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Table 1 -The characteristics of phosphate solubilizing bacteria strains in this
experimentation

090398 gl

. L. . ]
g 3 4is (> 288958 Slgi S Oliwd Soiss Jo cabils s ACC
- . - Siderophore (mg/L) Phosphate solubilizing =
Genus, species and strain . o ACC
production 1AA ability deami
production eaminase
Pseudomonas putida 0.70 08 . .

strains 168

AT el Sl 5 abl s (53,5LaS i 5 0 olfiegl 15 Casby g b oo ailale Lawgie yolia ¥ Jgus
Vray

Table 2- Monthly mean value of precipitation and relative humidity in Agricultura
Reserch Field Staion of Sarableh during 2013-2014 croping seasons

oo Jilos Lo yiSTas Pl ol Cusby Blas  cugb, iSTas
Month olo Mi o o Precipitation .
in temp (¥C) Max temp (~C) (mm) Min. RH (%) Max. RH (%)
Oct. olo g0 12.3 30.6 0 15 38
Nov. bl 8 19.6 156.4 45 78
Dec. 48T 35 13.1 100.5 54 86
Jan. o 05 10.6 85.4 52 86
Feb. Oyt 0.9 12 95.2 53 88
Mar. S| 5 17.3 75.9 46 85
ADL ooy 6.5 215 318 33 78
May IORWIWER| 12.7 28.8 24.8 24 65
Jun. Sls 3 13 40.4 4 16 41

lejl Jore S oliord § (S5 Sloogas ¥ Jguar
Table 3- Soil physical and chemical properties of experimental site

Ci b had i BB bty S (59 e el 45 s
SB wb et . ) ‘et : ) - 2 Q) > Organic ‘;u;—SJ‘ -
. Available P Available K Total N sB
Soil texture Carbon EC H
(mg kg %) (dSim) P
) o 6.2 310 0.12 1.28 0.97 7.2

Clay loam
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Table 4- Analysis of variance for wheat cultivar and Bio-fertilizer on phenoological traits

@il yo (uSSlee MS
X
_ ail 7 B 00,57 B ; Sy T Be
. ce (- a4y o . B¢ e as o p 5
St gle ol NM PO RS T e SLadl « o 35909 jud
S.0.V. of o Planting  Plantingto  Planting )9 Planting to
Planting to : Planting - .
to flowering to . physiological
emergence . . to weight :
steming anthesis maturity maturity
A 2 28™ 1317 203"~ 131" 36.02” 139.7"
Replication
CuT;i/ar 1 0.18™ 99.1%* 192% 111.02* 252.8% 256.6%
(i) 39 7 9.9* 48.6% 47.1% 49.7% 91.6* 98.1%
Bio-fertilizer
o) 995 X o8
CultivarxBio- 7 0.37™ 0.044™ 0000.1™ 0.49* 5.3** 1.9¢
fertilizer
Error Us 30 0.17 0.054 0.15 0.054 0.02 0.75
) CV. &y sy 4.9 0.18 0.24 0.13 0.7 0.40
Wil oe (60 gire pae g do 0 S g iy Jlei| e )0 lo e o 4.31”55”‘#

*, ** and™: significant at the 5%, 1% levels and non —significant, respectively.
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Table 5- Mean comparision of cultivar and Bio-fertilizer on phenological traits

10+ G gy olaxs 10+ G gy olaxs 10+ G gy olaxs
REv-pown 2oddle 5
Planting to50 % Planting to 50 Planting to 50 %
emergence %steming flowering
o3, Culticvar day
ol S Keras Sabalan 8.6a 128.7a 163.08a
= Saji 8.5a 125.8b 159.08b
EIE X 4 Bio-fertilizer
anls Control 11.1a 132.5a 156f
ousd o Lol 395 7. Voo 100% P chemical fertilizer 9.6b 129.5b 158e
lodgy ligegogm 5 PSB 8.6¢ 128.5¢ 160d
dwgo o 99 il )8 GM 8.3c 127.5d 162c
Awgo (o y38 il g+ gy ligegosw 55k PSB + GM 8.1c 126.5e 163b
PSB + GM +50% P 7.5d 125.6f 163.6a
owd (2londs 395 7. B+ + duwgo (o) P8 il @) + oy gagogw 5 S
shd 2loons 3957, Dot lasigy oligogdgm Sk PSB +50% P 7.5d 124.69 163b
yhod 53 Loy 395 7. Dot dwgo o y98 il z 8 GM + 50% P 7.5d 123.6h 163b

55 (gl sime M O Lozl pelaw o (Sl (slarals aiz yge3l (bl caitl go S i By (sl (oygie a0 a5 ola Sl
Means in each column, fallowed by similar letters are not significant different at the %5 probability level using
Duncans Multiple range test.

