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ABSTRACT

Irrigation management is one of the important factors influencing the development and distribution of plant
roots, which is considered by many researchers. The purpose of this study was to study the growth and
distribution of corn root in various irrigation management systems. This research was carried out as a split plot
in a randomized complete block design at Kabootarabad Research Station in Isfahan. The main factor was
consisted of three levels of irrigation regime 11 (100%), 12 (80%), |5 (60%) and the sub-factor was included three
irrigation methods, conventional, alternative and fixed furrow irrigation. The measured parameters of root were
length, surface, volume, fresh and dry weight, which were carried out in 5 stages of plant growth including 9-
leaf, 14-leaf, inflorescence emergence, milking and physiological examination. The results showed that the
effect of irrigation regimes and the type of irrigation method on root traits was statistically significant at 5%
level. The highest amount of root traits was corresponded to 11 regime and conventional furrow irrigation, and
the lowest one was corresponded to I3 regime and fixed furrow irrigation. The highest amount of root traits
was obtained in the soil layer of 0-20 cm for all regimes and irrigation methods. From the 9-leaf to the milky
stage, the root traits had a bullish trend, then after constant and at the end of growing season declined. Generally,
a suitable root system for absorption of water and nutrients required by the plant can be achieved by application
of a deficit irrigation rate up to 20% in conventional furrow irrigation or alternative furrow irrigation, which
leads to save water consumption.

Keywords:, Alternative irrigation, Deficit irrigation, Irrigation regimes, Root development

*Corresponding Author’s Email: mdehgani@gmail.com


https://ijswr.ut.ac.ir/issue_9266_9595_.html
https://ijswr.ut.ac.ir/article_72754.html
mailto:mdehqani@gmail.com

WAA seo 0 louis e 093 oyl pl S 5 T wlivdins 1YAF

@y3 oS dyy Wiy Wgy p slazm 92 5l ey o T

T pand o " (kL e (sl ool 3all (5599 U ynzmo T RS (puno
Ol o055 s 8, s oS3l (655l 0uSitils vl susipe 09,5 (6 15 (gl )
OlRl 605 s 3,8 0 oLl 16 55liS 0aSails ol (gt 09,5 05,5 JLedils Y
Ol i)l el (b il 5 (65,588 pole olKtils (g5 )5LaS 0aSitils (T (qusdige 0,5 09,8 jletilo ¥
Sl el olaiol tnio olSils (g )gliS eaSials wol wiige 09, il ¥
OVAVIVNIA g g - FAVIVIYD 206,55k 2e,b VTRV I8 15 il o )

PR

3 olm 425 8550 o5l oS ) 355 5 (b yeS Wig) 2 IS 5h 5 otn e olse 51 S (k] e
Slzug o )lol calizte slacy pae ;0 @) oS ady; 95 5 ) (Sisz (omyp GR9% (nl 5l Baa el (i
ST 598 liniog olStan) 5 ol JalS (glacSsls (B 1o ondo 5 by slas,S &gty byl ol <ul
by e ol b ol 5 I3 (15 do (LAY i (Ve =) o leal oy ek s ol ool Jsle s ool g
w7 g ook ol a5 00 (6 Sosluil sl il gy gline 5 Sl (oo oSy wpgms e Slazugz k]
Sy 3 005 Gy NS o (T VT (S p & Jold olS w Sl alese gy 40 45 0gr SiS 5 5 0
S5y 2 Slazmz )bl G, £95 5 5 )bl i slams; 3l AT ol oles s o plovl SU5lg 8
Slazsz )bl jeam 50 1 )lnl w3, (0o gy s 19) Sl 00g: Jlo gine (s lel i 5l Ay s Sl
adyy aby Gilie Slio 1) b e g i G 4 Sl Gl 0 )kl gy 50 13 ) 5 pamre
iy Ky, b oaalie (6 el =T+ Gas ) aly) 53 L0 3550 Slao 5y 3l n i Sagh nl 5o sl
Sl 5 5 2ol Ol 5l 5 @920 (B 5 JE B (5 A a5l ioniig ol sla Sy polie Sl sl ety
Gl 95555 L g pgmsye slazusz )kl 10 aoy0 Vo b g)lel o5 Ll Jlosl b (5 jsboay ool 005 alS w090
3oy (2138 lge 5 ol iz (gl calio aly) g allols Sy & DT Bpan 0 57 dd o el (g0 gl

h.AﬁlJ Cawd ol.:f

Gl sy okl oS ) arnwg (lee 0 Sy (g kel s gulS glaojlg

Jsame e g o e o alal) b8 gldiy ) wiw Lulgs
o970 5 JS& anlllas s 465 a5 LYo b Ly S e e |,
Ble 3,50 £gd9e 4 aly) Jsb den I fiage 9 SuS1y
(Chimungua et al., 2015) el oo Jows o, Kawgs
Sughy 2929 45T wad oo Lt b 5l (S p s
6“‘%_:;—’99 ools U‘“T'-‘)B‘ ‘) 4*».\,3) M) S PR 63[55 MLA
S |y by S (59 9 g (Job e alea Sl s g
,® «(Kang et al., 2002; Sadranasab et al., 2014) aiso
Luly 53 48 ool G Sy ln gy (5 gl ala (me
Ol 4 e S xdaw 40Y )0 Cugb, 35068 (5 k] oS
Rl s ol ol ogde ol ShE a5 5wty sk
o ed 4 g oad Ol Gl blas o laais, Cuglis
Jud Qi 4 0B S sbbasy o Ll ol slaass,
Omzen (Yavuz et al, 2012) sg wnles olig olgs 4 ol

