AEST R 2 RE RV M BN R

B E:ﬁ
H¥ T F'I f 1R ERER AT =AY > E-mail: x486045@tari.gov.tw

K TR [+ A5 SR A RS O R
I = [ [ (R PH 7 ok o S 5aih BRI = K {7 f‘ﬁr‘lt‘iﬂﬁ fl RUR =K é =)
AR Sl ] (v3-vS) Bhat 4% rlﬁﬁ@r’ﬁ& ffiﬂﬁp;i = i%lF e~ P R A
4 RO AP ﬂﬁﬂjﬁfu i PEPCase(PEP carboxylase)if[[fkg‘ﬁ R A,E (Chlorophyll
content)JSPRE™ [ o SR i B YA LN o @ANE PUBRHCY TERLET ﬁ'ﬁ[yﬂiﬂﬂiﬁ?j’?}
fihige = e R ﬂlﬂlﬁlﬁw‘%l&h#*ﬁ C I E R R R R
BREREEREE S S I jf/\lkfij‘ﬁiﬁvf JsleF [EHF R (S0 S0 ,@*’“J['ﬁ?
P (sucrose)== # &= f#  (glucose) %“F'H%Eﬂ Do Eiﬂil?i"/i %#;HEJEWJF‘ 2] ﬂﬁi’?ﬁ o lﬁﬁ’y
(RASUIN R as Tatlifgs 2t ac IO E R M }‘ﬁfr',ﬂ g?ﬁ@---ﬁﬁ“ [“E"P AR RL R
FEES ﬁﬁflﬁiﬁr £ TR RLIZ R (7 87 ( drought coefficient) = “f g At ’B‘PJ SR
ii“éﬁ?jﬁ%‘ﬁfjﬁgiﬁﬁﬁﬁ@ FIRD= A7 4 S5 apE s Ui&“‘“\ﬁ 5@‘“ J Eﬁ"ﬂﬁﬂ*ﬁ%
(37~39°C) » A rﬁ@é [ 1’2H(leaves firing) & &I E@ﬁﬁ"* (tasseling blastlng) MRS T
-~ ﬁfgu%iﬂﬁﬁﬁ.'%pqggﬁ Do AR R L B R S L R
iR =R AR B LR O S S £ 28 SE S UERE S R %JﬁF%AxFﬁW‘***?**EW@ pee
% B[ K W’JT&EFJJE SR S (DBERIPEEIES B« )7 { W (e A
=R H B e )T K ARRSE A FEE R o
i GREREELD 0 - i K A ISR - S F R RS R AR -
I+ fﬁ]’%’%ﬁ’ ’ @E&#ﬁﬁp# l‘ﬂi/[”f‘iiagl s SRS Y g CO, sk (CER) i
*ﬁﬁ&—iﬁ%% \%f[‘e '[ PSII £i=" #55 (OPSII) F@;I ST Y P T
o [EE (R D o F VR I ) A e T Jﬂﬁcﬁ'g‘ﬂWT & B pVAREE

B2 I RE T ET - 2K GRS @EU?I‘H%UE' % ﬁ*’ﬁﬁl[ g~ FREEE
544 PRI R O P 55 S5 9 F )R RIS HR 2 TP A ) o

4 BB 2 AR IR« R R TR e umfm 1
fFl E i
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SFERAYE EREO S RBU > RS RAP TRERS E S R P o
g ?%%Iﬁi{?ﬁﬁ&% [l T 3 :*'iﬁ%ﬁr*ﬁ(stress) iﬂﬂ[lﬁ‘n‘wﬁiﬁ@* by % % s B O
[RLEE e ﬁﬁgﬁﬂfﬁ&ﬁ@%wg [EREF - TIpud R ER E o /i E
Pk W;ﬁ;’,ﬂ bﬁ{ﬂﬁﬁjﬁ%[ﬁ&@ Bl A Y2 o K (Zea mays LK F] ’ﬂﬁ E#;[E,I
O A (s~ PR % BRSSP R
T Ey Dy o S B A = & YR - 4 BRI T (flooding stress) ~ fizf!
(drought stress) ~ E' 1 (heat stress)= [Xyfl(chilling stress)<= 3 %ifrﬁfaéj-}\ KRB 4 j%gg:ﬁ

SN E%%Eg Wﬂ‘Tu ]ﬁﬁi‘;*‘ﬁb? FE AR [/Aﬁ

(Flooding)

IR o 2 R R ES RS E] 1,500~2,500mm > (R TS 0 &
1 5 9 B‘Tﬁp o UL PGS o R - T 5~6 FIRVNRYF
*Wﬁ%?“@“””ﬁV%%’ ?vﬁﬁ’hiﬁbﬁﬁf’%kf*ﬁﬁiﬁg wJ
ﬁJF‘j RN PTEERE R SR R SR O) BB AN > B S R

$$

]

ﬁ?%yb@4°
1.

=R S SR AR R S (1988) 1) BL 351UV Ei S B
wﬁ@ E aa V6 TR mﬁ1<@mmmmpmmm@mwwﬁv i 24

Jﬁ LA E (& 1) - % KR PR SRR iy e (S
mﬁfrww mmc%@*wc’ﬁﬂ%mﬁw§ R S
L}ﬁ i fe 10 % (Crowford, 1977) < Ef] IJP%ZFWD%F,}‘F[ '.[HJ‘Hﬂ AU KA S E 10T
*FTlﬂx’u% S B R S 2 3 Sk 2 ek H
T BT R B SRR T B H R RPN gl A P
TR PRIPYEZ RN o )F IS PR R AT R % RLSOREEL T i
1F,ﬁﬁflf} 4/ H| (VanToai et al. 1985) E (1984) ~ Martin et al.(1991) ?FWJ i PN B [ﬂ Fﬁ‘l

PRI I A T IR T o 3Rl RS AR SR Y R T S
(germination vigor) ~ 38 7 [ B¢ ( germination coefficient)[= [ o — &= L FE =" 7 fRFE %
24~48 [ [REE S TR R ELARRS (BT 0 1988) -

SRR B K (S92 BT > SRV PI) m%ﬁm = 5
SRR - HER N PR o (EPRT AV PTGk R TS B RIPRIE PR
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ST o % R B WA A P i

(3)) T35 [ £5(Ca0z) o IR0 8, 3 4]0+ 1986) = ()RR A< - 1] st
I IS S B S R L -

2.

