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Table 1- Physico-chemical properties of the test site soil
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Table 2- Physico-chemical properties of the applied vermicompost
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Table 3- Analysis of variances (mean squares) of the effect of treatments on the measured traits
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V: Vermicompost, B: Thiobacillus, F: Iron spraying and Z: Zinc spraying
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** *
¢

*,**and ns: Significant at 1 and 5% of probability and non-significant, respectively.
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Table 4- Effects of vermicompost, Thiobacillus, iron spraying and zinc spraying on the measured traits of corn
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Vo: without vermicompost, V;: with vermicompost, B,: without Thiobacillus, B: with Thiobacillus, Fy: without iron spraying, Fi:
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* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncans' test.
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od3 535 w» (Arachis hypogaea L.) _wejebls ;> (2013
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Table 5- Effects of the two-fold interactions of vermicompost, Thiobacillus, iron spraying and zinc spraying on the measured
traits of corn

el 5,Slos 3, Slos oo 59
I 09 Wb sl Bl Sl g8 6‘{’” ”" dfh P ) PR ) e
I (0,5) &it> I ) (Sesle) PRNS) @5 5ks) r » (32 3)
Treatment 1000- Seed  Number (o, Stem (U2 (WSe p (05eks (o,5sks  Protein
weight (g) of seed Stem diameter Biologic Seed Fe 7 ) (%)
perear  pught (M yield vield  (mg.kg n .
(cm) (kgha') (kgha'y 3  (Mokd
VoBo 175.5° 658.6°  210.0° 3.49° 20733.0° 6694.8°  69.25° 30.7° 8.52°
VB, 181.4° 755.0°  205.4° 418 21971.3°  8219.7° 81.66 37.5° 9.38"
V1B, 195.6° 8124  238.0° 3.97° 22872.3°  8767.8°  82.08° 41.1° 9.77°
V1B, 197.3° 839.7°  239.0° 4.25° 24109.1°  9263.7°  88.00° 47.0° 10.8°
VoFo 1775° 7036°  204.T° 3.81° 21152.3° 72733  69.75° 36.5” 871
VoF, 179.5° 7101° 2113 3.86" 21553.0°  7641.2°  81.16° 316° 9.19°
ViR, 196.1° 8240  236.3° 4.10° 23103.6° 8736.6°  81.00° 44.1° 10.28°
V,iF, 196.8° 828.1*°  241.0° 4.12° 23877.8°  9294.9°  89.08° 44.0° 10.38°
VoZo 177.2° 687.9° 2055 3.81° 21268.8°  7227.9°  74.20c 31.4c 8.60c
VoZy 179.7° 7258° 2105 3.86" 21436.6°  7686.5°  76.60% 36.8° 9.30°
ViZ, 195.9° 817.3°  236.7° 4.10° 2335957  8608.0°  83.80® 42.1° 10.01°
V17, 197.0° 834.8°  240.7° 4,117 23621.8° 94235  86.20° 46.0° 10.65°
BoFo 1846 7321° 22087 371 21537.7°  75075°  67.80° 35.7° 8.95"
BoF: 186.5% 7389°  227.6° 3.75° 22068.2°  7955.1°  83.50° 36.1° 9.33°
B:Fo 188.9° 795.4°  219.7° 4.20° 22718.3°  8502.3°  82.90° 44 5° 10.03*
B.F, 189.8° 79920  224.8° 4.22° 23362.6°  8981.0°  86.70° 39.9° 10.24°
BoZo 184.3° 7151°  221.8 370 217125°  7397.3  74.25° 32.0° 8.78°
BoZy 186.7° 755.9°  227.3° 3.75° 21893.3°  8065.3°  77.08™ 39.5° 9.50°
B1Zo 188.8° 7901°  220.6° 4,217 22915.8°  8438.7°  83.80® 41.1° 9.82%
B.Z, 189.9° 804.6°  223.8° 4.22° 23165.1°  9044.7°  85.80° 43.3° 10.45°
FoZo 185.8° 746 1% 2179 3.94° 2204517 7647.0°  74.30° 37.2b 9.20°
FoZy 187.3° 7814  2225° 3.97° 22210.8°  8362.8°  76.40% 4353 9.40°
FiZo 187.8° 759.1°  2238% 3.98° 22583.2°  8188.9°  83.70® 36.3b 9.78®
FiZy 188.9° 779.1°  228.6° 4.00° 22847.6°  8747.2°  86.50° 39.3ab 10.17°

