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Table 1. Some physicochemical properties of soil sample.
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. Sl 52
Value Unit Property
(%) -
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(%) -
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(%) Clay
—————— - LY
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______ Soil texture
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47.61 (%) b
(%) CCE
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Continue Table 1.
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Table 2. Some chemical properties of biochar sample.
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Table 3. Analysis of variance of the effects of biochar and P. indica application on growth indices of corn and

some biology properties in Zn-contaminated soil.

oS ‘ o Pl gl 5 Os
9 S Bl N ol sl
5195 03 45 e < ;w i ~ s silss ol &) 4 St e
T . microbial stem DF SOV
microbial biomass respiration diameter height of fresh weight -
carbon the shoot of the shoot
i
4.86%* 0.63** 0.56%* 28.96%* 781.46%* 1
Fungus
S
27.35%* 50.82%* 2.29%%* 1102.77** 2332.5]** 2 )
Biochar
199.62%* 69.61%* 6.05%* 2183.13** 5170.33%* 4 e
Zn
g x g8
0.69%* 0.04** 0.39%* 19.47%* 69.71%* 2 .
Biochar x Fungus
[CEX3Re @B
0.61** 0.1%* 0.73%* 54.66** 639.41%* 4
Zn x Fungus
S %0k s
3.12%* 1.75%* 0.11%* 35.85%* 57.51%* 8 .
Zn x Biochar
S0 X0l X )b
0.31%* 0.27%* 0.05%* 6.41%* 50.26** 8 .
Zn xBiochar x Fungus
Lo
0.11 0.002 0.01 0.7 12.18 60
Error
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** and * Significant at 1% and 5% probability level, according to the F test, ™ statistically not significant.
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Table 4. Effect of Biochar and P. Indica on fresh weight of corn shoot (g pot™) in different levels of applied Zn.

(535 o)) 5l s
Biochar (Weight percent)

oS 4 2 0
Mean
P.indica (-) 7,8 & =d ode
162.48" 171.408 160.011 156.041 0
172.85° 178.66° 174.04% 165.85" 50
181.86¢ 189.35¢ 182.02¢ 174.21"% 100 ;i)
158.097 164.24" 157.19% 152.83™ 200 (S5 2 e Sk
153.909 163.12' 153.54"™ 145.03" 300 (mgke™)
165.84" 173.36" 165.39° 158.79" oSSl
P. indica (+) G)l} C"d‘
174.19° 183.75¢ 175.20° 163.63" 0
185.42° 194.01° 185.41¢ 176.85 50
200.66" 222.52° 195.35" 184.11¢ 100 ;i)
152.03¢ 157.35% 151.91™ 146.82" 200 (¢SS 5 Sk
146.35" 154.40%™ 147.27" 137.38° 300 (mgke™)
171.73% 182.40% 171.03¢ 161.76" oSSl

.th&ﬂ»?ﬁjj;ﬁ;_éw\uﬁbw):oc]aw)ai;d!;Q)A)‘TQMSJLL«&}SQf)fdf&)bg;}i:)\ib};ﬂjbﬁASL;:L,\;l

The numbers which followed by the same letters in each column and rows are not significantly (P<0.05) different.
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Table 5. Effect of Biochar and P. Indica on hight of the shoot of corn (cm) in different levels of applied Zn.

($is o) Db g

Biochar (Weight percent)

oS 4 2 0
Mean

P. indica (-) E)l} L C'A‘ ple
153.62° 160.20° 153.44" 147.254 0
159.74° 165.10° 159.54F 154.57" 50
171.028 183.72° 166.97° 162.37° 100 éi)
150.656 155.15" 150.87 145.93™ 200 (¢SS 5 S ke
145.98! 150.35 146,53 141.05" 300 (mg kg)
156.20" 162.90* 155.47¢ 150.23" oSk

P. indica (+) E)l} C'A‘

157.36" 160.55° 158.62% 152.90' 0
163.41¢ 168.10° 164.54° 157.58¢ 50
174.65" 183.83" 175.43° 164.70° 100 ;i)
147.83" 153.08 148.36% 142.04" 200 (¢SS 5 Sk
143.43' 147,519 144.81™ 137.98° 300 (mg kg)
157.34* 162.62% 158.35" 151.04° oSk

.ngd)uTﬁji)izwqw!ﬁbwﬁoc]aw)ay/v'l;Q}A)'TL_M‘SJ;;.':,«&?I}SQf)fg_éf&)z‘q.iz)guj;ﬂjmﬁdéslxl

The numbers which followed by the same letters in each column and rows are not significantly (P<0.05) different.

odd os S0 ‘5‘9)u&’$ucjhm)> (,’.«@L«s) T AL.S/ &l ki P indica G)Gj)‘.‘:ﬁ PR RIPRES

Table 6.

Effect of Biochar and P. Indica on stem diameter of corn (cm) in different levels of applied Zn.