TR PR A BLE IR ADEYAY o Wenkert et al (198 DIVFAEIaEH T 2]
P 12~24 P o Al E SR A SO IR AT EANL s FE AN
£ NG S, ﬁ:&ﬂ/fﬁ, INExad 16%[ CFLR WD fﬁ“JﬁiEﬁﬁ a‘w@ij AL
FORS O AL E R A RS % S Bl - 2 (1995) R 3 0 =
A FPEELY I RGOS S AT (SR R R
) PRBEH R 10 2) = 77 % 1S FIP Y = o A D el s o S e s b o
i ﬁ‘}f% FrodR s 3 IR {¢ﬁ’[/ﬁqibﬁ3%§§ﬁ;*¥%’ﬁlﬁ% ER NG
1984)0ﬁ1j§?ﬂ§?%{l (1995)~ = =7(1995)I'] 4 ﬁﬂ}“EFJ//F,& 351 5!‘77’{#7&:3\_6 MR 3
fff@ﬁ[sgfjg BN i{gﬁﬁ: s R ER AR S R e aT Tupﬁjggmﬁru % 4 PEPCase(PEP
carboxylase)?ﬁ‘[‘fk%i'ﬁ Ak FA',E'I(Chlorophyll content)HSPEEE N 5 o — Jﬂ&P = j\mﬁz
VBN B END AR BB A YRR R J“ﬂ:T%Z;,éFIJﬁ:“JEQ,Jﬁil_{J[
ifﬁ[x‘z Eap e ﬁﬂﬁjﬂiﬂ (e B o e = F ,jJ*"V[TE]T?F[ | 57 3~5 T syt Sy o< ARk (2%
Z701993) o PR K5 3 BEGHTS S RagEs 3 = 2 Tl o HURRE B PRI X
[ (R = oLRLATE fH VEI (Source) Vi D » 4 F(Sink) ™R D (3 2) o [ VFR D = IS 7
ipik(Leaf area index, LAD ™ & [*Hi K 78731 (Leaf area duration, LAD)SH ™ [ 7 (%
Z751993)

3. (Knee-high stage) (Tasseling stage)

LS (1994)] P IR R 7B 351 BEYGEPR] 5T IR (Knee-high stage)
fFI (Tasseling stage)iEl < * j 15271 3~5 = FHENE BT HIE D 12 ~31% 0 32 HARY
?}w > Vil & ?ﬁ%ﬁl ’ﬂﬂjeﬁwﬁ <15 f]ﬂ‘k & B D = BURLE AR B Kernel no. per
ear)fVyaE P o F gt E1(100-kernel weight) VR 2t (3 3) o [ﬂ Eﬁ&ﬁrm%ﬁﬂ% [ f?i{@[ sl
4 R (Linear ear growth rate) » S5H-UALE| ¥k 1 H](Ear effective filling duration)f %
BED o HERERER BRI D FR BRI A D -

ELS(1986)- I (1995)]') FT 0 F W BB {1 42 KO FHRL S 7 s 1 gt
%%\'%‘Eﬂ‘ "‘%ﬂ\ﬁI[_.—E R [Tuﬁ s “&ﬂ\ﬁ‘,ﬁ‘mﬁ [if:'?*uﬁzkﬂjgl¢ E [0 fE,LIEDFEI > A
APV 8- VO T AT E | ALY B R B T (e 4) > P RS 0
BB B o hEiRLT - R BTRE BL R alleles) TR + I )70 4% 4561
I R R AR S T -~ AR AR POTR T SRS LT AT D
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b A -

= 2 R HANLD ) S RIS I LA o PR BB R
B OIS > (DT ﬁ:r,@m@#ﬁwﬁf AR R 0400
50 QL S R A P R I D P U
B 1992) -

(Drought)

ORI = %Elw pra=fs o) BERFa 55 Zd5F R Ao dr jg‘ﬁ?‘f*ﬁﬁé@;i ke E
W [gfﬁjv[lﬂﬁﬁ (sucrose)'ﬁ"ﬂ%b%)fgﬁ (glucose) f?’ﬂ%ﬁﬂ o [ﬂ Eijﬂ,;ﬂl eSS gt “Jﬂ;
F'FJ EVRE D o IHF‘%***WLQ **ﬁgrﬂll[ﬁgﬁ@\ffﬂw%ﬁi@ ‘b (Setter and Parra, 2010) ° Z/[l[Fr’
#ﬂjigj (SRR ES IR A Y P e SR 7};;'[ FIf IJF% FE > % (1993) 5k el 1 2= ﬁljéﬂ'
PTET ”wj—»cly% B & = 1 S P25 ut 1A ;ﬁﬂggjge{:ﬁkﬁ ps@%g{;%gﬁu gu'u%gﬁﬁ:w ) e
YRUE R o SRRE @R S E | TR

%J?%'(1995)J FITES [ 10 {5F) fx?&'lﬁkflfjﬁ’?ﬁ;ﬁ#[@ EVFTR IZE'%EIEF%T f
PP 5B O B QR R 5347 T B

