VEF liano) F oyl Y al S 50,8 Sliiss

Studying the Effect of Microbial Inoculation on Phosphorus Solubility
and some Growth Indices of Maize (Zea mays L.) Plants

Masoumeh Hosseinit® Mohsen Barin?, Mirhassan Rasouli-Sadaghiani?, Farrokh
Asadzade* Jafar Sufian®

(Received: April, 2025 Accepted: , July, 2025)

Abstract

Given the importance of corn as a crop and the potential of highly efficient indigenous
microorganisms for producing inoculants and utilizing low-soluble and insoluble phosphate mineral
resources, a study was conducted to investigate the effect of microbial inoculants on phosphorus
solubility and selected growth and nutritional characteristics of corn. The study used a completely
randomized design with six treatments: phosphorus chemical fertilizer of triple superphosphate type
at the recommended rate (1.8 g per pot), biofertilizer at the recommended rate (1.8 g per pot, based
on the optimal amount determined by MINITAB software), biofertilizer at twice the recommended
rate, chemical fertilizer (50%) plus biofertilizer, chemical phosphorus fertilizer (25%) plus
biofertilizer, and a control (no fertilizer), each with three replications. At the end of the growing
season, growth indices, plant yield, and other desired traits were measured. The results showed that
the highest shoot height (130.9 cm) occurred in the biofertilizer treatment at twice the recommended
amount, the highest stem diameter index (7.63 c¢cm) in the combined treatment of 50% chemical
fertilizer and biofertilizer, and the highest plant dry weight (4.7 g per pot) in the biofertilizer treatment
at the recommended rate. The effect of fertilizer treatments was significant for total nitrogen content
(p<0.05), phosphorus concentration (p<0.001), and potassium concentration (p<0.01). The highest
absorption rates of zinc and manganese in the phosphorus chemical fertilizer and biofertilizer at the
recommended rate were 2.75 and 2.2 times higher than the control, respectively. The effect of
fertilizer sources was significant forbasal respiration rate at the surface (p<0.001) and microbial
biomass carbon at the surface (p<0.05). For most measured traits, there was no significant difference
between the chemical phosphorus fertilizer treatments and the biological fertilizer. Therefore,
microbial phosphorus fertilizers have the potential to increase plant growth indices.
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Table 1. Range of experimental values of variables used in modeling

Independent variable Factor Domain & values
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Table 2. Concentration of main compounds present in phosphate rock sample (XRF results)

Cl SO3 SiOz MgO F Fe,O3 AL,O3 CCE P,0s5
Composition %
Phosphaterock <0.1 0.25 161 0.83 0.62 21.6 4.25 48 7.3
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Table 3. Vermicompost decomposition results
Organic . Ratio .
Sample pH EC Carbon Nitrogen C/N Phosphorus  Potassium
1:5) (1:5)dS m? . /A
Vermicompost 7.9 1.63 25 2.03 12.7 0.56 0.4
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7. Microbial biomass carbon
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Table 4. Matrix of Coded Values of Variables Used in Central Composite Design (CCD) Modeling

Experiment Encoded values of the variables Available

Number Sulfur Phosphate-Rich Organic matter phosphate

Soil (mg kg)
1 1.00 0.00 0.00 338.1
2 0.00 0.00 1.00 666.3
3 -0.59 -0.59 0.59 596.7
4 0.59 -0.59 -0.59 664.9
5 -0.59 -0.59 -0.59 601.5
6 0.59 0.59 -0.59 338.5
7 0.00 0.00 0.00 506.2
8 0.00 0.00 0.00 506.2
9 0.00 -1.00 0.00 518.4
10 -1.00 0.00 0.00 332.6
11 0.59 0.59 0.59 507.6
12 0.00 0.00 0.00 500.1
13 0.00 0.00 0.00 510.0
14 -0.59 0.59 -0.59 310.3
15 -0.59 0.59 -0.59 372.8
16 0.59 -0.59 -0.59 308.5
17 0.00 0.00 -1.00 233.6
18 0.00 0.00 0.00 506.2
19 0.00 1.00 0.00 391.9
20 0.00 0.00 0.00 508.4

The actual values corresponding to the coded levels (-1, —0.59, 0, +0.59, +1) were as follows: for organic matter (5, 14.1,
27.5, 40.5, 50 grams), for sulfur (0, 6.1, 15, 23.9, 30 grams), and for phosphate soil (20, 32.2, 50, 67.8, 80 grams),

respectively.

