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Effect of water deficit and different nitrogen rates on growth and development

stages, yield and yield component of maize (Zea mays L.)
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Table 1. Development and Growth stages in different treatments based on days after planting in two locations,

Hamadan (L1) and Karaj (L2)
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- Ll L2 Ll L2 L1 L2 L1 L2 Ll L2 Ll L2
(st3) ST 508 2
Water deficit stress
(Vegetative)
N 100 Se 108 24 23 37 35 45 41 54 49 78 72 95 90
N 200 24 23 35 33 43 38 51 46 84 78 100 94
N 100 Se 301 26 24 40 36 52 46 60 54 87 81 104 98
N 200 26 24 38 34 49 43 54 49 90 83 110 104
(s15) DT 5 9aS 25
Water deficit stress
(Reproductive)
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N 200 26 24 35 31 42 38 49 43 87 80 103 98
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Non-water stress
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N 100 Se 301 26 24 38 34 46 42 53 47 89 83 104 98
N 200 26 24 35 31 42 38 49 43 94 87 110 104

JJ\'AU”‘JSJQ?*“VJJ)"MS’“JfJ"Jb
,;Mw\;ﬁ;:_wr_auwuxéuﬁ_z

VAN

P eKis odlo xosxi W39y
Wlw 5, ol ol 53 &SCast B3la ez g



WAL OF o5l cpler Ao 01l 15 p e alons”

Bl 58 1 5l 6lo 3 3l e sz JLaS! A 5
c&rbﬁ‘d)}A{gTéﬂfﬁé)‘j‘J&db@
SR Sds 4 ST 35S Sl s k) b I
o1 51 5l e JUas! DSl 3 1 () Jguar) 3L
b eSCas bsla a5 bl il 5 (gl 0
e 33 bl Ol 1y &ls O 5 5595 Qi 0B S )
LS e ool zalS Sl w4l ¢S ok
235 i W) ol S S8 o35 55 4l oS Bsle
35S RS s o) o e Cowleo sias Ol &7
LYo JJDHH'Q‘&‘)O‘))J)JUT
)Jd?ﬁﬁ@}b)&‘}_‘bujbﬁlswj.\\/\
rﬂ)ﬂb)}-ﬂ&l_&)l—m;)JOj}J_ﬁém
A edaline
1y g drigi 9 Mg

395 60l B e 05555 s
ﬁlpjbér;gﬂ—féfrfclﬁ—“ﬁi—:idjb—?
S (e 05575 L OLLS & Lo SV G 5,
ngsjwjiy!fjsougf.u?u).m\:
wg‘ufﬂgk;;;_w,ﬁ;\j_or_fupL&t
(e 053 7 Al plie 53 5y g S
Sl L (s (F s Y gl i) Conl ol
j_;‘cuﬂJI_wJJJBQJ}J_LjJIA_::ﬁJuAGM)C&JM
&Lﬁdfﬁék}ﬁhdfj&,&gjw‘;jdéli)
ﬂ)@b%‘))bgj?yu)bwg)%‘
‘5J_:A5'j‘;ﬁaﬁ‘}}‘f)}‘55j@ﬂdjjﬂdbw
u:)lj_?g.(YJ)Q):}_u@T&}_;gub
oMzl (Novoa & Loomis, 1981) s s 5 7555
‘Q}jﬁb}das)‘tr&bgﬁcb).!)‘bw
w,@ﬂru,\,;jﬁv\uws;,.w)&}w
)Q)‘_ﬁx‘.r‘j..\}_iwdl__{ww)]_:}j
sl ixe C3Mastl (Uhart & Andrade, 1995a) s 5457