BNk pjiéﬁl FrEr ~ Ay NUEJ%UF' |35k o IS K FED ?EIFIJ}‘;E%[ JJ:#,&FJ?JEQEJ
ZRIARN TS (D) RS A ER fﬁ%ﬁaﬁlﬂﬁ%ﬁ ﬁlﬁ‘&d AR (fhAE B VEZ R
RS 2.3%~14.5% » A (T [EDAT & B VEZE (75 H 20.7% ~25.4%( 5) = ()T

[Fil = R FE TSRS i A M s (B kg/ton 7o)z BTN o P AR (AT A
Sl Dy R IR AT R (] DA ) 29.5% ~ 58.3%( < 6) < KT ﬁﬁ' Eﬂﬁ“ﬁ"l‘iﬁjﬁﬂ
R R Rk 78 (7SRO B BV RGP T o [ (] DAt & B pUEZE!
BRI o IR = A F 1 IR | uﬁﬁwﬁr} (transplratlon efﬁ01ency) | FE 36
[ B T (3) > 1 e AU et > ) BRI[EJEHLF [=H] (Bunce, 2001) ° ’E‘ £
2 T =K R TE R R TSR P*??HFJ“;” s N E ST N BHE[E\T“A*H EURE =75y
ﬁfgﬁ[’f&ﬁﬁ* BE e TpAyiz R N o BTSSR P R F R R R ST Iﬁ‘} AP
FEE 3l LB TS SRR BﬁEIET (Ribaut, et al. 1996) -
SEEEER PR (drought- remstance)?ﬁf#ﬁl%ﬁlk BN ISR (DEEE T AT
«hﬁ[r'ﬁ&’?ﬁﬁiﬁ % G S A 1 BB B B BT
» QEFE ~ E )R- PR B S SR S ISR R SR ﬁﬁl
F'JWF ﬁﬁ’kuﬁiﬁ R PR 0 F B AR VTR - W J‘
REXT I@iﬁﬁﬁiﬁ;[ 8 =S F’ﬁ EJHIF l ? S RLEZ & R EP( drought coefficient) »
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(Heat stress)

~ T JF[Jiwgﬁ?ﬁ ?B iEI’;{ﬂj RIS %ET'ﬁ* » - Efj&pfj% <R NS 0C ~ 40
T VF il ’5 RUFLIE @E Eﬂiﬁﬁl R > A T”E%E[TE H=gd e @?’JF‘E}%@%&
P R 5 10C % 4 0 & [ D B RSE (r
shock response, HS) > I*FJ’Q’EBQ #ﬂﬁ’ﬂ% 73 f 1V = F’\’?f 9 JJ’““A [’39 KEr
YA BT > A ERE [ _p‘d S 1((heat shock protein, HSPs) o = K 7J+'[7[TE[?§‘£T¢ %.} 40C ™~ »
1~2 7} Eiﬁ , iﬁﬁf E|EVE i 17 4 (Dietrich, et al. 1991; Jorge, et al. 2002) < = K £ ff
1S PWVF”’Eqﬁﬁdm?UmEﬁﬁw%@&ﬁﬁﬂﬂwwﬂﬁﬁ
) VER o Srp o BN e SF VRIS LNV > T [RIFYR TRLAT D OB Y %
FLNF AR R 4 (Atkinson, et al. 1993) -

Tollenaar, et al. (1979)@"2?@“@‘%% A B R o T 10 ~35C AR ERAN
1&&%&{[. » K32 CIHT‘ S R RN LG 4) o Sk ,E{%ffw&ﬂﬂaﬂﬁlﬁ 36
CFJ & = FERER BRI TR R R B L
BT ﬁ} [F( (5 PR s S IR et g ﬁ 16} ﬁ”ﬁj\g‘ﬂf—ﬁ BV N AR A
T TRGER e 5 = P AR GERT = (Cicchino, et al. 2010a) -

GmMmmMﬁQMOMﬁHS%@?H%%ﬁH‘@@%HW ;ﬂﬁvsciFVE
- FUEIL » SUREMES O M AT B S DA 7) ¢ A TR
35CH] = ikt~ B EARPR o~ U S HRRRE TSR
HURRE R R b b e B S5 P R IRE (X5 D (K 8) -
Dupuis and Dumas (1990) 7 E@FE'( in vztro)ﬁfﬁ EFLPURERAG N o B R R of T
St 40°C [ IS -SSR ] B THBOR AR T % % S
P AR ZRAVEN P F’—‘ RSB D o T F' 15 %ffr*?‘i* (s Firs Z ARG R, A 2
FATRS TBOR RS D S) » T SR B O © BRI o S )
LS 4 I SSCRILET SRR b 35-40% « IR
2L [ 5k (Cheikh and Jones, 1994;1995; Commuri and Jones, 2001)

FIf] = o _ifm‘,%«@mﬁjﬁmw¢%@7wc)ﬂ%p*+Bm6
o4 fﬁ?iE Ig=k H J‘FL (tasselingblasting)-Fl 54 > il El" = B76 = B106 = '"‘Jﬁgp
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AT S TS PR R U ERET B106 7 34~35°C > EL 4 5] PSIE
Tl £ Ay 'Jﬁéﬂﬁ'%é iy B76 4 38 CEﬁTD‘“ﬁ:i FOR A (=R PSILIE T2 2 4
SNBSS - [ BT6 I BI06 S E R IR T R hfj];[qmq%@i%%{bl%
FZ[EH] (Chen, et al 2001) o Commuri %ﬁ Jones (2001) I } 7{~ FI 7 s B73 1 Mol 7 #5245
Fe 5 WOBORE ST o TR EEIERET  1 35O 4-6 < RN T BT3
riff*ﬁ‘ﬂ*ﬁ%*ﬁwf‘%ﬁ;lﬂhﬁﬁ&zﬁ“”ﬁ b 40~60% iy FIRLp ™ IR S A R D
79~95% [f) Mol7 - i riwﬁﬂ*ﬁ%ﬁ‘/ [T SRR R A 3R D 100% (160 7) ©
sl N T T Eﬁ‘ 1R BT R SR PR E R P B
oo g R R B R DR T [
PR (50 A BLIRAR A 28R 5 T R S 37°C ) o S 2 R

