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Abstract

Regardless of their major role in crop productivity, increased and long-term use of mineral
fertilizers in agricultural production has raised concerns causing numerous environmental
problems. This could be overcome by partial replacement of mineral fertilizers using bacterial
inoculants, which could lead to the improvement of physical, chemical and biological soil
properties, as well as help to ensure that the supply of nutrients contributing to optimized
yield of crops. The study evaluated the effect of application of different rates of composite
mineral fertilizers and their combination with bacterial inoculants (N-fixing Klebsiella
planticola and Enterobacter spp.) on macronutrients content in straw of winter wheat and its
yield. Unfertilized treatment was used as a control. The contents of nitrogen, phosphorus,
potassium and crude proteins in plant samples were determined at the beginning of tillering
and in full grain maturity stage, at the end of the wheat vegetation. Measuring of the straw
yield was carried out at the end of the vegetation. The results of the study showed that the use
of high rates of composite mineral fertilizers and their combination with bacterial inoculants
resulted in increased contents of nitrogen, phosphorus, potassium and crude proteins in the
wheat straw, which was noticeably observed in the stage of tillering. The highest increase in
the straw yield was obtained by the same mentioned treatments, although the combination of
bacterial inoculants and low rates of mineral fertilizers resulted in higher yields comparing to
the use of solely low rates of mineral nutrients.

Keywords: Wheat straw, yield, chemical composition, bacterial inoculants, composite
mineral fertilizers.

Introduction

Wheat (Triticum aestivum L.) is grown on every continent thanks to the large polymorphism.
Along with maize, wheat represents a major crop in agricultural production in Serbia, where
its cultivation in the period 2000-2009 occupied an average area of 600,171 ha with an
average grain yield of 3.47 t ha™ (Jockovi¢ et al., 2010; Miadenov et al., 2011). The yield and
quality of wheat grain depend mainly on the balanced mineral nutrition, which is correlated
with the type of soil, climate factors in the region and other agroecological factors.
Nevertheless, creating an optimal conditions for growing wheat in order to achieve higher
grain yields is primarily related to application of nitrogen fertilizers (Peki¢ et al., 2017).
Similar could be said for the wheat straw, whose yield, besides mineral nutrition, depends on
variety, soil and climate conditions. Wheat straw is the agricultural product obtained from
different parts of wheat plant like stem, leaves etc., after the grain and chaff have been
removed. Straw makes up about half of the yield of wheat. It has many uses, primarily as fuel,
livestock bedding and fodder. An accurate content of macro and micronutrients in wheat
straw can vary from cultivar to cultivar, stages of plant growth, climatic conditions and the
nature of soil and fertilizers used (Safdar et al., 2009; Yasin et al., 2010; Saleem Khan and
Mubeen, 2012).
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Regardless of their major role in soil fertility and wheat productivity, increased use of mineral
fertilizers in agricultural production can causes environmental contamination (Acosta-Martinez
and Tabatabai, 2000; Alizadeh and Ghadeai, 2006). The problems concerned can be overcome
by partial replacement of these fertilizers by application of microbial inoculants, in order to
inhibit or stimulate certain cellular processes, including mineralization ones, thus leading to
the improvement of physical, chemical and biological soil properties (Milosevi¢ et al., 2003;
Pesakovi¢ et al., 2008). Regarding the preceding comments, the main purpose of this study was
to evaluate the effect of different rates of composite mineral NPK fertilizers (N:P:K=15:15:15)
and their combination with selected bacterial inoculants on macronutrients content in wheat straw
and its yield.
Material and methods

The study was conducted on Mladenovac experimental station of Institute of Soil Science,
located about 55 km south-east from Belgrade in Serbia, in 2006/2007. Average monthly air
temperatures and precipitation sums for the investigated period along with multi-annual
average (1990-2007) are presented in Table 1. Monthly air temperatures during the vegetation
period of wheat (October 2006 - July 2007) were considerably higher in comparison with
multi-annual average. The distribution of precipitation from the period January - June in 2007
was favorable, except in April, when it was measured only 3.8 mm of precipitation.

