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Table 1-The characteristics of phosphate solubilizing bacteria strains
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Genus, species and strain Slderophore IAA production P_h_os_phate_ . AQC
production solubilizing ability deaminase
Pseudomonas putida strains 168 0.70 9.8 + +
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Table 2- Monthly mean temperature, precipitation and relative humidity in Agricultural Research Station of Ilam University

and Agricultural Research Field Station of Sarableh during 2013-2014 cropping season
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Min temp. (°C) Max temp. (°C) Precipitation (mm) Min. RH (%) Max. RH (%)

Month olo ! abl oo ! abl oo L abl s ! abl o L il
Oct. e 11 12.3 27 30.6 0 0 14 15 41 38
Nov. ol 7.5 8 25.6 19.6 163.5 156.4 45 45 84 78
Dec. ] 2.7 35 12.7 13.1 103.3 100.5 45 54 89 86
Jan. @8> -1 -0.5 10.8 10.6 89.9 85.4 42 52 88 86
Feb. Ok 2 0.9 11 12 151.3 95.2 43 53 89 88
Mar. S 5 5 15.8 17.3 93.1 75.9 43 46 85 85
Apr. 2095 6.4 6.5 19.8 215 324 31.8 27 33 74 78
May Culgad,)l 12,8 12.7 27.1 28.8 27.2 24.8 21 24 59 65
Jun. b ys 16.9 13 324 40.4 0 4 14 16 39 41
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Table 3- Soil physical and chemical properties in Agricultural Research Station of Ilam University and Agricultural Research
Field Station of Sarableh during 2013-2014 cropping season

o Location
P il
llam Sarableh
Gos Depth (cm) 0-30 0-30
<l Texture iy sy
Sandy loam Clay loam
(mg kg™
ool Fe 9.16 5.71
&9 Zn 1 1
e Cu 1 11
e Mn 5.04 7.78
o2 0 Mg 3.6 2.4
Gl LB s Auvailable P 7.2 6.2
ol BB el Available K 310 270
(%)
X s Total N 0.12 0.13
S ens Organic Carbon 1.28 1.4
(ds m™)
S ySIl Cylan E.C 0.97 0.45
S sl pH 7.2 7.31
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Figure 1- Interaction of cultivar xfertilizer sources on root volume in dry land wheat cultivars
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Means within same letter are not significantly different (p<0.05).
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Figure 2- Interaction between cultivar xfertilizer sources on root area in dry land wheat cultivars
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Means within same letter are not significantly different (p<0.05).
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Figure 3- Interaction between cultivar xfertilizer sources on root length density in dry land wheat cultivars
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Means within same letter are not significantly different (p<0.05).
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Table 4- Combined Analysis of variance (mean squares) for cultivar and fertilizer sources on grain yield and root system in

two dry land wheat cultivars

df Volume Area Diameter Length density Surface density
o Location (L) 1 7.05** 2399.1** 0.009** 0.0147** 9156.4**
. Block in
Ole J3b Sl location 4 0.29 114.6 0.014 0.0016 145.9
) Cultivar (C) 1 3.06** 1213.3** 0.009** 0.0074** 1781.4**
. Fertilizer ox o o ox o
&35S @b sources (FS) 7 5.8 2246.7 0.02 0.016 3124.4
6355 mliex o8, CxFS 7 0.32** 147.9*%* 0.001** 0.0011** 223.3**
w8y % 8 LxC 1 0.014ns 4.09ns 0.002** 0.00001ns 31.6ns
< LxFS 7 0.028ns 4.4ns 0.0005ns 0.000049ns 58.09**
8
by X S
LxCxFS 7 0.016ns 4.2ns 0.00009ns 0.00043ns 6.2ns
‘5395 GL.AX
las Error 60 0.048 13.8 0.0005 0.00009 19.8
L:)‘ o o .
e C.V (%) - 6.1 7.9 6.03 10.4 7.8
(3o))

