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Effect of drought stress, mycorrhiza and zinc rate on agro-physiologic characteristics
of maize cv. KSC704
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Table 1. Physical and chemical soil properties of the experimental site

S Gas o e )

(o 5l) Cola Wl S doys O desys JEo) ety $9s ol K - (Loys)  (doy) (o)

Ju Soil Depth <0 pH ST N P K Zn Fe Mn Cu Sand Silt Clay
Year (cm) (ds.m™) OC (%) (%) (mgkg’)  (mgkg’) (mgkg!) (mgkgh) (mgkg® (mgkgh) (%) %) (%)
\AD 0-30 0.83 7.9 0.8 0.08 4.2 178 0.52 38 9.12 1.12 26 42 32
(2006) 30-60 1.07 7.9 0.51 0.04 35 145 031 3.0 6.2 0.79 26 31 46
VAR 0-30 1.20 75 0.82 0.08 5 150 0.8 46 10.6 1.14 29 35 36
(2007) 30-60 1.70 7.4 0.61 0.06 36 120 0.4 4 6.6 0.88 27 29 44
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Table 2. Combined analysis of variance for plant characteristics of maize in irrigation, mycorrhiza and zinc sulfate treatments

(MS) ey o SiLs
S.0.V S e : -
©315T am s ST O e m_)&,'o.;} 4y O gl 555 4\:_;,&}& &,,J}.,;Jﬂw Sl sl
df Water use efficiency  Root dry weight  Root colonization Grain yield Biologic yield Harvest index

Year (Y) Ju 1 523" 1542.317 1776.49" 74804294.70° 22396758.89 7888.23"
Replication x Year e x 1 S5 4 003 6.77 55.261 541320.61 53320.36 16.259
Irrigation (1) ol 2 0.47 334.04™ 49.929™ 73409130.37"  155840408.86™ 501.624"
Y xI Jlx LT 2 127" 189.14" 18.387™ 8387923.73"  26482600.43" 279.572"
Micorrihza (M) 13555 1 0.03™ 752.24™ 6252.98™ 444097.14" 7599360.45" 2.253™
Y x M 55 X L 1 0.12"™ 52.04"™ 467.00” 7166370.19” 69836411.64" 21.138™
IxM s sSn X 6ol 2 0.08" 66.22" 158.79"™ 3321973.90" 802233.91 ™ 90.48"
Y xIxM Ly sSen X 6,LTx JLo 2 0.21" 48.16"™ 2.21™ 3617933.27" 4161570.69™ 25.97 "
Zn o 2 013%™ 372.97™ 78.94™ 2062911.47™ 11830502.23™ 253"
Y xZn €% Jl 2 0.01™ 54.16™ 50.21™ 49328.979 "™ 1111957.59™ 1.70™
I x Zn X ST 4 013" 73.26™ 4.80™ 1127658.12" 3605174.20" 46.74"
Y xIxZn s % GoLTx U 4 0.15 76.22" 23.06"™ 3813405.47" 14510254.50" 13.94™
M xZn PRI 2 0.04" 39.12™ 52.24™ 1810733.72"™ 9606620.92" 6.04"
Y xMxZn 655X 3558 Il 2 0.08™ 12.81" 48.61™ 870840.02™ 7772246.61" 1.61"
Ix MxZn % 1S X 6T 4 0.19 87.17" 34.91™ 4532057.59" 6383409.11" 55.24"
Y xIxMxZn % 1y S 6olaT Xl 4 0.21 24475 5.78™ 2945190.77" 14958315.05™ 16.50™
Error Lo 68 0.05 20.09 18.31 942360.72 113682.21 13.88
C.V (%) (13) ks 19.69 17.69 19.01 16.06 10.6 7.97

ns : Non- significant I3 sxa s NS

*and ** : Significant at 5% and 1% probability levels respectively

Loy5 &S 5 gy bl 7 glaw 53 Jls me 35 4 by
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Table 3. Mean comparisons of main effects of plant characteristics of maize in irrigation, mycorrhiza and zinc sulfate treatments

Treatment Sles W. =t ?fjw @';\fk 3 ‘;ﬁ“’;‘;(’){‘d)&"‘;\‘;—v)e?;;" N ROZiJ‘c;f:r:ﬁ;ltfion G‘ﬁrl;ir?;tlod I;/i{:;fﬁ;;;m H?\L;gtﬁix
ater use efficiency (kg. m™) © %) (kg. ha!) (k. ha)) %)

Irrigation @bt

100% Requirment 7 ;L aw s\ e+ 1.07b 28.78 a 23.14a 7281.55a 14856.78 a 49.73 a
75% Requirment T 5l o3V 125a 24.27b 21.14a 6366.16 b 13296.35b 47.98a
50% Requirment I BARWSY.E 1.29a 2297b 21.23a 4481.00 ¢ 10735.83 ¢ 4257b
Mycorrhiza 13155

Without(-M) il e 1.29a 2198 b 1489 b 5978.78 a 12697.73 b 46.61 a
With (+M) il 1.22a 27.70 a 30.11a 6107.03 a 13228.25a 46.9 a
Zn 33)