Jolmo Glawd Clilé JSowdon 1y 635 30 <5 0 Tk Slaboania @b ol ps -850
Table 5. Polynomial Function Coefficients from Central Composite Design (CCD) for the Prediction of
Soluble Phosphate Concentration

Model Component  Model parameters Adjusted Mean F-statistic P-statistic
Squares

Model intercept intercept 29163 8.47 0.001
oM 126128 36.65 0.0000

Linear S 202 0.06 0.813
RP 53558 15.56 0.003

OMxOM 965 0.28 0.608

Quadratic SxS 34418 10 0.01
RPxRP 613 0.18 0.682

OMxS 27370 7.94 0.018

Interaction OMxRP 1800 0.52 0.486
SxRP 18802 5.46 0.042

OM, S, and RP denote organic matter, sulfur, and phosphate soil, respectively

Dissolved P (mg.kg-1) = 504.4 + 161.6X1 -
105.3X2 - 6.5X3 — 23.1X12 - 18.4X22 - 138.2
X32-42.4 X1 X2 +165.4 X1 X3+ 137.1 X2 X3

R2 =0.8841
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Figure 1. Comparison between observed & predicted concentrations of soluble phosphate using the Central
Composite Design (CCD) mode
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Figure 2. Distribution of residuals from the Central Composite Design (CCD) model
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Figure 3. Pareto analysis results comparing the effects of input parameters in the Central Composite Design
(CCD) model on phosphorus solubilization.
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Table 6. Results of soil analysis used in greenhouse substrate

Feature Unit Amount
Soil texture Clay loam
Clay particles A 35
Silt particles A 25
Sand particles A 40
pH 7.69
EC dSm? 05
Calcium Carbonate A 19.5
Organic Carbon A 0.5
Phosphorus mg kg 7.4
Potassium mg kg? 230
Iron mg kg? 9.1
Copper mg kg? 1.2
Zinc mg kg 0.6
Manganese mg kg 10.1
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Table 9. Analysis of variance of fertilizer sources impact on the macronutrient’s uptake in corn plant

Mean squares

Sources of changes Degree of freedom

Nitrogen Phosphorus Potassium
Fertilizer sources 5 3301.949" 139.289" 4143.765™
Error 12 865.910 5.574" 368.089
CV% - 21.30 11.01 16.26
significant at p<0.001 , p<0.01 and p<0.05 probability level **, and

Spany polie ©ix p 6085 @l P (ke dunlio i -V+ Jguer
Table 10. Mean comparision results of fertilizer sources impact on the macronutrients uptake

- . Potassium

Fertilizer sources Nitrogen Phosphorus
Phosphorus fertilizer as recommended 3.07%® 053¢ 2.86°
Biofertilizer as recommended 29 ® 0.55¢ 2902
Biofertilizer 2 times the recommendation 3.73 ¢ 0.54 ¢ 3.08°
Phosphorus chemical fertilizer (50%) + biofertilizer 3.7 @ 0.51% 2.66 2
Phosphorus chemical fertilizer (25%) + biofertilizer 3.21%® 0.50 2702
Control (without fertilizer) 2.61° 0.34° 1.87°
LSDg.05 1.02 0.05 0.43

Means with the same superscript letters are not significantly different according to Duncan’s multiple range test at P <

0.05
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Table 11. Analysis of variance of fertilizer sources impact on the macronutrients concentration in corn plant

