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Abstract

Introduction: Azospirillum is the nitrogen fixing microorganisms which improves the growth and development of cereals
and other gramineae plants in association with their roots. The goal of present study was to investigate the effect of
Azospirillum irakense inoculation in combinations with ot without auxin (IAA) and/or gibberellin (GA3) treatment on the
growth and biochemical parameters of rice (Oryza sative cv. hashemi) seedlings, as well as observing the bacterial
colonization process in the root cells.

Methods: The roots of 21-days-old rice seedlings were treated with different concentrations (0, 100, 200 ppm) of IAA or
GA3 or a combination of both (200 ppm IAA+200 ppm GA3) for 4 weceks after inoculation with _Azosprillum.

Results: The process of bacterial colonization involves the formation of a biofilm, disintegration of the wall, entry of
bacteria into root parenchymal cells and development of isolated and scattered colonies. Dry and fresh weight of roots and
aerial parts, total dry and fresh weight, and relative growth rate was significantly increased after inoculation with bacteria.
The highest level of these parameters was obtained in the seedlings which inoculated with bacteria in combinations with
TAA plus GA3 treatment. Meanwhile, the amount of hydrogen peroxide in the roots, soluble protein, soluble sugar and
phosphorus was significantly increased in both roots and aerial parts of seedlings after inoculation with bacteria in
combinations with IAA plus GA3 treatment, compared to the control.

Conclusion: According to the current results, the application of Azespirillum irakense in combinations with IAA and GA3
treatment is a powerful strategy to improve rice seedlings growth .
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Figure 1- Colonization process of A. irakense in the roots of 21-days-old rice (O. sativa cv. Hashemi) seedlings. Root cells
of rice seedlings before inoculation with bacteria (A). Establishment of bacteria on the surface of root epidermis (B).
Destruction of the epidermal cell wall (C). Entry of bacteria into the root cell (D). Establishment of bacteria in the root

dermal layer and the beginning of colony formation (E). Single and scattered colonies of bacteria inside root cells (F).
(Black arrows indicate bacterial colonies; staining by aniline blue; magnification x 100)
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Table 1- Analysis of variance of growth parameters in rice (O. sativa cv. Hashemi) seedlings treated with different
concentrations of auxin (IAA) and gibberellin (GA3) and or in combinations with A. irakense inoculation

Fresh Fresh

Dry weight Fresh weight ~ Dry weight . Dry weight . Relative
Parameters df (aerial part) (aerial part) (root) V(Vf(;ggt (total) \?ﬁ)g;)t growth
Inoculation 1 744.90" 380.20™ 82.09™ 81.28™ 840.02" 326.15™ 5650.58™
Hormone type 1 176.80™ 712.98" 323.83" 122.53" 528.70™ 1856.25" 834.65"
Hormone concentration 5 189.24™ 63.43" 66.98" 79.51" 468.25™ 206.57" 383.31™
Inoculation* Hormone type 1 4143 44.92" 38.80™ 265.15" 119.3™ 87.047" 124.67"
Inoculation™ Hormone 5 305.2" 717.12" 23856 98.26" 381.26™ 516.31" 344.02"

concentration

Hormone type* Hormone 5 437" 629.02™ 108.09" 67.73" 660.11°" 186.74" 156.30"
concentration

Inoculation * Hormone

type* Hormone 5 81.11™ 308.56™ 54.06" 101.52" 588.80™ 93.80" 1748.27"
concentration
Error 32 13.65 33.15 21.14 712.59 37.32 402.22 12.87

el S5 (20 P0.05 g P <0.01 Jlzol mhaws o o 5 4y g

s«Significant at P < 0.01; *Significant at P < 0.05.
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Table 2- Comparison of average growth parameters of rice (O. sativa cv.hashemi) seedlings treated with different
concentrations of auxin (IAA) and gibberellin (GA3) and or in combinations with A. irakense inoculation. The results are
the average of 3 replicates. Each row indicated data average + standard deviation. Different letters in each row (each
indicator growth) show significant differences according to LSD test at P < 0.05. NI (non-inoculated plant), Al: (plants
treated with A. irakense), Ctrl (without hormone treatment), GA3+I1AA (both hormones, each 200 ppm)

Treatments under study

Growth indicators Inoculation Ctrl 1AA 1AA GA; (100ppm)  GA3 (200ppm) GAs+IAA
(100ppm) __(200ppm)

Fresh weight (root)(gr) NI 4.11+0.36%  5.21+0.219  5.46+0.36" 4.42+0.18 4.98+0.34" 5.89+0.15¢

Al 4.76+0.21'  501+0.54"  5.70+0.14° 6.01+0.11° 6.33+0.26° 6.60+0.332

Fresh weight (aerial part)(gr) NI 3.27+0.46'  3.83+0.21k  4.36+0.18 5.19+0.31" 5.75+0.28¢ 6.03+0.114

Al 4.61+0.24 5.23+0.369 5.48+0.46f 6.53+0.16° 7.1240.22° 7.84+0.32

Dry weight (root)(gr) NI 0.24+0.07%  0.42+0.179  0.51+0.600° 0.28+0.012) 0.34%0.05' 0.58+0.09¢
Al 0.39+0.07"  0.53+0.018"  0.69+0.03¢ 0.77+0.021° 0.85+0.014° 0.94+0.0162