et ZEHUT LD T%ﬁlﬂ%t?ﬁl‘fb » b = TR O LG o PP

W IPpE R b Y L5 (R 8a-d) o PURERELS SRV (LAER BRI - (2)
EAat et R B = “”'Jﬂf‘i” ?“Jﬁﬁ'ﬁﬂ' Q)R] = %%WJF'E ES R BUIR N
[ R s T qﬁrkﬂmm I/Ff’{ﬁr o

(Chilling stress)

X R4 TR 34 IO F IR o PR G 1 (cold
tolerance) » i [ 1 7 L A VABE! /145 27.5~82.9% 5L 7 $5 BV ABE /1 4T 20~24
Sz R VR R 1T 0.33~1.16 dg> TIRIFVE TS £ H ]mﬂ1 [ftg i [ (R R T T (e
9) > H 1 B73 ~ [V3Xbl14]-2-1 & Mol7 S % ik iy f [iisfify % (Mock and McNeill, 1979) -
Hardacre and Eagles (1980)fVE kT T [Fil V3L PE] T 13°C (R PR ™ ) 3R 7 ajf—f{}‘;’é
BHZP5EET ( net dry weight gain) ® | IRV B o

SR ST IS s S S @ STl (Verheul et al., 1996) » [l
1 P 5 G (R 197D (Cutforth et al., 1986) » {47 100C = apﬁw
3] %‘fl (1eafnecros15) FaARpu gt S PGHET (Janowiak and Markowski, 1994) e

BT (1993)]] 3 REGT A APRES 4CHEIT o SR SSHB IERIE T F
LB TE i R TR L T %y@]@ﬁﬁ@ﬁo

Lee et al (2002)]'] 10 il 19 R %5 7 B~ PP ERAOR] » 317145422 (day15°C/
night 3C) » == 8 ﬁé%ﬁ&_rf%‘ﬁ[ At EE CO, T 1 (CER) » fé”féﬂ@\fﬁi? :
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AEST R 2 RE RV M BN R

A [ERPSITEI =353k (QPSI Pz SIS Y2 [ AV 39 AR ] <o Ry 3
U1 2 ] | PR A B 7 T (e 10)2 L2215 (1993)F714 (315 = °f PEPCase

Il (S ER] [E [P - PEPCase ﬁ'ﬂﬁﬁf T [RE [REFA o

SR T COp b ez B L o B e [T”Th (EREEE M N

ﬁz‘%FEFJ?JFIFJ¢IFIJ1E‘*I[H“l?@,fk[?;?i (Lee et al ,2002) © = [ 14 5% B73 - G50 B49 - G84

Tk = 7RV N (30°C constant ; 14°C,constant > 15°C, 16hr ; 8°C, 8hr)y =5l > FhifN &

s,

?’-\‘

T

B73 %% B49 1 G50 ~ G84 > {Rifi 51 F oy AT SOk L gy 1
T L [me{j (EIRE NREA N ,fkl(%t 11) -

Tranel et al. (2009)?F|L['7i = K ERL S lhévﬁ:ﬁj ~ IEJI.,,E_#\ i 1 A R P AR
Bl o 103RM ~TE[URYAE D o 1I3RM 50 £ fUy A ek 5 250005 3 5 (™ I3
(branch meristem 1n1tat10n)15ﬂﬂf;_;g=\fr ]’ s ST L B D 60% o 7] \ﬁﬁTJajFE 1 45% » Tu[é}}
FEYR D 43% 5 113RM g 28780 ARG = Y;IF[ﬁFJ( spikete meristem 1n1tlat10n)la£#\f] ]
FUTEYE D 42% TR IR D 29%; 7 | 587 55 5% ¥ (meiosis of microsporogenesis) i/
4&#\ ) "“i’ﬁ PIEEREpVRrED > [R5 ] ﬁfgﬁﬁ’@ﬂ%ﬁlﬁ@#ﬁ'ﬁ} Y@ P o

S = WIEHE (0~ 12°C )i R e (SR o T ke R
AP I G S EENOU R 2Rl 15 AR e R 5 AR R
B BT B (A Bk yed o ZERGT [T T TRGH (T TR
B~ PRRREY - (RSB RN DR (S50 Y ] AR LA TR R L i )

FURID= o 5 2 Py PR g I A A Bl 5 (R EETRL) - 2) RS )

WIFEARAR BT [fl > TR WFE'TAI%T [ o R R L - AR R

FJF & = SR TIARGIE - (it (apd i 725 1R ) 28 ) e J[Iiif'*flﬂrf & BIPVRR
EIEEL R (Miedema, 1982)

(Conclusion)

=R R P (> ST BL T SRR QAR R SR B
FOIER O (S o o ST IR o B 9 IR ROV p e
B (DA E05 GF B R © (Q)RERRLFDF 1B R (S
0 BIEERBEER © Q) I (~55(Ca0y) R FE EIL i Ff;,i?{} ()R S -
PJGRTF 5 oy (55290 77 b G2 5 B iy - *ﬂ*iigﬁ:ﬁ IRET ) S IERE A
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LR - SPROR I BLY B R W%F“mmﬁ’mﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ¢’m
PR B P ORI T PR 0B 13 = oF o 2 3 0 o Q)AL pO T BRL e U i gy 5
PR L 78 EPERAE B