doddo

Ay ged g 3y e else et 51 S )l S
P e Djpody Ay dangi 5 558 (K5 Lewl olS
ol sl 385t Gl by 13 yobie 5 T s
Oeized 9 S 0938 e 9 Ol p phe Jelse asias
S elie polie s O Qi Gl e Lolye 4 4y Gy
Feddes and Raats, 2004; ) o ) o0 a5 4 (59,0 (50l (S
Jolse doz 51 (S5 J5 59250 Cusb, (Laboski et al., 1998
Ooke a4 Cnl ol s @555 5 GBS By 2 Fhe s
o P50 aS Canl ol Gl ise (o iege 5l Ay, Ko
Ly oy S5 alin oS 4oy 000 oo 518 il cow cush
e S (gl 9 (ploond (b slo Sy 9 ol
sleaijs, (o 5L ioren (Gheysari et al., 2014) &S

5 d5Ss JPS olS ady) gl bug ol Qiz L Sy

mdehgani@gmail.com : Jetuwe sais g ®


mailto:mdehqani@gmail.com

ITAY .oy Wiy ol 4z 5ykel e o pow 56 1hHKen g Slins

S oolatuwl bl cugb,y i, soe o (Pandaetal., 2004)
&yge o (Hajabasi, 1999) s)ls 0gz>g Lls,l S cdl
onb b aany; Job wl; (S SYsb pan Sis
a5y il ook e (SYsb Dae 4 S S5 35800 S
(Huetal, 2009) 598 o youS o aiy, Jsb

b Jolpe 5o ileleS wadelnl glagtags o
LS olsp el Sis s elS el o) ol s,
Sis 58 paelS el uen o (Farre and Faci, 2009)
5 (Khalilirad et al., 2010) V- ul,S° K @, ady,
b 1) ool (Solel s bl b o azlge ;0 )3 4y
s Ak, obletil sl o B35 g Ll Lauls s a5 WS e
(Liang aes drwgs (g yiion Hlade 4 1) 095 (g slaais,
Golal Goe b Cov &3 4y, drwg Ges et al, 2008)
o35 d9ma o 44 (5 el os ialS o 5,9k 4 e
Whee Rl S ddy) drwgd Ges (SIS odd S Gee
olid K8 b S gl (Gheysari et al., 2009a, 2009b)
St 035 895 2 Soldsre xS 6 ylal o, lgil o ol
(S S Ol il b aS glaisSay wyls &8 Ay,
S S Al )0 o 2l ety SaS (09 Ol
) S 559 Gl Rl Eel 090> b ogame g oDl (5]
(Gheysari et al., 2014) o sale>

SoleleS a5 wis,s 155 Kang and Zhang (2004)
loals) anngi 5 gl slaaty; olsi de) Wlgi oo (s2o9e
5o ol Gds Gl el cols ;o g 0oyl wo2lyd 1, adsl
bilys jo ady, Sas (s Gl 00,8 mose )kl
Sepaskhah and) sla imsy s ;0 rdge )keleS
Sl 00l 431)) 5.5 Liu et al. (2007) 3 Ahmadi (2010

a5y olS ) gl (g5 (o) 2 Sl 0929 L
OS5 g eoliiul jolaieay (SaS slajles o (25 Ll oS
ol 2l 5L 050 ofagas 5 S Kb el slaases; 5o
Ml & 5k (b 5y ookl Cupae e Ll
b alol> slaoe (ily 5 05 Joo sl slas) e (8l
D)3 Ay drwgd By as)ie ;3 (JelS g malr G (5938
o oo rlple el A8 Spse Sk lajles cod
o LS)L.?'.’—‘WS sbjles Jloel )""l‘ R A g

R PR 4..}‘0).' u)é d.m.:) » aliseo 6LQWfM

c\.......v) ud}sbj&b u...l.:lﬁ Séw} u’“"" aS Cewl 00l ouplive
Bingru and Hongwen, ) oo oo jiulidl S slaay o,
et 4y s onal Jacas slo iagsy oolal 5 (2000
Jsb bl s e 4y g Cusl aly ) w4y bgyye il il
Sl e e (sl (S e SB ez 0l 0 ady,
.(Chimungua et al., 2015) cl oLS lawgs

