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ABSTRACT

Climate change may result in greater risk of yield reduction of waxy corn due to
drought stress and maize is one of the sensitive crops to the soil moisture shortage.
While irrigation is the most effective practice to reduce the drought damage, farmers
are unable to apply water due to limited water resource and irrigating facilities. The
study was conducted to investigate the application effect of salicylic acid and abscisic
acid on reducing drought stress of waxy corn (Zea mays L.) and the pre-treatment
effect of salicylic acid on reducing drought damage of waxy corn. For the study of
application effect of salicylic acid and abscisic acid on reducing drought stress of waxy
corn, drought stress was imposed by withholding irrigation from 9 days before anthesis
to 14 days after anthesis. Salicylic acid or abscisic acid was applied on tasseling date
at concentration of 0.5 mM and 0.1 mM, respectively. Drought stress increased
anthesis-silking interval (ASI) by 3.0~3.3 days and decreased plant height, ear length,
ear diameter, number of rows in ear, and yield by 47~51 cm, 4.6~5.0 cm, 4.4~5.3 mm,
1.5~2.0, and 2.4~2.5 Mg/ha, respectively. Application of salicylic acid and abscisic acid
did not significantly reduced the drought injuries of waxy corn. Pretreatment of the
plant growth regulators before water deficit stress or divided application at low
concentration may be required to obtain the reduction effect on drought stress of waxy
corn. For the study of pre-treatment effect of salicylic acid on reducing drought
damage of waxy corn, salicylic acid at concentration of 0.2 mM was applied at
seven-leaf stage or ten-leaf stage three times. Drought stress was imposed by
withholding irrigation from 11 days before anthesis to 10 days after anthesis.
Application of salicylic acid significantly increased ear length by 11.0~12.3% and vyield
by 8.8~11.3% compared with non-treated control, indicating that the drought injuries of
waxy corn can be alleviated through pre-treatment of salicylic acid at the vegetative

stage.



1. d1=2%

MNA 3t AH=9] skl 2440] U AJEjHA-2 20001 15,808 haoflA] 2012 17,001 haz
Z715190m, olo] uhel QAL 64,205E004] 83210202 SIICHKOSIS, 2013). 7] FH
sholl whet Zaaro] AP B7bE WEA0] ARlne, HEAL E90) ofst mal 9% wT}
20l Z1OICHNIMR, 2011). 7]4foldio] The 7144, A7]AQl shire Alako] ehgAiat 33
2 Aelisti, ojo] mat 2 Al At AR o]880] X&Foz e FA itk Al
Sop AdTE 840WTHE(2012)02 A OfH] 4.1% A=t =2 13.2%, EU
12.6%, B2tA 3.8% Ast¥ch =W FA|o]l&&2 19709 142%0A 1985 120%, 2000
d 111%, 20079 103%= 4 FAO] ot Ault & (2014)2 7hsol B710F Al452 Yol
=old Aoz o&Eston, g o2 u]x FAE 7‘]‘”01]/\1 10E ol 7t=ol Al&4E Yol
F| 4 80%0|1L, 359 ol AEE 7HsAdo]l 20~50%, 50 oY 7he Y2 5~10%=iL
ShRTH SuetolA 244 Ao st 29 42 A5 x7]of k% Bt 2.02 mm, Al
7] 3.41 mm, 57| 4.41 mm, £7] 3.48 mm, 7] 3.01 mmo]tHEom %, 2013). 20144
6Ll f2quete] F4de 77.6 mm (5 Ht 2.6 mm)2 Fd 158.6 mmo] 49%0f =t
shoict.