SRR MR R T B YT U ) JEER R B IR AL s
L [E%?Jf/[l%ﬁ? (sucrose)ﬁﬁ[ o (glucose) F‘ PHEEYR D Eijﬁl%’* B
ﬁﬁ'ﬂméiﬁ b EmAE R R R RO TS Mo R D %’Jfﬁ“f’ E ) PR (ji)
(drought- resistance)%@?lf[}%ﬁgz‘gljj T 5&%“' (1);%’Jtﬁ:gj R --- ﬁglf #ﬁ?, F”ﬁ @,ﬁ{
P G 7)1 I i 1 TR By (R BB s Q) 5 %@ﬁ
B S A I PR SR L R YRR B
Tf7 2 BRAZAG Y 5 2 AR B AR R 0 & & “i?u@i_]%‘fﬁzﬁg ;
BT Fﬁ[ pra fﬁ' ?ﬁ’ﬁ%’i{ﬂ%ﬁ‘ (781 drought coefficient) °

eSS eI RRE AR A0t R T C RS S
FANEE A IS T R (37-30°C) 0 B R PN H A R
(tasselingblasting) » AR oA - ﬁafgl@iﬁﬂﬁfréiwpﬁjfg@ b S R L 5
AT 5 - SR SEIFIF BG4 - (VRTINS | (ORI D
R - @&ﬁﬁ@@%%WQ“ P BB A L - (3 = S R
B ST BT E PR P BT QR [ -

i T (SR » $E2 O OIS R - R S
B2 PRI FAEOS PSRN A (1) B R *%ﬁ@%F%ﬁ(@N#
EI?J‘[iI:}':[JxK/ e E ]H‘la@ﬁl 4N (3)—’\ E}W”ﬂ‘l (e N ] I‘H”{f;&ﬁf”b (s | Flﬂ[{[ﬁ[ﬂ:z/f\ PE o FI
ﬁr]ﬁuf%:]\fkﬁﬁ?ﬁ\fﬁl’a N7 Jpﬁgﬁ'%ﬁcl% BRI 2 BIE ﬁﬂ?ﬁ

=R T FEE RS ERAT FIH e A BLNEIE ~ BRI R B
Eﬁ&‘?;ﬁ HIEFLL;[“"f#%EI}{ﬁ]”E::TfELF B 7}‘;325.7?’? pu= gl %‘E‘jfircr % 1& R = K Y
?ﬁ%m%m%mJ%JMWF%wﬁ>%ﬁ% q@ﬁﬁ%&ﬁl%%wﬂﬁ%ﬁ
e ) VRS

o

= A R S FEAE ¢ 1995 < WTER o & KA BV CHDPRE I L
P R0 POBHA VR - (1% LS T 3314339 ¢

FEEI  ZEA[E 0 1992 0 R L R o i RLER D ¢ 43256 ¢

BHF 2 1993 o SEVEE S L PR EURYEY o 2 TS 8(4) 1 94-98 -

SR~ FEARE - R BB - 1994 ¢ Z KBRS i o (I RS 1(4) ¢ 151-156 -

RIS - 1984 ¢ = Befd 351 SR E VR A - F"[Hiﬁaa%&ﬂiﬁﬁlﬁzf@@ 08 :
75-80 o
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Fo 7~ ISH8 % < 1993 © [SiRIA NaCl 352 F 34 55 PEPCase i1 & g%g‘m%ﬁ =Ry,
2o H TR 204 8(2) ¢ 54-58 o

SRECE ~ M AT B - 1993 ¢ (SR o AP A (RS 1 T
EE 2 PPVRYET - IR B 8(3) 1 9-12 ¢

D 28~ AR ~ S B < 1986« = of TR ISR S BB 05 « RS 35(2) ¢
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ZEANE ~ SUTYR - BB 0 1993 ¢ SRk R S RAIE BV )2 o ERE SrRY

POk - F]Ii;' L 3 1 251-257 -
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Fig. 3. Mean midday values of transpiration efficiency (TE) of eight lines of maize. Each value is a
mean over six measurement dates in 2005 and 2006 made in Beltsville, MD. Values
followed by different letters were significantly different at p=0.05, using Tukey’s Honestly
Significant Difference grouping. The line x date interaction term was not significant at
p=0.05. A linear contrast between the five Pl lines that were reputedly drought resistant and
the other three lines was not significant at p=0.05. (Bunce, 2010)
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Fig. 4. Relationship between rate of leaf appearance and ambient temperature. Crosses indicate
mean rate of leaf appearance at five constant temperatures (standard deviation = 0.043
leaves/day). Curve A is polynomial equation of best fit to data. Curve B is alternate
polynomial in which Y = 0 when X = 6. Equation of Curve A is Y = 0.2834-0.0639T +
0.0049T> - 0.0000823T°. Equation of Curve B is Y = 0.0997 - 0.0360T + 0.00362T" -
0.0000639T>. (Tollenaar et al., 1979)
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Fig. 5. Influence of temperature treatments on separated male and female reproductive
tissues on in vitro fertilization. Female spikelets were pretreated 4 h at 28°C ([ ]),
40°C or 4C (g) prior to pollination with pollen also pretreated 4 h at 28, 40,
or 4°C. All the possible combinated pollinations were carried out. For unstressed
control, the pollination was repeated with untreated male and female organs as
described in  “Materials and Methods.” (Dupis and Dumas, 1990)
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Fig. 6. High temperature-induced (35°C) changes in the growth of B73 (panel A) and Mol7
(panel B). Pictures were taken at 34 d after pollination (DAP) for in vitro-grown
kernels. For field-grown kernels, pictures were taken at 28 DAP for B73, and at 24
DAP for Mol17. The numbers in the boxes show percentage abortion of kernels in
each treatment. (Commuri and Jones, 2001)
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Table 1. Effect of duration of flooding on seed germination (Germination. Temperature:

