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Table 1. The characteristics of phosphate solubilizing bacterium strain in this experiment

Genus, species and strain Siderophore production IAA production Phosphate solubilizing ability =~ ACC deaminase
Pseudomonas putida strains 168 0.70 9.8 + +

IWAY-AY ely) Jw 5o abl s (55,9l lidiond’ 35 yo olliug | g oD olESIS (6559l 0uSLiils (FUdxi ac )30y Cagb) 9 )b oo dilale biwgio polio -V Jeus
Table 2. Monthly mean value of precipitation and relative humidity in Agricultura Reserch Field Staion of llam University and Agricultura Reserch Field Staion of Sarableh
during 2013-2014 croping seasons

Min temp (°C) Max temp (°C) Precipitation (mm) Min. RH (%) Max. RH (%)
Month llam Sarableh Illam Sarableh Illam Sarableh Illam Sarableh llam Sarableh
Oct. 11 12.3 27 30.6 0 0 14 15 41 38
Nov. 75 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. -1 -05 10.8 10.6 89.9 85.4 42 52 83 86
Feb. 2 0.9 11 12 151.3 95.2 43 53 89 88
Mar. 5 5 15.8 17.3 93.1 75.9 43 46 85 85
Apr. 6.4 6.5 19.8 215 32.4 31.8 27 33 74 78
May 12.8 12.7 27.1 28.8 27.2 24.8 21 24 59 65
Jun. 16.9 13 324 40.4 0 4 14 16 39 41

WAY-AY ooly5 Jlo 50 Al (65,9l lindions 35 0 olSlimy] g M oLl (6 3,9LiS ouSiils (Jliio a0 53 53 GalojT Jomo S (ol 3 (S b Sloguas -V Jgux
Table 3. Soil physical and chemical properties of experimental site in Agricultura Reserch Field Staion of Ilam University and Agricultura Reserch Field Staion of Sarableh
during 2013-2014 croping seasons

) . Fe Zn Cu Mn Mg Available P Available K Total N Organic carbon EC pH
Location Soil texture (mg kg¥) %) (ds m?)
llam Sandy loam  9.16 1 1 5.04 316 7.2 310 0.12 1.28 0.97 7.2
Sarableh Clay loam 5.71 1 1.1 7.78 214 6.2 270 0.13 14 0.45 7.31
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Table 4. Analysis of variance (MS) for nutrients ellment in root, straw and soil in cultivar and fertilizer sources of two dryland wheat cultivars

SOV d.f N P K Zn
T Root Straw Soil Root Straw Soil Root Straw Soil Root Straw Soil

Location (L) 1 29.5" 0.0030" 0.00023"™ 3.5™ 0.0086" 3.5" 5.25™ 0.0086" 129.03™  119.6" 10.4m 0.0064"s

Block in location 4 2.05 0.0095 0.0010 0.15 0.024 41 0.17 0.024 7.7 12.9 5.06 0.019

Cultivar (C) 1 5.8 0.0088™ 0.00043™ 3.1 0.28"™ 25.6™ 0.104 0.28™ 869.4™ 1.7 20.4™ 0.0014ns

Fertilizer sources (FS) 7 154 0.071™ 0.0013™ 3.06™ 0.064™ 79.5™ 25" 0.064™ 1428.4™ 106.6™ 7.9™ 3.14™

CxFS 7 0.63""  0.0067*  0.000069™ 0.13 0.0032"™ 0.85 0.048 0.0032" 65.1" 42" 0.06™ 0.018™

LxC 1 1.2 0.000016  0.0000012 0.12 0.00012 0.97 0.13" 0.00012 0.01 0.90 0.05 0.018

LxFS 7 0.17  0.000016 0.0000012 0.27"*  0.0000032 0.38 0.024 0.0000032 0.23 1.9 0.08 0.012

LxCxFS 7 0.13  0.000023 0.00000012 0.095 0.000026 0.31 0.028 0.000026 0.26 0.24 0.032 0.0096