Sl G 659l88 i 5o o glis 09208 4 azgi
“o5 i laisy SlS b 5l oSkee o] SISl aals
Ll Oy Ll (o2 el 10555 5 2Vl Sl 51 550!
bl 5o Wlgi oo ol ady; Jsb b s leleS Jlos! alize
Trachsel ) ol 5o ady ) drwgs 9 ol 0da anl)é g5le Jow
W )ig.o R GLQUA}L.‘L i, J9.|o » 03){5 (etal., 2011
sl les Jlel ogs il cov )l dne Oygods
Yang et al., 2010; Shahnazari et ) & .5 o ;1,3 5 ,LoleS
.al., 2007; Adiku et al., 2001

gy ailate Mady; mdse 6)LeleS gy 0
wobye anlaiz b o )l g e )0 5 peedl Cilisee
Gey ol 2l LSS egdioe by S K0 (g g oad
Ol 45 wles ol ol Sujelg b Lo 5o (Sl Wil oo
Liuetal,) ojlo oo ploate sabpeedas o loleS g, 5l 1,
sl 5 ookl o Grae oS Gl Ll (2007
boanslie ;o ats; moge okl Jleel a0 Jpame
sdnl o), Xzagh 5l (6 ks Sladllas s jo Jsaro 5 LoleS
all uegh 4o (Kang et al., 2002; Liu et al., 2007) <ol
Jleel o a5 ol asie Dodd et al. (2008) lawg i85
SoleleS 5 wls el Jlml g Ol wd> sy 2 szl
9y 2 @9 Sz Sl I Rl b boe 2 g2 g LB
WD o Solal &3 olS aiy, a5 gladhie yo ol Gl
Lyl o pl poogdle (Tiantian et al., 2011) coul aslds
)5y (Jyens 6 kaleS 4 Cand 4ty (xose 6 ylpS
(Karandish et al., 2012) csl salg> (5 i dxwgs

2 DyS ady ) e Ges il Selxl sloGiaghy (wlul 5
3o ey o000 emsle TO clls 5l e g, Fo-Y

S ysn ol A @ gob al>se 3 5 tantile e ailS

1. Partial Root Drying


http://jxb.oxfordjournals.org/search?author1=Tiantian+Hu&sortspec=date&submit=Submit

A eSS LS)L:-.'T 5 0890,5 4o g

CtS sy i o imleyl )8 e gl et cpl o
I coolainlo g of, al a8 3 L 0 6 £ Job L
Jolsd ol jaiS o0 LI g l, Byl 5l aS 0g Vo LIS
Oledel plesl jdy g Jlop Dlaniod Gid anogi @b iy,
Y- L.‘O.‘{J) FLITY) Lb4.i9) alols 9 J.».o.wl.w Yo aihis (5‘)‘.’
23 9590 slasS e polie ol axd)S I 55 el
A a8lsl S 4 5 acwle (Malakooti and Gheybi, 2000)
Sladgle &3 oy loj g ole 8185 pes e clS &l
Ao dilo & Slae jalaieas cils y loj g oo yo3 0 g0 daus
e azals Laul b culs ol 5l og ole oLl gl
Slom g oad slal Gl jsbay bjles (Sp ¥ al>
20,8 Jlel )bl w5, slajles laazalSlal
oo Job ol il al o0 13 ol at Jsbo (5,650l
O 5 (83) 5 nSTUS 550l «(S2) (SN F (S1) (S
4ol oy bad plxil (Ss) oS JolS (Sauws; 5 (Sa) alls
g dw 6 )kl Zabw 1Sy p2 gl 0ad 8 ol 5l Sy e
plil abgma 5l g Gl Glews ol sanles § ezl olgiea
L g laz olS lsp plail Coand 51 olS aiy, .o 7,5 Liole]
Fob sliwly jo loaiy ) o .o 00ls gt O pdlo L
w4y el Feoog Fofe Ve ¥e Ve ahads o> o
2 @l oy, 5l ady ) e et jslateds ol eols by
pobal g oo Sl Jles o ) sladiges b solitwl Ol
Ol SeS 4y g 00y 088, WSl 38l 5 aoe o VY RURY
0ABES py (sladiged I SG o 40 laads; Jsb ggerne pglas
25T A OpeSSl s b g Al e Al s
(Alizadeh, 2008) 15,5 arwl=o

A=2+vrL (¥ akl))

(Cm) asy, Job L (CM?) i) o A alasl) ol jo
Jw.:lagsa cmd) Aoy > \Y

Ll Stz 5 5 5o paiged 3l oy oty sl e (3
ax 0 VO slos jo celu FA o au 49l 5o ladigas oyols 1,8 L
Jolos sy sloally i 5 oy 8 Sl ol S il
(2001) SAS 9 13310 5 51 eolaiwl b Gudizs oyl )0 ool Coway
b Lo puSiboe o 9 4188 )13 (g5ll Julos 5 4555 9590
Oygo (610 e duoyd i a0 9 LSD (4051 5 soliiul

WAA seo 0 louis e 093 oyl pl S 5 T Slidizns 1YOA

a9, 9 9lge
VY8 B VTRE glaJlo b g ely) b dus o Lidgly o
Gh""a évl.uo 9 6))5Lu5 uLa...Q.?u ;)A @LLJL?U oliu.u‘ o
G & rookeS YO o o) (ol 00,5 12l ool (il
YV olilin o s a5l e 10 - gl b olgiol
A 0) 5 az )0 0) oldlee Job (Jlod aB 3o YY) 5 ax o
oeSle b S g 05 slgn g o o 5 eud dly (3,
el 8l )T il 4z 10 V0 gles g e Jo VY - wlJl SwsL

Jbo sl 5o 3,50 (e SReg (nl pll jslaiea
Jolis g3lwoslel T slyz 51 I 59, aiz g 0095 o5 L3
oolol Hlais )50 Jolsd b laazmsz 5 plnil (saijpe g pabans
Fo o Boe b S lay I sadss sl gl 8 was
e g b )b paise gyieniile Voo Jolsd b (g eile
20,5 Jlol olfinlej] au (S5 calises slo S5g (unts