30/25°C)
(TR At T A Eny TG e Rm R iz
Cultivars  Flooding Germination Germination Mean days of  Germination Dry weight
duration  percentage vigor germination coefficient

hr % % day mg
TN351 Control 98.33a* 98.33a 3.14a 0.314a 74.67
6 56.67b 25.00b 5.54¢ 0.103b 77.33
12 30.00c 0.00c 8.16a 0.037c 46.67
24 16.67cd 1.67¢ 7.08b 0.024c 20.00

48 8.33cd 0.00c 7.38b 0.011c 0.00

72 0.00 0.00 — 0.000 0.00
TN 5 Control 98.33a 93.33a 3.11c 0.301a 74.00
6 65.00b 28.33b 5.75b 0.114b 78.00
12 26.67c 6.67c 7.39a 0.038c 73.33
24 8.33d 0.00c 7.67¢ 0.011cd 25.33

48 5.00d 0.00c 8.00a 0.006d 0.00

72 0.00d 0.00c — 0.000d 0.00

*Eﬂ?ﬂ}i prAg S R EE# (P<0.05)
Duncan’s multiple range test at 5% level.

(GFF1 , 1988)
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Table 2. Effect of 5-day waterlogging treatment executed at various growth on the source

and sink characteristics of corn cultivar Tainung 351 (pot experiment, fall crop of

1990)
ey IS {1 YfI Source i 5% Sink B A
Waterlogging 3 2174 HOH (= P KB FREAd o B R E
stage LAI A1 O Kernel it = A#®]  Ear
LAD CGR number KFR KEFD yield
m2pl-1  m2day pl-1 pl-l1day-1 pl-1day-1 days g pl-1
Control 0.545 10.05 1.08 391 3.32 24.6 101.86
Vi 0.489 9.32 1.47 366 3.00 254 94.40
V3 0.397 7.78 0.82 350 3.00 22.7 85.96
V5 0.396 8.37 1.14 304 2.93 23.4 84.47
V8 0.458 10.96 1.50 325 2.90 24.4 87.46
LSD.05 0.134 1.58 0.24 36 0.38 1.6 12.33

LA was determined at 12 days after silking.
LA: Leaf area. LAD: Leaf area duration. CGR: Crop growth rate. KEFD: Kernel effective

filling duration.

V1: First leaf stage. V3: Third leaf stage. V5: Fifth leaf stage. V8: Eighth leaf stage.

(Z£37 5 1993)
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Table 3. Effect of waterlogging at knee-high and tasselling stages on yield and its

components of corn cv. Tainung 351.

e ENiEe AR Pt i B HIPREE E HIPRRE B
Croopping Growth stage Waterlogging Kernel yield Kernel Kernel no.
season duration (day) (kg plot-1) weight per per ear
car (g)
A3 Control 8.21a 171.7a 619a
Knee-high 3 6.96b 145.0b 558b
Fall crop 5 5.60c 116.9¢ 488c
(1984) A Control 8.27a 172.3a 640a
Tasselling 3 7.27b 151.4b 609a
5 6.33c 131.9¢ 506b
Knee-high Control 8.29a 172.7a 669a
3 5.55b 115.7b 527b
Spring  crop 5 5.53b 109.9b 505b
(1985) Tasselling Control 8.51a 177.4a 696a
3 5.84b 121.8b 556b
5 6.24b 180.1b 579b

Values followed by the same letter in each colum for he same growth stage are not
significantly different at 0.051level LSD.
(Y= 1994)

#4355 REF T [ﬁj’jﬁ#[fﬁ AE7S S Elé?flﬁ’@’?ﬂ/ 572

Table 4. The yield products of varieties in five days waterlogging.

. FRE il e
£l
Ifl# lf _ Kernel weight Kernel number
Varieties - -

CK Waterlogging % CK Waterlogging %
Huang zaosi 31.7 15.1%* 47.6 165.4 82.8%* 50.1
Su-80-1 35.7 24.0%* 67.2 174.4 127.3* 73.0
Suyu 1. 78.2 61.8* 79.0 297.2 244.7 82.3

(F1=> 1995)
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Table 5. = f T [l FE 723 1y s B == Bl Bn % B Viiz ! (2R (1992)
Table5. The yield drought coefficient in water and drought trial (1992)

T# - Gt % f 6 E

BT FE i Bl (SR EfD
I;(-:I;Eri;les Water yield Drought yield Drouiij{cloﬂe%gcient
(kg/640m2) (kg/640m?2)

TEHT 7 8K 432 333 22.9
B 60 463 412 11.0
a4 5K 461 421 8.7
E[H1 105 447 382 14.5
H= 101 392 383 2.3
E[ 1 205 386 340 11.9
HiUHT 841 367 291 20.7
BT 14 323 270 16.4
FITHT 120 279 208 25.4
Hifl 8 5 273 260 4.8
Ty 382 330 14.2

(%@%?g?’ 1995)

Table 6. = f FELFEPURTHRE & B0 FIH [F (1992)
Table 6. The water use efficiency for economic yield of hybrids corn(1992)

P | ST EIES
7 Kernel yield Water use efficiency
Hybrides (kg/640m2) (Kernel kg/ton water)
T8 < [k ! Bk T8 < ! Bk
Water Drought Water Drought
TEHT 7 8K 432.0 333.0 1.37 1.36
B 60 463.0 412.0 1.44 1.64
e 45K 461.0 421.0 1.42 1.69
E[ #1105 447.0 382.0 1.39 1.52
= 101 392.0 383.0 1.23 1.55
E[ #1205 386.0 340.0 1.16 1.32
HiHT 841 367.0 291.0 1.13 1.17
T 14 323.0 270.0 1.00 1.07
FITET 120 279.0 208.0 1.02 0.84
Hifl 8 5f 273.0 260.0 0.85 1.04
= 382.3 330.0 1.20 1.32