Error 60 0.17  0.000044  0.0000012 0.084 0.00072 0.58 0.029 0.00072 6.1 0.27 0.135 0.0103

CV (%) - 115 0.86 1.06 25.7 5 9.9 16.8 8.6 3.1 4.8 112 8.2

Ns: non-significant, * and **: significant at 5% and 1%, respectively. )0 s g i Jleio] mhaw (0 Jls dxe g I8 dxe g s 4 s g 3 NS
10 poiS 08 99 (6995 @il 9 By )l )0 T g S g ol el )0 (108 polie (laypo (aRilo) S po (il ylg 432 =0 Jgur
Table 5. Analysis of variance (MS) for nutrients ellment in root, straw and soil in cultivar and fertilizer sources of two dryland wheat cultivars
SOV d.f Mn Fe Cu Mg Grain yield  Grain protein
e Root Straw Soil Root Straw Soil Root Straw Soil Root Straw Soil

Location (L) 1 20492 0.98™ 1.6™ 186.3™ 0.85™ 13.06™ 44" 0.60™ 0.91™  0.86"™  0.0021™  0.00011" 5870407.4ns 0.65ns
Block in location 4 1355 0.42 7.5 12.27 0.502 4.4 0.54 3.6™ 0.33 0.45 0.0035 477045  1150355.7.7 1.9
Cultivar (C) 1 21455™ 224" 2577  64.25™ 5.78" 1004™ 51"  7.02" 0.0021™ 0.30 0.0052™ 1536™  3826172.4™ 1.9"
F(ng')"Z” SOUrCes 7 25825~  11.15™ 515  219.85™  4270% 2997 84 7.2 103" 0.78”  0.0021™  25609.1% 5314073.6" 7.02"
CxFS 7 86.1" 0.023" 0.42 472" 0.14™ 7.1 0.57"  0.028 0.011"  0.038 0.00039™ 327.2™ 520658.05™ 0.21™
LxC 1 14 0.00053 0.00018 6.95™  0.000052"  0.33 0.0017 0.034 0.00079 0.009 0.00000017 0.000012 5451.1ns 0.00002
LxFS 7 5.2 0.013  0.00030 3.53"™ 0.000089ns  0.22 0.045 0.011 0.00064 0.025 0.0000042 0.000013 125412.01ns 0.0016
LXCXFS 7 6.2 0.014  0.00024 0.60 0.00012 0.57 0.033 0.0095 0.00059 0.022 0.0000083 0.000014 14869.4ns 0.0021
Error 60 12.8 0.0056 0.21 0.809 0.017 0.30 0.16 0.018 0.0054  0.021 0.000014 164.7 83740.7 0.021
C.V (%) - 4.5 2.1 5.7 3.7 2.2 5.8 14.2 4.7 5.01 9.1 6.05 4.5 11.9 12

Ns: non-significant, * and **: significant at 5% and 1%, respectively.
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Table 6. Mean comparisonos of intraction effect of locationx fertilizer sources on nutrients elements in root, straw and soil in two dryland wheat cultivars

