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ABSTRACT

In order to investigate the effect of mycorrhiza and foliar application of zinc sulfate on yield, yield components and
water use efficiency of a corn hybrid (cv NS640) under water deficit stress conditions, an experiment was carried out
in a randomized complete block design as split plot factorial with three replications at research station of Bu Ali Sina
University of Hamedan in 2014. The main plots consisted of four irrigation levels (irrigation after 60, 90, 120 and
150 mm cumulative evaporation from pan A) and subplots were consisted of two factors including zinc sulfate (non
and foliar application with 0.5 percent zinc sulfate concentration) and Glomus mosseae mycorrhizae (non and
mycorrhizae inoculum) in factorial. The results showed that all traits were affected by water stress. The effect of
mycorrhiza and zinc sulfate foliar application on all traits except for number of ears per plant were significant. The
simultaneous use of mycorrhiza and foliar zinc sulfate increased the 100 kernel weight by 30.39%. Mycorrhiza
increased grain and biological yields in all four levels of water deficit stress but foliar application of zinc sulfate
increased only grain yield by irrigation after 60 and 90 mm cumulative evaporation. Also compared with non foliar
zinc sulfate application biological yield increased to 11%. The highest water use efficiency (1.8 kg grains per cubic
meter of water) obtained from using mycorrhiza and irrigation after 90 mm cumulative evaporation.

Keywords: Biofertilizer, biological yield, grain weight.

* Corresponding author E-mail: aboutalebian@yahoo.com Tel: +98 8134424192



VWAl ) 5yl FA 5,90 o lpl oly; LS pske DA

b, Jail 5 2lié slopaie 5 OF Qe Galidl L
obS p (iS5 e (5,15 5 Wl oo ol 4
50 s 5l (Sajedi et al., 2010) oy zals |,
NS 5 clial (glandss comsy DBl L
LA S (oo Jodzm |) ol 09neS g (Sis A
3 ol Joow mhw 03 Yl o (ol il
Ole (rl 5o 5 0 (@l B S glgil Bl
(SraenS) Gliny, pate Cdd 5l (S sy, paie
SLLS LS 0 &)l cwl oS LA ;0 5,50 9
GBS 50 LS e ipsS jom «Shgn g iy wiile
095 a1y Ll iy )oKl o594y g ogee
S o5 (Zand et al., 2009) s)ls (g9, pais
oos Sel Ll o ehisa gdhen, leyaie
390 o <Oll £ bl it aiile S
SHeelS g gl Qi L o5 Gl 2 0938
o0l 5l g a8l ausey Sl 8 solatdl Ll
o Phdslre Wil Gl oty Sl Ol
S5 90 5l 9y paie (AbJele jo il
Zn) 9, O 5 (ZnS0) (59, Sy S i,
SS9y Dlgw o (pl Ho 4 04d oo oolawl (EDTA
Zand et ) o,ls (g ki Coglsl fog Sl ade a
G gy B35 () plxl I s (@l 2009
SISy so,tllam (Bl olre aly 2B
35005 5| 2L Bl halS el ooyl aliilen
Ofles puyn b aS Culodg D)8 50 Casb,
wd)S plnl )3 Ol Srae LIS 5 0 Shee 51!

.w‘

b ey 9 015.0
Slhass dejie 0 WYAY L o olesl ol
i1 L oo Lo legs olSitsls (53,5l 508l
i e Slatie s L gl ) e 154
FA oldlie Jsb o Joi dads ) g ax 0 YO
5 Gedos dilaie ol |2l (B0 488 YY) 5 ax
eileo b oo o g S dns 3blio s3> co 8l las
YE Glos bwgie 5 il le VFY SLL 5wl
Ll &l b obe apsS 50 (s B2y
T BV Y BRGSOV IV VPR TA SV EO ) P

dod0o
Boliil 0yse (olyy plalS pemad 5l o)8
o Yo Ul 4o oS ol el joils g als el
3 Gl g 0 Sles ) (ol)5 Y pane
pom plis CiS p5 gl Sl 5l ol 455 Ok
Olpeds (Sis el a1y (gp g poS 5l o)
S8kee g ab) onis e saSoguze Julo (n See
(Cheong et al, 2003) &l s 4 lals
slraie I Gl iz S o Cusb) d9eS
ade, ghe & jlenl boas gl onsa olié
(Taiz & Zeiger, 1998) was oo ialS |) s o0
Slgiee as)ie 50 calie (pde lagts, Jles!
g oile) (e @ ) 28 cnl (AU laces]
2 09 Al wedge SYgaze o S o
w0 pé S Jeod ln pllS (SIS sl
oz, sz B L Conb o LS 5l )k
WS oo )l (e daly YSgyl (15,5500)
Sl bl ;o LS ol Jood (o] dlwsay o5
OLLS (pl azeisys g asdly bl s bylys sl
S oo bais balpl cpl o 1) 09> w5 wl,
S s, s uls (Ruiz-Lozano et al., 2006)
ez e ] o5 L5 (2013) Shahoseini et al.
ools 1,3 )_uL o 1y @yd o, Jad o S sobe
loaisS VoSug )l Aty 2 )8 lag,B 5l eolinl
Lyl o G intraradices ¢ Glomus mosseae