\AQ

(o 05358 Cailibes o (51 28 5V sl IS
\J_:g\)::)_&@A_E}Wd)}_bow.w\omT
y:st_wjafﬂ&b;smc,;)g@m,?a,w
S5 (5 ten il o 03) 555 (a0l o)
5 Pl o Ol oS sla &8 sl I L
ST i ol 1 e 055 26 Cadibes - sl
&i}a:u@qﬁfflbougw)s.nf@
s e el s ols &) (SNl e p3 S
j@,w,aﬁ)u\imm%@@u,m,ﬁ
9 ol L aS Ay s ST 4 (R3) (6 b
335,15 Cils (Girardin, et al., 1987) of,Laa
,;&;}s;uy@?quwoyﬁéu)@
,'tu;ﬁrwwl;ﬁ;:_.‘r_;ustﬂm)ob,;fw
YL sy 30 OLass el ol a5y VoA o5
Lyl 5 53 5 g8 310 855 5 5 55 e kBl o3
)‘u\..&ﬁLs_.d)ﬁ.))}_év_;))))}.w‘u;iuj"’.))j_ﬁ
Lgéjﬁa_ad)jj)&é)bﬁﬁ-l_’-‘j)bwsjucqﬁ
e 05555 3 o JSa 53 0,8 5 S Y
3503 Cdlas (A5 (sla 4Bl L oS 55 p S kS
OV Ol 5 6 alls FVA (g gm)
dgu\;)wu,a@&a@s;u@qaxb
i o o 53 ST 5 5aS b pe B 5 e 50
5 an DL (8L alS o 4 W Sl
35S il eSas Bale zalS dndl g OT s
9555 Al i led O 1y sdiisl A e 5 O
S s U e 05,05 il e
;jmwﬁumjw#g.ﬁbw
o DRI Gy S0 i 05558 O e
CJJJQ.JJ\HUQTJMJJL{IJ.&):&&Z:LA
;\)mu,gfﬁ);a\i@?mi}ﬁ(}u)@:ﬁum,
Qﬁm)u&ﬁ&g”&ur\ug;\,ﬁdu:s\
GRS O3 5 eksd 553l el OIS LS s el
b S Sl el S5 LB s edalie (wald) OT



N 0535 Calides alie 5 OT 25 5T

5 ey b eS Ad o )Lal & 658 Olea (Y Jsua)
o3l S 5 il s 15 0 5 e 35
S 5 Bl Oldes 53 ol CiS LS s oSt
ROV B uﬂljsdi;,wr_;,,;&;a;u
Y grons (¥ J3dr) 550 VoA Ll S Ko 035 51 S
MaauMJ\JL;JJ@YJ_bM)ZJJJS@G)\
(Jacobs & Pearson, 1991).4sle oo M 65 55 (6 i
Yo Sl e 05 il sl S

Lga sy ban 1y JS ola g SESa 55 p S lSTY
uml_f.;l; u.:.Al_f)L:ﬁa 3 (ajf)_l; YAOA/
L s 055,55 Oy o5 p3lae 53 ST ol
(Girardin et al., 1987; Coul odis 3,155 55 01,55
Novoa & Loomis., 1981; Uhart & Andrade,1995)
S 058,55 345 ,5E s 4 W5 e el !
Jﬁbﬁﬂb‘_b)b.u‘{o.‘dj_i@rbu}gﬂébﬂ
SLa i 55 (55 5 5l g (S ale e 035 50
4Bl ez 3l ge Cul 55 5 Bl Sl Bl 5 5,
Jlast LL(F 57 Y ) sl K8l o 5558 4ils o
(o) 5 Sy iy Olyss (b by Sise S
S5 P sm 3 Shas 53 6,13 (i (s alS
50 sl L5 4 S ¥ Jpd ) U edali
ol o .,\_3‘\3 I, (Osborne et al., 2002)0| ,Les
3 s e 03 VY sy e e 53 OT 558
S 1 oS osle ST gy A e ys OT i3
Sl ity s oy Jle b 4SS SLalE sl
Lo )3 YA 55 O OLE & s s OT i
Ll o SalS ool dils |S alegy ys talS
- PN S ST E RN U Ly W P
=0 () ) Bl Csb)y 5 58T i s
Jlpn b gl 35S 25 3 S S
3 Shes )3 g pty LS (B l5 s )
355 31V A ol S R 185 4 e S 03e
) 5 ¢Sast osla o mie 4l (¥ Jgda) sls Olis
3L 53 p S AS Yo (6355 mhaw 3 ¥0Y 3 L

