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1- Plant growth promoting rhizobacteria
2- Phosphate solubilizing bacteria
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1- Potato dextrose broth
2- Nutrient broth
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Table 1- Variance analysis (mean of squares) of the effect of phosphorus fertilizer, fungi and bacteria treatments on yield and
yield components of wheat

s a a0 Pl pdilblaas b 5 LIRS 3 Slos 3 Slos 3 Slos sl
Sl & ool A o diow &l Ol Syjlem &l iy
. Grain Grain 1000- . . .
SOV d RS mmber wegn owed SR SOl CEn e
/spike /spike weight Y Y Y
".’S . 2 176.80 10.92 0.01 16.46 3.46 2.30 0.12 79.21
Replication
(P) yaus o ox o * e *
2 57109.56 444.28 0.99 15.72 0.70 5.60 331 140.50
Phosphorus (P)
| el
whel s 4 409.74 14.11 0.01 20.76 0.58 0.34 0.04 17.31
Error a
( )?’ 1 4113.29 42.38 0.003 22.62 15.11 6.67 1.70 642.79
Fungi (F)
B) sl x o - x x o
( )“_*S : 1 5413.28 444.78 0.44 70.78 8.17 1.56 2.59 499.22
Bacteria (B)
PxF 2 104.86 187.81™ 0.307" 37.37 1.97 3.00 0.11 29.57
PxB 2 198.19 83.89" 0.08™ 9.32 0.74 0.25 0.43" 56.10
FxB 1 301 1081.09™ 1.07" 1.13 11.77" 20.70™ 1.26™ 48.76
PxFxB 2 2507.19" 502.33™ 0.27" 20.86 2.97" 582" 047" 13.89
5 clld
< ; rf)r 18 407.72 13.04 0.01 19.18 0.82 0.87 0.09 16.72
(10,9) Slyesdl 7.58 7.15 6.38 12.36 13.91 9.12 8.14 11.05
C.V (%)

oy Sy g gy Jltol s )3 (g)lastne o g
*and ** are significant at 5 and 1% probability levels, respectively.

35 3,8kes 0o y> 85) wgy y3 OME sluws (woy> 41) L mrasli
po—2 s ol (s3m0)> 08 ial S g (103 219) M2
o |y (Phaseolus vulgaris L.) Lsg) oLS (Fusarium solani)
Abd-EI-Khair ) 53g9e5 555 peilels Lo)3sS 7 7,8 b gudls 51
5 (Kandula et al., 2015) ,LSen ¢ YasIS" (et al., 2010
DS LS oS il | Juols ails 5 Shes (o> 25 i3l
4 i |y Lop290 5 )18 L (Camelina sativa (L.) crantz)
il ol ot el ol
5 ab 2, Slas Slao dgpy o o5 s Slgpin/ 6584
4 Cad 2o y> 22039 4 15127 Jadeds s g cuils p aili
> apingsy s (2 Jgae) 20,5 58k )8 pae Lalyd
3y Slos g 28y S92 ) GhISl oy cnl Cute B oim LS 5
D9t s by 03131 (sl g S| cdiged (gl Al g LS

Fud 395 Bpan ol GLiS jiud 368 o3l S (ke duylie

o 25 (o jind) Wals 4 Cos Slio jiin Gl cuw
e iy ey 365 1S 13 p S 5lS 100 550 b jme o 5 &S
(10, 30/51) 4/32 4 (wo,> T185) 3/57 4 3/3L ) wils 5,Shee
;> (Saber et al., 2012) ,LSen g ploo dpw) S > o
3 ey |y puS &by 5 ,Slas (cho)y> 15/82 4 14/38 331
phos byl G i b S 1 2 S9LS 50 5 25 G pas
S i pasede @) (rSils dumlis )3 03905 Gl ol By
s dn Slio (oled Gialjal G pailols Lo)355 17 )18 geuils
Tl pie lalyd 4 Cond Sogdgm 3 yShes g (AlS'y oS 5 Shas
lao ohoyd 25178 5 12121 Liol58) s s oS 6yt 13,8
slaasdl Gllas et Jlisa |y culy (adld 5 4l 3yl
1oy ) g L)) sgme y Koo o Sidmgy ol tmgy



