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Tabel 3- Interaction effect of phosphorus fertilizer and fungal inoculation on yield and yield
components of rice plant

lo,Los g yS Abs> 039 abgs o Seild )39
Treatments Panicle weight/plant  Paddy weight/panicle
S log B gedls . c
Phosphorus (kg/ha) Fungi inoculation ofplant) s o5
L 38.37° 1,72
Control
S il 52.09% 1.77%
0 Seed inoculation (+35.7)F (+2.9)
s ails 40.95%" 1.83"
Seedling inoculation (+6.7) (+6.3)
ol 5Lt x )iy el 46.15™ 1.81%
Seed x Seedling (+20.2) (+5.2)
wals 34.06° 161°
Control
% il 49,53 2.01°
5o Seed inoculation (+45.4) (+24.8)
ol ils 40.67%1 1.78%
Seedling inoculation (+19.4) (+10.5)
ol oLz x 3y il 51.78% 1.83%
Seed x Seedling (+52.0) (+13.6)
wals 37.95" 1.81%
Control
A il 45,11 1.96®
100 Seed inoculation (+18.8) (+8.2)
sl rpils 52.22° 1.96®
Seedling inoculation (+37.6) (+8.2)
ol 5L x iy el 42,66 1.67"
Seed x Seedling (+12.4) (-7.7)
OB woys zn Jlim! mhaw ;0 LSD s3] Goluly aiibice S By sl gtw ,o 30 a5 Sl Sile
W, gl sixe

Ailn pind gl 2 55 Gals Lo 4 Cond () G285 L () Glil e ps Sl T
Means in each column fallowed by similar letters are not significantly different at the % 5 probability
level (LSD Test).
1% increase (+) or decrease (-) as compared to the control at each level of phosphorus
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@ ok 8 Shee slizl 5 3 Khae 5 7B il 5 yand 395 (1S om T Jgaz sl
Tabel 3- Interaction effect of phosphorus fertilizer and fungal inoculation on yield and yield

components of rice plant

b loss G 5ol o Slae g 3,Shos
Treatments Straw yield Biomass yield
S oz B 7l . =
Phosphorus (kg/ha) Fungi inoculation @/plant 5. > 5
wals 48.01° 84.23°
Control
I el 68.30° 118.09
0 Seed inoculation (+42.2) (+40.1)
oL ekl 50.18"" 92.28'
Seedling inoculation (+4.5) (+9.5)
Jolo 5L x iy eails 57.43%% 104.52%
Seed x Seedling (+19.6) (+24.0)
ks 46.12° 80.00°
Control
5% il 62.09™ 112.50®
50 Seed inoculation (+34.6) (+40.6)
LS eedls 42.39° 94.32°
Seedling inoculation (-8.0) (+17.9)
Jolo oLt % dy eails 59,122 110.95™
Seed x Seedling (+28.1) (+38.6)
wals 45.08" 81.34°
Control
% il 53.84°f 105.61"
100 Seed inoculation (+19.4) (+29.8)
sLis ils 63.68% 116.06°
Seedling inoculation (+41.2) (+42.6)
Jols ol x 3 il 58.75" 100.57%
Seed x Seedling (+30.3) (+23.6)

OB woys zn Jis! mhaw ;0 LSD ge5] Goluly aiilbice S By s gtw ,o 30 a5 Sl Sile

W, gl sixe

Db e yad mhaw o 0 sals L 4 Cas (£) 285 L () il ssys Sl T
Means in each column fallowed by similar letters are not significantly different at the % 5 probability

level (LSD Test).

1% increase (+) or decrease (-) as compared to the control at each level of phosphorus
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@l oplply gei o,lil (Mohammadi Kashka et al., 2017) s, oL5 o Skee 4 (2015
3 ol ol @Ulg 4 ]y @iy olS ead 59 Slio s Dl pil> Ghagh sladidly
Sl Cas LS 0l ) Sgugs

olis (F Jouz) wip Soks o Shae b (w30 9590 Sl (o (g ) o0le (Koot mlis

~:'":"$L55:.l.»i’»)s L}(_g)“) . 5 - .:.