B o g oads B LSy Gl S O jsoa Giagh ()
Lol Lol ole s bl IS5 ¥ o ol LelS (slacS'sl
«5‘?9 J.alc PRLK (&) do (A dL (Vo) Lg)LﬁT LSL“’rb-.‘.B)
ol L0 pom o (sl gz (5 lal s £55 s ol
daglol G Jolgd 50 5 aios 12l Jsbo 50 050 gl 5
‘5ML~J?’ 3&’ ey AR L;Lbkgao&)é S h:A.f}.b)
g 5o bazs> bawg 5l g yietle Ve Jolgd o 5 S1-
(_g)l.».:—‘ uL") W 6,50).\.;\ TDR o&Kws )‘ solawl b 603‘
e U s5kol o 5l am slagy, jo S cush rals 5l
a) sals [l ulel 5 g S solaiwl LB cogb ) ss o 6+
Doorenbos and ) o 43,3 L o (TDR olSiws S
(Pruitt, 1977

JJbL.u)Lo.u Lg)L:.Jngwl;uLg‘ﬁ G)L:-.’—‘ g_jd.o.c
S| 00 ML?:A o) d..]aa‘) )‘ 6)L’*’] 6“["")) JLo.C‘ 9
In=3. ((6FCi — 6BLi) x Di) (1 abasl)

i OFCE (mm) g Lol s 5L In abad, ol 4o
o> Susb) Olie OBLE @Y o sl (el cod )b cush,
9 (MM) aio; axwgs Goe Di Y 12 sl oLl 5l S8 S
el S Y o o Lo

Sl S ush; ailey bl 5 okl ol o
2 Sl slas; sl s amlne ol5 Cd )b v 4 sals
Jleel gt 5l ooliital b (leayo e 5 pome Slapic
g ol a8 )S Sl )0 sk Sas g azmsx o gl oS
Oley 0o xS 0S5 ceal clie Gos 53 baogi
5 ol gl piloass coli b g ytegs s 5l oolaiwl b s,Ls]
2 05ly ol Sl ez S0 sz 4 T BLel 5 9 JUI



ITOR .oy Wigy ol Az sykel e o pow 56 1hHKen g Slins

a0 b ool b g ol oloyo e 4 pompe Slasugx

Sy g o
Fooee b Giloyl Joe S Sond o iy Sl

4l y Job
0305] bl S Glaay jo iy Jsb Sl dunlie

oég-jGM)GAQJB&L.WHMT(\)JB“\?)QLS.. il
R QAJLMAAL)-QJJ[?LSLQQY‘;_‘HULH@WS

S yan
Sl ol oSy pgye lazmsr )l slagtsy sl G (1) Jgam o Gl slayla 45 0,8 olS Byas o e

Al UFd2 CAYdL O gkl slomsy s wslie s 1 agus o clamsr oyl 4o Bras ol S ol onds i

Ll oals &1,1 (V) Jga VYO 5 0VA%% iy o5 4 alls 5 adgle oils y al> e

Ls)Lj )M;u L) Cypiod W 6)..50)"&.3‘ )L';SA 5o wiar.a

Gl Joxe S (S 528 Slogas ) Jpox

o) s o sl b pgate e (Sopnahll acjecedl SB Gee
M) gem” 9 22,2 cm
\t Y VY vio VIEA VOIY YOIt .-
04 £Y " vio Ats YOIV Yols Foov.
A i A vIf VIEY YO/ Y¥/A g.-f.
bt 5 ol len )3 pgm o (slazm 92 (3lul (Sl slond 50 (B e ST o =Y Jour
Gl b anlio jo O Gpas rals (5 Srae ol Gae ialesl Jale
) Jals (md.ha)
als cils adgle iy asls cusls adgle cils okl w25, ol b,
- - \YVO- yiva- Iy pomsye
VO/AY V0/04 IRAAL! 1301 I,
YVIAP TANA ASAA AYY I
FYIY- TNy YAVY FPaV I,
£Y/Va FYIOY FPOY FYVY I, 3 O
FAISA FEIOY 50F) BYOY I3 s
LSD gy9051 bl 32 S slaary 55 (egiilus) adiy ) Jsb (ailen anmlin -¥ Joor
cm) S slaay bl Jale
S Jsb A-—fe Fo-¥- f.-ve Ve &bl ) kel G,
Veva/age ov/ag e \EAVATN TYY/Ye FYVI00 ° I
\eYV/EA P AR YAYNA® YYZIAY 2 YEFIYO® I, PRV
FEYIOF N \YEE. T VAF/OA © YAVIYAT Is
afa/s. © Fany e YFENF D Ya./-p P TEPIY . D I
q.-/yyd OY/Fa YOFIYY © YFAIAS © TAV/AD © I sl
OAY/-¥ " YAV NARE VACNY T \RAAAR Is
YFIYA® AR Y.y ¢ YYF/VA Yva/ne ¢ I
FANIYE T Fa/0Y © VAQ/VS € VaA/RS YEY/Y e I el ol oSy
INMARE YAIYY © INAArZ VPF/oAS \YY/PEn I3