Lo > Sy g iy Jlaio] a3 o e iS4 :**;
and : significant at the 5% and 1% levels, respectively
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Table 5- Combined Analysis of variance (mean squares) for traits related to grain and yield components in dry land wheat

cultivars influenced by fertilizer sources

o 4?):— A dlani 53 aodiuw dlas &> sy 13,152 o439 s s 3, Shos
i glbo S.0.v LU 2250 ya 43 A algow > 1000-grain Grain yield 03¢5 Comad
d.f Spikes.m?  spikelet.spike®  Grains.spike™ weight Biomass yield
o Location (L) 1 98.01ns 0.16ns 894.2* 8.3ns 5870407.4ns  40926775.4*
ih S i
JSb st Blockin 4 3926.1 13 595 104 115035577  4868382.8
oo location
©5) Cultivar (C) 1 2871.09** 64.6** 896.7** 61.6** 3826172.4**  8345847.2**
. Fertlllzer *x ** *k ** *k **
&35S b sources (FS) 7 1314.9 58.8 488.8 43.02 5314073.6 15970442 .4
&l X8,
< CxFS 7 373.06** 7.1%* 52.4** 8.07** 520658.05**  2110590.3**
<s°
S oK LxC 1 23.01ns 0.05ns 5.04ns 1.6ns 5451.1ns 55560.3ns
< LXFS 7 4.5ns 0.35ns 16.3* 1.03ns 125412.01ns 224064.7ns
)
X8 xS
LXCXFS 7 15.03ns 0.26ns 48.13ns 1.01ns 14869.4ns 114753.9
&35 gl
s Error 60 71.05 0.51 6.3 1.7 83740.7 337829.3
o po
s C.V (%) - 3.4 5.4 8.3 6.7 11.9 9.8
(22 ))

*

oy S g iy Jlein] pdaw )3 )b pxe el ey - 9*

“and™": significant at the 5% and 1% levels, respectively
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Table 6- Mean comparisons of interaction effect of location xcultivar sources on root diameter in two dry land wheat

cultivars
oo Location o) Cultivar Root ;:;1 ;::j (cm)
S Ilam Mo ol S Keras Sabalan 0.38 (+0.013)*
ol Saji 0.35 (+0.011)"
Ayl puo Sarableh oM ol Keras Sabalan 0.39 (+0.011)
=l Saji 0.38 (+0.009)*

)15 ()l sime Cglis luo )3 B Jlossl e )3 (Sl (glaals w903l sliae il o S yiiio By (Il A4S ygie ya 3 (o lapSSle
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple Range Test.
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Table 7- Mean comparisons of interaction effect of location xfertilizer sources on root surface area density under dry land

wheat
oYl llam
Control 50 kg.ha™l P PSB GM PSB+GM Psgfg'_\f';zs E;E;lzg lg'\r’]';?i
234 (#1.5)7  38.07 (x2.6)° 413 (x1.7)® 414 (+2.8)® 441 (1.9 642 (¥3.07)" 604 (¥1.5° 60.9 (4.8)"°
byl yao Sarableh
37.1(x0.91)° 52.8(+3.8)° 586 (15" 592 (43" 64.1(x3.7)° 88.6(+3.5° 86.1(x2.6)° 835 (#6.2)°

B85 g yld sme igls doyd O Jlein] aws p3 Sl (glaals Wi g0l (sline p AiBbse S pide By ghyls 45 (gt ya 13 olapSSle
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Table 9- Mean comparisons of interaction effect of cultivar xfertilizer sources on grains.spike™ d in two dry land wheat

cultivars
2 llam
Control 50 kg.ha‘1 P PSB GM PSB+GM PS%T&MEZS I;gSE;%SP I%%;'%SP
147 (+1.18)) 259 (x1.21)" 285 (x1.52)"  24.7 (+x2.8)" 27.1 (x1.15)" 311 (+1.16)® 343 (*¥1.3) 30.7 (+1.18)7
alylys Sarableh
19.2 (+1.18)'  30.8 (x1.18)" 31.9 (1.7)°®  35.06 (+2.9)° 31.6 (+1.3)™ 4017 (£2.5)° 341 (¥1.04) 43.7 (x2.9)°

)5 gl me glds Juoyd O Jlein ] prdaw p3 (4SSl (glately Wi 905l (line p aibl oo S piie s glyls 45 ¢ gt pa 3 ¢ oo pSibie
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using
Duncan's Multiple Range Test.
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Table 8- Mean comparisons of interaction effect of cultivar xfertilizer sources on Root diameter and root surface area density
in two dry land wheat cultivars

