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Table 1. Variance analysis of characters

MS ciy p St
Y TN S am s wE el FRR A Gl R grpren w03, WLE s g1
SOV df Plant height Spike length Stem diamerer Tillplant Plant dry weight Bq/plant
(cm) (cm) (mm) (®

Azospirillum (A) (A ok sl 1 1509763 30020 2567" 363.000" 320488 2614340150385
Mycorthia (M) M1, 5 1 355.341° 11 841" 3.050™ 70,083 g2nd’’ 123197443
AM AM i o 1 20413" 2784 100630 8333 233107 39198363125
Streptomyces (S) (S) iy 1 12.803™ 0.193" oon” 0.083" 0.064% 3726143.551™
AS AS e < 1 19.001" 0.208" 55.685" 56,333 0.012™ 715578011516
MS MS i o1 1 37632 21.655" 64635 168750 131374" 504089776154
AMS AMS Jice i 1 207501"" 3183" 179,027 §333 n4" 9787112.714™
Dung (D) (D) fsagf 1 2017613 64.961 139.060" 444083 642623 01551041763
AD AD pucs i 1 293417 2980™ 1.577% 208333 54.934" 78476818.095
MD MD i e 1 1 161333 12817 03500 0.750™ 1613 6024386592
AMD AMD pie ot 1 169.501 1.599" 62792 12000 2140 13505717436
SD SD e i 1 1 36401 0811™ 0.035™ 90,750 1.085™ 36365437.125
ASD ASD i 1 34003 0.952" 36227 85333 0391% 1677466.132"
MSD MSD tes i 1 93521 0247 36227 0.750% 3.769% 1739746.401"
AMSD AMSD e ci 1 92963 0.056™ 510477 833 11574 49126304128
Extor w 32 3343 1,620 11352 0.77 2405 597658.66
oV . - 241 1138 873 559 260 564

ns, * and **: Non significant, significant at the 5% and 1% levels of probability, respectively.

Jtaze1 13 i.onr.%g_uc...s..__.,mtnv.q..t.m{.._..,._.._m
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Tahle 2. Mean comparison of main effects and binary interactions of experimental factors

i -SP_WJ' i J g Gl i NE Jpps NEJEIPNN Ao Gy
Treatment Plant height Spike length Stem diamerer Tilljplant Plant dry weight By/plant
{cm) (cm) (mm} ®
ag 70.29 10.40 338 1.30 5.69 354125
ay 815 11.98 338 10.84 6.21 5038.3%
mg 7317 10.69 3.83 145 5.82 3876.70
g 78.62 11.68 3.88 1.70 6.08 4673.33
sn 75.24 11.12 3n 1.57 5.95 4266.74
3] 76.55 11.2% 3.99 1.56 5.96 47717.13
da 69.41 10.02 3.68 1.26 5.95 3582.01
&y 82.38 12.35 4.02 1.87 6.32 50.17.82
Agma 65.33¢ 9.66d 3.66b 1.21d 5.4% 3230.48d
g 75.24b 11.13b 4.00a 1.37c 5.90b 3884.62c
agp 81.02a 11.72a 3.76ab 1.68b 6.15a 4574.24b
wgmy 81.99a 1223a 4.00a 2.00a 6.27a 5510.57a
a0sq 69.00c 10.27 3.58b 1.18b 5.69b 3416.90c
apsy .57 10.53b 4.08a 1.40¢ 5.70b 3684.08¢
150 81.47a 11.98a 3.84ab 1.74b 6.21a 5183.98a
a3s) 81.53a 11.98a 3.91a 1.95a 6.22a 4900.61b
ngsp 69.72¢ 9.95¢ 3.62b 1.26d 5.65¢ 3555.54c
mgyy 76.63b 11.43ab 4.14a 1.63b 5.99b 4210.43b
misy 30.76a 12.29a 3.85b 1.88a 6.25a 5037.43a
mys) 76.48b 11.07p 3.80b 1.50¢ 5.92b 4329.29b
agdo 61.33¢ 8.98¢ 3.64b 1.20¢ 5.22d 2976,28¢
apdy 79.24b 11.81b 4.02a 1.39b 6.17b 4175.05b
adp 77.49¢ 11.06b 3.73b 1.33b 5.95¢ 4323.88b
adg 85.52a 12.8% 4.03a 235 6.47a 58.98.78a
mgdp 64,864 9.36¢ 372b 1.15d 5414 3150.62d
mpdy 81.45b 12.02a 401a 1.74b 6.24b 4679.00b
mydo 73.97¢ 10.68b 3.65b 1.37¢ 577 4034.44¢
myd; 83.27a 12.68a 4.04a 2.00a 6.40a 5363.71a
sodo 67.88d 9.83c 3.55¢ 1124 5.5Th 3489.32¢
spdy 8259 12.42a 3.38b 1.74b 6.33a 4931.57b
sydg 70.94b 10.22b 3.82bc 1.40¢ 5.61b 3675.27¢
sydy 82.17a 12.28a 4.17a 2.00a 6.31a 5103.71a
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Table 3. Mean comparison of threefold and fourfold interactions of experimental factors