1397 liaatli 02 oyloud 0 alor 1530l cwlivis poy & pii 434

g sy 0al38] sly o (989 ueuw b yeoling ¢ BLS (slagygeyen 9 0395 ; (Seyed Sharifi & Khavazi, 2012) i jsj4le>
dgatp g (Shho dlgo ;50D g dlawd _Sdwe dlge JMoul Ul Wy Sis 59 (Noumavo et al., 2013) )3 ails 5 Slee
(Verma etal., 2013) w5 xinlgs b olS 5,Shes Verma et al., ) 1513,5 5956 aib 3,Slas 5 LSy oS 3,Sles

Mg g ol adyy 3 sl b (hlslejy cpl (IS 5k (2013

PS5 8o (513l 9 3,500e 32 (5381 35215 9 )8 gl ¢ panddgS a3l OIS (Sle dumllio -2 Jgo
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Tabel 3- Interaction between the phosphorus fertilizer and fungi on yield components of wheat
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PS5 3 ,Slos (Glial 9.3, Kkos 2 678l 5 yaad 365 ke 1 (Sloe cunslia -4 g
Table 4- Mean comparisons for interaction between the phosphorus fertilizer and bacteria on yield and yield
components of wheat

s

B _ 5 o) aily 3 ,Sas
Treatment Al 4> &l dlasi (25) dloiow 53 413 (339 i (o
(U2 53 2,558 i sk ’
Phosphorus (kg.ha®) Bacteria Grallr;pr}lli?ber Grain weight /spike (g)  Grain yield (t.ha?)
-E 40.86 1.42 3.05
0 +E 53.75 1.81 3.57
(+31.54) (+27.46) (+17.04)
-E 43.85 1.61 3.49
50 +E 49.45 1.82 3.65
(+12.77) (+13.04) (+4.58)
-E 56.20 2.12 3.86
100 +E 58.80 2.19 4.79
(+4.62) (+3.30) (+24.09)
LSD (0.05) 4.38 0.14 0.36

Ol 4oxis 48 W9 Jolonels wjuie 9 5o copl Jols (gdinjy)
al., 2011a)

Ohl—Sad 5 (o oo .(Mohammadi et

19k BME sl T8l s ;5 (Mohammadi et al., 2011a)
o)L L oaipals (Brassica napus L.) ;S asls 5, Sles 4

U_Aml)s u.)l.;ly ol olaus oJ_;;fJ> L;[md);‘fl,. 9 Lq)_)}&)j

o=l g 3 5L g li)ben Jeslss pials g (olie olie
Sod (gl e dogl P8 denpy cpmitred 1D s Ll 5,
2 555l BMe 5 BMe (5 &by olus gy yd M dlus iy ( Sy
2 iS o slaig S plojer 635 84 Lulyd o 1y 2550 g
ool o s 5 03908 (35S Lop3sS0 0 g )6 5 lind
038 > Lo Sl jpa> (loj 53 pimd ud I oli yolis
S Lop2S0 7 )8 bawgy (LS sla)jgily o w9 Clinsd
.(Mohammadi et al., 2011b) wsls
ob lis 658 5 gl awd 38 G5 dw Jolite il gl gl
Y 395 golaw (oo )3 ppilele Lo)390 7 )8 (605 54 &S
Gty oS 3y Shes 2 4 Slio (aled a2 5 LB I3l o
55 (L s i 45551 3y i) 5 & o
o pgilale LopdgS)y 4Bl g ils 48 (g0 (6 Jgae)
s b oy s> 8139 4 42/73 17/80 0/93 )38l
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Tabel 5- Mean comparisons for interaction between the phosphorus fertilizer and fungi on yield and yield components of

