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Table 1. Some physicochemical properties of soil sample.
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Table 2. Some chemical characteristics of organic manures and their biochars.
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Table 4. Effect of organic manure and arbuscular mycorrhiza fungi on root colonization percentage of corn in

a calcareous soil.
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table S. Effect of organic manure and arbuscular mycorrhiza fungi on shoot and root dry matter of corn

(g pot™) in a calcareous soil.

SMB PMB SM PM C
(LIS 55 5) alpn plbil 2 o3le
Shoot dry matter (g pot™)
7.14 € 5.19" 12.30° 4.89 M 9.21¢ 4.107 NG
740" 7.02° 11.61° 5618 8.16° 461" FM
8.594 10.80 ¢ 11.94° 521" 9.36¢ 5.61¢ GV
7.67¢ 11.954 5.24° 8.91°B 477°F
(OIS s pf) iy, S esle
Root dry matter (g pot™)
1.61°€ 1.21¢ 2.62° 1.20M 2.05°¢ 1.00¢ NG
1.70 ® 1.63° 227" 137°F 1.81¢ 1.12° FM
1.954 251" 2.54° 1.27¢ 2.08° 1.37F GV
1.78 € 2.544 1.28° 1.98° 1.16 E

L Sls e S5l O ge5T Ao s 0 a2 bl 5l e U Ot a3 S e S S L SLp Gy gl sla Sl
* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 6. Effect of organic manure and arbuscular mycorrhiza fungi on chlorophyll index of corn leaf in a

calcareous soil.

SMB PMB SM PM CL

30.47 A 31.50 ™ 30.30 ¢ 34.57° 30.00 26.00 © NG

31.64 4 32.07 *¢ 33.87°% 32.30 ¢ 32.27 ¢ 27.70 % FM

31.08* 30.17 « 33.20® 32.00 ¢ 29.67 30.77 © GV
31.24 8¢ 32.46 AB 32.96 4 30.64 € 28.02°
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* Numbers followed by same letters in each column and rows are not significantly (P<0.05) different.
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Table 7. Effect of organic manure and arbuscular mycorrhizae fungi on nitrogen, phosphorous and potassium

(mg pot™') uptake by corn shoot in a calcareous soil.

(Organic manure) Ji 3,5

SMB PMB SM PM CL
oSl 3o zb
Mean Nitrogen (Fungi)
19578 161.9° 318.1° 142.7 ¢ 258.7°¢ 9721 NG
192458 183.1¢ 294.9° 145.08 223.8¢ 1152" FM
240.0 4 295.0° 329.6° 143.3 ¢ 286.1° 146.0 ¢ GV
. /‘L.»
2133¢ 31424 143.7° 25625 119.5F o
Mean
oSl e
Mean Phosphorous
12.03 € 9.23 ¢ 21.35%® 8.83 ¢ 14.56 ¢ 6.17¢ NG
13438 15.25¢ 19.95° 9.79°¢ 14.19¢ 7.96 " FM
14.674 15.16¢ 22.08*° 8.62 ¢ 17.57°¢ 9.89° GV
. /‘L.»
13.22°¢ 21.134 9.08 " 15.44® 8.00 " o
Mean
oSk el
Mean Potassium
2073 ° 377.3*° 1732 270.1¢ 123.17 NG
2302°¢ 2409 ¢ 379.0° 1929 % 258.2% 14741 FM
243,78 313.2° 3703 ¢ 154.5M 287.1°¢ 203.6" GV
. /‘L.»
265.7 % 253.8°¢ 37554 173.5° 271.8% 158.0 ¢ o
Mean

.MJ‘}&ML&‘}O}A}TM)JO Ckﬂﬂ)aéjhfjﬁijl,bﬂﬂ\idﬁﬂ}ﬁ):gﬁjziﬂ S S LS5 iy gl Lguai?l.:aﬁ

* Numbers followed by same letters in each column and rows, are not significantly (P<0.05) different.
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Table 8. The mean squares of some micronutrients uptake of corn as affected by organic manure application

and inoculation by arbuscular mycorrhizae fungi.

t23) o 5K (;“T @slsl e s S @L’ﬂ
Zinc Copper Manganese Iron DF S.0.V
i
53208.990** 20674.566** 258946.279** 30178.475%* 4 S s
oM
27103.485%* 2434.705%* 44053.878** 168241.626** 2 e
F
G s x JI
6417.255% 1588.489** 23453.223%%* 14287.480™ 8 el iix s
OM x F
(P
2526.531 225.095 1003.393 10782.804 30
Error

.)bwr&«}wﬁ@‘.wp\_{icla.u):)bd'#\,.;jq"s} ¢

** % and ™ are significant at 0.01, 0.05 probability level and not significant respectively.
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Table 9. Effect of organic manure and arbuscular mycorrhiza fungi on some micronutrients uptake by corn
shoot in a calcareous soil.