b (5 i b i M e 53 15 S8 e s
B 053,55 1 Dl Ay (oo 54 Al s S
(8 e 53 s (e B s gl 0L o
Olej (b e 055 fi alidne jyolis s 4 Ail5 e
5 Ay Oloo ozt Blad Sl pls )l Sls 5 O eas
o e (OYWY) 0L 5 (g pallie dil (g o ds 5 S
O paa L 1y (Sl pL51 53 8 1 e e Ls
S 5 S 53 055 25 p 5 S VAE
SSa 3 055, (‘Jf)—lzf\w‘ Oy L1y 0T
Lles S il

ot Al T s S e s
T R U P e Y
U:-Jaﬁd?ﬂéawuaﬁ-wumgwp\“ N
S S o8y Sl (P Jpr) w5 (5 e
um.aﬁj_igv_;,j\utﬁa_bbﬁtﬁw\
oL e 55 il 63,8 Sl dn T 5 paS”
;,}_Ai_awja)a.;_:\;\f@\_i;,;‘ufﬂcu
LS nesidon 38 b ol w)y
o e s Ty cbls s e sl KK
afﬁch_uu&u&ﬁ&,b@”o,wmdw
gﬂcbua,;u.(v Jds) dis damSe LS
3 (S cOhoen 3 ods CiS 0l 6l 5855
lesaz s oims an o ame Ll 5 03 5 0l 3
g 5 LS5 gl iy b5 sl 3 ol
sz_ﬁs%fﬁrj)}:&“_g.u\i@@alﬁ
cla_wup}u,;)b@uojwmﬁo CEA):
dfj_gcb.u);ep\.\sé.\;wow&uﬁ)&defﬁ
Y Jgaor) A3l o ¥4 (55 5
(T oolog) 3909w 8 Khos

Me:bé&;b%ddﬁijj}}ﬁ:ﬁw
el Clls p Ol ys ol e (sld_i‘ 3 ul.it«wu
b 8 1,5 05 5 DT 3 S 3L Cs
Aoy e (i 5 S esle ST Ol dikie 55



WAL OF o5l cpler Ao 01l 15 p e alons”

LS Uals b awslie 53 o y3 VA 35 ails 5 Shes
Ao 3 ¥ ssds GhlasT ol sl L aS el (s
S a5ls 09 9 Moy 4l sluas Lo yls (oM s
als 053 50 ealS Sus Jy ol als OT i
ol S s 05y ¢l alS ol mhe
OS5 4 shln G s Rl s A
P ST RN P P JOPIN WERTR A VA A RYA
(¥ Jsd) 5 dala b awslae 3 do s VY Y/ /A
13 sme sl (Westgate, 1994) <Koy bl
S OT 25 Olyss b I 5 adils sl s
ek 15 05 g 358 e odalics Slickles
S OT 558 25 55 alls 0y LialsS b
Sls Odd s 5y95 Eals s m,i'w (slesl 05,8
C;}A S IW s als ol slaas Jg () ) Sl
035 SIS 5358 (on s GliSl03, 8
VST RS Y TS
3yls ML s asls S e Sl pwa sl Jsle
54515 39 casls 5 Shee (Zinselmeier et al., 1995b)
343,55 b ae 055,55 530 St Sl slues
cld_»ﬂ‘)ﬁd._;‘.).)-}_iw..)ﬁ)‘}u;”u\.ﬁ)}o CE")J
Ao )3\ Lo gt ysboag p S ASY e e 055 5
S e A3 63 4l 09 9 IV ys iy sluss
sz Sladllas (Y Jgdar) 550V cb»): 059y
53 @l sl eils s Shae a5l 2 03955 oo 50
03,5 Aul Cadien (slady pon 53 1y a5l 035 5 I
(Osbrone et al., 2002; Uhart & Andrade, 1995a; &l
9 230l el S5 L Uhart & Andrate, 1995b).
33 053,55 35S (Girardin et al., 1987) ol,La
AR 531 (5 b U 0 ) sl ol
}L&@bt}.p')n&l\boT‘.u\:un;j.adb sl
Ady gl Joom o 55 035,55 35S Jlant 51
ui)i)fﬁsﬁibf)suws\.w‘}:m}bﬁﬁ
T 35S S 5 o8y S a0, S
I s &l sl gl 9 o ys 0 CE.~).> 6l 5 Shee