A\


http://arpe.gonbad.ac.ir/article-1-285-en.html

*Keandadsas *Anjiqeqoad Juadidad 2uo pue AL} JO [9AJ] AU JB UL IP JURDYIUTIS “DOUIYJIP JULIIUTIS-UOU iy y PUR 4 ‘SU
QU # 6 i el B ord bbe i e 6 emce e o mer2 (e RR 6 R oo

;.MH

551 (832,18 Olidss oy

954

Xopur 1SoAILH

I L7900 w00 wlS0" wlT0- «t6°0 L0 WIT°0" 500 sl 1°0 «0T0 3 S— I
- : : : : PIaIL Apped
1 «SL0 «lCT0 600~ S0 wP90  4l9°0 16070 €00 uSC0 S 0l
PIRIA ssewolg
I +£8°0 5u80°0 w8007 LEC0 L P60 u60°0 ull70" wST0 sopslc (Fmndco 6
. . . . . PIoIL meng
I wlCTO 2860~ WPTO  L.€8°0 «90°0 A «l0°0 snele S G 8
JUDIL]J20D Furuonnie
I w850 WST0  6£0 w9000 W00 WLO0- e L
» ) . ) ) XOpul JSAIRY d[OIUL ]
I sucC 0 wSTO0 «l0°0 9170 w6170 e Ko < 9 M
appuedpysiom Lppe -
1 20CS°0 w800~ u80°0 «0T0 660 ek o o Sy N
. . . wedaydom dprueg
| «001°0 suCl’0- sucl’0 §0 by of Hey 14
13ud) opd1UR ]
| ul0°0" w6170 [ e €
N IFU] UoISNIXT _
I3U[ A[oULPA ]
! ) :
I1 01 6 8 L 9 S 14 € [4 I = e

AT b 9 3l 093 0 lowss 0, o> 2,93/ (LS (559!

(9¢=u) uejd 3011 Jo sjudu0dwod PIAIA PUB PIIIA UIIMIIG STUIIDLFI0I UONRIIO)) - J]qe.

2ob[? 4 ol qeiy® e worsle 6149 sershe se € (44-1)

[ 72-90-920z o JrJe-pequobi-ad.e woiy papeojumod ]


http://arpe.gonbad.ac.ir/article-1-285-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-06-24 |

e b (ool 0l o8 i1 Audod b lad po (S el b 39

aig ;0 Seald o9 Slao b dig ,0 abgs )39 (Scmmad g (T «/AY™) wigs cuslop jasls
ooy g (I = <JAY™) IS g olS o Slae o =+ I¥AT) puped cuyd I = OV
oLhKen 5 bygess ol agh slbanl L glhe og o dme § cute (=-/AF7)
Swen (Aminpanah and Sharifi, 2013) 4 .5 5 olu el 9 (T€iMoorian et al., 2009)

g ()15 ailo o Shee L) o cedlap (a3l 5 039y ) Slio Jla dne 5 Soe

0395 Wa 5S> Ade> (j) @i ade> b e e lao S5 Tk vl Cesots @l ggezme o
9% gl 5 azal S b mil alex Al sla sy 4 bog,B el g )0 (abss )0 Seuls
59 36L5 L alia 5 45y Lo 5 b i ol 525 355 brma oo plad 55 253 e
Seaes Gl ay e0gicens 5 g )0 aligs (159 9 dlawd Dlao (5)ld g j9bay (g )6 il
2 ko et Olyeas Seilis o Sles 5yl g Fl Galosl Gal g3 yid Bras &S alr o]
395 S polis jlosliul b les oo a5 0505 Zlicwl lgs oo Heboopl 1 el ailas z Jgame
s Ol Bl o5 b Blas b Gl poodle ol Gl 9p) L olyes jaud
S Car wsrs ol bl g HE s B 55 ehd leed 355 e
5 P n Sl @ slp Bras cele i Ol g Ghlalen, cnl syl
il e Gl b5 5 ol Bl 5 5 e Stz 53 loa5 Sl

&l Sl

o085 G )en b b (65,5liS (555l Sy 9SG oSy 5l abewgins
5 acyie ool JIE LS s Cgma KaS goeme (dedeme BT Ol 5l g 7,6 sladisS
385 o0 )l pl> g plnil o Saslis

&L

Abdolahi A.A., Zarea M.J. 2015. Effect of mycorrhiza and root endophytic fungi

under flooded and semi-flooded conditions on paddy vyield and yield

components of rice. Electronic Journal of Crop Production, 8 (1): 223-230. (In
Persian).

Achatz B., Kogel K.H., Franken P., Waller F. 2010. Piriformospora indica

mycorrhization increases grain yield by accelerating early development of

VOF


http://arpe.gonbad.ac.ir/article-1-285-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-06-24 |

AT e 3 Ferl 50 03k e 0,93 AU (555I50 303951 52,415 i 4

barley plants. Plant Signaling and Behavior, 5 (12): 1685-1687.