(#I% §7  1995)
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Table 5. = f T [l FE 723 1y s B == Bl Bn % B Viiz ! (2R (1992)
Table5. The yield drought coefficient in water and drought trial (1992)

T# - Gt % f 6 E

BT FE i Bl (SR EfD
I;(-:I;Eri;les Water yield Drought yield Drouiij{cloﬂe%gcient
(kg/640m2) (kg/640m?2)

TEHT 7 8K 432 333 22.9
B 60 463 412 11.0
a4 5K 461 421 8.7
E[H1 105 447 382 14.5
H= 101 392 383 2.3
E[ 1 205 386 340 11.9
HiUHT 841 367 291 20.7
BT 14 323 270 16.4
FITHT 120 279 208 25.4
Hifl 8 5 273 260 4.8
Ty 382 330 14.2

(%@%?g?’ 1995)

Table 6. = f FELFEPURTHRE & B0 FIH [F (1992)
Table 6. The water use efficiency for economic yield of hybrids corn(1992)

P | ST EIES
7 Kernel yield Water use efficiency
Hybrides (kg/640m2) (Kernel kg/ton water)
T8 < [k ! Bk T8 < ! Bk
Water Drought Water Drought
TEHT 7 8K 432.0 333.0 1.37 1.36
B 60 463.0 412.0 1.44 1.64
e 45K 461.0 421.0 1.42 1.69
E[ #1105 447.0 382.0 1.39 1.52
= 101 392.0 383.0 1.23 1.55
E[ #1205 386.0 340.0 1.16 1.32
HiHT 841 367.0 291.0 1.13 1.17
T 14 323.0 270.0 1.00 1.07
FITET 120 279.0 208.0 1.02 0.84
Hifl 8 5f 273.0 260.0 0.85 1.04
= 382.3 330.0 1.20 1.32

(#I% §7  1995)
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Table 7. Maximum light interception efficiency (ei) and increase in plant height and plant
leaf area from V11 to R2( of plots subjected to contrasting temperature regimes
before anthesis (GS1) in two experiments (Exp. 1 and Exp. 2).

ORIV R 7/ Increase in
Experiments and B T?FFJ,'J
temperature regime Maximum ei Leaf area Plant height
(cm?) (cm)
Exp. 1
Control 0.91 5278 182
Heated 0.93 4833 157
Exp. 2
Control 0.91 4911 164
Heated 0.93 4511 117
Temperature effect ns 0.02 0.009

tns, not significant (p>0.10)
ip values of main and interaction effects
(Cicchino et al. 2010)

%8, o T GSTHICIL g+ 11 )i BRI SEREAE o A0 = st IR R B 1% &1
PEA R TR B Y5
Table 8. Plant (PGRCP) and ear (EGRCP) growth rates during the critical period, plant grain
yield (PGY), harvest index (HI), and kernel number per plant (KNP) for GS1
treatment periods and two experiments (Exp. 1 and Exp. 2).

L R IAgh A GSI(11 B ggr+11 =)

Experiments and MFRE ok LY Sk BRRE H@%?F[S{T HHRRR B

temperature regime PGR EGR PGY HI KNP
—g plant-1d-1 — -g plant-1 - No.

Exp. 1

Control 3.90 0.86 113 0.478 490

Heated 1.06 0.26 56 0.352 236

Exp. 2

Control 4.21 1.30 139 0.533 478

Heated 0.92 0.49 49 0.343 188

Temperature effect 0.0001 0.0003 0.0002 0.0005 0.002

TANOVA performed on data transformed to arcsin.
ins, not significant (p>0.10).

§p values of main and interaction effects.
(Cicchino et al. 2010)
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Table 9. Rank-summation-index values and means of cold-tolerance traits for 34 maize

inbreds planted in early April at two locations in Iowa in 1974 and 1976.

ApHCT 7 fnde piizp
I 7 A Index AN Emergence  Seedling
Inbred Origin value Emergence index dry weight
% Days dg

B73 Iowa 11.0 80.4 21.1 1.08
(V3xB14)-2-1  Iowa 125. 71.1 20.0 1.15
Mo7 Missouri 13.5 80.8 21.4 1.16
H98 Indiana 20.5 72.5 21.6 1.07
Pa351 Pennsylvania 24.5 76.7 20.4 0.79
Pa70 Pennsylvania 25.0 82.9 21.3 0.85
Oh40B Ohio 26.0 71.1 22.4 1.15
Ky30A Kentucky 32.5 60.8 21.8 1.07
MS141 Michigan 35.5 72.5 22.6 0.93
E2891-1 Indiana 36.0 70.0 23.6 0.82
MS93 Michigan 41.0 75.4 22.2 0.72
Va35 Virginia 41.0 67.5 23.0 1.08
K731 Kansas 41.5 64.2 22.0 0.85
N132 Nebraska 47.5 60.8 21.9 0.83
Mol7 Missouri 49.0 60.4 22.4 0.92
Mpl Mississippi 51.5 70.8 22.3 0.61
N160 Nebraska 53.5 65.0 22.7 0.75
NY693 New York 53.5 53.8 22.0 0.76
CG10 Guelph, Ontario 54.0 52.9 21.2 0.70
A340 Minnesota 55.5 54.2 23.0 1.00
Oh43 Ohio 58.5 56.9 23.5 1.06
Oh26 Ohio 59.0 44.5 22.4 0.88
A334 Minnesota 61.5 61.2 22.3 0.63
F6 Folrida 61.5 70.0 23.6 0.82
Pa405 Pennsylvania 69.5 52.1 23.7 0.94
Mo13 Missouri 74.0 62.1 233 0.65
Va28 Virginia 75.5 56.7 23.1 0.58
B57 Iowa 76.0 41.8 23.2 0.81
WF9 Indiana 78.5 33.8 23.0 0.68
Mp317 Mississippi 78.5 55.4 23.2 0.61
A502 Minnesota 90.0 50.4 23.5 0.48
N139 Nebraska 91.0 42.1 24.0 0.57
Mp305 Mississippi 92.5 27.5 23.1 0.33
K41 Kansas 94.0 31.2 23.6 0.57
Means 60.3 22.4 0.83