19509 o] Robins and Domingo (1953)= 244 7i3}7]9] stdto] ofE A& WA HECH
Lok 2440 ofst ggo] Aty 59 o, o] Claasen and Shaw

)

(1970)= &4 At &
AL719] shkg Zeko] 747 15%9} 53% &1, A $ 3% ZoF shit msiE wtow 30%
Zastcha sttt Shaw (1976)= 4471 shdo] 7P Qigst Al7le &4 79 XARE

159 S7ixlz. O Alo] sl 4% 2a%o] 2.3 o[£k A4t} NeSmith and
Ritchie (1992)¢ &4 AFREl 2To] o] Arl7] AR trbn] 7129 432 51
90% 24ty 29&e 77%011 2ot stk 2Rol BESY S449 At 2o A
Aol AMsteln, FEAe] Faz WMol Last 2 & Wil o H5-FA7]0] 7Ho]
HojAlc} (Aslam, 2011) _w 27] QFEo] §49 o], Rulsh YA L, 7ol PalA
Qo] e=st wobAlnl, 7|R] weo] #EEA EA ot olAlskEiA Eeto] WobdAl e
o] 13}5101 S 0] &7 ©t (Aslam, 2011). 2012 7teC2 0]=9] &4p &
g 76802 24% Wotxl 7oz FAEW (Al-Kaisi 5, 2013), ofm2|7toA&= 7t&
E)FO] Z 70% 7ZXA =t (Ashraf, 2010).
g & &0l dl 7P gaAolY, Aigtd & AFdat W ¥]E o= AU
07} W (Cakir, 2004). o2 FEEAE Asto] 5449 7ts 2B
0] AEEHo =, 1 o= A 94 A4t (Amin 5, 2013; Kadioglu &,
2012 Saruhan =, 2012; Tufail <, 2013; Zamaninejad =, 2013), ¥A]
A (Aroca =, 2003; de Souza =, 2013; Hu et a], 2005; Jiang & Zhang, 2003: Liu
et a], 2005), AH|=EA, Alo]E7|d (Akter &, 2014), Z2UHHE (Wang =, 2008), =zcto]Al
HEFQ] (Anjum 5, 2011), E& 2= (Ali and Ashraf, 2011), B2}A|=2to]E (Anjum <,
2011), gleedot (Amin =, 2013), L-EfE®™ (Rao &, 2012), 4 (Zargar and
Agnihotri, 2013) o] QIth. ol2jst 2RSS Fxto] AlelsiAL} Qo] AmstE R Ha
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rEF A0 O3 Y ASHS WEOIAL, FEHLY I WA, AT AUS koIFL JloR
42X At} (Elwana and El-Hamahmyb, 2009). Seo 5 (2014)2 o2 AMAZAEAN 7=
Wl go] AL ALBSRSb] 419 AlRjuAb A A8 4%0] g AEAAZ Yu}
U &9 & AeAl dEsten, O A il X2 Sl Jhetrlof ols AAEZEAE oF Al
d A5t Zheosl 44 &t flee Ealstion, o Ao AU A=z o
2 ¥ A2F A2 AdstAtt

Zap 5 2o AFAE dist AsiEY Zlevid2 viewet 9 BUF R did A
ZFRI5HA ] Lol Tl B sidvlsoltt. §35] Sa4E B Az tiy] o WA S AAE
AE5o] Aoz 37] ool e msfo Aol RgdstAl vhasta AR g4 o
e AL, 544 i O&l FHVle o] Alestt

o8] W2 ZEEES SRt AlstAY Qo AustH aF 55 AEHA0 ot A4
AslE HFolFa, dFded o ¥4, de S =o5e ez dA UtHElwana

El-Hamahmyb, 2009). 221 o]&

1ol FoiFt il gigt A7E ujS A ofe) PFEEA Thed )
WA glo] A UBAHSP] A1 AT AN AL Y AEAS Aupy
U 4 YAl BRSO, E3t JPPI] A AS 33 A2t ok sfatslo] e
Helg stol 1 7kg wel 47 ane st