M oASp i i J g Al i 53 sy s 0fy W s gy
Treatment Plant height Spike length Stem diamerer Till/plant Plant dry weight Bg/plant
(cm) {cm) {mm) {g)
apmosgy 59.17¢ 8.60d 344c 1.03e 5.26e 2748.82f
agmos] 71.504 10.72bc 4.56a 1.33d 5.73d 3748.96e
agmisy 78.83¢ 11.93abe 3.72bc 1.71c 6.13bc 4158.71d
agm 18] 71.65d 10.33¢ 3.60c 1.10e 5.66d 3613.28¢
AMgsy 30.27bc 11.31abe 3.80bc 1.43d 6.05¢ 4452.80c
a1mesy 81.77ab 12.13ab 3. 71be 1.93b 6.25ab 4697.18¢
amysg 82.68a 12.65a 3.89¢ 205a 6.37a 5946.71a
ajmisy 81.30ab 11.82abc 4.11b 1.96ab 6.18abc 5093.61b
agmodg 52.67e 7.90e 371k 1.08f 4.9 2485.24g
agmedq 78.00¢ 11.42bed 4.10a 1.35¢d 6.08cd 4077.85de
agmydg 70.00d 10.07d 3.58b 1.31de 5.54e 3513.35€
agmydy 30.48b 12.20abc 3.74b 1.43¢ 6.25bc 4266.50d
amedy 77.05¢ 10.83cd 3.73b 1.23¢ 5.91d 3892.20e
aqmgdy 84.98a 12.62ab 3790 213b 6.39ab 5297.18b
aymidg 77.93¢ 11.30bed 3720 1.43c 6.00d 4585.44¢
armydy $6.05a 13.70a 4.27a 258a 6.55a 6507.49a
agspdp 58.23d 8.58c 331c 1.08e 5.21d 2731.44e
agspdy 79.67b 11.95ab 3.86ab 1.16e 6.17b 4175.54¢
ags1dg 64.33c 9.38¢c 3.98ab 1.284 5.234 332204d
agstdy 7887 11.67ab 418 1.31d 6.16b 4167.79¢
arspdo 77.43b 11.081 3.78ab 1.50¢ 5.5%¢ 4073.04¢
ayspdy 85.52a 12.88a 3.91ab 1.98b 6.49 6106.57a
arsido 77.55b 11.05b 3.6Tbe 1.50¢ 5.98bc 4151.25¢
a1s1dq 85.52a 12.90a 4.15a 2.73a 6.45a 5686.12b
mospdo 59.13f 8.43d 3384 1.03e 5.19f 272298
mysod 80.30¢ 11.48bc 3.87abe 1.43¢ 6.11cd 4484.31c
mysidg 70.58e 10.30¢ 4.06ab 1.21d 5.62¢ 3597.24d
mps1dq 82.68b 12.55ab 421a 2.05a 6.36b 4870.10b
mysgdp 76..63d 11.23be 3.72bed 1.71b 5.94d 4325.74c
mjsgdy 84 83 13.35a 3.8%abe 2.05a 6.55a 5788.43a
mysydp 71.30¢ 10.13¢ 3.59d 1.10e 5.5% 3746.304
mqsydy 81.65bc 12.02ab 4.12ab 1.96a 6.25bc 49.52.62b
agmosedg 42.00f 6.531 2.88¢ 1.004 4.86g 1932.53)
apmgsody 76.33cd 10.67bede 4.01abed 1.20gh 5.93e 3839.85h
agmosdg 63.33e 927 5.54a 1.16gh 5.2 3208.57i
apmgsidy 79.67¢ 12.17abe 4583 1.15¢ 6.23bed 4322.740g
aomisgdg 74.67d 10.63bcde 3.75¢d 1.63ef 5.84e 3801.13h
agiispdy 83..00b 13.23a 3.70cd 1.80d 6.41b 45625 26ef
aginys1dg 65.33¢ 8.50e 3.41de 1.004 5.24f 3235.54i
aplmsydy 77.79d 11.17abede 3.79d 1.06hi 6.00de 4015.25gh
amospdp 76.27cd 10.32cde 3.88bed 1.200gh 5.80e 3779.68h
aqmypspdy 84.27ab 12.30abc 3.88bcd 1.66de 6.29b¢ 5159.93¢d
aimgsido 77.83¢d 11.33abcde 3.58cd 1.26g 6.01cde 3999.59gh
aymosydg 85.70ab 12.93ab 3.85bed 2.60b 6.49ab 5436.08¢
aimisgdy 78.60c 11.83abed 3.69¢d 1.80d 6.04cde 4865.32de
agmispdy 86.77a 13474 4.09abc 230¢ 6.6% 7101.43a
amys1do 77.27cd 10.77bcde 3.76cd 1.06i 5.95¢ 4301.194g
ajmysid; 85.33ab 12.87ab 4.40ab 2.86a 6.41b 5932.64b
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Fig. 1. Trend of activity per plant with using Azospirillum and Mycorrhiza.
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Fig. 2. Trend of activity per plant with using Mycorrhiza and Streptomyces
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G;I:J.U"_,Jg.:?dﬂ.w disls b 1) b s ol lil 5o 5)""&(&‘0
ple o0 5 S ootiga ool Gt 785 BT Cilase 1 b g3
fgﬁfjulju)cdﬁcﬁw.uy cssiban odige