wheat
Sows oS g ols 5, Sdos SUielam 3o 13 3 Slos
Treatment Al y3 ild Slans (055) asww 45 &ild (439 (LR 3 o)
& 1Y Straw yield Biological yield  Grain yield
Fungi  Bacteria Grain number /spike  Grain weight /spike (g) (that)
-E 42.57 1.55 7.06 10.13 3.06
-Th E+ 60.56 2.12 7.25 11.23 3.97
(+42.25) (+36.77) (+2.69) (+10.85) (+29.73)
E- 51.36 1.88 6.90 10.78 3.87
+Th (+20.64) (+21.29) (-2.26) (+6.41) (+26.47)
E+ 47.43 1.76 4.81 8.85 4.03
(+11.41) (+13.54) (-31.86) (-12.93) (+31.69)
LSD (0.05) 3.57 0.11 0.89 0.92 0.30

L szl (Bakhshandeh et al., 2015) g, asls 5, Sles
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AxE 3 Slos (g5l 9 5 Shas 3 (655U 9 )8 phand 395 i 1 pSilao Ay lio =6 Jou>
Tabel 6- Man comparisons for interaction effect of phosphorus fertilizer, fungi and bacteria on yield and yield
components of wheat

o5 > >
s & 5 u:‘?“ AS-')S’;L Wl Sles
Treatment aldow dluad aild dluay 0% J P
s 4 (LU 2 oy9)
- — &yoye 3 duw 3 -
2P 5hS) shund " s, () ot iolq Biological  Grain
(b & s rawye yield yield
Spikes Grain Grain
P (kg.ha™) Fungi  Bacteria number  number  weight (tha)
/m? Ispike  /spike (g)
-E 173.87 37.52 1.17 6.86 9.53 2.66
-Th +E 182.50 54.30 1.86 6.45 9.83 3.37
(+4.96)  (+4472)  (+58.97) (-5.97) (+314)  (+21.06)
0 E 175.50 44.20 1.67 6.88 10.33 3.45
- (+093)  (+17.80)  (+4273)  (+0.29) (+839)  (+29.69)
+E 221.16 53.20 1.77 4.74 8.53 3.78
(+27.19)  (+4179) (+5128)  (-30.90)  (-10.49)  (+42.10)
-E 277.00 41.30 1.52 7.13 10.33 3.19
-Th +E 279.00 50.00 1.80 7.07 10.53 3.46
(+0.72)  (+21.06)  (+18.42) (-0.84) (+193)  (+8.46)
50 E 291.40 46.40 1.71 6.64 10.43 3.79
- (+519)  (12.34)  (+12.50) (-6.87) (+096)  (+18.80)
+E 320.22 48.90 1.85 5.94 9.79 3.85
(+15.60)  (+18.40) (+21.71)  (-16.69) (5.22)  (+20.68)
-E 278.40 48.90 1.98 7.19 10.53 3.34
-Th +E 343.33 77.40 2.72 8.23 13.33 5.10
(+2332)  (+58.28)  (+37.37)  (+14.46)  (+2659)  (+52.69)
100 E 328.49 63.50 2.27 7.20 11.59 4.39
T (+17.99)  (+29.85)  (+14.64) (+0.13) (+10.06)  (+31.43)
+E 325.60 40.21 1.66 3.74 8.23 4.48
(+1695) (17.77)  (-16.16)  (-47.98)  (-21.84)  (+34.13)
LSD (0.05) 34.63 6.19 0.20 1.55 1.60 0.52
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Introduction

