATansuae lsaamon)

sTEZNANRLINY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 5.91 12.63 6.16
4 182.31 175.49 146.14
6 158.82 181.97 107.82
8 51.55 110.11 37.30
10 509.49 402.61 331.98
12 88.18 107.83 90.27
14 350.85 309.50 213.81

MINHUINT 14 dasimsniyay Invessrdutiudilzvnaclugalgnilatodu

(Alansuae lsaamon)

sTEZNANRLINY Wug

(Pounaslgn) #0143 60 INBATANEAS 50 52009 1
2 7.20 11.96 7.66
4 23.36 14.55 16.73
6 37.49 34.19 31.86
8 50.21 48.31 104.59
10 95.26 90.17 112.12
12 27.68 0.41 109.38

14 107.43 109.27 4.79




MIWHUINT 15 Hanaaaavesiudlzvaclugadgnduru (RTansuae'ls)

78

sTEZNANRLINY Wug Aunde
(Peundalgn) WU 60  INBATANEAS SO 53809 1
2 69.3k 176.7k 73.3k 106.4 E
4 1454.0 i 1635.3 1 801.3 ] 1296.9 D
6 3455.2 def 3772.7 cd 2307.0 h 31783 C
8 3503.3 cde 3786.7 cd 3453.3 def 3581.1 B
10 4327.0b 3877.7 cd 3035.0 fg 3746.6 AB
12 3608.3 cde 3767.3 efg 3267.3 efg 3547.6 B
14 4826.7 a 3946.4 be 2962.7 g 39119 A
ﬂ'uﬂa’&f 3034.8 A 2994.7 A 22714 B
CV (%) 10.84
F test var ok
F test har ok

F test var*har  **

4

WUOIR var HUNODQ WUT

a

= 3 A
har KUYDI TSI UNVINYD

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT



MINHUINT 16 Hanaaaavesiudilzvdclugadgniatedu (Alansusels)

sTEZNANRLINY Wug Aunde >
(Poundlgn) W9 60  InuAsAIARS 50 52809 |
2 5431 133.71 66.01 84.7G
4 1142.0 k 1054.7 k 926.0 k 10409 F
6 2198.0 2312.7 hi 1972.0j 21609 E
8 2589.7h 3079.7 g 2513.0h 27274 D
10 4945.0 cd 4651.3 de 41993 f 4598.6 C
12 53703 b 5285.9b 45243 ¢ 5060.2 B
14 63273 a 6136.7 a 5130.0 be 5864.7 A
ﬂ'uﬂa’&f 32324 A 3236.4 A 2761.5B
CV (%) 6.86
F test var ok
F test har ok

F test var*har  **

4

WUOIR var HUNODQ WUT

a

= 3 A
har KUYDI TSI UNVINYD

79

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT



aseuani 17 dsmamthduiaavesiudnlzuasluggugndudu o)

80

ssEZAURLIRY Wug Aunde
(Peunaslgn) #8360 INBATAAAS 50 T2H04 |
6 22.8 cd’ 25.3 ab 16.5 21.5B
8 252a 26.9 a 23.0 be 25.1 A
10 26.1a 25.8a 21.0 cd 243 A
12 20.3 de 18.3 ef 11.7¢g 16.7C
14 20.6 cde 17.5 12.0 g 16.7C
Aunae’ 23.0 A 22.8 A 16.8 B

CV (%) 8.06

F test var **

F test har **

F test var*har

WUOIQ var HUNODQ WUT

= 3
har KUY TSI UN VNG

4

a

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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aseuand 18 Usnamihluiaavesiudnlzuasluggignilatedu (o)

sTEZNANRLINY Wug Aunde
(Poundlgn) W9 60  InuAsAIARS 50 20N |
6 19.7 de' 21.0d 162 f 18.9D
8 20.4d 21.6d 135¢ 18.5D
10 242 ¢ 26.1 be 183 ¢ 229C
12 25.9 be 26.1 be 20.2 de 24.1 B
14 282a 26.9 b 21.5d 25.7 A
Aunae’ 23.8 A 243 A 17.9B
CV (%) 5.83
F test var **
F test har **