Aminpanah H., Sharifi P. 2013. Path analysis of rice (Oryza sativa L.) grain yield
and its related components in competition with barnyard grass (Echinochloa
crus-galli (L.) P. Beauv.). Journal of Crop Production and Processing, 3 (9):
105-120. (In Persian).

Bae H., Sicher R.C., Kim M.S., Kim S.H., Strem M.D., Melnick R.L., Bailey B.A.
2009. The beneficial endophyte Trichoderma hamatum isolate DIS 219b
promotes growth and delays the onset of the drought response in Theobroma
cacao. Journal of Experimental Botany, 60 (11): 3279-3295.

Bagde U.S., Prasad R., Varma A. 2010. Interaction of mycobiont: Piriformospora
indica with medicinal plants and plants of economic importance. African
Journal of Biotechnology, 9: 9214-9226.

Benitez T., Rincon A.M., Limon M.C., Codon A.C. 2004. Biocontrol mechanisms
of Trichoderma strains. International Microbiology, 7: 249-260.

Boudaghi H., Yunesian M., Mahvi A.H., Mohammadi M.A., Dehghani M.H.,
Nazmara S. 2012. Cadmium, lead and arsenic concentration in soil and
underground water and its relationship with chemical fertilizer in paddy soil.
Journal of Mazandaran University of Medical Sciences, 22: 20-28. (In Persian).

Cuevas C. 2006. Soil Inoculation with Trichoderma pseudokoningii rifai enhances
yield of rice. Philippine Journal of Science, 135 (1): 31-37.

Dashti Gh., Javadi A., Eshghi T.A. 2011. Estimating economic values of land and
family labor in producing rice. Journal of Economics and Agricultural
Development, 24 (4): 433-439. (In Persian).

De Costa W.A.J.M., Weerakoon W.M.W., Herath H.M.L.K., Amaratunga K.S.P.,
Abeywardena R.M.l. 2006. Physiology of yield determination of rice under
elevated carbon dioxide at high temperatures in a subhumid tropical climate.
Field Crops Research, 96: 336-347.

Doni F., Isahak A., Zain C.R.C.M., Yusoff W.M.W. 2014. Physiological and
growth response of rice plants (Oryza sativa L.) to Trichoderma spp. inoculants.
AMB Express-a Springer Open Journal, 4: 2-7.

Elad Y. 2000. Biological control of foliar pathogens by means of Trichoderma
harzianum and potential modes of action. Crop Protection, 19 (8-10): 709-714.

Ha T.N. 2010. Using Trichoderma species for biological control of plant pathogens
in Vietnam. Journal of International Society for Southeast Asian Agricultural
Sciences, 16 (1): 17-21.

Hajiniya S.; Zaree M.J. 2015. Effect of co-inoculation of endophytic fungus
Piriformospora Indica and Azospirillum strains on some physiological traits,
nutrient absorption and grain yield of wheat (Triticum aestivum cv. Sardari)
under salt stress conditions. Plant Production Technology, 6 (2): 149-161. (In
Persian).

Hashem A., Abd-Allah E.F., Algarawi A.A., Al Hugail A.A., Egamberdieva D.

100


http://jcpp.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Aminpanah
http://jcpp.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Sharifi
http://jcpp.iut.ac.ir/article-1-1939-en.html
http://jcpp.iut.ac.ir/article-1-1939-en.html
http://jcpp.iut.ac.ir/article-1-1939-en.html
http://jead.um.ac.ir/index.php/jead/article/view/8191
http://jead.um.ac.ir/index.php/jead/article/view/8191
http://www.sciencedirect.com/science/journal/02612194
http://arpe.gonbad.ac.ir/article-1-285-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-06-24 |

e b ol 0, 03 7 Adgh b bad o (5 el S92

2014. Alleviation of abiotic salt stress in Ochradenus baccatus (Del.) by
Trichoderma hamatum (Bonord.) Bainier. Journal of Plant Interactions, 9 (1):
857-868.

Hermosa R., Viterbo A., Chet I, Monte E. 2012. Plant-beneficial effects of
Trichoderma and of its genes. Microbiology, 158: 17-25.

Jan K., Boswal M.V. 2015. Effect of biofertilizer and organic fertilizer on
physiological characteristics of bread wheat (Triticum aestivum L.).
International Journal of Scientific Research and Management, 3 (2): 2073-2089.