Control o 1.19ab 24.89 b 21.33b 5776.12 a 13221.17a 47.06 a
25kg.ha™ SSa 30 S8 YO 1.15b 28.76 a 22.01b 6113.66 a 12306.04 b 46.59 a
45kg.ha™ LS 3 p SLLST PO 1.22a 22.27¢c 24.17 a 6238.93a 13361.75a 46.61 a

-\J.)‘-\J.G)LAT)'}@&AQ_)L:LTu\«ﬂ)l@db'ck.u)}ﬁ‘b&'“‘)-ﬂ?b}ﬂijLﬂ‘j-mS%J}f&‘)‘)g&uﬁkﬁoyﬁjﬁ
Means in each followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test

AER)


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.3.2.6
https://agrobreedjournal.ir/article-1-201-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1388.11.3.2.6 ]

aada Gu bl e el sty Ode ol
b A5 (6 i 53 2l pn 5 B sy ol o Sl ol
Bl e 2l O3l s glsn b p1 53 iy
Pl 4l LS iy oSS O 4 o
W5 P53 Shes Slio p 525580 5 LT Jlize
T 53 gl 548 Ao s 5 il et L
O35 s als 3, Shae Slio 5 deo s &S5 Jla|
39013 (re o3 iy Jlaio | mla 55ty oS
Slis alS” S 25 Jlesl b 4 S1.(Y Jois)
03 2 558G 3l eslinal bl alST ) 5550
Sl (i bl 55 e g olhe LT Ll 2
5205550 O e O3 Hlesd 4 S |y (g 2 3590
O s 1)LS Hldie oy i (F Jgda) sls )58l
D 6l oles S oy p 8 LSV T
548 ol 555 Ke Lol mn oS ST 5L s
= 5L Dalre (T Sl Sl 55 0T Slide o 28
B T ey )5 SKe B pas s 5 oLS
Colda by g bl b s a S d e
e $ 52055 OalE s asy e Sdaota
A3 g adsn ) ol (525888 s OaLS S|
SrosSe gls atn, Jpb Ly adn ) mbaw ool
Sl o i ) s Al
L oaioy 059 sl swe (Quilambo, 2000) 5.y
e plals ps (s 25 Ll 53 1) S el
st 52055n el 473 508 IS (55 ils Sl
A Y- SR PEUPNE AT PO
S i) 059 5 2l eIl 4 4l ) Sl 11590
DM o i A Shed 5508 5 (S NS Ll
(s 5 O gl 33 4IST Ao 3 catyy S5 0 Sliee
SNl pastls 5 eGS0 s 3 S cails 5 Slos
L Jol 55 5Sn o pae s o sdlas LT las

(F Jsui)
1S sl 0L s osls oS n iy 5 s
5858 5, e Dliw 655 5 oLT i

5T ol LS a5l ST Sl (st e
sl aml il oSas esle W 5 olde ol
o)‘)'_:l;@L s G .:”JQ——i‘@\—ﬁ
5500 i3S (65 mbls Cillaa (Alizadeh, 2005)
o0 5 alen S esle 5 5l on (65558 sles &S
ey D 1y (g 31 S5 iy 5 $SC e3le S
CP;\.;\;;,L;_;@)';}_U_@Q,,\%;LML«::
3 Shas 5 ady ) &S 05y Dliw (535 ke
N R S W B WS PRC S Ppw
@Mu,;@_;dw\c_b,;awoﬂljgﬁ
Coil Iy s S Sl ple o Jsas ls
,;6,,Qw,_.d¢,f}_1;\°a¢w.<w,.\_?)
205 S WTRING) &5 g 5, Shes 51
)acjf)_l:f\\‘“\/\\/).uua_:ﬁ,.,«_ib (S
(LS s p?}l;?m\/w 6l > Shes 5 (s
()L:Q,grj_f,_xgavv‘f/\*),uupqﬂ_;t,

Jsmr) Sl nals bl s la Lel esls il 3l
S5 P s 3 Sas il a8 )y oo i (Y
el 03 5 4513 5 Shas I i G5y 2 s 5l 5L
(Marschner, 1993) i)l b U Gudod pl puls
S35 e Soslial b ails s Shee Sl 31 5 s
o1 G e b aS 3 S 218 i le . cils Cllas
als g g atwlis S Hlae ()3 53 65
Ol 3l 5 413 0 el (2151 L 5 3L sl
o e 51l gl 5 4ils 5 Shas a3
o oy 53 iy $SUs 055 Dliw (555
e e O gal 50 S Az ys 9 &> O
035 o (Y Jgde) 3 5m Jls (ime e p3 &8
YO e a5l Ould (6 pmast a0 3 4y, S
Ao ys o i 5 LS 53 65y Sl g p, S S
23 G S (’J—?}-l:f% Slas 510 sl 53518
il L MYl | i) T Cns 4,1
0SS FO O pan 5 U, b S et 5,580
Sl a8 Db 5l S 5 (555 Sl s


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.3.2.6
https://agrobreedjournal.ir/article-1-201-en.html

[ Downloaded from agrobreedjournal .ir on 2026-01-31 ]

[ DOR: 20.1001.1.15625540.1388.11.3.2.6 ]