K Zn Mn Cu Mg

Root Soil Root Straw Soil Soil Straw Soil Root
Cultivar (%) (mg kgt) (%) (mg kg?) (%)
Keras Sabalan 1.23 £0.0972 7.2 £0.320 1.05 +£0.0762 3.7 £0.142 0.46 £0.0722 8.6 £0.312 3.08 £0.122 288.5 +0. 912 1.1 £0.0512
Saji 0.94 +0.075° 8.2 £0.412 0.98 +0.0772 2.7 £0.140 0.46 +0.072 7.6 +0.28° 2.5+0.120 280.5 0. 92° 1 +0.043°
Fertilizer sources
Control 2.1 +£0.212 3.8 +0.13¢ 2 +0.12 4.9 £0.252 0.06 +0.0024° 5.9 +0.19® 3.8 +£0.142 225.5 +0.56° 1.5 +0.0662
50 kg hat P 1.39 +0.11° 6 £0.14°¢ 1.2 £0.12P 3.7 £0.23° 0.12 +0.056" 6.6 +0.29¢ 3.4 +0.14° 248.6 +1.4° 1.2 #0.11°
PSB 1.28 +0.13% 7.1 +0.14° 1.05 +£0.088¢ 3.2 £0.22¢ 0.077 £0.0025° 7.2 £0.24¢ 3.1+0.13¢ 268.1 +1.5P 1.08 +0.053°¢
GM 1.25 +0.14bc 6.12 £0.13¢ 1+1.09¢ 3.2 £0.26¢ 0.073 +0.0026° 6.6 +0.34 3.1 £0.15¢ 255.6 +1.5P 1.1 £0.064¢
PSB+GM 1.09 +0.1° 7 +0.16° 1+0.079¢ 3.140.23¢ 0.13 +0.058 6.7 +0.34 3.1 £0.14¢ 263.6 +1.5° 1.08 £0.06°¢
PSB+GM+25 kg hat P 0.6 +0.059¢ 10.4 +0.39? 0.62 +0.062¢4 2.5 +0.24¢ 1.1 £0.00592 10.7 +£0.242 1.9 +0.15¢ 341.6 +1.42 0.79 +0.0524
PSB+25 kg ha* P 0.66 +0.051¢ 10.9 +0.512 0.62 +0.0654 2.5 +0.21¢ 1.06 £0.0142 10.9 +0.282 1.8 +0.16¢ 336.1 +1.42 0.81 +0.05¢
GM+25 kg ha't P 0.63 +0.07¢ 10.04 +0.412 0.58 +0.072¢4 2.5 +0.23¢ 1.02 £0.0272 9.9 +0.2b 1.8 +0.15¢ 336.5 +1.42 0.79 +0.057¢

20 PS5 035 90 ()5 bS 32 0,5 (o) i) 50 (208 police p (6395 Ealuox (o iiSod 1 1 (aSilo o -V Jgur

Table 7. Mean comparisons of interaction effect of locationxfertilizer sources on nutrients elements in root, straw and soil in two dryland wheat cultivars

N P
Root Straw Soil Straw Straw Soil Grain yield Grain protein
Cultivar Fertilizer sources (mg kgt (%) (kg ha't) (%)
Control 6.7 £0.452 0.92 +0.008° 0.08 +0.003¢ 1.15 +0.0062 1.15 +0.0062 255.2 +0.73 985.1+196.789 9.1 +1.05%