=2 =
2 A7 dEEsY71EY SeedTaddE 8487, N 37°53'56" E 128702'19")9] ¢
=38 ZalaE 5 A(700 mP)oA] 2diE]glon, ECkSe SR E(sandy skeletal, mesic
family of Typic Udipsamments)O 2 AIYEZCH 2 0] A2 OJHRDS (SAE
F)Hon, 2013 44 1290] 1285 S22 Aol YEE A2 th3 194 o5t SH5H
A, 54 290 70%25 cmf AAEE=Z 1F 12 FASHATH AlB[E N—PzO5—KzO7}
158-30-63 kg/hag o], Mat WASH LAS(7Y7])S 50:5022 LHro] A&t
Abab Ze)= SFE8](1,000 kg/10a)et &7 AF ¥ASC=z AT Ald4+= LJJJ‘?; 3%&
2oz ujxlstgion], 7t gl WAL 21 m'gick
Mele ATR BTer dw Mel7e £9n, AREEA aue HEsh| Ystel &
o A S ofHA A4t Bx QAR A2F 7 FoCh T A2lTL 69 15URE
WHE SR, ol= &371Q 69 24949 99 Aolth. &5 & 144 7€ 8Y0
Al #71E ofddch. =Al &4 4 AFA(CIMMYT)oA shdol =9 9A& o A
Ploft dwe syl 10219 ARE WAE Fusie WS pEe] S A
21~359 RHE FHst= SAeh HE(SS LB Ao
201 o A2 EE 79 Y A2 ;HE*OPU@ = 5 Ao BEY —}F——E‘ FE2 "HAL
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713F &< -50 kPa oS FAISIAHY 1). deldatat BAIALR) A A7 &87]

&<t SRR
RoH, A sk 474 0.5 mM 0.1 mMo|itt. Ae]dite] B4 A2 &= ofe 7t
|2 ®B3go] gith $F o2 Amin 5 (2013)2 Ar2]AlAl 200 mg/L(1.45 mM 49| H&
7b Vg &3t 20 BV 00, Zamaninejad 5 (2013)2 1 mMo] 7Y A2 auirt
1, Rao 5 (2012)2 A2]Ad4t 100 mg/L(0.72 mM )2t L-EHER 15
mg/LE 2ol AMstlS w7t 7MY aapHolitiil st¢lon, Saruhan & (2012)2 1 uM

B
32
i)
kI
ol
o
4%

2 39 2oz A AP AZolRe T B AEelAE FATD slUch WM B
o e AEZ

Aroca < (2003)1} de Souza = (2013)0] 0.1 mM == 2 X 2|5t A8 A
st &abh 9t skt

a4 1o A=) Al7]e] B - A et

(NE 2) AT AR FLLH EFLE AEHA F

o
fol
&

B ATE JUEEUsI2d $24A740 AEY SAY steAdA 2yHon, £
o SAXE (sandy skeletal, mesic family of Typic Udipsamments)© 2 AQJFESITH EH
Ao 290 AEL40 EE52 U925 (F3A85)R o, 20149 44 29¥0f o}EsiQiTt H|®

Al €S N-P,05-K,07F 158-30-63 kg/ha¥ o, AAas WAHET SAHE(7H7])S 50:500
o] AlESHAL, Qb ZAe]E 4o EE] (1,000 kg/10a)et oAl Ad ¥AHELR &
NBTE Y 3urRo 2 wAslgon, 2t AlETel WA 21 migt

471 (78 29)Y 119 A9 69 219%8H IS st st A& A&y,
= 149l 74 13¥0] thA] HAE sttt =4 &44 - 8 A4 (CIMMYT)OA] oF

5= =92 O Asts hE2 Zietr] 10~219 ARE QS FHst= BE

ol ﬂ.l|



A7 AW (S)H JREP] 21-359 FEE FUsts AT @ (SS)o] Yvl (Heisey

and Edmeades, 1999), & A3doA9] st A2l HE
28 MIA (Decagon, USA)S Alx|slo] Eof 28 3dlare =xsioilg], skt 2] 2ls)
28 ghefo] Bo] 7|&202 8.3%7HK| ojF (1Y 2).