Mean squares

Sources of changes Degree of freedom

Nitrogen Phos&? orus Potassium
Fertilizer sources 5 0.739" 0.017™ 0.538™
Error 12 0.334 0.001 0.060
CV% - 17.74 6.44 9.13

ay

,""and " significant at p<0.001 , p<0.01 and p<0.05 probability level
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Table 12. Mean comparision results of fertilizer sources impact on the macronutrients concentration in corn

plant
- . Potassium
Fertilizer sources Nitrogen Phosphorus
%

Phosphorus fertilizer as recommended 14482 24.43% 133.72
Biofertilizer as recommended 141.0%® 258 @ 150.0%
Biofertilizer 2 times the recommendation 161.7 2 24.36® 13292

. o 0
P_hosphqrus chemical fertilizer (50%) + 165.6 2 9391 2 12324
biofertilizer

. - 0
P_hosphqrus chemical fertilizer (25%) + 14482 21.6b 12324
biofertilizer
Control (without fertilizer) 63.1° 8.39°¢ 44,79°
LSDo.05 52.35 4.20 34.13

Means with the same superscript letters are not significantly different according to Duncan’s multiple range test

at P <0.05
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Table 13. Analysis of variance of fertilizer sources impact on the micronutrients uptake in corn plant
significant at p<0.05 probability level

Fertilizer sources Manganese Zinc

(mg. pot™?)
Phosphorus fertilizer as recommended 0.22@ 0.22@
Biofertilizer as recommended 0.22°2 0.22°2
Biofertilizer 2 times the recommendation 0.17%® 0.20 %
Phosphorus chemical fertilizer (50%) + biofertilizer 0.17% 0.21®
Phosphorus chemical fertilizer (25%) + biofertilizer 0.14° 0.19%®
Control (without fertilizer) 0.08°¢ 0.1°

Means with the same superscript letters are not significantly different according to Duncan’s multiple range

test at P < 0.05.

@3 0l )0 B pan o polic wia p (5395 @ilvo FI (Rl duslilo s —1F Jgu
Table 14. Mean comparision results of fertilizer sources impact on micronutrients uptake in corn plant

Fertilizer sources

Manganese/Zinc

(mg. Kgh)

Phosphorus fertilizer as recommended 47.42¢% 48.96°
Biofertilizer as recommended 47.53° 44.33 %
Biofertilizer 2 times the recommendation 38.27 % 47.62 %
Phosphorus chemical fertilizer (50%) + biofertilizer 38.02 % 48.592
Phosphorus chemical fertilizer (25%) + biofertilizer 32.01° 45,09 ®
Control (without fertilizer) 32.67° 39.86°
LSDo g5 10.08 5.56

Means with the same superscript letters are not significantly different according to Duncan’s multiple range

test at P < 0.05.
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Table 16. Analysis of variance of fertilizer sources impact on soil microbial indices

Sources of changes  Degree of freedom

Mean Squares

Substrate- Microbial
Basic breathing stimulated .
Lo biomass carbon
respiration
Fertilizer sources 5 2404.056" 158.222" 87573.656"
Error 12 205.611 22157.000
CV% - 14.26 16.20

*hk K

,and "™: significant at p<0.01, p<5 probability level and unsignificant

S (29,500 sl p 5395 ilv F1 (Sl s lio s -1V Jgur
Table 17. Mean comparision results of fertilizer sources impact on soil microbial indices

Basic respiration Microbial
Fertilizer sources biomass carbon
(mgCO,-C/kg.day) (mg.kg?)
Phosphorus fertilizer as recommended 66.00 © 968.0 @
Biofertilizer as recommended 72.00 ¢ 934.00 2
Biofertilizer 2 times the recommendation 88.00 2 1012.0®
Phosphorus chemical fertilizer (50%) + biofertilizer 80.67 1123.02
Phosphorus chemical fertilizer (25%) + biofertilizer 49.00 ¢ 866.7 ®
Control (without fertilizer) 10.00 ¢ 618.00 °
LSDo.0s 12.12 264.00

Means with the same superscript letters are not significantly different according to Duncan’s multiple

range test at P < 0.05.
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