References oLkl 990 Bl
(B S s g o ) Cdlag OS5 L LT ATV e bt
XVXA o ¥ et VY i T 5 S s ) s s S 510355 A 5 s i A TVY L5055 0
O o1 (65,5380 a5 ) SBT3 s 55 p b e ST ol 5 Tl ) ATV T sy
s b g 3 02870 Y ST Y K 1 58 Sl B s b U5l 33057 g s VEVY Ll il
ol Dl 5 gl sty Dot 55T oMRls s S5
Ol gl g5l ol il slanas ach Sl g Jguel NTVY o aE e ool
Olgies) oty Lt 05 Ko s B b AYVA L JF 45 5.0 g Gl (ol el
BALDANI, V.L.D. MAB. ALVAREZ, J. 1. BALDANI, and I. DOBEREINER. 1989. Establishment of inoculated
Azospirillum spp. In the rhizosphere and in roots of field grown wheat and sorghum. Pland and Soil. 90:35-46,
BAREA, J. M, A. F. BOINS and A. OLIVERES. 1983. Interactions between Azospirillum and VA mycorrhiza and
thner effects on growth and nutrition of maize and ryegrass. Soil. Boil. Biochem. 15:705-709.
BASHAN, U, and J. G. DUBROVSKY. 1996. Azospirillum spp. Participation in dry matter partitioning in grasses at
the whole plant level. Biol. Fertil. Soil. 22:435-440.
BHATTARAT, T. and D. HESS. 1993. Yield response of Nepalese spring wheat (7. aestivum) cultivars to
inoculation with Azospirrilum spp. of Nepalese origion. Plant and Soil. 151:67-76.
CHALK, P.M. 1991. The contribution of associative and symbiotic nitrogen fixation to the nitrogen nutrition of
non-legumes. Plant and Soil. 132:29-39.
MERICH R. L., C. W. ZIMMER and C. VIELLE. 1992. Assoceative nitrogen fixing bacteria. In: Biological nitrogen
fixation. (Ed. By G. STACEY et al.,). Chapman and Hall pubiisher.

FITTER, A. H. and J. GARBAYE. 1994. Interactions between mycorrhizal fungi and other soil organism.