0.3

=
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soil maisture [vfv %)
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i B ]
610 620 &30 70 #0330 /9 8/19

a9 2. A8 7IRF BEG a7 §ieh o A9t 6. 2147, 12, of|9] BF @ BEHAL

deuAte Hel ane HEs] gstel YUPRETI TE719 10971 A AAS A
stgon, Aejsta] g P2 OETE STk $442 AUIY W BE 7971: 2SS
got Al7lolo], 10971 4EAIE Mste Alvlolch Mgl E& 0.2 mMolgloo,

o 7tAo 2 33] xalstct. Kadioglu £ (2011)% Saruhan S (2012)2 Atz]AAr 1 pME

Al Al AMelotgE o g AEAES 0 oY en, Rao 5 (2012)2 100 mg/L

EYJET 15 mg/LE Zo] MstdE o 7P subAo|dotal shin.

Amin £ (2013)2 Aa]AlAat 200 mg/L (1.45 mM Ag)o] w7t 718 g1p7F £ctu B
592 ™, Zamaninejad 5 (2013)2 1 mMo] 7P &|2] sab7t =tk sttt

g AT UlolA A JHRIC] oF 50%7F B4 Ev EANEE WE 44 £4719 EAPIR

AL} EAASE

_/'\__
M- d)E ASEIT Al
OﬂQ‘D:]
%

d+T 1559 M, ALpa, MG, oA, olAdg, €4S g olAES
o R 10a T2 frste] ArtstRt. s 84 A2 SAS 23 (ver. 9.2, SAS,
Cary, NC)2 o]&3ston, 5% »&oA A 7242 dEstt



sre] gabat WAIAA] M mut

(N 1) 44 e Asdro] ot A
=22 w0l suotds ol 37|12 FA7] Aol THA(ASI)2 3.0421H| whsto], ok
A2]1e 6.0~6.3U 2 =opATH 1Y 3). DuPlessis & Dijkhuis (1967)= 428 AEI AL 2
Ga 49 WS AAAA ASIS Q0L stk AR AxAe] Aelh ASIE
03% E9oi}, EAKoR gojstr Yotk ol ARERAE 87l Astel gol
RIS IR FHst Zog W=t Rao 5(2012), Saruhan 5(2012), Zamaninejad &
(2013)2 Aejidits b A2 Aol A2jste] 4471 e AE A0 tu|d 4 S
Zos Atedt
| |_| _‘ _‘
i R gEMA | WAy
zhas oha A
a3 3.0 AjAAbr HAJALLRS] R2]7F &87]-FAH7] 1HA (ASDYf] Ulx]= .
ofgf v} : EEHAL
e &2le] Mg 194~198 cm2 30| BESHA] F2 T 245 cmof 8|5 Ao}
A 4). 27 F50 o 42 55 FH =0l Hotv] ggor Holo. A
At AAlAbe] A2l RAlo] Bla) 24 cm E9kOLt §OIatAl Qo). BApo] A
+ 114 cm® 2 s A2l 105~108 cm=, Vo] v|s] & £5of ogh dFdo] A ¢
otk 7148 WA 16.0 mm, h A2l 154-155 mm2 03 Ao|S Wo|x| ekgro
o, AFE2EA A2 Atolo = Rfo|7} =)

B0l em



FERE AEY A0 sl oJAMFZ 4.6~5.0 cm R[OSt £ 1). A4t FAA]
Ate]l Aef= FA o] vlsf ZtZF 0.4 cm@t 0.3 cm =2+ d S26liA {25t Ao]E Ho|
Al ket o]Abd st shl X2l 4.4~5.3 mm E9lo0, AgAih; gAJALEe] AMEl=
0.5~0.9 mm 8tof| =otx|x| oItth. 7Hatr|9] H4 FHoz2 ALhe 1.5~2.070 &o0, A
ARAA A &= 0.2~0.57] Z712 ulojstct Khalili S5(2013)2 712 AE A
Olaf] 4409 @47t 1.75~3.757 ZrAstg il sttt