2B (PSB) I (ebigegoge s ,xSL (50 KG/a P) jind sleawss 56571+« (CONLION) (6065 poio gt B pao pae) valis jlos
Sl )6+ sy wlisesdge 55k (PSB + GM) dsgo (a8 il g 6 + Iy (uligagogms 5535k (GM) dusga o y93 Lile
(PSB + 50% P) ,aus olooss 557 0+ +lasiss (wlisegogm 5L (PSB + GM +50% P) ,ins sl 355 7 0%+ dusgo oo yod
(GM +50% P) jand olos 355 7 O+ +dusge muna,gd uild 7,6 5
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Table 6- Interaction effect of cultivar and Bio-fertilizer on phenological traits

YA 39) Slowy L;M) yA XY 39) Slowy L;M) yAxaq 39) Slowy
SLadl o3 5 039 SOl b
Planting to 50 % Planting to50 % Planting to 50 %
anthesis weight maturity physiological maturity
Day
Control 165i 197.6j 205.3j
100% P chemical
fertilizer 1679 202.69 212.6fg
Keras PSB 169 204.3e 214.3c
Sabalan GM 167.6f 203.6f 213.3efg
s ol PSB + GM 170d 205.6¢ 214.6¢cd
PSB + GM + 50% P 174a 207.6a 218a
PSB + 50% P 172b 106.6b 216.3b
GM +50% P 171b 206.6b 215.3c
Control 161.6k 191.61 200.3k
0 .
100% P chemical 164] 196.6k 207.3i
Saji PSB 166h 198.6i 209h
e GM 165i 197.6j 207.3i
= PSB + GM 167g 199.6h 209.6h
PSB +GM + 50% P 170.6¢ 205.6¢ 214ed
PSB + 50% P 168f 203.6f 212.3g
GM +50% P 169 204.6d 213efg

55 (6o sime M 0 Jlei om0 oSl (slarals aiz y903] bl il oo S yiin By (IS g o 0 a8 e Sile
Means in each column, fallowed by similar letters are not significant different at the %5 probability level using
Duncans Multiple range test.

@8 (PSB) Ly (wlisegsse 7St (50 KG/NA P) s olianss 355 7V -+ (CONMION) (o555 gnio b b pae puie) wals LS
-l @y +ltdyy elipesse 5 5S (PSB + GM) desso oo, o8 Ll )6+l olisagisw 555k (GM) dge )59 L5
5 (PSB+50% P) ,aus oleaws 3557 0+ Mgy (wligososw 5 ,55L (PSB + GM + 50% P) 1id oliowds 8657 00+ dugo puuro s

(GM +50% P) jind plosd 355 1. O+ + duupo urs 39 Ll 6
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Table 7- Analysis of variance for cultivar and Bio-fertilizer on phenological traits at
flowering stage

MS lx yo (Sl

i ol a2y Lo 0 Sy A e yaw sy
OV df AT e gd Ao o vield
LAI i RGR NAR
TDM CGR
Replication 1,55 2 0.041 241 0.036 0.002 0.0027 1800801.1
Cultivar PE]) 1 0.12* 435.4** 0.86** 0.0025** 0.0037* 2060231.07**
.'-’"""'"5.".’5 7 0.29** 497.8** 1.25%* 0.0035** 0.0057** 1926480.7**
Bio-fertilizer
(S § 995 X 18
Cultivar x Bio- 7 0.036ns 37.6ns 0.047ns  0.00045ns  0.0047ns 307785.5**
fertilizer
Error s 30 0.029 2.56 0.034 0.00055 0.00047 72600
(%) C.V. &l puds o o 8.9 6.6 10 7.7 10.9 12.3