50 kg ha't P 3.9 £0.34°¢ 0.79 +0.008° 0.09 +0.003¢ 1.14 +0.005° 1.14 +0.005° 268.9 +0.959 1959.01+111.76f 9.8 +0.108
PSB 3.6 £0.3¢00€ 0.73 £0.0071 0.1 +0.003° 1.12 +0.004¢ 1.12 +0.004¢ 279.7 +0.86% 2300.4+150.4¢ 10.5 +0.108°f
Keras Sabalan GM 3.9 +0.32¢ 0.78 +0.007f 0.1 +0.003¢ 1.13 £0.004¢ 1.13 £0.004¢ 274.9 +0.79 1949.3+122f 10.1 £0.108"
PSB+GM 3.6 +0.3cde 0.75 +0.007" 0.12 +0.003¢ 1.13 £0.004¢ 1.13 £0.004¢ 277.9 +0.81° 2066.9+187.65¢f 10.3 £0.1149
PSB+GM+25 kg hat P 2.8 +0.24% 0.7 +0.007' 0.12 +0.003? 1.12 +0.005¢ 1.12 +0.005¢ 284 +0.79° 2727.9+230.98° 11.1 £0.117°¢
PSB+25 kg hal P 2.7 +0.349n 0.65 +0.009" 0.12 +0.003? 1.12 +0.005¢ 1.12 +0.005¢ 289.9 +0.8° 3158.6+161.23° 11.5 +0.114®
GM+25 kg hat P 3.1 £0.34¢%1 0.62 +0.008° 0.12 +0.003% 1.13 +0.005¢ 1.13 +0.005¢ 281.9 +0.81« 2666.5+239.28% 11.03 +0.114¢
Control 5.4 +0.4 0.94 +0.012 0.08 +0.003¢ 1.15 +0.0052 1.15 +0.0052 260.3 +0.68" 1286.2+176.59 9.4 +0.1421
50 kg ha't P 3.5 +0.25¢ 0.81 +0.009°¢ 0.08 +0.003¢ 1.14 +0.006° 1.14 +0.006° 274.2 +0.73f 2310.08+158.62¢ 10.1 +0.147"
PSB 3.5 +0.19¢d 0.8 +0.01¢ 0.1 +0.003° 1.11 +0.006¢ 1.11 +0.006¢ 283.9 +0.8¢ 2359.7+197.05¢% 10.4 £0.147%
Saji GM 3.8 +0.57¢ 0.75 +0.01" 0.1 +0.003¢ 1.11 +0.006® 1.11 +0.006¢ 282.2 +0.72% 2741.7£219.41° 10.8 +0.152¢
PSB+GM 3.3 +0.20ef 0.76 +0.019 0.1 +0.002°¢ 1.11 +0.006¢ 1.11 +0.006® 279.9 +0.79¢% 2382.9+147.06% 10.6 £0.152¢
PSB+GM+25 kg hat P 2.2 +0.18" 0.71 £0.01% 0.11 +0.003° 1.1 +0.006f 1.1 +0.006 292.2 +2.58P 3517.8+143.45% 11.4 £0.117°
PSB+25 kg ha' P 2.7 +0.29" 0.74 +0.01 0.11 +0.003° 1.11 +0.004¢ 1.11 +0.004¢ 290.2 +2.56° 2838.7+180. 8 11.5 +0.254®
GM+25 kg ha* P 2.2 £0.17" 0.67 +0.01™ 0.11 +0.003" 0.09 +0.0049 0.09 +0.0049 297.5 +1.342 3571.6+199.872 11.6 +£0.0.0842