O e oS ST 56 s Vv Usbas LT les
D s b pls HESa 3 sy Sl p S SLST FO
VO dalrs (5T Jles LS sl s 4 5 S
oS SASRO pl5 a5 olS T 5L A
S 53 G pSen O e 5 S 55 (55, Ol
(0 ser) 43 8 515 kT o35

L fijﬁ S3) 2y i Bgby ol Ll 0 s
A 3 Lol sl I 311 68555 g 5 Shas )5S
3 80ee 55 Sn b pl 5 (55 o b (ST s
NSy VAN gVANED. U SUNEE U N P W
NUNEL LY - T S R S PN (AR PR
S35 sin DSl glacd (slas S o e (S5
on e IS (e ey e sl i S
ol Toles Sl oslinul L &S0 5 5 5 Shas lis
PO+ 558 Lol en olE LT 5L dosa Ve Uoles
53l T s a4 US55 (9,5 D 5 (U? S
b A5 ST 5580 OB WM i Lol
= i Ll 8 35, Sles Sl 1A 03 8 s
O Jsr) 55 oS S
ST 5 oS GOLT L pss Il 3 &8ss 0L ol
FO L YO o e b gl olS T 55 o3 VO Uslee
4 OIF o SR 53 655 Dl s SIS s c,f}l;f
Slez 1A Jas) oL s 58 LB ails 5 Shas
LS §aeme 534 53 0L (5 lejT sla les iy
35— dsl Jw 5l g pss dlw s30T s
@A\ Jslis)

Jlw S48 5l 0l ol toleT dle 53 ol
Y dadr) 52 1o (gre () 2 3550 Slio IS
T e 1S a5 O gl 50 ST Slis Hldia
)~|J;;;_f_~>du)>¢~;\;ﬂu@;u,un,§w
Slasls 5, Shes o i (F dsdla) 350 Jsl Sl
VO Jslas (LT 3155 il Jilize 1 (slaslas
el Jlize 51 e 5 olS T 55 A
25, 53 g9y Sy (’J—f SR 5 5, S

ARR

R N B SRR LISYC CE P
s gy Izl e 53 Sl st ls o
S0P panLiagay pl LY Jodr) 55 505 oma
Sliw (i 55 by ok Llys )
5ol Gt (S5 5 g 3 Sas cils 5 Slas
Oy 5 alics b Hled 4 Cand ST O e 1S
Las 5 Ll s s el 1580 e ) o e
S 5 5 Sk 555 e o 25
Lyl b y3aS dw) o b4 (F Jyus) sl
N UL LR U RT P RE PP P RUNEPRE
o S Sl 1 s 4 e pole 5 OT
Al o Al s

LS s 03ls S o uilsls 45 51 ol il
> Sles Cio (535 5 2055 Jolie 36 &S5l
35215 (me A5 S e a3 05 s
o 25 Dlis S 5 5 58e 5 e (Y Jsu)
b 0 S 05 s wlis s e & s )
AN S50 Sas o ey 1> (11531 (o
“\_:g,w,,awyr,f,l;fa_bfm oo
O e sla jles L Sd ol 5580 05
315205550 pl 5 O3 pan 5 (535 O e O3k 25 S
05,5 & 53 LS 3 (53 Sl p 5 SLSTFO
sl 5, Shee o iy omen A 8 15 g bT
ot 51 55 Ay O el 55 S Ao )3 5 Ldls st
L S )y e 5 (F sela) i ool s 5L
g az S iss) dslae O pan 5 505 58500 5 s
Ol5 oI5 b oo L2alS oS olE 3 St o3bs
(8L s sl s Shas o

Lo o3ls S o il s a2 3l Jool s
il slajlas S aw flize 5148 7s0s Ola
5, Shae casils 5 e cad ) Sist 05 Sliw
S el o 55 Cbls et Ls 5 &5 e
iy el el 53 T G e IS 5 Ao
Slals s Shes op zéw (Y Jsdar) 5.5 )15 ore Loy


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.3.2.6
https://agrobreedjournal.ir/article-1-201-en.html

S35 D g 5 505580 ¢ 65LT Syl §8 55 Jilime S 31 s D)3 S Slio ke aey e — F s
Table 4. Mean comparisons of plant characteristics of maize in interaction effects of twofold irrigation, mycorrhiza and zinc sulfate treatments

[ Downloaded from agrobreedjournal.ir on 2026-01-31 ]

Treatment Sles b o ) . -
ST s e ady; &K 0 = ;ﬂ‘k}l{ <ls > Slas 5 s > Sas e
L _ . Water use Root dry 90t . Grain yield Biologic yield u”_’)
|rr|gat|on LT Mycorrh|za }_Ug,,, efficiency Weight (g) colonization (kg. ha‘l) (kg. ha‘l) Harvest index
3 (%) (%)
(kg. m™)

100% Requirment T 5L awsys) s With(+M) il 1.12 bc 30.53a 32.96a 7507.24 a 15228.91a 49.29 a
Without(-M)  ~ib pe 1.03 ¢ 27.02b 1761c 7055.86 ab 1442464 b 48.91a

75% Requirment T Lo sve  With (+M) il 1.29a 26.24 b 28.71b 6559.88 bc 13440.77 c 48.80 a
Without(-M) =ik pe 1.21ab 22.32¢ 13.57d 6072.45¢ 13151.93d 46.17 b