S ass
Organic manure
SMB PMB SM PM CL
oSl ol )]
Mean Iron Fungi
269.9 B 254.6 406.5 311.5 192.1 185.0 NG
4589 4442 560.3 363.5 550.4 376.6 FM
28168 262.7 343.2 225.4 255 321.8 GV
. /'L.a
320.5° 436.74 300 ° 32258 29458 oS
Mean
oSl s
Mean Manganese
526.1 B 42581 860.3 ° 408.0° 603.6 ¢ 33278 NG
535.1 B 484.0° 767.2° 491.2° 550.4 ¢ 382.8 ¢ FM
624.1 4 765.7° 849.8 ° 390.1F 636.0 ¢ 479.2° GV
. /'L.a
558.5°¢ 825.8* 429.8° 596.6 8 398.2°F oS
Mean
@fv'l:ﬂ 23]
Mean Zinc
183.8 B 122.7° 231.0% 192.6 266.6 ¢ 105.9°¢ NG
21155 168.6 « 285.9 % 2282 248.5 % 126.3°¢ FM
26724 193.1 < 359.4 ® 166.8 % 421° 195.8 GV
. /'L.a
161.5 5% 292,14 1959 " 312.04 142.7 € oS
Mean
oSl o
Mean Copper
123.8 8 87.9 & 218.7° 86.7 & 159.7 < 66.23 NG
117.58 94,9 ¢ 178.8 % 101.8 & 129.9 ¢ 81.9 & FM
142.0 4 144.9 % 187.5° 78.42 M 190.5° 108.7 & GV
. /'L.a
109.2 € 195.0 4 88.9° 160.0 ® 85.6° oS
Mean
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* Numbers followed by same letters in each column and rows, are not significantly (P<0.05).
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Abstract

Background and Objectives: The use of biochar and organic manures have positive effects on
soil fertility, crop production and carbon sequestration in soil. However, their effects depend on
soil characteristics, plant species and type of the raw material used in the production of biochar.
Therefore, the aim of this study was to evaluate the effects of application of organic manures
(sheep and paltry) and their biochars, two species of arbuscular mycorrhizal fungi and their
interactions on shoot and root dry matter, root colonization percentage, chlorophyll index and
uptake of some micro and macro-nutrients by corn in a calcareous soil under greenhouse
condition.

Materials and Methods: To do this research, appropriate amount of soil from surface
horizon (0-30) of a calcareous soil was collected, air dried and passed through 2 mm sieve. A
factorial experiment as a completely randomized design was conducted with three
replications. The first factor including organic manure at five levels (without organic manure
(Cl), sheep manure (SM), paltry manure (PM), sheep manure biochar (SMB) and paltry
manure biochar (PMB) each at 2% w/w) and the second factor was fungal inoculation
(non-inoculation (NG), inoculation with Funneliformis mosseae (FM) and Glomus versiform
(GV)). Biochars were produced using the pyrolysis of organic manures (500 °C during 4 h) in
the limited oxygen conditions. After applying treatments, 5 corn seeds were planted at a depth
of about 2 cm in plastic pots. During the growth periods, soil moisture content was maintained
at about 80% of field capacity using distilled water. After 10 weeks of plant growth, shoot and
root dry matter, chlorophyll index, root colonization percentage and the concentration of
nitrogen, phosphorous, potassium, iron, manganese, zinc and copper of shoot were measured.
The amount of nutrient uptake was calculated by multiplying the nutrient concentration in
shoot dry matter.

Results: The highest increase of root colonization was observed in the GV fungi treatment by
112%. Also, application of organic treatments (except SMB) increased root colonization
percentage significantly. Addition of each four types of organic treatments caused a significant
increase in chlorophyll index compared to control, so that, the highest value was observed in
the SM treatment. In organic treatments, the sequence of shoot and root dry matter, uptake
of nitrogen, phosphorous and potassium, was as follows: PMB > PM > SMB > SM > Cl.
Also, the effect of application of GV fungi on enhancement of above mentioned characteristics
was higher than FM fungi considerably. Application of GV unlike FM fungi, led to a significant
increase of copper and manganese uptake by 14.7 and 18.6% compared to control respectively.
The sequence of copper and manganese uptake in different organic treatments, was as
follows: PMB > PM > SMB > SM > Cl. Among the treatments, only separate application
of PMB and FM fungi caused a significant increase of iron uptake compared to control.
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Application of FM and GV fungi significantly increased uptake of zinc by 15 and
45.4% compared to control respectively. The sequence of zinc uptake in organic treatments
was as follows: PM=PMB > SMB=SM > CI. The results of interaction effects of treatments
showed that the effect of simultaneous application of fungi and organic manure on
studied indices were different and depended on type of applied organic manure and mycorrhizae
fungi.

Conclusions: The results showed that the use of SMB and PMB were more effective to increase
the yield and uptake of nutrients by corn than their raw materials (SM and PM). In general,
it seems that simultaneous application of PMB and GV fungi was more effective to improve the
most studied factors than other treatments.

Keywords: Root colonization percentage, Funneliformis mosseae, Glomus versiform, Nutrients
uptake, Organic manure
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