1Y



Yy a3 2 it

In:Management of mycorrhizas in agriculture, horticulture and forestry. (Ed. By A.D. ROBSON, L. K. ABBOTT
and N. MALAJCZUK). PP. 123-132. Kluwer Academic Publisher.

GEORGE, E. K. HAUSSLER, S. K. KOTHAR], X. L. LI and H MARSCHNER.. 1994. Contribution of
mycorrhizal hyphae in ecosystems. (Ed. By D. J. READ, D. H. LEWIS, A. H. FITTER, 1. J. ALEXANDER).
PP. 42-47. CAB International Publisher.

HEGAZI, N. A, M. MONIB, H. A. AMER and E. S. SHOKR. 1983. Response of mays to inoculation with
Azospirillum and straw amendment in Egypt. Can. J. Microbiol. 29:888-894.

ISAAC, S. 1992. Fungal-Plant Interactions. Chapman and Hail Publisher.

ISHIZUKA, J. 1992. Trends in biological nitrogen fixation research and application. Plant and Soii. 141:197-209.

KAPUILNIK, Y., J. KIGEL. Y. OKON. . NUR and Y. HENIS. 1981. Effect of Azospirillum inoculation of some
growth parameters and N-Content of wheat, sorghum and panicum. Plant and Soil. 61:65-70.

KENNEDY, A C. and ], K, SMITH. 1995. Soil microbial diversity and the sustainability of agricultural soils. Plant
and Soil. 170:75-86.

LAMBERT, D. H. and T. C. WEIDENSAUL. 1991. Element uptake by mycorrhizal soybean from sewage sludge
treated soil. Journal of American Soil Science. $5:393-398.

MARSHCHNER, H. 1994. Nutrient dynamics at the soil-root interface (Rhizosphers). In: Mycorrhizae in ecosystems.
(Ed. By D. 1. READ, D. H. LEWIS, A. H. FITTER, 1. . ALEXANDER). PP:3-12. CAB International
Publisher.

MOHAMMAD, M. I, W. L. PAN and A. C. KENNEDY. 1995. Wheat responses to Vesicular Arbuscular
Mycorrhizal fungi inoculation of soils from eroded to posequence. Journal of American Soil Science Society.
59:1086-1090.

PANWAR. J. D. 8. 1992. Effect of VAN and Azosporillum inoculation on metabolic changes and grain yield of wheat
under moisture stress condition. Indian Journal of Physiology. 35:157-161.

POWELL, C. L. ard D. J. BAGGARA. 1986. VA. Mycorrhiza. CRC Press. INC.

REYNDERS, L. and K. VLASSAK. 1982. Use of Azospirrilum brasilense as biofertilizer in intensive wheat cropping.
Plant and Soil. 66:217-223.

SARACCHI, M., S. QUARONI, P. SARDI and PETROLINT. 1991. Relationships between S57 Streptomyces sp.
and roots and its utilization in the improvement of crop production. New approaches in biolegical control of
soil-born disease. Proceedings Workshop, Copenhangeen, Denmark. 30 June-4 July.

SARDI, P., M. SARACCH, S. QUARONI, B. PETROLINI, G. BORGONOVI and S. MERIL. 1992. Isolation of
endophytic Streptomyces strains from surface sterlized roots. Appl. Environ. Microbiol. $8:2691-2693.

TALUKDAR, NC. and J. J. GERMIDA. 1995. Growth and yield of lentil and wheat inoculated with three Glomus
isolates from Saskatchwan soils. Mycorrhiza. 5:145-52,

TARAFDAR, J. C. and H. MARSCHNER. 1994. Dual inoculantion with Aspergillis fumigatus and Glomus mossen

1A



VYA OY oyl oo g A "l 0] p gl Al

enhances biomass production and nutrient uptake in wheat (T. aestivum) supplied with organic phosphorous and

Na-Phytate. Plant and Soil. 173:97-102.

TRIPLETT, E. W. 1996. Diazotrophic endophytes. Progress and prospects for nitrogen fixation in monocots. Plant
and Soil. 186:29-38.

ZIMMER, W. and H. BOTHE. 1988. The phytohormonal interactions between Azospirilum and wheat. Plant and

Soil. 110:239-247.

4