Jogawat A., Saha S., Bakshi M., Dayaman V., Kumar M., Dua M., Varma A,
Oelmdiller R., Tuteja N., Johri A.K. 2013. Piriformospora indica rescues growth
diminution of rice seedlings during high salt stress. Plant Signaling and
Behavior, 8: €26891-6.

John R.P., Tyagi R.D., Prévost D., Brar S.K., Pouleur S., Surampalli R.Y. 2010.
Mycoparasitic Trichoderma viride as a biocontrol agent against Fusarium
oxysporum f. sp. adzuki and Pythium arrhenomanes and as a growth promoter
of soybean. Crop Protection, 29: 1452-1459.

Kumar M., Yadav V., Tuteja N., Johri A.K. 2009. Antioxidant enzyme activities in
maize plants colonized with Piriformospora indica. Microbiology, 155: 780-
790.

Lafitte H.R., Li Z.K., Vijayakumar C.H.M., Gao Y.M,, Shi Y., Xu J.L., Fu B.Y.,
Yu S.B., Ali AJ., Dominigo J., Maghirang R., Torres R., Mackill R. 2006.
Improvement of rice drought tolerance through backcross breeding: evaluation
of donors and selection in drought nurseries. Field Crops Research, 97: 77-86.

Malla R., Prasad R., Kumari R., Giang P.H., Pokharel U., Oelmdiller R., Varma A.
2004. Phosphorus solubilizing symbiotic fungus: Piriformospra indica.
Endocytobiosis and Cell Research, 15: 579-600.

Mathivanan N., Prabavathy V.R., Vijayanandraj V.R. 2005. Application of talc
formulations of Pseudomonas fluorescens Migula and Trichoderma viride Pers.
ex S.F. Gray decrease the sheath blight disease and enhance the plant growth
and yield in rice. Journal of Phytopathology, 153: 697-701.

Mishra N., Sundari S.K. 2015. Native PGPM consortium: a beneficial solution to
support plant growth in the presence of phytopathogens and residual
organophosphate pesticides. Journal of Bioprocessing and Biotechniques, 5 (2):
1-8.

Moghadassi R. 2009. An strategy to meet food security (based on determined goals
in agricultural section). Islamic Parliament Research Center, Tehran. (In
Persian).

Mohammadi Kashka F., Pirdashti H., Yaghoubian Y., Bahari Saravi S.H. 2016.
Effect of Trichoderma virens and Piriformospora indica coexistence with
Enterobacter sp. on the growth and photosynthetic pigments in pepper
(Capsicum annuum L.) plant. Plant Ecophysiology, 8 (26): 121-133. (In

\I\Yd


http://arpe.gonbad.ac.ir/article-1-285-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-06-24 |

AT e 3 Ferl 50 03k e 0,93 AU (555I50 303951 52,415 i 4

Persian).

Mohammadi Kashka F., Pirdashti H., Yaghoubian Y., Bakhshandeh E. 2017.
Evaluation of growth and yield stability of wheat by application of Trichoderma
and Enterobacter sp.. Agricultural Science and Sustainable Production, 26 (4):
1-15. (In Persian)

Mohammadi Kashka F., Pirdashti H., Yaghoubian Y., Mohammadi Kashka O.
2017. Effect of Trichoderma virens and Piriformospora indica inoculation
fungi on yield and harvest index of rice (Oryza sativa L.) cv. Tarom Hashemi.
The 1™ National Conference of Agriculture, Natural Resources and Veterinary
of Ardakan, 11 May, Ardakan, Iran, 7 p. (In Persian).

Oelmidiller R., Sherameti I., Tripathi S., Varma A. 2009. Piriformospora indica, a
cultivable root endophyte with multiple biotechnological applications,
Symbiosis. 49: 1-17.

Patel R.N. 2015. Comparision of antagonistic effects of the endophytic fungi and
Trichoderma species against soybean charcoal rot disease under greenhouse
conditions. International Journal of Humanities, Arts, Medicine and Sciences, 3
(2): 25-40.

Rai M., Varma A. 2005. Arbuscular mycorrhiza-like biotechnological potential of
Piriformospora indica, which promotes the growth of Adhatoda vasica.
Electronic Journal of Biotechnology, 8: 107-111.

Ramezani B., Hanifi A. 2011. Recognition of geographical diffusion of stomach
cancer in Gilan province. Journal of Environmental Science and Technology, 13
(2): 79-91. (In Persian).