*x

Aoy So gy Jleixl e o )l poe i 4l

#*

“and™": significant at the 5% and 1% levels, respectively
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Table 7- Analysis of variance for cultivar and Bio-fertilizer on phenological traits at
flowering stage

MS Ol o (5SSl
. . az o . 4 Y < A F o S s
ol Lo - . > ety BB 2 395
ey i PR S RNy
Chla K P N
Replication 1,55 2 74.9 104.2 0.16 0.002 3.7
Cultivar 5 1 30.8**  176.06** 0.5** 0.03** 6.3**
(e 395 7 728.6**  320..18 0.81%* 0.09** 13.2%*
Bio-fertilizer
) 295 X 05 7 165  161*  022%*  0.006** 0.7%*
Cultivar x Bio-fertilizer
Error s 30 2.07 2.7 0.06 0.0021 0.20
C.V (%) Oyl i 4.7 7.02 9.3 58 5.4

Qo0 S gah Jhisl mdaw o )l xe il g
“and™": significant at the 5% and 1% levels, respectively
P Al e 13 PS50 (s 995 5 08, 50 Seleed Slao (o Sle anslie A Jgux

Table 8- Analysis of variance for cultivar and Bio-fertilizer on phenological traits at
flowering stage

Tl 25l gy St 339 e e U,"w ot Al e g
Sy TDM JC’Z: l“\l’i: RGR
LAl (@/m’) (g/m2/day)  (g/m2/day) (0/g/day)
Culticvar
Keras Sabalan 1.79b 85.5b 1.8b 0.46b 0.031b
Saji 2.046a 88.8a 2.02a 0.51a 0.035a
Bio-fertilizer
Control 1.16e 66.49 1.15f 0.377e 0.01f
100‘2;?2@’:"‘:6" 1.28d 77.3f 1.35¢ 0.488d 0.014e
PSB 1.32cd 83.5¢ 1.6d 0.48d 0.029d
GM 1.39¢ 100.6¢ 1.99¢ 0.586¢ 0.034c
PSB + GM 1.35¢ 89.2d 1.83¢ 0.55¢ 0.03c
PSB + GM + 50% P 1.91ab 128.6a 2.44a 0.664b 0.055b
PSB + 50% P 1.75b 118.7b 2.11b 0.631b 0.05b
GM +50% P 2.13a 132.7a 2.6a 0.737a 0.061a

A5l (gl sme WS 0 Jlio] mhas [ SSls (glaals iz ae3l bl il co S i B> glls (gt 2 0 &S Sl Sl
Means in each column, fallowed by similar letters are not significant different at the %5 probability level using
Duncans Multiple range test.

@8 (PSB) lusgy wbigegog 5,556 (50 KG/Na P) jaud Sless 0557 V-« (CONLION) (5095 guio gued U pan pac) solis Lo
kil B #lassy (ulisegsse 552k (PSB + GM) duge sy 58 Jile )6 + 10y (wligagoges (5,55 (CM) dsgo e jsb Lo

5 (PSB + 50% P) i lowis 0557 8-+ gy wligegdgm 5,55 (PSB + GM + 50% P) jind oliowds 3557 0 + duwge (uroyod
(GM +50% P) jaud Slaass 595 7 B° + dusge sy 9d il 7,6
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Table 9- Interaction effect of cultivar x bio-fertilizer on N, P, K and grain yield

