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Abstract

Background and Objectives

Improving forage yield and quality is a major concern for the producer. Sustainable crop
production requires careful management of all nutrient sources in agroecosystems. Biological
fertilizers, including Azospirilum, Azotobacter, Bacillus and Pseudomonas bacteria, can increase
plant growth and yield through biological nitrogen fixation and increased solubility of macro
elements such as phosphorus. Iron is the most important micro element for crops. Iron is required
to perform many plant metabolism and growth activities. The experiment was conducted to
investigate the effects of biological fertilizers combined with chemical fertilizers and iron micro
element on yield and quality of maize (MV 500 cultivar) forage.

Materials and Methods

The experiment was conducted as a split plot based on randomized complete block design with
three replications. The main plots consisted of different levels of urea fertilizer: Nitrokara
biofertilizer, 150 kgha™ urea + Nitrokara biofertilizer (Azorhizobium caulinodans), Super Nitro
Plus biofertilizer (Azospirillum, Bacillus subtilis, Pseudomonas fluorescens), Super Nitro Plus
biofertilizer + 150 kgha™ urea without nitrogen fertilizer 450 kgha™ urea, Nitrokara biofertilizer
+300 kgha™ urea, and Super Nitro Plus biofertilizer + 300 kgha™ urea. The subplots consisted of
two iron levels, including 10 kgha™ iron chelate (Fe EDTA) and without iron application. The
measured traits were crude protein, neutral detergent fiber, acid detergent fiber, ash, leaf to shoot
ratio, ear to plant ratio and forage yield. Data were analyzed using MSTATC software.

Results

Analysis of variance showed that the interaction effects of nitrogen fertilizer sources and iron
levels were significant on crude protein, neutral detergent fiber, acid detergent fiber, ash,
ear/plant ratio and forage yield. The highest crude protein and ash of maize forage were obtained
from supernitroplus + 300 kgha™ urea and iron application. Control treatment (without nitrogen
and iron fertilizers) produced the most ADF and NDF values. The highest dry forage yield
belonged to Super Nitro Plus + 300 kgha™ urea with iron fertilizer and the lowest value obtained
from control treatment without N and iron fertilizers.
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Discussion

The results of this study showed that the combined application of supernitroplus biofertilizer and
urea fertilizer along with iron micro element increased maize forage quality and yield compared
to the sole application of urea chemical fertilizer. Microorganisms constituting biofertilizers are
very benefitial to the plant. They have the ability to enhance plant growth through increasing
nutrient availability and uptake with minimal contribution to the environmental pollution, unlike
the use of pure mineral fertilizers. The integration of biofertilizers and moderate mineral N
fertilizer application accompanied with iron micro element is highly recommended in the
production of maize forage.
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Table 1. Results of physicochemical analysis of soil in experimental field

Total N (%) P (mgkg™) K (mgkg™)

Fe (mgkg™)

pH EC (dsm™) OC (%)

0.05 6.8 200

8 0.7 0.7

Table 2. Analysis of variance for qualitative characteristics of maize forage affected by different
nitrogen fertilizer sources and iron micronutrient

Means of Squares

SOV. df CP NDF ADF ASH
Replication 2 0.641™ 0.516™ 0.395™ 0.006™
Fertilizer 7 8.781" 689.221" 597.005" 12.102"
Main plot error 14 0.453 0.229 0.207 0.002
Iron application 1 0.751™ 7.2317 47317 0.158"™
Interaction effect (F x 1) 7 1.508" 9.199” 10.258™ 0.093”
Subplot error 16 0.472 0.218 0.350 0.018
C.V. (%) 8.18 3.11 2.31 2.75

ns,* and ** represent non-significant differences, significant at the 5% and 1% probability level, respectively.
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Table 3. Mean comparison of interactions of nitrogen fertilizer sources and iron micronutrient on

characteristics related to maize forage quality

Factors

The studied traits (percentage)

Nitrogen fertilizer levels Fe micronutrient CP i NDF . ADF . ASHh
Control (without nitrogen) Ee ggiﬁ ggiga gggiﬁ zgg'
f-h d d g
Nitrokara Ee ;gggh gégé 24318; gggg
Super Niro Plus SN, c G awar  aer o
450 kgha™ urea Ee ggg:: jé;gjk géﬁlk ggé;
Nitrokara + 150 kgha™ urea Ee gg;;: jgg;? gggg? 282;
S.N.P. + 150 kgha™ urea Ee gig:? 3223:‘ gggg:‘ gggz
Nitrokara + 300 kgha™ urea Ee g?gzbd gggi:ﬂ ;ggglm gggi
S.N.P. + 300 kgha™ urea Ee 3172élca gggg: 1388: 3;32

Mean followed by similar letters in each column, are not significantly different at the 5% level of probability.
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Table 4. Analysis of variance for forage yield of maize and ear to plant ratio affected by different
nitrogen fertilizer sources and iron micronutrient

Means of squares

SOV. df Leaf to shoot ratio Forage yield  Ear dry weight to whole plant ratio
Replication 2 0.007™ 3.716"™ 0.01"™

Fertilizer 7 379.869™ 240440.64™ 52.422"

Main plot error 14 0.031 4.166 0.030

Iron application 1 1.378" 6326.396 3.658"

Interaction effect (Fx 1) 7 5.932" 1869.269" 1.781"

Subplot error 16 0.008 396.7 0.009

C.V. (%) 15.50 10.40 16.11

ns,* and ** represent non-significant differences, significant at the 5% and 1% probability level, respectively.

Table 5. Mean comparison of interactions of nitrogen fertilizer sources and iron micronutrient on

forage yield and ear to plant ratio in maize

Nitrogen fertilizer levels Fe micronutrient Leaf to. Forage .é"e'd Ear dry weight to
shoot ratio (gm™) whole plant ratio
. . Fe 0.56% 1607.11" 0.56°
Control (without nitrogen) C 0,529 1561.04° 053¢
. Fe 0.41" 1965.12 0.52°
Nitrokara C 0.39" 1948.08* 0.51°
. Fe 0.57° 2009.21" 0.53"
Super Nitro Plus (S.N.P.) C 057 1973.02' 0 53%
1 Fe 0.52° 1824.00' 0.54°
450 kgha™ urea C 0.52° 1777.4" 0.53%
. 1 Fe 0.62% 2053.71° 0.61%
Nitrokara + 150 kgha™ urea C 0.59;3 2018.033 0.592
1 Fe 0.46 2072.18 0.54
S.N.P. + 150 kgha™ urea c 0.44° 2043.31° 0.54¢
: 1 Fe 0.40" 2164.61° 0.54°
Nitrokara + 300 kgha™ urea c 0.38 2156.03° Olssdz
1 Fe 0.57° 2238.00° 0.60%
S.N.P. + 300 kgha™ urea C 0.55¢ 2168.15" 0.59°

Mean followed by similar letters in each column, are not significantly different at the 5% level of probability.
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