g o 8kes Gl jo Cudly ae i )3 (Sugb, A
ol 6bsS lajtass ail S5 ol Grae IS
SELles 5 ol o5 slaplls oS5 a5 cul
Slos St 5 aie 2Bl mil 5 (SaielsSh
oSilr Wi iy BaSeet gl
olein slopls 5 bt loogS (sl (ormlie
oads oals lis imen ((Jahan et al., 2007) aib
e @y i 2B Glag B L g (S jor 45 o
0336588 (ST 5D (Sarasloly JsSUge pos
o Wlgioe weSTn Gigyaee e Rl
RUiZ-) ogs Sis 4 olS ol Cooglie o5
ol 5l aiy > 18 5l solazuwl .(Sanchez et al., 2010

S 3y Blia 9 555 )l loeselanre i



A5 b Ol 0geS bl pd 50 @)3 OT Gpan ol 5 0 Sloe g ooz 5 Ll

Sy Wope ol o Ses sl jslaiea
Cole) b cialosl &5 sa Sl sy ez 51 S
Ciloy gy ¥odays, ol 5 YUl 4l
SO aie SO O 4 ol Hud Sis gl g 0al
Shasls 08,8 las 5l i b (6,laSS 3T sl
OmesS (&l 9 Pl el () laasy S (355 ( O
P 5 e (leg) 0355y 3 Sles 9wl
JN 5l als o 5 a5 e ol s LS
cdo b bl Gds gl b beails (g
PO e s s Sles g (nig 08 )l
&ls de (59 al dwlre duo,0 VT Cugh, o LS
cbals 5l Solay Bges S Ol 5l
P ey g b Uhled L ol edsloanon,
Sl @is yo bl wile Slas ol asle
als o (g w0 aly jled ( PL s ails s,
Cawd dy dlg 00 il 1 Sloe 51 DL o wils Jles
8 S os s ails & ,Sloe quands | il p asls ol
Cewoday (Ntanos & Koutroubas, 2002) osg5cuns )
S 5l @)l 2 Bran QLS dlons sl 0l
2SS 5 )5S sy oadss s o Slae
S 50 caSeyie o>y odbibyas Ol x>
ey 5l e aS S (gLl leg 4o .o solaul
A P gl oz 5l (o a4 oS S Gl
(V) dayly 5l oolaiwl b ogy pdes o LoVOe VY
i Sebib s G Gl Y ST e
Ol oln oz S ) eslind by s

A ool ladh \S 4 sdddwle

V= (Fc-P0) x Ag x D x 100 M)

Ar P Glales sl w850 Jsb o (Syan
HYFF VAYY 5l o Ole S ga V0. VY
aoy =Fe (LS o caSeye YOPY 5 YR
=hy bl A 0 S G5 Cusb,
o Sk 39 Cugb, awo o =Py (2o ,0YA/DF)
S el psate 0j5 As wokel b