I S90S b (5l Sme BT iygiw p2 53 il By b b nSlo alo 5o y» 50

w250 9 kel Uhe) Sl 4 s e (las (7)) Jsuo s
g 5o bl k5l SB sleay s ais, Jsb p )bl
pow o Slamsz 6 lal g, 5o Conl 039y lo sime wo s

1 ylel w23y 5o ada,y Jsb cnyidn «SB Sl a0
6okl 4 G 20l 0o s Yo b 2 Jlesl o suslive

S aw 4Y 50 5 (12) pguye Sl o> 6)L.¢-.'T 0 5



Lol bl o9y 55y 4z ST a5 aws e Lt il o
By 52 6 I8 5l ogms Yaz| Jg 2o ) oo oS (sl 25 oloxs]
Gl gy 50 Gkl o8 el Dogliie Ay mie g RS
(Lazms>) ady) odguzme (3908 S22 9 5 e 4 sl
B as oL:f =\...M.|) )‘ @me Sdoe LS)L»JT 9 uﬁL».».A O ygods
S5 Olds (S Sl | ey lodgy SaS |3 oy
29,5 i slge 5 Ol i (I3l sl il o g 03,51 o2l 3
o8 gl 10 S g ads; G (g Lol 5 ol
45 el (St (2 phoges o 5l il Dol (glaasy; 0y
0uds 3)J55 oS 50 glite (5lnl oged 4 (15 Jlasl s o
Kang and kzang, Kang et. al., 2002; Liu et. al., 2007) <ol
(2004;

4 2l oleyoS olel B9y 50 kel o Bib
Cel dis S 0,90 Skl B basy g S a0l cle
O b aglye )0 ol S Aty S 5wl W) oS sdise
Iy 055 olold baaiy ;) S 5l (w5 ool algie i 4>l
Mas Aly,y dwgy ldwnd 8, o 3L g cols cuss
Opeh ol alin bl aiesy caws 5l g5 S sy,
Sepaskhah and Ahmadi, s Liang et al., (2008) &lellas o
sl 005 3,5 55 (2010)
3o Slamsz Silel Glaledd ;o (S el elul
| OMT (f) Jﬁd} B UBLAAA 9 u.:l.) ul.,..a)bs_ij
65“""" IRPRE Y PL«S BRI OWR Olas u,\il.uo )‘..\Lo Oy
5 Py Sl okl Gy 0 I kel w4 by
ltl G295 0 T3 okl mi) @ bge ke (nyeS
Jlosl b pgms yo slazmsz okl Sy 50 090 Sull Olonyoy
G S e3lxl Slaw den 2 QS)L:-?]MB)‘L?Q“\:W)U&JJG)‘M
Olies 0 SAS 5 5 09 o> e (Job ol 4ty oud
Bras )0 Gho, Ve yialS g azg badl.cdl jials o5
Slao [0 (g s (2ol b ol aiy, 89, 00 yUasl L] Ol
Sy, 055 aslSe (b oS Jy 19,5 axlse j5Sie
ool gy 5l cewnd Wlgn B om0 b S |y 49l g 2o
sl (V) JS& 55 9090 cnl S Ol | ) lasil 090 (anibs
ém} U’“‘“’ JLQ.C‘ Sl 00 00l QLAMJ 4.......:) )99 M) nga
b oo,5 oo sy Slao andly g Jsb S 4 oo 2 w3, U
Jsb i als iy, 13 B 1o s, 5| 25 S ol
S0y bl ade a4y .l dgpin Dlao asy o] s 4 g ads,
Jlesl 4565 12 0lS olep loceend g aly, slrdasin o

VWA 540 B oylols B 090 (3l pl S5 g ui olidxs 1YP.

dalol g aiy, o515 ao 0 V8 als el (6 enle Yeo-0)
@ e JolS kol @ cas (I3) ol aoye Fr B i
O Jloe!l pizmen 0908 aly ;) Job o jmalS as s FA/Y
b oLy oSy lazmgz skl o l2 s L] 0255 4 Oy B
Cotd g VY als sl o 5 4y S b a4Y 4o gliie g
@ e I3 (s)lol @3y 4 e, B (25 aalsl g 4y oo
Y (gl Ol g,y s Ay, Jsb L2alS 0oy FY 5 Y
Lo olidl aoys Jgoog (haw aY alic oo 0 o
-0 oL cdlas oplicenl ooy Cglae alnyy Job o515 oS
Soyod del g o g maw b bl i Jleel a5 ams
b oS Cagb) Cdx Jletal plya sl g 0ud olS slaaiy
Gl s ST Al e o drwgs |y 093 glaady, ol ol s
Uly g 00l axs oS sloaiy ) 05, 518 xe 9> 3l g ooy
DS g dby cplpl aes s Cuws I o slvat, ) adg
O bl b g 9wl aeles dgaze Lyl cpl o leady,
oy m 3l ez ety LSl )0 (grae (Seegill Syt
gl s slaaly) (58) (3l g S5 595 5385 G 5l o]
alie Dgd oo baly ) S o 4y yomie Zulps ;o a5 Al aalss sl
Gheysari et al. (2014) lawgs 423 Salxl o iogs 10 zls ol
el 00 0,Li1 5.5 Sepaskhah and Ahmadi, (2010) o
a0 (sly g )kl Gy a2y a5 ols (LB S gus) 2