&9 Shdslme G Zo ol (SlJsle b Py al (3 glme g Fo cupbola b Ba i usholbad 9% Bo cussiaS 009 b V1 ugaS 029 0 Vo

S5 Shdsloe b Zy
Vo: without vermicompost, V;: with vermicompost, B,: without Thiobacillus, B,: with Thiobacillus, Fy: without iron spraying, Fy:
with iron spraying, Z,: without zinc spraying and Z;: with zinc spraying

Ll oo 2o yd S a5 (S5 (glatel sin 905l (slne p BV osimd Ui glize g *

* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncans' test.
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Table 6- Effects of the three-fold interactions of vermicompost, Thiobacillus, iron spraying and zinc spraying on the
measured traits of corn

I3 i ) > e
&l albslas  aile  aBlw b Sojdlen  MPSbes -(he) ol .
, . - ¢ o) 5 P e)  Oen
o (o)  Mp W) (GRsl)  pefSls)  2eSS) e N (30 )
Treatment ~ 1000- ~ Number (5% Stem (jsa (bsa (5 9ks ( - Protein
Seed of seed Stem diameter Biologic Seed yield Fe PSS (%)
weight — Perear o (M il kgha  kahah)  mgkgh 2N
©@ (cm) 1) (Mg.kg™)
VoBoFo  1740° 653.0°  2058% 3.46° 20448.8" 6443 5 59.6° 318 8.26°
VB,  177.1% 6643 2143 353 21018.3°" 6946.0° 78.8° 29.6° 8.70%
VoBiF,  181.0°  7542°  2025° 417%™ 21855.8% 8103.0° 79.8° 413 9.16"
VoBF,  181.9°  7559°  2083%°  4.19® 22087.7° 83363  83.57 33.6° 9.60™
ViBF, 1953  8112° 2358 3.96° 226265 85715 76.0° 40.5° 9.64
ViBF; 1958 81350 2408 3.98" 23118.0" 8964.2° 88.1% 41.8" 9.89°
ViBF,  196.9° 836.7°  236.8° 428 23580.7% 8901.7° 86.0°° 47.8 10.91°
ViBF,  197.7° 842.6°  241.2° 4.25° 24637.5° 9625.7° 90.0° 46.1° 1087
VoBoeZ,  1735° 626.1°  2059% 3.46° 20631.7° 6364.0 67.6° 26.3° 8.13°
VoBeZ,  1775°  691.2°  214.2° 352 20835.5% 7025.5° 70.6" 35.1° 8.91%
VoBiZ,  180.9°  749.7°  204.2° 417" 21905.8" 8091.8" 80.6™ 365  9.07°*
VoBiZ,  181.9°  760.4°  206.7" 4.20° 22037.7  8347.5% 82.6° 385°  9.69°
ViBeZ,  1950° 8041  236.2° 3.96° 22793.3°  84305°  80.6® 385° 944
ViBZ,  196.1° 820.7°  240.2° 3.97° 22051.2°  9105.2® 83.5° 43.8°  10.10™
ViBiZ,  196.8°  8305°  237.1° 4.25° 239257  8785.5% 87.0° 458 1058
ViBZ,  197.8 848.8°  2410° 4.25° 24292.5° 9741.8° 89.0° 48.1° 11.21°
VoFoZo,  1759°  675.7°  2016° 379 21085.8” 7029.2° 68.6° 328 8.36°
VoRoz,  179.4°  7315°  206.7%° 3.84° 21218.8° 7517.3®  70.8™ 403 9.06°*
VoFiZ,  1786°  700.1°  208.4% 3.84° 21451.7° 7426.7°  79.8% 30.0° 8.83%*
VoFZ,  1804°  7201°  214.2° 3.88° 21654.3" 7855.7% 825%™ 333  9.54
ViRZy  195.7° 8165"  234.2° 4.10° 23004.3° 8264.8°  80.0% 41.6° 10.0°*
ViRZ, 1965 8314  238.4° 4.10° 23202.8° 9208.3°  82.07 46.6° 10.5®
ViFZ,  196.1° 818.0°  239.1° 4110 23714.7° 8951.2° 87.6° 426  9.98™
ViFZ, 1975 838.1°  2429° 412 24040.8° 9638.7° 90.5° 45.3 10.79°
BoFoZy  182.9° 7024°  2175° 368 214553° 71245 66.5° 30.8° 8.53°
BoFoZs 186.3°  7618°  224.1% 378 21620.0% 7890.5° 69.1° 415° 937
BoF1Zo 185.6° 72170 22467 3.75 21969.7°¢  7670.0% 82.0° 34.0¢ 904"
BoF.Z; 187.3°  7501®  2305° 3.76° 22166.7"°  8240.2% 85.0° 37.5° 963"
B:FoZo 188.6° 780.8° 2184 4.20° 22634.8°  8169.5™ 82.1° 436°  9.87
B:FoZ, 189.2° 8011  221.0% 421 22801.7%°  8835.2% 83.6° 455 1020
B:F.Zo 189.1° 790.4°  222.9® 4.21° 23196.7°  8707.8% 85.5° 38.6° 977
B.F.Z, 190.5° 808.1°  226.7% 4.24° 23528.5° 9254.2° 88.0° 41.1°  10.70°