Regarding to the high cost and environmental pollution due to the overuse of chemical fertilizers, an
adoptable option for farmers are biofertilizers to increase crop productivity per unit area. Bio-fertilizers are
essential components of organic farming that play a vital role in maintaining long-term fertility and sustainability
of the soil by their ability to provide micro- and macro-nutrients and also to convert insoluble phosphorus (P)
into available forms to plants. Phosphorus as an essential nutrient is often fixed by most soils and is unavailable
to the plants. Therefore, application of the plant growth promoting rhizobacteria (PGPR) such as phosphate
solubilizing bacteria (PSB) can be proposed as an efficient solution to provide P for plants. These
microorganisms by staying on the plant roots surface through production of organic acids, vitamins and other
growth promoting materials could increase grain yield (GY) in many crops. In addition, Trichoderma spp.
fungus species symbiosis with plant roots and root growth stimulation could control plant pathogens by
production of antibiotics, induced systemic resistance and improve plant health that are known as other plant
growth promoting microorganisms. It has been reported that Trichoderma species have an ability to solubilizing
soil insoluble phosphate which resulted in improving the soil fertility and plant growth as well. Wheat (Triticum
aestivumL.) is an important source of human foods which its production is highly depending on the application
of chemical fertilizers. Therefore, to reduce the economic and environmental problems, this study aimed to
investigate the effect of Trichodermahamatum fungi along with Enterobacter sp. as a PSB on yield and yield
components of wheat (cv. ‘Milan’) in different levels of phosphorus fertilizer (TSP).

Materials and Methods

A field experiment was conducted in Mazandaran province (Sari city, located at 36°38' N, 53°32' E and 13.5
m asl) in 2014-15. The experiment was carried out in a factorial split plot arrangement based on a randomized
complete blocks design with three replications. Three levels of triple super phosphate (TSP; zero, 50 and 100 kg
ha™) were used as the main plot and both fungal (inoculation with Trichodermahamatum and uninoculated
control) and phosphate solubilizing bacteria (PSB) inoculations (inoculation with Enterobacter sp. and
uninoculated control), were served as the sub-plots. In this experiment, the traits related to yield and yield
components including number of spikes per square meter, grain number and grain weight per spike, straw yield
and biological yield, grain yield (tha™), harvest index and 1000-grain weight (g) were measured. Finally, data

analysis was performed using SAS 9.1 and means were compared by the least significant difference (LSD) test at
a 5% level of probability.

Results and Discussion

The results indicated that the effect of both Trichodermahamatum and Enterobacter sp. were statistically
significant on yield and yield components of wheat. GY increased from 2.66 to 3.45 (29.69%), 3.19 to 3.79
(18.80%) and 3.34 to 4.39 tha’ (31.43%) for 0, 50 and 100 kg.ha® of TSP, respectively, when
Trichodermahamatumwas used separately. In contrast, single PSB inoculation increased GY from 2.66 to 3.37
(21.06%), 3.19 to 3.46 (8.46%) and 3.34 to 5.10 t.ha™ (52.69%) when applied 0, 50 and 100 kg.ha™ of TSP,
respectively. Simultaneous application of these microorganisms significantly increased GY from 2.66 to 3.78

1, 2 and 3- Ph.D. Student of Agronomy, Tarbiat Modares University, Tehran, Iran, Associate Professor and Ph.D of
Agronomy, Department of Plant Molecular Physiology, Genetics and Agricultural Biotechnology Institute of
Tabarestan and Sari Agricultural Sciences and Natural Resources University, Iran, respectively.

(*- Corresponding author Email: h.pirdashti@sanru.ac.ir)

DOI: 10.22067/jag.v10i2.55488



A3 . poiS 5 Shac Sgute 3 yiSlg piis] 5 7S g loyo95s 7 56 gls i

(42.10%), from 3.19 to 3.85 (20.68%) and from 3.34 to 4.48 t.ha™ (34.13%) for 0, 50 and 100 kg.ha™ of TSP,
respectively.

Conclusion

The result of this study clearly indicate that presence of both Trichodermahamatum and Enterobacter sp.
along with different levels of TSP can increase yield and yield components of wheat as compared to the
application of TSP alone (without Trichodermahamatum and Enterobacter sp.).
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