Sk b Y 0 ady; Jsb 1515 0o w6kl sloe,
awlS olS aiy ) Job 1515 51 S5 as i3l L g alils 052
Solel o 9 S Glaay o asy; Job ShalS &g ogb
Sl a5 05 Sppo cal a6 bl 5y T o re Sl
WY & G doyd VEIF 5 VAIY OFF i 4 S glaasy
29 sylal w5, Glp piels wgy opl el rals o
G 3oy MDA § YYIV VFIY &gy ogliie (gl g (L]
Wl ‘_;)L.f.g—‘ ™5 &ly u‘).u.u u‘.o.ﬁbb\.o—‘ Cewds LS’da'“‘ oY 4
ADID o YEIY DO &ypmh e oSy clazmsz oyl
S ojle 400§ Job b 4Y 4 o GalS asye
S 55 ipgusye lazmsz ilel ly gl kel 3 50
Y 58 opes S gloa¥ (Ll L oS cdl O a0 ol @ ad
Gl ol wigy plogr o 0 £ g YVIO FVA XYIA sy o
ke glazmgz bl po 5l )kl wy ly ady GopS
Sy ot ol Canscy 2o )3 O YVIA ¥+ [ YFIF & 50ty
S pgots Sl a0 s Slamszr il 50 9 h )kl w3y e
cstibion B3y, g0 5 Lol zalS so s OF 5 YV/) /3 X8IV
A8 odwliwe le.&l.c 6me)o Ls I3 9 I, G)L:-.J Lgl.brb,{')‘) 6‘}.’
cglite okl Ghgy 0 5 okl slap; 5o ada; Jsb ggeze
S S ey n Sy el (b9 50 i oy 4 S



INFY oy Wiy 6l Az 5okl e cu pow 56 1hHKen g Slins

s 1) ©ogre Wy wglate ans g Dl bz » e 4 lanl 00,5 oS leaiy, Jsb uolS 4 e a5 10
Sy 995 )Mo (p i 4 ol G Al e 5l LB B 50,8 Cod ] olS (stug) ol e 5 Ade )y (Sud sloaasls
(L3S 0% 4y (o gy g 4l JdB am e nl Iy (T T oAl e sl layles ples jo ats; Job aasoe )18 ST

LSD (9051 (bl 2 slazm 92 (65l (sl slon 50 aidy y Glao (il dumylio -F Jgur

S eilul laal salesl Jole

@ 5 038 @) S (35 €M) 2> (CM?) gzl cm) Job Gl msy  Gilel cupse
fo/y e YY/N 2 N VoAp @ VoA @ Ih
fy/e P Ye/vb va/a b IR VeYAD I2 Py
YV/ae VYV e ov/st FAY 9 FYY 9 I3
va/m e Va/f © va/oP av. ¢ aff e 1
va/f e V)Y © YYY © q.yd IS\ I2 oyl
\RAR /49 fY/0 9 Wz OAS D I3
Yo d VE/yd AR YAA € vs. e Ih
yeqd A FAIV e vysf FAN S PRGN
VYo 9 glgh YAD fYy OVE I3

Wl 0SS b g5l goe BB (gt o 50 aline B b sl Sl al>yo o j0

(6) S939991 38 (S y 3 (8) o (53 (&) (R 3TUS Hob () (S 1F (W) (S Q Jolpo 53 &yd didy ;) — ) S



\
1

\

(pB) Aty S 213y

=

(p}l«ud-s.m
I
\
] \
\
\

NE
|
|

-
-
-
===

AN 50 B 0 yloud Do 090 ol ol S g O wilidixs VYFY

(<)
—o— IH100%) —o- 12A80%) == GX)

..
'3 —_— - -
~ A - -
— — apmmmim e ———
i e - -
o"'
[ . .
A2 ) \Z A\. W w
QS oy S
<)
e 1(100%) =0 [2(80%) = & = (3(60%)
\é..

:%\v.. ] /\
i\... ] / /‘ =~
i =Tl

<@ A — -

-
-
-

T Tee r
¥ o v . W ) ¥ N v . N '
B TR TY) GBS J oy S
(z) @
——l — 2 = =13 —o— I1(100%) —o- [280%) =< = I3(60%)
Yo
§ Y. — ve. | —
g A 3 o
.? \. ___/__, 7~ i'\.. — _ /"4’- "'ss\~
< — T o R
< ¢ :: """" — —:— -
) T T ‘.. " ,
v o v .. “ w
s 3 " Y. ° v a. " Y.
w S Y oy o
S1 S2 S3 Ss4 Ss S1 S2 S3 Sy Ss
oy Jo 1y oy oy

(@) <l a0 9 () gbiio () pgms yo (slazmgzr G knl )0 )3 Wiy 51 Al po y )0 adyy SKis (339 9 Job — ¥ S

el ye o 0 b2 511 )bl ) 5o 4y 039 IS ]
wslite bl 5o IS ul 5 0352 05 e ye )Ll o 03,
g.)ﬁlﬁ.s U"‘ swl; uLuO)\)&SJ (_g)l.u] )b 9 obj_.v ).H.M.»_v 6..\? l;
OlFse |y gaoae onl Cle cal (LB )Ll b, 99 5l i
Vo alS pgmye lgmex sylal )0 45 gl g i
&lp Jems BB 55 SO Wil o kel O Bras 40 doyo
Solal 05 51 sime o Jloel sy oo Ha a4y adl )3 e
SIS e ge po ye (B35 b duslie )0 glite 5 5kal g, 40
Eale (e 2 0) oglite (5,la] 45 |z 005 o S s
SeS a bady, wglite glol o gt od Sas
5 it dpl Seainl il mi 5 Gees (olapasle