Means with common letters have no significant difference according to LSD test (P<0.05). The numbers after data show Standard Error of data in three replications.
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Table 8. Mean comparisons of interaction effect of cultivarxfertilizer sources on nutrients elements in root, straw and soil in two dryland wheat cultivars

w20 PS5 03 99 (p 5 sk 32 05 (o) Al 50 (2188 polic 1 (6395 Eiliox (Yo [idSod 2 i1 (aRilo dnliio —A Jour

Zn Fe Mg
Root Root Straw Root Straw Soil Root Soil Straw
Cultivar Fertilizer sources (mg kg™) (%)
Control 17.1 +£0.82° 113.8 £3.12 5.51 +£0.072 34.7 £1.5° 9.2 +0.28% 8.3 +0.36 4.5 +0.462 1.1+0.06° 1.15+0.006*
50 kg ha' P 12.8 +0.24% 88.3 £2.1° 4.23 £0.07¢ 24.8 +1% 8.22 £0.21°¢ 9.3 +0.28¢° 3.3+0.21° 1.2 #0.04%  1.14 +0.005"
PSB 12.6 +0.42% 84.1 +2.36% 3.63 +0.07f 25.1 +0.8¢%% 6.22 +0.15f 10.1 +0.32¢ 2.9 +0.19° 1.2 +£0.05¢  1.12 +0.004¢
Keras GM 13.01 £0.4¢ 88.1 £2.4¢ 3.83£0.07¢ 25.9 £0.7¢ 6.72 £0.24¢ 9.6 +0.37% 3.2+0.19% 1.3+0.07¢ 1.13 £0.004°
Sabalan PSB+GM 12.4 +0.31¢% 84.7 +2.68% 3.64 +0.07f 24.6 +0.6% 6.23 +0.22f 9.8 +0.23¢% 2.9 +0.15° 1.2 +0.05¢  1.13 +0.004°¢
PSB+GM+25 kg ha' P 7.7 +0.36" 69.4 £2.169 2.6 +0.09i 19.9 +0.8" 4.22 +0.181 11.8 £0.34° 2.2 +0.11¢f 1.8+0.07¢  1.12 +0.005¢
PSB+25 kg ha' P 7.5 +0.32" 68.8 £2.199 2.58 +0.07! 20.08 +0.59" 4.05 +0.12* 12.8 £0.32° 2.2 +0.14°f 1.8 +0.06°  1.12 +0.005¢
GM+25 kg ha'l P 8.1 +0.38" 74.2 +2.12f 2.93 +0.09' 21.1+0.8° 4.43 +0.12' 12.3 £0.3%® 2.4 +0,15%f 1.8 +0.07%  1.13 +0.005¢
Control 13.8 £0.54° 101.4 £2.47°  5.21 +0.07° 30.9 £0.9° 8.72 £0.22° 5.9 £0.23 4.04 £0.09? 1.1+0.05* 1.15+0.005%
50 kg hal P 11.9 £0.34% 83.06 +2% 3.92 +0.07¢ 23.4 +0.3f 7.73 +£0.19¢ 6.8 +0.33" 2.9 +0.15° 1.2+0.05¢  1.14 +0.006°
PSB 12.02 +0.36° 82.1+2.55% 3,39 +0.119%" 23.9+0.2° 6.06 £0.149 6.9 +0.34" 2.7 +0.05% 1.3+0.06° 1.11 +0.006°
Saiji GM 11.5+0.32¢9 75.1 x4 3.45 +0.19 23.30.3f 5.89 +0.2" 8.2 +0.29 2.6 +0.18% 1.3+0.06° 1.11 +0.006°
PSB+GM 11.6 £0.3¢ 78.1 £2.75° 3.33 +0.06" 23.09 £0.5f 5.75 +0.23" 7.9 £0.239 2.6 +0.13% 1.7 +0.06  1.11 +0.006°
PSB+GM+25 kg hal P 6.9 £0.271 56.6 +2.2! 2.37 +£0.09' 18.7 +0.7/ 3.72+0.21' 9.8 +0.38% 1.9 £0.15 1.8 +0.06° 1.1 +0.006"
PSB+25 kg ha' P 5.8 +0.28% 63.1 +2h 2.39 +0.14 20.6 +0.6%" 3.79+0.21' 8.6 +0.26f 2.3+0.13¢f 1.7 +0.04¢  1.11 £0.004®
GM+25 kg ha't P 6.5 +0.381 56.3 +2.08! 2.46 +0.04X 19.01 +0.51 3.72 +0.22! 11.1 +£0.21¢ 1.9 +0.15 1.8 +0.068 0.9 +0.0049

A o LS 1S5 w48 1) Wools o lailiwl las dmosls Jilie slacl .5 ,las (P<0.05) s ls sixe LSD (4051 (oll 5 S jitie B, (sylo (sl uiloo

Means with common letters have no significant difference according to LSD test (P<0.05). The numbers after data show Standard Error of data in three replications.
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Table 9. Simple Mean comparisons effect of location on root in two dryland wheat cultivars

N Cu Mn
Location Root (mg kg)
llam 4.1 £0.22 83.3+2.22 3.1 £0.128
Sarableh 3.06 +0.14° 74.6 +2.1° 2.6 +0.13"

s o 5L 1SS A o 1) beosls o lasbiu] slas daosls Jilas slael s jlas (P<0.05) S sime LSD 5031 bl 51 S e g > (s ls slayiSilea

Means with common letters have no significant difference according to LSD test (P<0.05). The numbers after data show Standard Error of data in three replications.
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Table 10. Mean comparisons of interaction effect of locationxcultivar sources on root in two dryland wheat cultivars

Location Cultivar Root K (%) Root Fe (mg kg?)

llam Keras S_a_balan 0.85 +0.098° 26.20 +1.052
Saji 0.71 +0.08° 24.02 £0.079°

Sarableh Keras S_a_balan 1.25+0.12 22.8 £0.89°¢
Saji 1.24 +0.18 21.7 +0.76¢

Ao o LS 1S5 w58 1, Wools o laibiwl slas daosls blie slacl .5 las (P<0.05) (s o sxe LSD (4051 (olal 5 S jie g, slilo slouSileo