9 slidslone (g Zo ol (Shslome b Py eoml (3l Jslxe 93 1o popheolisn b By e upheolias gt Bo sgaS )9 b V1 cusgioS 039 92 Vo

S5 Shdsloe b Zy
Vo: without vermicompost, V1: with vermicompost, Bo: without Thiobacillus, B;: with Thiobacillus, Fo: without iron spraying, F;:
with iron spraying, Z,: without zinc spraying and Z;: with zinc spraying
2l oo 1o yd S a5 (S5 (slatel sis 905l (sl p BMB] osimd Ui glize g *

* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncans' test.
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e g (1003 12) (g9) (590 1m0 TID) el 5, Shae
(8 Jga) el 0 (o2 Jgloxe pas 4y o (00,0 7) 85
- Jode 48 03,5 5,155 (Fang et al., 2008) ], Ken ¢ S
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(4 Joss) by (il 0o 3 12 s a1y )3

L b S5 Slis o (Z0) 53y il Jsbee S
P13 ofan syme 9 S5y e @l 3)Slas bl ¢l
G O30 (595 Al Jslre (3 Jgaz) o (L o ine
(1m0 212) a3l glsy) aoyn 4) UM > ails slaws 28]

@3 5 byl 2590 Slho 5 (59; (il glome 9 T (ouil Jglone  pwplulion (CawgneS 0 )9 A o Sl 1 (il duylio -7 Jgao
Table 7- Effects of the four-fold interactions of vermicompost, Thiobacillus, iron spraying and zinc spraying on the measured
traits of corn

A3 ol )l 25 ol
&y Abslag dle dle,kE Sjey NP 3Ses - ) g9y
o , 5 oLS) P55 ) - =13
owd (05%) W ) (e tile) 2 P55 9S) HPPH e (20,)
: : b T (e .
Treatment 1000 Number (3 ‘Stem (b G . (o 55ks @ Protein
Seed of seed Stem diameter Biologic Seed yield Pr y zn (%)
weight —~ Perear — paone @M violg kgha  (kg.hat) Fe — (mgkg)
(9) (cm) 1 (mg.kg™)
VoBoFoZo  171.1° 601.8"  201.6° 3.41° 20360.0° 6149.0" 58.0° 25.0" 7.809
VoBoFoZ, 1768  704.1%®  210.0% 3.50° 20537.7 7638.0%" 61.3°  38.6%T 872
VoBoF1Zo 1760 6504  210.1% 3.51° 20903.3% 6579.0%" 77.6° 27.6 8.45'9
VoBoFiZ,  1782%  6782%  2185° 3.55 21133.3% 7313.0° 80.0° 316" 9.10%"
VoBiFoZ,  180.6° 74957  201.6° 4.16" 218117  7909.3" 79.3 4067 8.92%m
VoBiFoZ,  181.3°  7588™  203.4° 4.18° 21900.0° 82967 80.3° 42,00 9 40"
VoBiFiZ, 181.2°  749.8°  206.7%° 417° 22000.09¢ 82743 820" 32310 9.0%w
VoBiFiZ)  182.6°  7620™  210.0% 4.21° 221753 8398.3°® 850" 35.0%1 g ggreer
ViBoFoZ, 1948  803.0™  233.3° 3.95° 22550.7°°  8100.0%" 75.0°  36.6%€  9.26®"
ViBoFoZ, 1958 8195  238.3° 3.97 22702.3%¢  9043.0% 77.0° 44300 10,0%cc
ViBoFiZ, 19528  805.1®  239.1° 3.98° 23036.0™  8761.0°° 6.3 403" g g
ViBoFiZ, 1965  8220°° 2425 3.98° 232000 9167.3™ 90.0° 4330 10.16%°%
ViBiFoZo 19660  830.0°°  235.1° 4.25° 23458.0™°  8429.7°® 850 46.6°  10.83
ViBiFoZ, 19718 8434% 2385 4.23° 23703.3®°  9373.7% 87.0° 49.0° 11.0®
ViBiFiZ,  1969°  831.0%  239.1° 4.25° 243933°  9141.3™ 89.0° 45.0%° 103
ViB.FiZ, 1985 8543  243.4° 4.26" 24881.7° 10110.0° 91.0° 47.3% 11.42°