Ay ) pm> 9 SS9 55 039
e 5l e ay) Jsbo aiile 55 oy w5 iS5 5 3
O oS I el kel s Jleel b g 039y ST Cuglo,
pdle (22l8 g, Iz Al 5o b (g lal by, a2 0 45 250
oanlice Jayad & jgods gualS Wy, Iz als e b s aalol b g
5 obS aly 5l Al e gy (o Al S (g Dl pess o
555 ()9 A5 A o Hlis gl el ool ooy yLii (V) UK
> o 5l skl laws, 5 Gbsy a2 50 ady ) e 5 S
b Gyt Al ye 3 5 aiils (Gogmo By a4 (S kx
039 9 4 alo e cnl Gl (Jg w00 995 laie (n i 4
> J A5 0,5 0 055 4y (Jg5 g, g bl Jla ads



IPEY oy Wiy 6l 4z kel e cu pow 56 1hHKen g Slins

O i 905 el dogi BB pousje lazusz 55kl b
5 oplplo b salgs any ) Slie ol els el Sus
ool T o s Ae 5,5 ol sl 5 gy ooliul (gl
B a ol e byls 5o casbe 5Kl olsie 4 Wil o

9,

3 oglite slzugr )kl 0p)lS a5 cnl 4z g bl

Fr elS el wiz e gy Slazugr 5ikol b alis
Ol i 29> dyo 4 a2y b (Jy 005 e ady; Olas
2% Gk Sl agl glbady, S Skl g (8ran

9 S i oS Frwl j0) ol ada ) Soigled 90 LSl

5 < @lie 09uaS Ll ;0 (65lol o5 S o hoges lgie
G axgs b oS 18 solanul 0,90 Sl (65,8liS glial, o
o] 2l ] 455 bl g0 Ll o gl ol 4!
SliS lacaio g <S5 f550laS g)lie slp Wil o

REFERENCES

Adiku, S.G.K., Lafontaine, H.O., and Bajazet, T.
(2001). Patterns of root growth and water uptake
of a maize — cowpea mixture grown under
greenhouse conditions. Plant and Soil Journal.
235,85 -94.

Alizadeh, A. (2008). Soil, Water, Plant relationship.
Publishing of Imam Reza, Mashad.(8th ed). pp:
470. (In Farsi).

Bingru, H., and Hongwen, G. (2000). Root
physiological characteristics associated with
drought resistance in tall fescue cultivars. Crop
Science, 40:196-203.

Dodd, I.C., Egea, G., and Davies, W.J. (2008).
Accounting for sap flow from different parts of the
root system improves the prediction of xylem
ABA concentration in plants grown with
heterogeneous soil moisture. Journal of
Experimental Botany, 59:4083-4093.

Doorenbos, J. and Pruitt, W.H. (1977). Crop water
requirements. FAO Irrigation and Drainage, paper
No. 24, Romme, Italy.

Farre, 1. and Faci, J. M. (2009). Deficit irrigation in
maize for reducing agricultural water use in a
Mediterranean environment. Agricultural Water
Management, 96, 383-394.

Feddes, R.A., and Raats P.A. (2004). Parameterising the
soil-water—plant-root  system. Wageningen
Frontis Series, 6:95-141.

Gheysari, M. Mirlatifi, S.M. Bannayan, M. Hmomaee,
M. and Hoogenboom, G. (2009a). Interaction of
water and nitrogen on maize grown for silage.
Agricultural Water Management, 96, 809-821.

Gheysari, M., Mirlatifi, S.M. Homaee, M. Asadi, M.E.

Sopd aby Ay, ielS el 4 gpae (Seogill Ol s
oo > shzmszr okl )3 WS oo Ol 1) 99800 4
M SL5 ddots Bz o2l (oo a0l S @ 5 il
sl Jleel g 058 0 0)lg oLS (sloais ) 4l s S
9 0SS o plp sz 1) olS g adn, pooo)ly slos lus i
39y il (plply el st (V) S5 o Dk ol
2 bl gla il a4 Cond ady, sla Shy syl
9 ol lw oy G)L:J.T S eS ol w0 G)L:-.’T

g2 wolg> pgu ye 6 5kal 5l i

i s Jleel oS ols lis regh ol mls S ek 4
P 0j9 > b (Jsb Jold 05 olS s sla S
asly g o sae Sl oo o gz mhw jo gkl Ll Sas
Goletl Ghgy a0 e Slao (S i Jlesl L g
oob il alie byl gl 10 sl oo SalS las>
el (o) Yo o b 6 i) modle i Jlosl b o )d cans

and Hoogenboom, G. (2009b). Nitrate leaching in
a silage maize field under different irrigation and
nitrogen fertilizer rates. Agricultural Water
Management, 96, 946-954).