Means with common letters have no significant difference according to LSD test (P<0.05). The numbers after data show Standard Error of data in three replications.
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Table 11. Mean comparisons of interaction effect of locationxfertilizer sources on nutrients elements in root (mg kg?) in two dryland wheat cultivars

IIaPm (%)
Control 50 kg hal P PSB GM PSB+GM PSB+GM+25 kg hat P PSB+25kghalP  GM+25kghatlP
1.5 +0.19° 1.2 +0,20cd 1.03 +0.19¢%f 1.1 +0.22¢de 1.01 +0.169%f 0.51 +0.038" 0.53 +0.01" 0.54 +0.063"
Sarableh
2.6 £0.28 1.5 £0.057° 1.4 +0.16% 1.4 +0.16"¢ 1.1 +0.15¢% 0.69 +0.19" 0.8 +0.064¢f" 0.73 +0.12"
Zn (mg kg b
llam
Control 50 kg/ha P PSB GM PSB+GM PSB+GM+25 kg hat P PSB+25kghalP  GM+25kg hatlP
16.9 £0.89¢ 13.6 +0.69° 13.7 £0.47° 13.7 +0.57° 13.3 +0.65° 7.8 £0.41° 8.6 +0.47¢ 8 +0.41%
Sarableh
13.9 +0.75° 11.1 £0.43°¢ 10.9 £0.15°¢ 10.8 +0.34°¢ 10.6 £0.29° 6.79 +0.44" 7.4 £0.25° 6.69 +0.43f
Fe (mg kgt
llam
Control 50 kg hal P PSB GM PSB+GM PSB+GM+25 kg hat P PSB+25kghalP  GM+25kghatlP
35.03 £1.22 25.6 £0.51° 25.9 +0.524 25.6 £0.71° 25.9 £0.55°¢ 20.5 +0.47' 21.6 +0.15 21.7 +0.62K
Sarableh
30.4 +0.7° 22.7 +0.73" 23.8 £0.749 23.8 £0.8f 22.7 +0.76" 17.3 £0.38° 19.8 £0.31™ 18.7 £0.54"

s o lis 1SS A jo ) beools o jlasliwl slas daools hilde slast.ai)las (P§0.05) Sl gre LSD {)5*"}1 bl Syt By > slls sla ) Sils
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Means with common letters have no significant difference according to LSD test (P<0.05). The numbers after data show Standard Error of data in three replications.
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Accumulation of Nutrient Elements on Root, Straw and Soil in Dryland
Wheat as Affected by Phosphate Solubilizing Bacteria and Mycorrhizal
Fungi
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Abstract

In order to study the effect of Pseudomonas putida and Glomus mosseae on accumulation of
nutrient elements residual on root, straw and soil in wheat under dryland conditions, an experiment
was carried out in a factorial arrangement using randomized complete block design with three
replications at Agricultural Research Station of llam University and Sarableh Agricultural and
Research, Recources Center during 2013-2014 cropping season. Experiment factors consisted of
two dry land wheat cultivars (Keras Sablan and Saji) and fertilizer sources treatment including of
1- without application of phosphorus chemical fertilizer, 2- 50 kg ha* P, 3- Pseudomonas putida
(PSB), 4- Glomus mosseae (GM), 5-PSB+GM, 6-PSB+GM+25 kg ha?! P, 7- PSB+ 25 kg ha' P
and 8- GM+25 kg ha? P. Results indicated that interaction effect between cultivarx fertilizer
sources had significant effect on accumulation of nutrients elements residual in root, straw and soil
in dryland wheat at 1% probablity level. Application of PSB and GM caused increased in N, K, Fe
and Cu in soil and the lowest N, P, K, Zn, Fe, Cu and Mg were obtaind in root and straw. The
highest N, K, Fe and Cu in soil belonged to Saji cultivarx GM+25 kg ha* P. Root and straw had
the highest N, P, K, Zn, Fe, Cu and Mg in root and straw in Keras Sabalanxcheck treatment
(without feriilizer sources).
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