($is o) Db g

Biochar (Weight percent)

. /‘L.a
ok 4 2 0
Mean
P. indica (-) E)l} L C'A‘ ple
3.49° 3.67% 347" 3.33m4 0
3.72° 3.93¢ 3.67% 3.57% 50 Py
E5)
422" 4.47% 4.13¢ 4.07® 100 7n
337° 3,53 337" 3.20 200 (558 oS ko)
-1
3.220 3.30™ 3.23% 3.13% 300 (mgkg™)
3.60° 3.78" 3.57° 3.46" oSl
P. indica (+) E)l} C'A‘

3.81° 430% 3.730 3.40"° 0
4.06° 4.67° 3.87" 3.63% 50

S
487" 5.57° 4.63% 4.40° 100 7n
3.19¢ 3.33™ 3.17°¢ 3.07% 200 (558 oS ko)

-1

2.89H 3.10° 2.90" 2.67" 300 (mgkg™)
3.76% 4.19* 3.66° 3.43" oSl

.ngd)uTﬁji)izwqw!ﬁbwﬁoc]aw)ay/v'l;Q}A)'TL_M‘SJ;;.':,«&?I}SQf)fs_‘sfg_ii)mqﬂ:)\io};ﬂﬁ):édau;l

The numbers which followed by the same letters in each column and rows are not significantly (P<0.05) different.
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Table 7. Effect of Biochar and P. Indica on microbial respiration of corn (mg g™') in different levels of applied Zn.
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The numbers which followed by the same letters in each column and rows are not significantly (P<0.05) different.
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Table 8. Effect of Biochar and P. Indica on microbial biomass carbon of corn (mg g”) in different levels of

applied Zn.
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Abstract

Background and Objectives: The symbiotic relationship between endophytic fungi and plants
due to its significant influences on the growth and yield of plants under the conditions of soil
pollution has an effective role in heavy metal stress tolerance in plants. The purpose of this
study is to investigate the effect of rice husk biochar and the endophytic fungus; Piriformospora
indica; on some growth indicators (the shoot height, fresh weight and stem diameter) on corn
and biological properties (microbial respiration and microbial biomass carbon) of a Zn-polluted
soil under greenhouse condition.

Materials and Methods: To do this research, suitable amount of soil from surface horizon
(0-30) of a calcareous soil was collected, after air drying, samples were passed through a 2 mm
sieve. This experiment was conducted in a completely randomized factorial design experiment
with three factors including Zn (0, 50, 100, 200 and 300 mg kg soil), rice husk biochar
(0, 2 and 4 weight percent) and P. indica (non-inoculated and inoculation with fungi). Biochars
were produced using the pyrolysis of rice husk (500 °C for 4 h) in the limited oxygen
conditions. For propagation of fungi and production of sufficient amount of spores, the isolates
of the fungus were cultured and stored at 24 °C in the incubator for 4 weeks. Before the corn
was cultivated, after addition of biochar and zinc for 2 months, soil was incubated in field
capacity moisture conditions at 25 °C. After 8 weeks of plant growth some biological and
morphological characteristics were measured.

Results: At levels of 2 and 4 (% w/w) biochar, The shoot fresh weight, the shoot height and
stem diameter of the control plants and non-inoculated with P. indica significantly increased by
4.14 and 9.18 percent, 3.49 and 8.43 percent, 3.18 and 9.25 percent respectively. Where as in
the same conditions, shoot fresh weight of plants inoculation of P. indica was 5.73 and 12.76
percent, the shoot height was 4.84 and 7.67 percent and stem diameter showed a significant
increase 6.71 and 22.61 percent compared to the control plants respectively. Also average
microbial respiration and microbial biomass carbon in soil after corn harvesting in non-
inoculated of P. indica plants in condition at levels of 2 and 4 (% w/w) biochar of the control
(without biochar) 39.33 and 47.83 percent and 12.69 and 31.30 percent significant increase
respectively (P<0.05). But the amount of these indicators of plants inoculation of P. indica at
levels of 2 and 4 (% w/w) biochar of the control (without biochar) 40.85 and 46.63 percent and
2.96 and 26.48 percent significant increase respectively (P<0.05).
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Conclusion: Application of 2 and 4 (% w/w) biochar resulted in significant increases in the
shoot height, fresh weight and stem diameter on corn plant as well as microbial respiration and
microbial biomass carbon of the soil. While this increase is more in the plants inoculation with
P. indica fungi. Increasing biochar levels increases the nutrients absorption and improves
plant growth. In addition, the P. indica fungi is likely to improve corn growth due to the
production of growth stimulants and the increased nutritional capacity of the mineral nutrients
for the plant. Also, the height, fresh weight and diameter of the shoots increased at levels of
50 and 100 mg kg™ of Zn and decreased at higher levels (200 and 300 mg kg™), possibly at high
zinc levels due to decreased cytokinin, Iron, potassium and calcium, as well as increased
ethylene and growth inhibitors inhibit corn growth.

Keywords: Endophytic Fungi, Heavy metals, Microbial biomass carbon, Microbial respiration
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