gy ylad Root diameter (cm)
oWew I, Keras Sabalan
-1
C”’i‘“ | 50 kg.ha™* P PSB GM psprom  POBYOMIZSKINET popias kghat P GM+25 kgha® P
ontro
0.44 (x0.017)°  0.43(x0.022)® 0.39 (x0.013)°®*  0.43 (x0.014)®  0.40 (+0.014)% 0.31 (£0.011)° 0.32 (£0.013)"  0.34 (x0.014)
ES™ Saji
0.41 (x0.019)®  0.40 (x0.018)  0.40 (x0.012)  0.37 (x0.010)°  0.38 (x0.012)® 0.31 (£0.012)° 0.32 (£0.014)®  0.31 (£0.0099)°
aly) oo JSs Root surface area density (cm*cm™)
oM WIS Keras Sabalan
26.9 (¢3.1)7 42.3 (4.1)° 50.9 (+4.3)Y  50.42 (x3.3)Y  50.3 (x4.4)° 70.4 (+5.5)° 74 (£6.5)° 60.1 (+4.5)°
b Saji
33.6 (¢3.2) 48.5 (x4.7)° 49.1 (+4.05)° 58 (+4.8)° 57.9 (¢5.6)° 82.4 (+6.03)° 75.5 (¢5.6)° 84.3 (¢5.8)°

L5 6l gime gl duoyd B Jlazs aw 1 5SSl (latels wix geil (slise p Wsb o S piie B (gl 45 (ygtw oy ¢ olapSike
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using
Duncan's Multiple Range Test.
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Table 10- Mean comparisons of interaction effect of cultivar xfertilizer sources on yield and yield component in two dry land
wheat cultivars

yo oy Al dlami Spike.m™
oM wl,S Keras Sabalan
ls . PSB+GM+25 ) ]
kg.ha' P PSB M PSB+GM - PSB+25 kg.ha®’ P GM+25 kg.ha™ P
Control 50 kg.ha S G SB+G kgha' P S 5 kg.ha G 5 kg.ha
225.1(x5.7)" 249.1(24.03)" 258(+6.16)™ 246.8(6.64)% 249.6(7.03)“ 263.8(x6.9) 267.3(¢6.9)° 267.3(x4.2)°
b Saji
222.6(x7.9)" 239.1(25.02)° 232(x6.14)7 246.1(x2.62)% 236.8(6.24)" 248.8(x7.01)®  242.1(+5.98)®  257.5(x4.51)™
s 55 4l olass Grains.spike™
s oS Keras Sabalan
14.3 (+0.59)! 25.9 (+1.4)7 28.5(x1.8)" 247 (x1.4) 27.1 (+1.6)7 32 (2.0 34.3 (2.2) 30.7 (+1.8)
b Saji
19.2 (x1.5) 30.8 (+1.6)7 31.9(x2.3)* 35.06 (+2.8) 31.6 (x1.7)* 40.1(x1.6)° 34.1(x1.5)% 43.7 (¥1.1¢°
@l Jlia o 1000-greain weight (g)
oMo lyS Keras Sabalan
32.03 (+0.69)" 32.9(x0.36)" 34.4(0.76)%0 34.1(+1.07)" 33.7(x0.67)" 35.9(+0.48)" 37.1(+0.68)° 35.5(+0.56)°
b Saji
33.2(20.4)% 34.2(20.27)*" 34.4(0.2)*" 35.7(x0.59)™* 35.3(0.34) 39.7(x0.47) 36.4(x0.37)™ 39.5(x0.9)°
ails 3 Sles Grain vyield (kg.ha™)
s oS Keras Sabalan
C
985.1(£196.78) 195901(t11176) 5300411504y  10493(x122)'  2066.9(+187.65)" 2727.9(x23098)° 3158.6(x161.23) 2000-5(+239.28)
o Saji
1286'2(;-'176'5) 2310.08(+158.62) 2350.7(x197.05)%  2741.7(+219.41)° 2382.9(+147.06)* 3517.8(+143.45)* 2838.7(+180.8)* 3571.6(+199.87)*
0355 Can 5,Shos Biomass yield (kg.ha™)
e S Keras Sabalan
b b
3340(x310.1)° 54433(x35153)" 5808.5(x368.7)% 5078.8(+259.77) 5138.3(x362.75)" OOLT(RAILTE) 4y01 6419665y O1216(435.16)
o Saji
3865(+314.34)%  5668.3(x373)""  5661.6(x371.1)"" 6439.8(+492.1)™ 5571.1(+367.9)*"  7840.6(+445.34)° 6526.6(+476.84)° 7758.3(+565.9)°