9 sldslone (g Zo ol (Shslone b Py eoml (3l Jslme 93 1o pupheolisn b By o upheolias g2 Bo sgiaS y9 b V1 cusgieS 039 92 Vo

S5 Shdsloe b Zy
Vo: without vermicompost, V;: with vermicompost, B,: without Thiobacillus, B: with Thiobacillus, Fy: without iron spraying, F;:
with iron spraying, Zo: without zinc spraying and Z;: with zinc spraying
Ll oo 2o yd S a5 (S5 (glatels six 905l (slne p BMB] osimd Ui glize g *

load o3y (Lis 7 96 D (claJgs ,d g wloslys Lis 1,

* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncan's test.
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Introduction

Half of the world's population suffers from micronutrients malnutrition. Use of bio-fertilizers in sustainable
agricultural systems is important in production and enables plants to absorb more water from soil and improves
plant nutrient uptake and photosynthesis. Benefits of vermicompost application in agriculture is due to its
content of organic matter, plant nutrients and plant growth promotion. Vermicompost increases the absorption
and transition of nutrients from soil to roots and improves plant growth (Simsek-Ersahin, 2011). Zn and Fe
application is highly important; foliar application causes faster and higher absorption rate and cures deficiencies
symptoms (Ghaffari et al., 2010). Thiobacillus is a chemolithotroph bacterium, receiving energy from sulfur
oxidation. This bacterium acidifies microcites in the rhizosphere, increasing the availability of nutrients to plant
roots (Kaya et al., 2009). Regarding the benefits of integrated nutrient management, this experiment was
conducted with the aim of testing the effects of Fe and Zn foliar spraying, Thiobacillu sthiooxidans inoculation
and vermicompost application on growth, yield and bio fortification of popcorn maize.

Materials and methods

This experiment was conducted in 2012 at the research field of Islamic Azad University, Tabriz branch, Iran.
The experiment was conducted in factorial in the form of a randomized complete block design with three
replications and four factors: vermicompost application in soil (0 and 2 t.ha™, applied in strip form below the
seeds before cultivation), inoculation with Thiobacillus thiooxidans, with a population of 10°cfu.g™. Sulfur was
inoculated with T. thiooxidans prior to application. Fe chelate foliar application (without spraying and two times
spraying of 0.002 concentration of 13% Fe chelate) and Zn chelate foliar application (without spraying and two
times spraying of 0.002 concentration of 15% Zn chelate). Maize seeds (Zea mays L. var. popcorn KSC. 600)
were planted, after being inoculated with Azospirillum, at the rate of 66,000 plants. ha™. Then, 10 plants were
harvested from the middle rows of each plot and grain yield was measured. To measure the absorption of
nutrients, 5 other plants were harvested from each plot when grains were at dough stage and dried at 70°C oven
for 72 hours. Then, samples were grinded and analyzed. Finally, data were tested for normal distribution and
subjected to statistical analysis using SAS. Duncan's multiple range tests was used to compare means at p<0.05.

Results and discussion

Results indicated the significant effect of vermicompost on 1000 kernels weight, the number of kernels/ear,
stem height, stem diameter, grain yield, biologic yield, Fe, Zn and protein contents. The effect of Thiobacillus
inoculation was significant on all measured traits except for the stem height. Fe foliar application significantly
affected stem height, biologic yield, grain yield an Fe content. Zn foliar application had also a significant effect
on the number of kernels/ear, stem height, grain yield, Zn content and protein content. Results of this experiment
generally indicated that application of vermicompost, Thiobacillus, Fe and Zn had improving effect on maize
yield, yield components and grain quality.

Conclusion

Nutrient management is one of the most important factors in successful crop production, so, it was tried in
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this experiment to take advantages from soil microorganisms to find a suitable method for sustainable crop
nutrient management instead of chemical methods. In recent years, increased application of chemical inputs to
agricultural fields has caused several environmental and health issues and reduced the quality of products. So, as
the results of this experiment showed, integrated nutrient management with lower dependency on chemical
fertilizers is a promising method to reach sustainable and healthy production and food safety.
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