(Mock and McNeill, 1979)
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Table 10. Spilt-plot analysis of variance for CER, SPAD value, @ PSII, stomatal conducance,
DW, root/shoot ration, days from 7- to 8-Leaf Stage and days from planting of 7-Leaf

stage.
£l MSE

oW I ) N ST _

Sour(Ee ; CO2 L i TF’];%}L% L * F&"EI}JE s L[eaf - E'EZEI TEL/EU—??B
- CER SPAD ®PSII DW Root/shoot
df conductance

Replication 7 81.68 42.16%* 0.01 2.97x10-3  11.64%* 0.07

Treatment 1 16649.05**  7272.65%* 10.09%* 0.33%:* 3.53* 0.02

Error A 7 30.55 4.24 0.02 0.61 0.02

Genotype 48 53.73%* 93.19%** 1.49x10-2%* 1.81x10-3*  11.00%* 0.14

Treatment 6.56x10-4 0.22 6.50x10-3**

«Genotype 48 11.50%* 19.85%: 4.30x10-3**

Error B 666 5.39 5.52 1.68 4.31x10-4 0.3 3.90%x10-3

*Indicates significance at P=0.05
**Indicates significance at P=0.01
ns, nonsignificant

(Lee et al.,2002)

F 11 IO GO S P 2 Rl

Table 11. Growth Rates of Four Corn Inbreds Grown at Different Temperature Regimes

[ A

R .
Dry Weight of Inbred (20plants)

Growth Temperature

B73 B49 G50 G84
(¢ mg seedling-1d-1
30°C (constant) 7.4 5.8 6.3 5.9
14°C (constant) 2.2 (30) 1.9 (33) 1.6 (25) 1.4 (24)
16 hat 15°C/8 h at 8C 1.9 (26) 1.8 31) 1.3 21) 1.1 (19)
16 hat 13°C/8 hat 4C 1.3 (18) 1.2 21) 0.9 (14) 0.6 (10)
LSD =0.05 0.62 0.18 0.46 0.26

Numbers in parentheses represent growth rates as a percent of the rate at 30°C . Values

represent mean dry weights of 20 seedlings.

(Stewart et al., 1990)
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Effects of stress on the growth responses of corn and
related operations in breeding and cultures

Guang-Jauh Shieh

Crop Science Division, TARI, E-mail : x486045@tari.gov.tw

Abstract

Maize (Zea mays) originates from subtropical regions and often cultivates in
upland field. The experimental results indicated that the emergence of corn seed was
highly susceptible to flooding, and more damages occurred as flooding period increased.
This may be due to deficient of oxygen in the flooding. Generally, the most sensitive
stages at which were inflicted by flooding resulted in the reduced grain yield was the
early growth stage (V3-V5 stages). That the root growth, physiological activity,
respiration, shoot growth, PEP carboxylase activity, chlorophyll content and grain yield
decreased in the flooding than those of the non- flooding. The best solution is to select
the tolerant cultivars for waterlogging condition and cultures in the well-drained field in
the rainy season. When drought stress occured just before or during the flowering period,
the decreases in the sucrose and glucose content, with transport of assimilates to kernel
would decrease, and the kernel weight, kernel number per plant, heave index and the
grain yield significantly decreased. Maize had significantly genotypic variation in
drought resistance or tolerant traits. The drought coefficient for yield and yield of per
plant were the critical traits for drought tolerance in the breeding program. The maize
was used to high optimum temperature needed for germination and growth, and
belonged to the thermophilic plant species. Heat stress ( 37-39 °C) during late vegetative
growth and the silking-pollination periods had severely negative effects on the plant
height, leaf area per plant, plant dry weight and growth rate. It also delayed the anthesis
and silking, with increasing the length of anthesis-silking interval of maize in heat stress.
Heat waves during growing season caused leaf firing in developing leaves and tasseling
blasting. When high temperature occurred during endosperm cell division would reduce
the sets of kernel and grain yield of maize. The precautions of high temperature stress
are (1) avoiding to plant corn in the high temperature season. (2) It is appropriate to

plant the tropical-type varieties of green corn under high temperature season. (3) To
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select tolerant varieties to high temperature stress from germplasm in the breeding
program. When Maize was in low temperature stress, it might cause various type of
physiological damage (chilling injury). Low temperature stress reduced the shoot
growth, root dry weight, root number, and it also reduced the respiration rate, CO,
exchange rate, PEP carboxylase activity, chlorophyll content. The leaf necrosis was
also found in chlilly injury and the tassel size, branches number, spikelet and pollen
grain per tessel decreased in chilling stress. The objectives of breeding for
low-temperature adaptation will focus on (1) to increase yield and (2) to improve yield
stability, and gene combination from the hybridization of different anti-stresses will be
largely used. After heterosis was extensively gotten, disease-resistance gene selection,
plant type improvement, green-keeping and middle-late maturing have become the main
directions to develop the breeding techniques of increasing maize yield potential. In the
future, the breeding program of field-maize varieties will focus on tolerance to high
planting density, stress resistance, high adaptability to environment, high yield and

adaptability for mechanized operation.
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