50% Requirment 7L 4s)30  With (+M il 134a 27.17b b 28.61 4733.97d 10955.06 e 43.21 bc
Without(-M) il pue 1.25ab 18.77d 13.50d 4228.03 d 10516.60 f 40.20 c

Irrigation LT Zn Ty

100% Requirment T ;i a5+« Control Jr 1.12 cd 2796 b 22.23ab 6965.09 abcd 14683.93 b 51.77a
25kg.hat e s ¢ FAS YO 1.02d 33.77a 22.17ab 7306.90 ab 14168.12 c 49.80 ab
45kg.ha? s s fSAS ¥O 1.09 cd 24.60 bcd 25.08 a 7572.67 a 15718.28 a 47.61 bc

75% Requirment T ;L .-, Control Lo 1.32ab 26.32b 22.31b 5957.32 ¢ 13779.72d 48.29 b
25kg.hat s s ¢ FAS YO 1.15 bed 24.99 bc 21.33ab 6517.60 bc 12263.10 e 48.11b
45kg.ha?t s s ¢ £ AS FO 1.27 abc 21.52 cde 19.80b 6623.58 bc 13846.22 d 47.55 be

50% Requirment T ;L as,50-  Control o 1.14 bed 20.39 e 22.47 ab 4150.71d 11199.86 f 4114 e
25kg.hat s s ¢ FAS YO 1.29 abc 27.52b 22.58ab 4405.96 d 10486.89 g 41.87 de
45kg.ha?t s s ¢ £ AS FO 144 a 20.99 de 21.62a 4886.33 d 10520.74 g 44.69 cd

Mycorrhiza 8w 2N S

Without(-M ) it e Control Jr 1.18 ab 20.65¢€ 14.95 cd 6101.78 ab 13133.36 b 47.07 a
25kg.hat s s (S YO 1.21ab 24.21 cd 13.22d 6092.65 ab 13164.20 ab 46.76 a
45kg.ha? s s (S RO 1.28a 24.08 cd 16.51¢ 6126.66 ab 13384.19 a 46.01 a

With(+M) i Control Jr 1.20ab 21.12 de 27.72b 6125.53 ab 13308.98ab 47.06 a
25kg.ha? s s ¢ FAS YO 1.09b 31.32a 30.79a 5459.60 b 11447.88 ¢ 46.42a
45kg.hat s s cSAs FO 1.26 ab 28.66 ab 31.83a 6351.21a 13336.30 ab 47.22a

[ DOR: 20.1001.1.15625540.1388.11.3.2.6 ]
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Table 5. .Mean comparisons of plant characteristics of maize in interaction effects of threefold in irrigation, mycorrhiza and zinc sulfate treatments

Treatment L T e S aty; &5 0 4y Ol 35587 wls 5 Slas S s Sas Skl pesls
L . Water use efficienc Root dry weight  Root colonization ~ Grain yield Biologic yield  Harvest index
Irrigation  (,LT Mycorrhiza hosSe 2N T3) (kg. m'3) y é) g %) (kg. hya_l) (kgg.; ha)'/l) %)
100% Requirment .7 5t 4wy Voo Without(-M)  ~akeae  Control o 1.19 bcde 29.84 bed 17.83 de 7520.46 abc 15181.92 b 53.50 a
Without(-M) b pue 25kg.ha’* Yo 1.09 cde 35.83a 14.22 ef 7517.95 abc 15016.33 b 51 abc
Without(-M) = b pue 45kg.ha™ o 1.06 de 25.93 cde 20.78 d 8106.31a 15668.50 a 45.78 defgh
With (+M) =i Control e 1.03 de 26.08 cde 26.62 ¢ 7039.03 abcd 14185.95 d 50.04 abcd
With (+M) il 25kg.ha’* Yo 94¢e0 31.73 abc 30.00 be 6412.23 bede 13319.92 ¢ 48.38 bcde
With (+M) il 45kg.ha™ 0 1.13 bcde 23.27 ef 29.38 hc 7716.33 ab 15768.07 a 49.44 abcde
75% Requirment T 5L 1. ,5ve Without(-M) =it ,ae  Control o 1.22 bede 29.81 bcde 1152 f 5897.63 de 11059.17 h 52.52 ab
Without(-M) =il pue 25kg.ha’* Yo 1.26 bede 23.97 def 14.22 ef 6438.78 bcde 11579.90 ¢ 55a
Without(-M) b pue 45kg.ha™ £0 1.15 bede 24.94 de 14.98 ef 5903.23 de 13816.73 de 42.72 ghi
With (+M) =it Control e 1.42 ab 22.82 ef 27.10¢c 7137.56 abcd  13476.05 ef 43.00 ab
With (+M) il 25kg.ha’* Yo 1.04 de 26.02 cde 28.32 hc 5475.86 efg 13112.55¢€ 39.63 i
With (+M) il 45kg.ha™ 0 1.04 abc 18.11fg 30.62 abc 7343.93 abc 13816.33 de 53.13ab
50% Requirment T 5L 40,56+ Without(-M) ks pie Control o 1.12 bcde 26.32 cde 15.52 ef 4301.41 gh 10475.45i 43.19 fghi
Without(-M) it eus  25kg.ha™ Yo 1.26 bcde 33.82ab 11.22 f 4321.21 gh 11009.22 h 41.11 hi
Without(-M) il e 45kg.ha™ 0 1.63 a 21.38 ef 13.76 ef 5579.30 ef 11380.53 h 46.60 cdefg
With (+M) =i Control o 1.16 bcde 1447 g 29.43 e 4000.00 h 11924.28 g 39.09 i
With (+M) il 25kg.ha’* Yo 1. 31 bed 21.23 ef ab.33.95 4490.81 fgh 9964.57 j 42.63 ghi
With (+M) ~is  45kg.ha’ £0 1.26 bcde 20.61 ef 35.48 a 4193.36 h 9660.95 j 42.79 ghi