(ol Yo gy (S

958 T Tae a5 0 soliwl NSB40 Ll S JSiens
(FAOB00) v, bwsio (slo3, 5l 5 oo3r iy
Olseds 2leS 55 ooy p cnl 5o Wl sled @
Hhdgle g adoyz B Jumj 095 5 Lol Jole
Sygets (28 skl glyea o, Sligw
B o st (DM cobal) sado S glas S
S gyt S Ay ol JulS Sl 2k
1W0eg WAl Gy )l b cugb, 2
S5 A IS i a5 | i ashes
O gl 93 58 59y Sl (B Jole 5 (Lol
Lo, Jad Job jo )b 9o 0 (Bl slne 5 008
4o (Malakooti & Tehrani, 1999) 52 o 08 clale
s 5 oIS s Sl G s Sp TP Jle
99,5 o 50 50 5 Ay > B o) 055 ok
Sogot w3l Jelo g ul a5 ve 05 o
B S I3 e sbo S s st
a5 59 Glomus mosseae oolarw! 5,50 (glais ,>,8
Loy o s 4 Ohy Olsld Ce; &5,0
3 S Ve ol a4 iSlas caSady oS G
5 )k 58 Joe po CBlS s )3 e e
o 45 39 mBp dgas Sewd 93 g pd Sy Juld
PSS V0 S bl mls 4 g L ol
e 3l Olind 5ol Ve e g 09l ke 1 G395
Vo Jgee o cd) B LSe o oy Slawd e
ol simbesl &ejre S olaandisSs 58 Slasiin
L ).w .)95 Ao 9 0)5)""" .)55 lba.w&: G PR
Cdp Al e 93 53 (s 955 hle 5 LBl oo
b eals Sy 3 3S sl 5l G s S
L e P sb & SIS s, 3 s &5 e
YA @0, (59, Lm)w dold ‘)MG.ULM) YO alols
50 JLSe jo dig VO e clils (Sl g e ile
o yo )l 590 slo o Jlosl b a5, L
6‘)-.’ Qo; S olbdes meL.f )|)_6.';.....‘| § O
S Sllas b bl sllas @515 & s
8)lee 5 (Fwd Dpgods Ay (lyss 40 50 slacile
Al pll (60,5895 S ale leslatnl b gleends



VWAl ) 5yl FA 5,90 o lpl oly; LS pske iz

33 5 Sl 031 L MSTAT-C 5 SAS (sla,l5éls 3

LQ)L)B.Q.; (o ) 6‘).3 US; O yg0 M)oa LS)L“—‘ C_Ia..u
A oolaiwl Excel l3éle 5 5l 55

saile b og(Jley) ol JpS 51
5 by G525 el (g bl Sloaslone den daools
S8 a sl bl e Sl dglie

ooyl oo S Slonds 5 (So5ed Slovgas .\ oz
Table 1. Physical and chemical properties of the soil in the experimental site
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Figure 1. The effect of irrigation and mycorrhizae on the number of rows per ear
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Figure 2. The effect of irrigation, mycorrhizae and zinc sulfate foliar application on number of kernels per row
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Table 2. Analysis of variance for different characteristics of corn affected by treatments

Mean Squares

Number  Number 100 Number ~ Number of . S
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perear  perrow  weight per plant per ear y Y y
Block 2 0025° 508° 182  006® 25874 010" 648"  6301°  0.004"
Irrigation (1) 3 28.65 557.68 283.31 1.55 199732.32 88.03 268.46 341.37 0.42
Main Error 6 079 337 124 0017 30535 096 383 6774 0051
Mycorrhizae (M) 1 16.47 53.55 99.61 0.058™ 23359.33 4271 96.75 323.96 1.96
Foliar Application (F) 1 10.02” 63.847 59427  0.034™ 21697.53" 2290”7 35317  219.30 0.79”
*M 3 247 2.8™ 568"  0024® 6533317 278" 7.37 29.58™ 0.13"
I*F 3 1.01™ 6.41™ 0.79™ 0.0065™ 1162.50™ 2.16" 2.68™ 30.02™ 0.057™
M*F 1 0.12" 1.61™ 6.05 0.0082"™ 16.81™ 0.92™ 0.12" 72.66™ 0.042
I*M*F 3 1" 12.66" 21" 0.0096™ 3234.36 0.86™ 0.34™ 3157™ 0.030™
Sub error 24 0.57 2.85 1.27 0.016 890.03 0.68 211 4531 0.034
C.V. (%) -- 5.3 6.28 5.7 8.82 7.53 12.55 8.75 17.44 14.93
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Figure 3. The effect of irrigation, mycorrhizae and foliar zinc sulfate on the number of kernels per ear
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Figure 7. The effect of irrigation and mycorrhizae on grain yield
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Table 3. Correlation between yield and yield components of corn affected by treatments

Number of Number of 100 Kernel Grain Biological Harvest Water use

rows per ear kernels per row weight yield yield index efficiency
Number of rows per ear 1 0.79 0.78 0.79 0.82 0.50 0.44
Number of kernels per row 1 0.86™ 0.85™ 0.85™ 0.60" 0.48™
100 Kernel weight 1 0.93" 0.92" 0.65™ 0.59™
Grain yield 1 0.91" 0.79™ 0.69™
Biological yield 1 0.50™ 051"
Harvest index 1 0.78"
Water use efficiency 1

Ao ) S g o)y my Jleisl mda )8l pixe g lo Jixe ud s

ns, *, **: are insignificant, significant at probability levels of 5 and 1 percent, respectively.
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