A 2 o|AFg, em' 047, mm 4 2
pusa(s ) 17.2+0.4 a 40.2+0.5 a 13.340.7 a
Clicy A=PolE) 12.240.5 b 34.9+1.2 b 11.3+#0.7 b
AR| ALt 12.6£0.3 b 35.840.3 b 11.840.7 b
WA AL 12.5+0.1 b 35.4+0.5 b 11.5+0.8 b

~8 G AEP AT QS mo] AL T 5.4 Mg/ha?l © Hlste, 7iet7]9]
AMe]= 2.9~3.0 Mg/haz {9l5tA WotxtH 1™ 5). Denmead & Shaw(1960)= 7Hs} %
Nelo], 7ist Fo| shuro] ofst sk ztat zb 25%, 50%, 21%217 olgiC}. Grant 5
(1989)2 &AL & 2~22%0] 7P hdof videtr A7|=2 @ 71 45% Fasithal stelon,
EAF & 12~1699] st SASE 51% Yoj=adcty st Heisey & Edmeades(1999)
7H91r7] 10~2194 AEH = LA tE
Fo] 40~60%0]aL, 21~35Y HE St FAleh e EH—I——_rL—J 10~25% ol &
LzT%UrJ— Shi . E— Aol ot T AAEZ 44~46%2 A°Y A=
Avtel 2 Afol2 wolx| Qioith Ar2lAlabmt QiAAle] Ae] &@= Z4Zh 1173 103
kg/ha2 S315tx] gkt
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ol o] 0l ASUL ARl Aelo] olal Rolsi e gre stk vl
A, 28 85 AEAd o8] Wobal 230l WYREA] Rz Falo] FksHAl gk
A

S7l0] R AEAE We 9440 4L ASSH £E JEEUAS M
H i (Bolanos & Edmeades, 1996)°t 244 St ASI Afo]9] WA AIL L
=EXP(3.04-1.29SQRT(ASI+2))=2, Z¥st vh|dg] dAIS 7HRIck= ZAiyKHeisey & Edmeades,
1999)et H.grs19ict.

2 AN AFEEAR] A9Aditat FAIA AR s 44 = -
ehbA] gloredl, 3 olg sh AMel 3 9ol Ald £8710] Aejstel 48 %

7140l oln] 3] xldgE o} ASIE Eole 59 &Vt UE] AS9l7] o
( o 5.
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of. oepA 71E o 2012: Saruhan S, 2012: Zamaninejad S, 2013)o]4] 2}

] *37%*57‘”‘11 EAS 9] XMoo st HY avts AT "art 9
A = 10~12997]0] A2jsh= Zlo] 7P mapAlolQittil 5
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DuPlessis and Dijkhuis (1967)= % AEAE= &40 24 S AAAIA ASIE
UCHD St S Mels S W 4719 EAP] Atolo] 717 (ASDE 5.3%o]ni, 4]
A Ke]lts 5.0~5.34 2 S0]5t xjo]- HO]X| QUQICHHE 2). Zamaninejad 5 (2013)&
0.5~1.0 mMo] 2]ditS ot Ao g9 dxste ASIE 119 o stRlot,
B ATolAE Seo 5 (2014)0 Aol Aol o] ASIo| hat AreAlio] AMe| mabs gl
o ol S83F ’IS Aol Jlos AtaEHY, § 2 S5 HYeR AlFT 280t o

me
2
B

il

[e)