uu)l.ljs)bT)las;uQ}L&SuLp):@

Y\Y¥

JL):.>|C|4.~):;SS\;;;IAL«I:..\;?Q}U'TJL..IﬁMSJ:L’J;FL;U:S‘_ﬁh&:i}l:,ao};u}ﬁp
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Table 6. Mean comparisons of plant characteristics of maize in effect of year, irrigation xyear and micorrihzax year in irrigation, mycorrhiza and zinc sulfate

treatments
STy golasl R &" 5 i) Ol 8 wls 3 Shes PPN W(‘:;d:’t‘“
Year Ju Water use eff;ciency Root asr;;veight Root colonization ~ Grain yigld Biologic 3_/lield Harvestjindex
(kg. m™) (%) (kg. ha™) (kg. ha™)
(9) (%)
2006 1YAD 0.986b 29.12a 18.44h 5210.66b 13418.37 a 38.21b
2007 \YAS 1.43a 21.56b 26.56a 6875.15a 12507.60b 55.30a
Year Ju x Irrigation obT
2006 Ao 100% Requirment T 5L awsys Voo 0.99cd 34.20a 18.54c 6927.22b 16250.57a 42.86b
75% Requirment 7 ;L aws,sv8 1.09¢ 25.44hc 1790c 55.44.51c 13560.80b 40.97b
50% Requirment 7 5 4w, 0 0.86d 27.72b 18.90c 3161.01d 10440.75e 30.81c
2007 yras 1009% Requirment 7L de)s Ve 1.14c 23.35¢c 27.73a 7336.75a 13460.98¢ 56.69a
75% Requirment T 5L 4w ,5v0 1.40b 23.12c 24.39%b 7189.12ab 13030.90c 54.99a
50% Requirment T ;L wwsys0- 1.72a 18.12d 27.56a 5801.21c 11030.91d 54.33a
Year J.. x  Micorrihza oS

2006 Ao Without(-M) wiks o 1.03b 32.45a 12.92d 5532.45b 14490.77a 37.63b
With (+M) s 0.93b 25.79b 23.98b 4889.32c 12350.97¢ 38.80b
2007  \ras Without(-M) =il pue 1.41a 23.51b 16.87c 6682.87a 11970.73d 55.60a
With (+M) ik 1.44a 19.62¢c 36.25a 7069.22a 13050.47b 55.01a

-U)'-U&)\AT)‘JLSQKAQ}VZ;M).)@JL):.>'CE.»A)J;&‘J&‘M‘J&Oﬁijb‘jWﬁ{ﬂhd}?é‘)'}Sﬁuﬁl‘:ﬁoﬁd}ﬁjé
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Table 7. Mean comparisons of plant characteristics of maize in interaction effects of micorrihza x irrigation x year in irrigation, mycorrhiza and zinc sulfate treatments

T O e ol S iy S8 03 oy Ol 58

Water use Root dry Root als 5> Shes 5P sm 5, Sas Sl atls

efficiency weight colonization Grain yield Biologic yield Harvest index
Year Ju x Irrigation x oot Micorrihza 55 (kg. m®) (9) (%) (kg. ha™) (kg. ha®) (%)
2006 1385 100% Requirment T A Ve Without(-M) =i s 1.08cde 37.88a 15.22e 7504.12a 17370.44a 43.66¢
2006 1385 100% Requirment T A Ve With (+M) il 0.91de 30.52b 21.87d 6350.25b 15130.70b 42.06¢cd
2006 1385 75% Requirment T 5L Lo, V0 Without(-M) il pe 1.16¢c 27.93bc 12.12e 5775.84c 14890.03b 38.68d
2006 1385 75% Requirment ST 5L Ao V0 With +M) il 1.02cde 22.59d 2368cd 5313.22c 12230.56f 43.27c
2006 1385 50% Requirment LIS WS- D Without(-M) =i s 0.86e 31.55b 11.41e 3319.75d 11200.849 30.54e
2006 1385 50% Requirment PIB{RPSTY.Y With (+M) il 0.86e 23.89cd 26.39¢c 3004.14d 9688.66i 31.07e
2007 1386 100% Requirment T L Ay e Without(-M) il pse 1.15cd 23.19d 20.00d 7511.21a 13210.38e 56.67a
2007 1386 100% Requirment T A Ve With (+M) il 1.14cd 23.52cd 35.47b 7761.13a 13720.58d 56.51a
2007 1386 75% Requirment T 5L de a0 Without(-M) =i e 1.25¢c 24.55¢cd 15.023e 6385.45b 11990.51f 53.41ab
2007 1386 75% Requirment ST 5L Ao, V0 With (+M) il 1.55b 21.69d 33.76b 7992.65a 14070.30c 56.58a
2007 1386 50% Requirment PIB{ERPRTY.Y Without(-M) il pae 1.82a 22.79d 15.59% 6149.23bc 10710.28h 56.73a
2007 1386 50% Requirment LIS WRTY-D With (+M) il 1.63ab 13.65e 39.52a 5452.12hc 11350.53g 51.93b

Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Table 8. Mean comparisons of plant characteristics of maize in interaction effects of Zn x irrigation x year in irrigation, mycorrhiza and

zinc sulfate treatment

) Ol 75 45 il Lasls
ST O e oyl Aty ¢S 0y Root als 5 Shee 5P 5 Shas Harvest
Water use efficiency Root dry weight colonization Grainyield  Biologic yield index

Year Ju x Irrigation T x Zn S35 (kg. m®) (9) (%) (kg. ha®) (kg. ha®) (%)
2006 1385  100% Requirment T 3L aw,s Ve Control o 0.98f-h 30.03bc 16.55h 6829.10a-¢ 15140.03bc 45.19c
2006 1385  100% Requirment  TjLaw,s V. 25kg.ha™ Yo 0.99f-h 42.55a 17.43gh 6911.55a-d 15780.25b 43.66¢cd
2006 1385  100% Requirment 7w, Vo 45kg.ha™ o 1.01f-h 28.61b-d 21.48e-g 7040.81a-c 17830.43a 39.74e
2006 1385 75% Requirment ST 5L Lo,V Control o 1.13e-g 24.96d-f 15.85h 5533.30c-f 13750.31de 40.79de
2006 1385 75% Requirment ST 5L Ao, sv0 25kg.ha* Yo 0.95f-h 25.66¢-d 18.82f-h 4899.25d-g 11850.50f 40.97de
2006 1385 75% Requirment T 5Lty V0 45kg.ha™ O 1.20d-f 25.72c-d 19.03f-h 6198.08b-e 15090.58bc 41.15de
2006 1385 50% Requirment PBIRPSTY.Y Control e 1.02f-h 25.68c-e 16.87h 3471.75fg 11840.16f 29.64g
2006 1385 50% Requirment FIB{*RWSPY.E 25kg.ha™* A1) 0.83h 32.87b 19.32f-h 2916.769 10340.95g 28.34g
2006 1385 50% Requirment P RWSPY.E 45kg.ha ) 0.89gh 24.62d-f 22.18d-f 3097.369 9144.15h 33.94f
2007 1386  100% Requirment T L aw)s Vee Control e 1.23d-f 24.47d-f 27.73ab 8316.25a 14230.83cd 58.38a
2007 1386  100% Requirment 7w, v+ 25kg.ha™ o 1.03f-h 25.00d-f 26.78a-c 7019.63abc 12560.00ef 55.95ab
2007 1386  100% Requirment T 3L aw,s Ve 45kg.ha™ £ 1.17d-g 20.59fg 28.68a 7573.98abc 13610.13de 55.48ab
2007 1386 75% Requirment T 56 Ao,V Control o 1.51bc 27.67cd 22.77c-f 7702.90ab 13810.13de 55.78ab
2007 1386 75% Requirment ST 5L Ao,V 25kg.ha™* A1) 1.34c-e 24.33d-f 23.84b-e 7015.63abc 12680.71ef 55.25ab
2007 1386 75% Requirment T 5L do,sV0 45kg.ha™ O 1.35c-e 17.35gh 26.57a-c 6849.08a-e 12610.86ef 53.94b
2007 1386 50% Requirment LIS WYY D Control o 1.43cd 15.11h 29.75a 4830.68e-g 10560.569 52.60b
2007 1386 50% Requirment Tl a0 25kg.ha A 1.74b 22.18ef 25.83a-d 5896.16b-e 10630.83g 54.91b
2007 1386 50% Requirment FIB{*RWSPY.E 45kg.ha ) 2.00a 17.38gh 26.90a-c 6675.30a-e 11900.33f 55.45ab

LI ol Hls ame sl ..L.p)sc;idlo:.ﬂ

Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Table 9. Mean comparisons of plant characteristics of maize in interaction effects of Zn x Mycorrhiza x irrigation = year in irrigation, mycorrhiza and zinc sulfate

treatments
=S o . .
T O pan &:jﬁ ) el 55518 l> 5 Sles S5 sm > Shes V:;;:VZ::L#
Year Ju X Irrigation ST X Micorrihza PR X Zn S5 Wa}te.r use Roat dry— weight Root colonization Grain yiild Biologic {ield index
efficiency (%) (kg. ha™) (kg. ha™)
(kg m?) @) (%)