)85 (I gime gl duoyd O Jlossl o p3 (Sl (glaals dix yg0j] slie bl o Sy By gl A4S ygie 2 3 (o lapSSle
Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Introduction: Current estimates indicate that 25% of the world agricultural lands are affected by water
stress. Iran, with an annual 228 mm of rainfall, is classified as a dry region in the word. Wheat is one of the main
cereal crops, cultivated for human feeding. In order to increase crop yield per unit area, largely chemical
fertilizers are used. The result of these activities in recent years has been the crisis of environmental pollution,
especially water and soil pollution that threatens human society. Phosphorus is one of the limiting elements for
crop production. It is essential for energy transfer, photosynthesis and other biochemical and genetic activities of
plant. Biofertilizers have been used as source to improve plant nutrients in sustainable agriculture. Phosphorus
Solubilizing Bacteria (PSB) plays an important role in phosphorus nutrition by enhancing its availability to
plants through release from inorganic and organic soils phosphorus pools by solubilizing and mineralization.
Mycorrhizal crops often have greater tolerance to drought than nonmycorrhizal crops. The use of arbuscular
mycorrhizal fungi capable of forming symbiotic associations with most agricultural crops and has potential
under such systems due to its higher binding capabilities and mineral nutrition. Therefore, the main of this study
was to study the effect of phosphate solubilizing bacteria and mycorrhizal fungi on root characteristics and grain
yield in dryland wheat cultivars.

Materials and Methods: This experiment was carried out as factorial arrangement based on a randomized
complete block design with three replications at the Agricultural Research Station of llam University (46*28' N,
33*37 E; elevation 1174 m) and Sarableh Agricultural Research, Recources Center (34*46 N, 33*45 E; elevation
975 m) during growing season 2013-2014. Experiment factors consisted of two dry land cultivars (Keras Sablan
and Saji) and fertilizer sources including of 1: without application of phosphorious chemical fertilizer, 2: 50
kg.ha™* phosphorous chemical fertilizer, 3: pseudomonas putida (PSB), 4: Glomus mosseae (GM), 5: PSB+GM,
6:PSB+GM+25 kg.ha'phosphorous chemical fertilizer, 7: PSB+ 25 kg.ha™ phosphorous chemical fertilizer and
8: GM+25 kg.ha*phosphorous chemical fertilizer. At flowering stage root traits such as root volume, root area,
root diameter, root length density and root surface area density were studied and measured. At full maturity,
agronomic traits such as spikes.m?, grains.spike™, 1000-grain weight, grain yield and biomass yield were
recorded using a sample of ten random guarded plants from the middle ridges of each plot. The data were
analyzed statistically by SAS program and the data means were compared by Duncan's multiple range test
(DMRT).

Results and Discussion: Results indicated that interaction effect between cultivarx fertilizer sources had
significant effect on root length total, root volume, root area, root diameter, root length density, root surface area
density, spike.m?, grains.spike™, 1000-grain weight, grain yield and biomass yield. Using fertilizer sources had
positive and significant effect on root traits and grain yield in two dryland wheat under dry land condition, so
that Saji cultivar xGM+25 kg.ha™ had the highest root volume (4.6 cm?), root area (70.9 cm™), root length
density (0.158 cm root length.cm™ soil), root surface area density (84.3 cm®.cm™), spike.m? (257.5 spikes),
grains.spike™ (42.7 grains), 1000-grain weight (39.7 g), grain yield (3571.6 kg.ha™*) and biomass yield (7840.6
kg.ha) and the lowest root traits and grain yield belonged to Keras Sabalanxcheck treatment. There was
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significant different between cultivars to response of Using of phosphate solubilizing bacteria and mycorrhizal
fungi, so that Saji cultivars had the best response to mycorrhizal fungi. Therefore with regard to cultivation of
wheat is facing to drought and heat stress indicated that Saji cultivar and using of mycorrhizal fungi can be the
best result under dry land conditions.

Conclusions: The results indicated phosphate solubilizing bacteria (PSB) and mycorrhizal fungi (GM) had
positive effect on root system and grain yield, so that root traits and grain yield had the better status in presence
of inoculation with GM. In fact PSB and GM could alleviate the partial of grain yield in presence of dry land
farming. Recent studies indicated that symbiosis bio-fertilizers also improved soil physical and chemical traits
and increaced organic matters content, root system and P available to coexistent plant.

Keywords: Fertilizer sources, Grain yield, Root area, Root volume, Root system