F test var*har *

4

WUOIQ var HUNODQ WUT
har W?J"IEJﬁQ szﬂxnanﬁmﬁm

'In rows and columns, means followed by different letters are significantly different at
P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05
by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT
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aseund 19 Ysnamihludeduisveuiudulendalungignaudu (%)

ssEZAURLIRY Wug Aunde
(Peunaslgn) #8360 INBATAAAS 50 T2H04 |
6 86.2a 85.1 ab 76.9 d 82.7B
8 86.5a 859a 84.8 ab 85.7 A
10 83.7 abc 84.7 ab 80.6 ¢ 83.0 B
12 81.9 be 82.3 be 69.5 ¢ 77.9C
14 85.1ab 83.3 abc 76.1d 81.5B
Aunae’ 84.7 A 84.2 A 77.6 B
CV (%) 2.30
F test var **
F test har **

F test var*har  **

4

WUOIQ var HUNODQ WUT
har W?J"IEJﬁQ szﬂxnanﬁmﬁm

'In rows and columns, means followed by different letters are significantly different at
P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05
by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT



a13Euand 20 Usinamihludeduiveuiudilznasluggignilatedu (%)

4

sTEZNAURLINY Wug Aunde
(Poundlgn) W9 60  InuAsAIARS 50 20N |
6 81.1ef 81.1 ef 75.6 ¢ 792 B
8 83.1 de 82.6 de 752¢ 80.3 B
10 90.2 a 89.3 ab 79.1 86.2 A
12 90.1a 89.7 ab 82.9 de 87.6 A
14 88.9 ab 86.8 be 84.5 cd 86.7 A
Aunae’ 86.7 A 859 A 79.5B

CV (%) 2.02

F test var **

F test har **

F test var*har *

4

WUOIQ var HUNODQ WUT

a

= 3
har KUY TSI UN VNG

83

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT

‘Ina row, means followed by different letters are significantly different at P<0.05 by

DMRT



M15HUINT 21 U5 amylose Tuntlavoiudlzuasluggugndudu (o)

84

ssEZAURLIRY Wug Aunde
(Peunaslgn) #8360 INBATAAAS 50 T2H04 |
6 23.41 abc' 21.84 ¢ 22.41 be 22.55C
8 23.59 abc 24.71 ab 22.56 be 23.92 BC
10 23.33 abc 23.75 abc 24.22 ab 23.77B
12 25.17a 25.47a 2541a 2535 A
14 24.33 ab 24.38 ab 23.62 abc 24.11 B
AunGY 23.97 24.03 23.64

CV (%) 4.95

F test var ns

F test har **

F test var*har  **

4

WUOIQ var HUNODQ WUT

a

= 3
har KUY TSI UN VNG

'In rows and columns, means followed by different letters are significantly different at

P<0.05 by DMRT

Ina column, means followed by different letters are significantly different at P<0.05

by DMRT



M5HUINT 22 U5 amylose Tuntlevoaiudlzuasluggignilaredu )

SyazaRUMe) ﬁuﬁ AunaY
(Lﬁauﬁﬁaﬂgﬂ) WYL 60 EATAEAT 50 F2804 1
6 21.47 21.98 21.99 21.81
8 21.17 22.56 24.12 22.62
10 23.18 22.86 21.47 22.50
12 23.45 22.69 22.96 23.03
14 22.49 22.16 23.72 22.79
Aunde 2235 22.45 22.85

CV (%) 7.02

F test var ns

F test har ns

F test var*har ns

4

WUOIQ var HUNODQ WUT

a

= 3
har KUY TSI UN VNG



AITNHUINT 23 F-test YBINT combined Toyan1s q sznimstgnluggduduaz

86

Yaneggeu
SOV F-test
DWR DWL DWS FWR % starch
Season ok ns ok ok ok
Rep(season) o ns ok ns *
HAR ko ko ko ko ko
VAR ok ok ok ok ok
HAR X VAR *ok ok ok *k ok
Season X HAR ok ok *ok sk *ok
Season X VAR ns ok *% Heok ns
Season X HAR X VAR * ok ok ok o

WUWINE SOV N84 Source of variance
DWL 111804 dry weight of leaves
FWR H31994 fresh weight of root

VAR 11418 5 d varieties

DWR 131894 dry weight of roots

DWS Hu1894 dry weight of stems

HAR 111180 harvesting times
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