Dry weight (aerial part )(gr) NI 0.74+0.08! 1.18+0.02"  1.25+0.04" 1.3740.079 1.47+0.3f 1.56+0.07¢

Al 1.38+0.05°¢ 1.460.12 1.64+0.09¢ 1.88+0.06°¢ 2.11+0.08° 2.7+0.0128
Dry weight (total)(gr) NI 0.98+0.012%  1.6+0.003'  1.76+0.019" 1.65+0.005' 1.81+0.0129 2.14+0.004¢
Al 1.77+0.009"  1.99+0.0047  2.33+0.008¢ 2.65+0.07¢ 2.96+0.05° 3.64+0.0172
Fresh weight (total)(gr) NI 7.38+0.11'  9.04+0.11%  9.82+0.04" 9.61+0.0241 10.73+0.43f 11.92+0.0124
Al 9.37+0.31  10.24+0.089 11.18+0.17¢ 12.54+0.4° 13.45+0.027° 14.4440.36°

Relative growth (gr/T) NI 0.08+0.06'  0.16+0.008X  0.20+0.06! 0.28+0.07" 0.35+0.016f 0.45+0.02¢
Al 0.24+0.08'  0.31+0.019  0.40+0.017¢ 0.51+0.05° 0.59+0.08° 0.63+0.0142
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Table 3- Aanalysis of variance of data obtained from the measurement of hydrogen peroxide in root, soluble sugar,
soluble protein and phosphorus in the aerial parts and roots of rice (Oryza sative cv. Hashemi) seedlings treated with

different concentrations of auxin (IAA) and gibberellin (GA3) and or in combinations with A. irakense inoculation

soluble soluble Soluble Soluble Phosphorus Phosphorus Hydrogen
Parameters df sugar (aerial sugar protein protein (aerial part) (root) peroxide
part) (root) (aerial part) (root) (root)

Inoculation 1 523.10" 734.33" 624.03™ 323.55" 28.06" 480.79™ 131.06"
Hormone type 1 2263.18" 254.63" 714.24" 272.98™ 648.91™ 167.10" 452.19"
Hormone concentration 5 17.32™ 229.42" 6571.12" 87.43™ 96.1073" 25.16" 386.33™
Inoculation* Hormone 1 36.44™ 118.7" 50.74™ 139.04™ 907.1™ 291.72" 73.86"
type
Inoculation* Hormone 5 882.41" 509.019™ 392.38" 14.548" 320.50" 17.80™ 652.02"
concentration
Hormone type* 5 165.17" 194.26" 25.40™ 201.37" 135.066™ 220.3" 339.75™
Hormone concentration
Inoculation * Hormone 5 469.43" 56.24™ 67.80" 417.17" 83.22" 56.26™ 126.97"
type* Hormone
concentration
Error 17 19.98 31.58 215.11 118.2 43.56 97.20 106.20

ool s £2e P<0.05 5P <0.01 Jlool o )3 (o5 4y g

sxSignificant at P <0.01; *Significant at P < 0.05.
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Figure 3- The amount of soluble sugar in (A) aerial parts and (B) roots of rice (O. sative cv. Hashemi) seedlings treated
with different concentrations of auxin (IAA) and gibberellin (GA3) and or in combinations with A. irakense inoculation.
The results are the average of 3 replicates. Different letters show significant differences according to LSD test at P < 0.05.

NI (non-inoculated plant), Al: (plants treated with A. irakense), Ctrl (without hormone treatment), GA3+IAA (both
hormones, each 200 ppm)
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Figure 4- The amount of soluble protein in (A) aerial parts and (B) roots of rice (O. sative cv. Hashemi) seedlings treated
with different concentrations of auxin (I1AA) and gibberellin (GA3) and or in combinations with A. irakense inoculation.
The results are the average of 3 replicates. Different letters show significant differences according to LSD test at P < 0.05.
NI (non-inoculated plant), Al: (plants treated with A. irakense), Ctrl (without hormone treatment), GA3+IAA (both
hormones, each 200 ppm)
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Figure 5- Phosphorus content in (A) aerial parts and (B) roots of rice (O. sative cv. Hashemi) seedlings treated with
different concentrations of auxin (1AA) and gibberellin (GA3) and or in combinations with A. irakense inoculation. The
results are the average of 3 replicates. Different letters show significant differences according to LSD test at P < 0.05. NI

(non-inoculated plant), Al: (plants treated with A. irakense), Ctrl (without hormone treatment), GA3+IAA (both
hormones, each 200 ppm)
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Figure 6- Hydrogen peroxide content in roots of rice (O. sative cv. Hashemi) seedlings treated with different
concentrations of auxin (IAA) and gibberellin (GA3) and or in combinations with A. irakense inoculation. The results are
the average of 3 replicates. Different letters show significant differences according to LSD test at P < 0.05. NI (non-
inoculated plant), Al: (plants treated with A. irakense), Ctrl (without hormone treatment), GA3+IAA (both hormones,
each 200 ppm)
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