Gheysari, M., Majidi, M.M., Mirlatifi, S.M., Zareiyan,
M.J., Amiri, S. and Banifatemeh, S.M. (2014). The
Effects of Two Different Deficit Irrigation
Managements on the Root Length of Maize.
Water and Soil Vol. 28, No. 5, Nov.-Dec. 2014, p.
890-898. (In Farsi)

Chimungua, J.G., Malirob, M., Nalivatab, P.C.,
Kanyama-Phirib, G., Browna. K.M., Lynch, J.P.,
(2015). Utility of root cortical aerenchyma under
water limited conditions in tropical maize

(Zeamays L.) [Field Crops Research. 171,86-98.

Hajabasi, M.A. (1999). Soil Physics and Roots of Plant.
Publishing of Ghazal, Isfahan. (In Farsi)

Hu, X.T., Chen, H., Wang, J., Meng, X.B., and Chen,
F.H. (2009). Effects of soil water content on
cotton root growth and distribution under mulched
drip irrigation. Agricultural Sciences in China,
8:709-716.

Kang, S., Hu, X., Goodwin, I., and Jerie, P. (2002). Soil
water distribution, water use, and yield response to
partial root =zone drying under shallow
groundwater table condition in a pear orchard.
Scientia Horticulture. 92, 277-291.

Kang, S., and Zhang, J. (2004). Controlled alternate
partial root- Zone irrigation: its physiological
consequences and impact on water use efficiency.
Journal of experimental botany. 5, 2437-2446.

Karandish, F. Mirlatifi, S.M. Shahnazri, A. Gheysari, M.
and Abbasi, F. (2012). Effect of partial root-zone



drying (PRD) and deficit irrigation on Nitrogen
uptake and leaching in maize. Water and irrigation
management, 2(2), 86-97. (In Farsi)

Khalili rad, R. Mirnia, S.kh. and Bahrami, H. (2010).
Effect of different water amount on growth of
maize root. Journal of soil and water, 24, 557-564.
(In Farsi)

Laboski, C.A.M., Dowdy, R.H., Allmars, R.R. and
Lamb, J.A. (1998). Soil Strength and water
content influences on corn root Distribution in a
sandy soil. Plant and Soil Journal, 203, 239 — 247.

Liang, A. H. Ma, F. Y. Liang, Z. S. and Mu, Z. X.
(2008). Studies on the physiological mechanism of
functional compensation effect in maize root
system induced by re-watering after draught
stress. Journal of North Science Technology, 36,
58-64.

Liu, F., Liang, J., Kang, Sh., and Zhang, J. (2007).
Benefits of alternate partial root-zone irrigation on
growth, water and nitrogen use efficiencies
modified by fertilization and soil water status in
maize. Plant and Soil, 295, 279-291.

Malakooti, M.J. and Gheybi M.N. (2000).
Determination of critical limit of nutrition
elements in soil plant and fruit. Karaj: Publishing
center of learning spreading. (In Farsi)

Panda R., Behera S., and Kashyap P.S. (2004). Effective
management of irrigation water for maize under
stressed  conditions.  Agricultural ~ Water
Management, 66:181-203.

SAS Institute. 2001. SAS System. 8th ed. SAS Inst.,
Cary, NC.

Sadranasab, Z., Shahnazari, A., Ziatabarahmadi,

WAA seo 0 louis e 093 oyl pl S 5 T wlidizns VYSF

M.KH., Karandish, F. (2014). Study of corn
growth trend in two methods of low irrigation.
Water Research in Agriculture.28, 409-418.

Sepaskhah, A.R., and Ahmadi, S.H. (2010). A review on
partial root-zone drying irrigation. International
Journal of Plant Production. 4 (4), 241-258.

Shahnazari, A., Liu, F., Andersen, M.N., Jacobsen, S.E.,
and Jensen, C.R. (2007). Effects of partial root-
zone drying on vyield, tuber size and water use
efficiency in potato under field conditions. Field
Crops Research. 100, 117-124.

Tiantian, Hu., Shaozhong, K., Fusheng,
Li.and Jianhua, Zh. (2011). Effects of partial
root-zone irrigation on hydraulic conductivity in
the soil-root system of maize plants. Journal of
experimental botany, 62:4163-4172.

Trachsel, s., Kaeppler, Sh.M., Brown, K.M. and Lynch,
J.P. (2011). Shovelomics: high throughput
phenotyping of maize (Zea mays L.) root
architecture in the field. Plant and Soil, 341: 75-
81.

Yang, G., Aiwang, D., Xingiang, Q., Wanga, Z., and
Jingsheng, S. (2010). Distribution of roots and root
length density in a maize/soybean strip
intercropping ~ system.  Agricultural  water
Management, 98:199-212.

Yavuz, M., Cakir, R., Kavdir, Y., Deveciler, M., and
Bahar, E. (2012). Irrigation Water Management
for Sprinkler Irrigated Corn Using Rooting Data
Obtained by the Minirhizotron Technique.
International Journal of Agriculture & Biology, 14
(2):11-19.


http://jxb.oxfordjournals.org/search?author1=Tiantian+Hu&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Shaozhong+Kang&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Fusheng+Li&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Fusheng+Li&sortspec=date&submit=Submit
http://jxb.oxfordjournals.org/search?author1=Jianhua+Zhang&sortspec=date&submit=Submit