VOAYE Jslme) OT 55 S i 5 09l Ll 5
S gl T C s ey GLSa y3 0 85 LS
)ac;}_lzf\n Lg.s)_chﬂ):&_l:st&d-a:Le
5 s b oS s SLalE 4 lane S
oy 813 OT 5 paS A5 50 53 Gl
10T szl g 418 & Khos

u\;ojjju\asj_Q&Ll_,J,'\r_sus&“_:
23 als 059 (Y Jgdar) Cils 3 29 s o DS
\~A(.J);|u;ﬁw)>v\/vm~\w\;h}i;,ﬂ(..;,
S IV 5 15 sldas 5 ails O3 g cails 5 Sl .5
Sl S s BB 055 5 5 Susb Hlie ST
oMo £ 5 ¥ Gla J g )3 bjles Sl 4 amrl o ol
3308 o o G DT S8 25 58 o
33 il € 3lIE 0T sl 5 ity 5, Shas 5 05 25
e 53 by G el sl Sl Ll
o e 55 OT CBgn 25 550 Hls e desya )
Aoy Yo iliads e 5 g dp )3 V0 /) iy,
S Ll sl malS aals 4 S 1 @il 5 Slas
cw;)\AgTL}fxﬁ&ﬂ)bﬂjﬂuﬁ-ﬁ)Jﬁ)b
ou\f«_ig.fm_;uuriwﬁdm{x@;wm
i e 53 OT Cdge s isls Olis OT A5 Osk
gl 8 e e 3B L g &K S s,
@Tp,.i;d,_w;\}ubﬁ\s\)sppdw
S &5 68 OT il oo S shy 6l g
.g;_wlo;,)Trﬁ\J_fe\)afﬂcbDl),;;_w,z
,;LF «Osborne et al., 2002) QbL{w}Q)H\
ﬂu)at,dmﬁar@j\jl&;&)ﬂ;@
(Xl 03 S 5518 Aoys VYN BAO/A o ails 3 Shes
el wilis 2ola3T ool ys odal C,.w.w\.:@l.ﬁb.&
):\)L;.,\_.p):\‘odhl_fo\)i.i_nﬁku_s-ﬁd_:;‘
S sy b33 3 ST i b s s, Shee
(Denmead & Shaw, 1960). Ll o3 s