2006 1385 100% Requirment ST e Ve Without(-M) il pae Control o 1.07g-n 32.96 be 16.00 j-n 7465.90 b-f 15580.16 cde 47.90f-h
2006 1385 100% Requirment ST e Ve Without(-M) il pae 25kg.ha’* \ 1.13f-n 43.39a 11.77 mn 7860.70 a-e 17550.66 ab 44.84h-j
2006 1385 100% Requirment ST e Ve Without(-M) il pae 45kg.ha™ £ 1.03h-n 34.46 b 18.23 h-m 7187.36 b-g 18970.50 a 38.24kI

2006 1385 100% Requirment ST e, Ve With +M) il Control o 0.89j-n 27.11 cf 17.10 i-m 6193.30d-i 14690.90 d-g 42 47i-k
2006 1385  100% Requirment T jliawys Ve With (+M) i 25kg.ha Yo 0.86 k-n 41704 23.10 e-i 5963.40 - 14010.83 e-h 42.47ik
2006 1385 100% Requirment ST e, Ve With (+M) ik 45kg.ha™ £ 0.99i-n 22.75 fgh 24.73 efg 6894.26 b-h 16690.36 bc 41.24jk
2006 1385 75% Requirment R Without(-M) il pae Control o 1.26 d-k 28.48 b-f 10.20n 5774.30 f-j 16040.73 bed 35.25Im
2006 1385 75% Requirment L RRWHY Without(-M) il pae 25kg.ha’* A\ 1.08 g-n 22.82 fgh 13.83 k-n 5584.53 f-j 13810.33 e-i 40.54jk
2006 1385 75% Requirment ST 5L Ao ,aV0 Without(-M) il pae 45kg.ha™ £o 1.16 e-m 32.52 bc 12.33 Imn 5966.86 e-j 14830.03 d-g 40.24jk
2006 1385 75% Requirment ST 5L Lo,y 5V0 With (+M) il Control o 1.00 i-n 21.44 fgh 21.50 f-j 5292.30 g-k 11460.90 kim 46.33g-i
2006 1385 75% Requirment OT 5L Ao ,sVe With (+M) il 25kg.ha’ Yo 0.82 Imn 28.50 b-f 23.80 e-h 4215.96 j-n 9889.66 mn 41.40jk
2006 1385 75% Requirment R R With (+M) il 45kg.ha* £ 1.25d-k 18.91 gh 25.73 ef 6430.30 d-i 15340.13 c-f 42.06i-k
2006 1385 50% Requirment AW Without(-M) il pae Control o 0.75mn 33.15bc 12.40 Imn 3563.53 k-n 11810.70 jkli 31.21 mn
2006 1385 50% Requirment B FEWSYY.Y Without(-M) il pae 25kg.ha Yo 0.95i-n 4271 a 10.00 n 3311.33Imn 12630.43 h-k 25.600

2006 1385 50% Requirment ST 5L Ao s 0 Without(-M)  ~ils eue 45kg.ha™ ) 0.88 j-n 18.80 gh 11.83 mn 3082.93 mn 9160.40 no 33.80Im
2006 1385 50% Requirment B ERWY-Y With (+M) il Control Lo 1.30 d-j 18.21 gh 21.33f+j 3379.96 Imn 11880.63 jkI 28.07no
2006 1385 50% Requirment B EWYYD With (+M) il 25kg.ha* Yo 0.72n 23.03 fgh 28.63 de 2520.20 n 8055.46 0 31.07mn
2006 1385 50% Requirment B FEWSYY.Y With (+M) i 45kg.ha™ £ 0.89 j-n 30.43 b-e 32.53cd 3113.80 mn 9128.90 no 34.07Im

uu)l.UL;)LAT)l:@MQ,L&M):@Jla.b-lcl:.«):Ji}\:élu!:.l;g-o}nﬂwul}{wéfj:&p@jfébl:Afd_l.a;niil.:no‘,:.«ﬁ):
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Table10. Mean comparisons of plant characteristics of maize in interaction effects of Zn x Mycorrhiza x irrigation x year in irrigation, mycorrhiza and zinc sulfate

treatments
=L
ST e
Water use adyy oS 03y k3 O gl 3 5187 6l 3 Slas OS5 ) g 3 S Sl el
efficiency Root dry weight Root colonization Grain yield Biologic yield Harvest index