Saharan B.S., Nehra V. 2011. Plant growth promoting rhizobacteria: a critical
review. Life Sciences and Medicine Research, 2011: 1-30.

Samuels G.J. 1996. Trichoderma: a review of biology and systematics of thegenus.
Mycological Research, 100: 923-935.

SAS Institute. 2004. SAS User’s Guide: Statistics, Version 9.1. SAS Institute Inc.,
Cary. NC, USA.

Sepehri M., Saleh Rastin N., Hossieni Salkedeh G., Khayam Nekouie M. 2009.
Effect of endophytic fungus, Piriformospora indica, on growth and resistance
of Hordeum vulgare L. to salinity stress. Rangeland, 3 (3): 508-518. (In
Persian).

Sharma P., Patel A.N., Saini M.K., Deep S. 2012. Field demonstration of
Trichoderma harzianum as a plant growth promoter in wheat (Triticum
aestivum L.). Journal of Agricultural Science, 4: 65-73.

Sherameti I., Shahollari B., Venus Y., Altschmied L., Varma A., Oelmuller R.
2005. The endophytic fungus Piriformospora indica stimulates the expression
of nitrate reductase and the starch-degrading enzyme glucanwater dikinase in
tobacco and Arabidopsisroots through a homeodomain transcription factor
which binds to a conserved motif in their promoters. Journal of Biological

oy


http://arpe.gonbad.ac.ir/article-1-285-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2026-06-24 |

e b ol 0, 03 7 Adgh b bad o (5 el S92

Chemistry, 280: 2641-7.

Shokrzadeh M., Rokni M.A., Galstvan. 2013. Lead, cadmium, and chromium
concentrations in irrigation supply of/fand Tarom rice in central cities of
Mazandaran province, Iran. Journal of Mazandaran University of Medical
Sciences, 22 (98): 234-242. (In Persian).

Sun C., Johnson J.M., Cai D., Sherameti I., Oelmiller R., Lou B. 2010.
Piriformospora indica confers drought tolerance in Chinese cabbage leaves by
stimulating antioxidant enzymes, the expression of drought-related genes and
the plastid-localized CAS protein. Journal of Plant Physiology, 167: 1009-1017.

Teimoorian M., Galavi M., Pirdashti H., Nasiri M. 2009. Yield and yield
components of three rice (Oryza sativa L.) cultivars in response to source-sink
limitations and different nitrogen fertilizer. Journal of Plant Production, 16 (3):
49-66. (In Persian).

Vadassery J., Ritter C., Venus Y., Camehl 1., Varma A., Shahollari B., Novak O.,
Strnad M., Ludwig-Muller J., Oelmuller R. 2008. The role of auxins and
cytokinins in the mutualistic interaction between Arabidopsis and
Piriformospora indica. Molecular Plant-Microb interactions, 21 (10): 1371-
1383.

Vance C.P., Uhde-Stone C., Allan D.L. 2003. Phosphorus acquisition and use:
critical adaptation by plants for securing a nonrenewable resourse. New
Phytologist, 157: 423-447.

Verma J.P., Yadav J., Tiwari K.N., Kumar A. 2013. Effect of indigenous
Mesorhizobium spp. and plant growth promoting rhizobacteria on yields and
nutrients uptake of chickpea (Cicer arietinum L.) under sustainable agriculture.
Ecological Engineering, 51: 282-286.

Vessey J.K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant and
Soil, 255: 571-586.

Vinale F., Sivasithamparam K., Ghisalberti E.L., Marra R., Woo S.L., Lorito M.
2008. Trichoderma plant pathogen interactions. Soil Biology and Biochemistry,
40: 1-10.

Yaghoubian Y., Pirdashti H., Mohammadi Goltapeh E., Feiziasl V., Esfandiari E.
2012. Investigation of dryland wheat (Triticum aestivum cv. Azar2) plants
response to symbiosis with arbuscular mycorrhiza and mycorrhiza like fungi
under different levels of drought stress. Journal of Agroecology, 4 (1): 63-73.
(In Persian).

Zhu F., Qu L., Hong X., Sun X. 2011. Isolation and characterization of a
phosphate-solubilizing halophilic bacterium Kushneria sp. YCWAL8 from
Dagiao Saltern on the coast of Yellow Sea of China. Evidence-Based
Complementary and Alternative Medicine, 2011: 1-6.

VOA


http://arpe.gonbad.ac.ir/article-1-285-en.html
http://www.tcpdf.org