Sadle3 8 Sl dn OT 55a8” 25 L ada) 5o
aS 5yls s )L gbl (Westgate, 1994) ORI



N 0535 Calides alie 5 OT 25 5T

s e OT elyarl 5 als 5 Shas (gl OT 5 055 25
6355 o 53¥ Y By L wls s Ses 0 VL 3 g
23T st DT 5508 25 05y 5 0 S 5hS Y
2 ST 35S G5 VL (6358 mhew YN 3
15 035 5 IMo s als sl casls 5, Shes talS
Ve 935S e 5 &S i a VA G I 2t
yw):gbw‘ou:l_i;;u_wkglj}gf;}k;
5 4 & ST Sl dlln )35 5 5000 ST 3,
S (Faline S5 DS (6355 Ll 3 53 3 5o
5, Ses g ddiy Cadises Jol e 53 OT 35S 25 @
ST OT 5 b OT 25 oS cias o Ol 555 51 il
255 05555 39S 358 wls 3 Shee 2ol el
3, 8hee ol S il a5 5 by S 3 b Sl
Al o Jlest oS S
s> Oli «SHarvestIndex (HI) Cuils 5 esli
$3laBl il ay 4l jolamsl (6w 55 5l g ldds
8053 dobo 53 0dd 0,53 (s 5 3lse S 4 o ol S
T 3 05358 Sen Sl o ol A 5 sl
039 g 53 (St 5 A wdly OT a8
23 S ds Sy el (N1 el Y (e
)35\%W&GQJW3M053,¥¢mQCE~
Js ol Ll o s 13 ST oslowl Lastla oyl
Les 45 T (R0 5 055,55 35S Jal 55 087 sl
&o:ﬁJ;JoL:fr\.\_?\J_f)sau.\_:st\}_n
Oboa 4 55 (olal pluil 4y (6 5 53 5 g0 olians|
S L a0l 4 5 e Jlasl andl b o 2alS o
IS UL PPPUR SICIE JRRPEEE v IR {JURS JUI
ool Cle ls s 1 by95 O o S 5 4 K
Ol i ASL Lol 2l 5 dls 4 5l ge 20S olas
Al 1y s ol 25 0 5 25 Lyl s 45 0
3.8 (Westgate, 1994) Sy bl 4 bl =
O Calides layles 55 OLalS Cosls y Lasls o
uu\ag:\ﬂdw\uﬂ):ﬁbwoga

."*194“‘]—":)3

‘;?\-f’Tu:” :OJJ :ju:..

ezl

Fo) od) 5ol yls (gme oy ) cb.ﬂ):d\aaj))
o o A ol s s Je e 0 ST i
100£/0 5 VAFA/N dslme asls 5 Shae 2l S
35S S dlasl s 8 LS 3 p S5 S
rj)w\)s\)U\sajﬁwaﬁalifd:-f}:):yT
Sy LS Aals 4 S S 3 0 8 LS V44V/0

553

st sy A e 35 ST
505 #AS £00/0 sl U o 53 50 8 LS YAY)
)L&a)>¢f}_L;V‘\ﬂ/o ol s gy Al e s
s Gl a S ol el STl el s, Sles
VoA o8y s 5, Sles s DT 35S 25 S 36

u_gdwjﬁ.:a_m\u_S.(VJju\_g-)C._m‘

.<\./\\

S5 s - 53 (NeSmith & Ritchie, 1992)
il o3 S USTT DT 5aS” 55 40 &3 Caltbes 06
Al el Spgmo 4 ST 5 05525 Calbe 3lis
L;ud;&.@l:o\::)_{l@uipgﬁséﬁ@
Oliss gt a0 adaly ml 3 s 5 S0ke 4l 0 48
ST 58 (o SAS Yo r 05555 o 3 o s (o0
SalST il i ey a5 o) i e o
Cb_ﬁ):gjo&wub:fgwjzbuﬁu_n
i3 o 53 DT 35S F oSV e 055,58
ol Sl 03l j2alS (gt e 4 |y ails 5 Shes
C\M\;a&pﬂjb—i:ﬁ&:q&\j&db
Sl I 53 5 033,55 fuS e S5 gl
g ol > Bl 055 5l ol s 4 i
oo 93 2 55 T 25 o8 GlalE s sl obalS
615 5 Shas 5 wlie 2ol sl GBI _alj 5 sy
5 YU s Dls sldws Ll edalins L;J;ckﬂ)} sy
50555 e J1 (gl Ao ys & o 3 w5 0
d)@,:ﬁ\:;\wa%.sﬁ)\:@ugT:jJﬂ
S Dy 5 S S Y 03555 e b ails 03
Yoo ojb_;:;cu_u);,\md;‘fﬁmyugT
133 i ns Jo e 53 ST ples i 5 SkS
5o Jole e lize 51 i oa T Cs g



WAL OF o5l cpler Ao 01l 15 p e alons”

sl (g Ay A e 95 53 el Slasled 53 (Coil) ST A5 et Lo =1 J 5

Table 6. Stress index in different treatments at vegetative and reproductive growth
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