B 2. At QUA VL 24-2A7] 1HF (AS]) R Y, ALaL DAl I SAL
7%

SA2 @ Z¥7F 74719F 1097]0f AgjAit R
A g ASI' W&t cm AF2 7 cm
FA12] 5.3+0.6 200.2+7.7 119.6+4.0
Arg]AlAL SAL 5.0+1.0 201.7+7.4 120.9+6.7
Ala| it SA2 5.3%1.0 204.8+7.8 116.6+1.7
Hat + EEHAL

AF2]AIAE A 2] 79 7ML 202~205 cmz FA42]9] 200 cmQF EAA o2 90]5t x}o]
o

rob ok
e o

Ho|A] oorcHTable 1). Akter & (2014)3} Seo £ (2014), Zamaninejad & (2013)&
A7t &40 IS Qo siled], AgALe] Aele &7 A Ao tigh
msiE olx Hof 117~121 cm& 2A2]9)

Ih gle loe Uepdth Apu E
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. AATHE 3). Seo
4 A sl Astge W o]Ao] theh sabrh itk 5
Aa]stH g7t 9= 7oz Holth Zamaninejad 5 (2013) &

AR BA S19L o ool 1.7~2.9 em 71stictn stk ol
of lojM= {3t Ato]& Holx] okttt

K2l7h oAl S4do] Dlxl @ SAL, SA2 1 77} 79719 1097]0]

re] A4l el d
Are] AAE AR 2]
S o]AH}, cm' o]A%. mm 4 %
DXl 14.6+£0.6 b 39.6+£1.2 13.0+£0.4
16.2+0.5 a 39.9+0.6 13.3£0.4

Al . SAl
AR AR SA2 16.4+0.7 a 41.0+1.2 13.0+0.1

AR AALS FYAGTIo A2stde o] &44 2L 6.0~6.1 Mg ha'2 TA2]9] 55
Mg ha ‘o] H|3] 8.8~11.3% Z7tstAtH ™ 6). 74712t 109712 &2] A]7] AtoJojl&= 2
Apol7b et Zt=oll et &40 7 Fas EAF & 2~2299] hdtof] 45% (Grant &,
1989), 7i3t7] 10~21¥ AEE Q] stdto] 40~60% (Heisey and Edmeades, 1999)%th. Liu
5 (2004)2} Moghadam -5 (2011), Akter 5 (2014)2 7F=gol o5 &4 & 54 %
Moz} wiggn, WAy SehtEe] ZFol ZojSol so] Zol=rhw sttt
Zamaninejad £ (2013)& Arg]AlAlo] x2]l2 Z=shAlE0] AAZ|HO 2 HE A - AH| 7}
O z9of Hol7t &EsiRlchal sttt Miura and Tada (2014)& A2Adils A2jstHd &G4l
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cm, OV%WS‘S 4.4~5.3 mm, F5E 1.5~2.
WAAIATY] A2lof o]t s msfo] AP Eute
A QIAAIANY] #) A7 EuFE YShME SE RE AEAS W oFd] AshAL,
Aez2 PxHgol Lthro] x2jste Zlo] Wagt x| i & HEst Wastct

4~2.5 Mg/ha &t A2 diht
| orofrh AFe Ao Tjah Aba]Al

(Ag 2) AR AR AL2p EGLE AEYA FT AT}

e AB|7F ZEFRoX|R] EAY = AMHol AlstE XojA A&a4a0] skl msiE Eoli
A AASRAAIQD ARjAite] Ae] gatE AmEQt £47] 119 ARE &5 § 10Y97HA]
U4E FUsIR oY, AZALe GAAAL7IR] 7971 = 1097]00] 38] AM2fstlar, A=A
Aol A2) mEE 0.2 mMolgih. ArejAlatel Kejqo] ASI 2, ALat tizqe 2 A
o7t goL}, o]AFS 11.0~12.3% H715t¥ o $3FS 8.8~11.3% S7HAIFACH Ara] At
o] Ag] syt AAAATIEG YT FRHsteg, 797 = 1097]0] AALE
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