TNCRI S B ' g 2
5955 o S 2 0395 el b Jubgyls  SHeeels &1 0,5 hos

" ~ 9
ot T Sl "0 R, oW Kk G
(%) leaf (ma/g) (mg/g) ¢»leaf (kg/h)
Control 5.7e 0.45f 18.5e 15i 0.40g 1010i
100% P
chemical 7.04d 0.73d 22.1d 17.1ghi 2.3f 1754.9fg
Keras fertilizer
Sabalan PSB 7.4cd 0.78cd 22.7d 17.7fghi 2.6def 2034.3defg
oS GM 7.1cd 0.72d 21.7d 16.6hi 2.3f 1649.3gh
PSB + GM 7.4cd 0.79cd 22.7d 18.1fgh 2.6def 1801.2efg
P PSB+GM+ 9.3 0.788b
50% P . . Cc 47 5a 33b 3.3b 2382.6bcd
PSB + 50% P 9.4b 0.90bc 43.1b 30.7bc 3.4ab 2860.9ab
GM +50% P 8.9b 0.79cd 38.7c 25.9d 3.04bcd 2283cde
Control 6.2e 0.56e 22.06d 18.2fgh 0.53¢g 1214.1hi
100% P
chemical 7.4cd 0.77cd 24.2d 21.5e 2.4ef 2042.2defg
fertilizer
Saji PSB 7.6cd 0.77cd 23.4d 19.8efg 2 4ef 2119.5cdefgy
w GM 7.9¢ 0.83bc 24.3d 20.7ef 0.2.8cde 2557.08bc
= PSB + GM 7.9¢ 0.83bc 24.4d 20.5ef 2.8cde 2189.5cdef
PSB + GM 10.8a 0.94a  479a  37.8a 3.8a 3210.8a
+50% P ’ ' ’ ' ' '
PSB + 50% P 9.3b 0.85bc 38.1c 29.7c 3.1bc 2524.1bcd
GM +50% P 11.06a 0.94a 45.5a 36.5a 3.9a 3233.4a

A5l (gl sme BWS T 0 Jlio ] mhas (o SSls (glaals iz aeil bl il co S i By glils (gt 2 0 &S Slo Sl
Means in each column, fallowed by similar letters are not significant different at the %5 probability level using
Duncans Multiple range test.

)53 el @58 (PSB) gy (ubisagoges 5251 (50 KOG/ P) jid sleart 5557 1+« (CONMION) (o055 gt et B ps pae) walds jlos
555 B+ + dusge a3 oils 2 )8+ laigy ligesosms 5,5k (PSB + GM) tusge ey Lils 2,6 + asy oligngoses 525 (GM) auge
355 71 0+ dsge 58kl 6 5 (PSB + 509 P) s oot 3557, O+ +laisy mligagoses (5,251 (PSB + GM + 50% P) s sloows
(GM +50% P) jis _loss
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Figure 1- Application of PSB and GM on TDM
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Figure 2- Application of PSB and GM on TDM
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Figure 3- Application of PSB and GM on LAl
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Figure 4- Application of PSB and GM on LAl
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Figure 5- Application of PSB and GM on CGR
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Figure 6- Application of PSB and GM on CGR
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Figure 7- Application of PSB and GM on RGR
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Figure 8- Application of PSB and GM on RGR
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Figure 9- Application of PSB and GM on NAR
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Figure 10- Application of PSB and GM on NAR
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Abstract

To study the effect of phosphate solubilizing bacteria (PSB) and mycorrhizal fungi
on phonological and physiological traits of wheat, an experiment was carried out in
factriol arrangement using randomized complete block design with three replications at
the Agriculture and Natural Resources Research Center, Sarableh (Ilam), Iran, during
2013-2014 cropping season. Experiment factors consisted of two dry land wheat
cultivars (Cross Sablan and Saji) and fertilizer levels were 1- without application of
phosphorous (P), 2- 100% phosphorous application, 3- Pseudomonas putida, 4-
Funeliformis mosseae, 5- P. putida + F. mosseae, 6- P. putida + F. mosseae + 50% of
phosphorious fertilizer, 7- P. putida + 50% of phosphorious fertilizer and 8- F. mosseae
+ 50% of phosphorious fertilizer. Results indicated that using chemical and biofertilizer
affected 50% days to emergence, stem elongation, flowering, pollination, maturity
weight and maturity significantly. Results also showed that using of bio-fertilizer
reduced drought stress effects by improving phonological traits of wheat under dry land
conditions. The highest LAI, CGR, TDM, RGR and NAR were obtained by Saji cultivar
and application of 50% of phosphorious fertilizer + Mycorrhiza fungi, but it effect at
late season on CGR, RGR and NAR due to increased shading of plants and leaf falling
were negative. The Saji cultivar and 50% of phosphorious fertilizer + F. mosseae
because of maximum LAI, CGR and TDM produced higher grain yield under dry land
conditions. It can be concluded that Saji cultivar along with F. mosseae may have
higher growth indices and seed yield under dryland conditions.

Key words. Bio-fertilizer, Grain yield, Growth indices, Phosphorious chemical
fertilizer.
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