Year Ju x  Irrigation bt x Micorrihza 5055 X Zn 5 (kg. m®) (@) (%) (kg. ha®) (kg. ha'®) (%)
2007 1386 100% Requirment ST oy Ve Without(-M) il e Control o 1.31d-j 23.89 e-h 20.00 f-k 8748.73 ab 14780.66 d-g 59.17ab
2007 1386 100% Requirment ST oy Ve Without(-M) il oo 25kg.ha’* Yo 1.06 h-n 28.27 b-f 16.67 j-m 7176.20 b-g 12480.00 h-k 57.60abc
2007 1386 100% Requirment ST days e Without(-M) il pis 45kg.ha* fo 1.09 g-n 17.39 h 23.33 e-i 6608.56 d-h 12360.50 h-k 53.32cde
2007 1386 100% Requirment Tk days e With +M) =ik Control o 1.15f-n 25.05d-g 35.47 abc 7885.75 a-e 13690.00 f-j 57.60abc
2007 1386 100% Requirment ST oy Ve With (+M) il 25kg.ha’* Yo 1.01 h-n 21.72 fgh 36.90 abc 6861.06 b-h 12630.00 h-k 54.30b-e
2007 1386 100% Requirment ST oy Ve With (+M) =il 45kg.ha’* o 1.25 d-k 23.79 e-h 34.03 bed 8538.40 abc 14850.76 d-g 57.63abc
2007 1386 75% Requirment [ FRWPRT) Without(-M) il e Control o 1.18e-l 31.13 bed 12.83 Imn 6021.96 e-j 11440.70 klm 53.77cde
2007 1386 75% Requirment [ RS Without(-M) il pde 25kg.ha Yo 1.44 d-h 25.12d-g 14.61 k-n 7294.03 b-f 13120.76 g-k 55.06def
2007 1386 75% Requirment T3 A Ve Without(-M) ik s 45kg.ha ) 1.15fn 17.40h 17.63 h-m 5841.60 f-j 11400.06 kim 51.06def
2007 1386 75% Requirment T 5L o ,av0 With (+M) il Control o 1.85 bc 24.21e-h 32.70 cd 9383.83 a 16170.56 bed 57.80abc
2007 1386 75% Requirment [ FRWPRT) With (+M) il 25kg.ha’* Yo 1.25d-k 23.54 e-h 33.07 cd 6737.76 c-h 12230.66 h-k 55.10a-d
2007 1386 75% Requirment [ FRWPRT) With (+M) il 45kg.ha’* o 1.55 b-f 17.31h 35.50 abc 7858.56 a-e 13820.66 e-i 56.83abc
2007 1386 50% Requirment Tk s s 0 Without(-M) il pde Control o 149 cg 19.49 gh 18.63 g-I 5040.30 h-1 9142.20 no 55.17a-d
2007 1386 50% Requirment Tk dsys 00 Without(-M) ik e 25kg.ha’* Yo 1.57 be 24.92d-g 12.40 Imn 5331.10g-k 9388.00 no 55.61a-d
2007 1386 50% Requirment (BN Without(-M) il pis 45kg.ha* fo 2.38a 23.96 e-h 15.70 j-n 8077.66 a-d 13600.66 f-j 59.40a
2007 1386 50% Requirment B EWSIY-S With (+M) =ik Control o 1.36 d-1 10.72i 40.87 a 4621.06 im 11970.93 i-I 50.03efg
2007 1386 50% Requirment B EWSIY-Y With (+M) il 25kg.ha’* Yo 191b 19.43 gh 39.27 ab 6461.23 d-i 1187066 jd 54.20b-e
2007 1386 50% Requirment BRI With (+M) o 45kg.ha’* i) 1.62 bed 10.79 i 38.10 abc 5274.93 g-k 10190.0 Imn 51.50def

[ DOR: 20.1001.1.15625540.1388.11.3.2.6 ]
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels using Duncan’s Multiple Range Test
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Effect of drought stress, mycorrhiza and zinc rates on agro-physiologic
characteristics of maize cv. KSC704

Sajedi', N. A. and A. Sajedi 2

ABSTRACT

Sajedi, N. A and A. Sajedi 2009. Effect of drought stress, mycorrhiza and zinc rates on agro-physiologic characteristics of

maize cv. KSC704. Iranian Journal of Crop Sciences. 11 (3): 202-222 (In Persian).

To study the effect of drought stress, mycorrhiza and zinc rates on agro-physiologic characteristics of maize
(cv. KSC 704), a field experiment was carried out in factorial arrangement using randomized complete block
design with three replications at research field station of College of Agriculture and Natural Resources, Islamic
Azad University, Arak, Iran, in 2006 and 2007 cropping seasons. The experimental factors included of three
levels of irrigations: irrigation equal to crop water requirement (control), irrigation equal to 75% of crop water
requirement and irrigation equal to 50% of crop water requirement, inoculation with mycorrhiza fungi (Glumus
intraradices) at two levels: inoculation with and without, and zinc sulphate at three levels: 0, 25 and 45 kg.ha™.
The results of combined analysis of variance showed that, drought stress significantly affected water use
efficiency, root dry weight, grain yield, biologic yield and harvest index. Drought stress reduced grain yield,
biologic yield and harvest index but increased water use efficiency. Effect of mycorrhiza was also significant on
traits of root dry weight, percent of root colonization and biologic yield. Inoculation with mycorrhiza improved
the concerend traits as compared to control. Application of 45 kg.ha® zinc sulfate significantly increased
biologic yield, however, increases in grain yield was not significant. The highest root dry weight and percentage
of root colonization was observed in 25 kg.ha™ zinc sulfate. Inoculation with mycorrhiza improved concerned
traits as compared to non- mycorrhiza not only in optimum irrigation level but also in drought stress conditions.
Irrigation x mycorrhiza x zinc interactions on root dry weight, grain yield, biologic yield, harvest index and
water use efficiency was significant. The highest grain yield was obtained from optimum irrigation (control) +
no mycorrhiza + 45 kg.ha™ zinc sulfate. It is concluded that with irrigation equal to 75% of water requirement +

inoculation with mycorrhiza + 45 kg.ha™ zinc sulfate obtain optimum yield.

Key words: Drought stress, Maize, Mycorrhiza, Water Use Efficiency and Zn.
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