Table 1. Average monthly air temperatures and precipitation sum for the period 2006/2007 and
multi-annual average.

Year
Month 2006 | 2007 | 2006 | 2007 Average (1990-2007)
Temperature (°C) |Precipitation (mm)| Temperature (°C) | Precipitation (mm)

January -0.5 7.6 43.2 49.3 1.7 41.8
February 1.9 7.2 59.1 56.0 3.5 38.4
March 6.5 10.2 | 104.4 99.6 7.9 40.8
April 13.7 14.9 97.0 3.8 12.7 55.7
May 174 19.5 42.3 79.0 18.1 50.8
June 20.2 23.8 | 137.8 | 107.6 21.5 97.7
July 24.7 25.8 23.3 17.5 23.2 66.8
August 20.9 24.2 | 120.6 72.5 23.1 60.9
September 19.2 16.2 24.3 84.1 17.6 63.5
October 15.2 11.8 20.9 103.6 13.0 55.8
November 8.9 5.2 24.5 131.5 7.3 55.9
December 4.3 1.1 51.9 34.5 2.2 60.5

Average 12.8 14.0 - - 12.7 -

Total - - 749.3 | 839.0 - 688.6

The studied type of soil was Eutric Cambisol (WRB, 2014). The experiment was set up in a
randomized block design on 9 x 6 m? plot size, with three replications, based on the following
variants: control (@, non-fertilized soil); 60 kg hal N and P,Os, and 40 kg KO hat (N21);
120 kg ha* N, P,0s and KO (N2); Enterobacter sp. strains + 60 kg ha™ N and P,Os, and 40
kg K,O ha* (ES+N1); Enterobacter sp. strains + 120 kg ha* N, P,Os and K,O (ES+N2);
Klebsiella planticola + 60 kg ha™ N and P,Os, and 40 kg K,O ha' (KP+N1); Klebsiella
planticola + 120 kg ha™ N, P,Os and K,0O (KP+N2). Winter wheat (cv. Evropa 90) was used
as a test J:)Iant in the trial and sown and harvested in optimal terms (1* decade of November in
2006, 3" decade of June in 2007, respectively). Mineral fertilization was carried out manually
for each experimental plot using composite NPK fertilizer in relation N:P:K = 15:15:15.
Nitrogen (N) fertilizer was applied in the form of urea with 46% N, phosphorus (P) - in the
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form of monoammonium phosphate (MAP) with 52% P,0s and 11% N, and potassium (K) -
as a 40% potassium salt (potassium chloride, KCI). The established amounts of potassium and
1/3 of nitrogen fertilizer were applied in the fall 2006 before sowing, and the remaining 2/3 of
nitrogen fertilizer was applied during March in 2007 at the stage of tillering. The procedure
for obtaining the bacterial inoculums for fertilization was previously described in study of
Stanojkovi¢ et al. (2012). Bacterial fertilization was carried out using plastic haversack
sprinkler with 300.00 cm® m? of diluted liquid bacterial inoculums made from the pure
cultures of associative N-fixing bacteria Klebsiella planticola (strain TSHA-91) and
Enterobacter strains KG-75 and KG-76 and tap water. The first soil and foliar fertilization
with bacterial inoculums was carried out in the stage of 2-3 formed leaves, and the second - in
the tillering stage, a few days after fertilizing with mineral nitrogen. K. planticola was
obtained from the stock culture of the Microbiology Laboratory of Faculty of Agronomy
(Cacak, Serbia) and cultivated for 24 h at 28°C = 1 on the slanting nutrient medium, while
Enterobacter strains were obtained from the stock culture of the Microbiology Laboratory of
the Center for Small Grains (Kragujevac, Serbia), where they have been isolated from the
rhizosphere of wheat. These strains were cultivated for 48 h at 28°C + 1 on the slanting
nutrient medium. The preliminary analysis of the study soil, after the samples were air-dried and
passed through a sieve, included the following chemical parameters: soil acidity (pH in H,O and
1M KCI, viv - soil:H,0=1:5, soil:1M KCI=1:5) was analyzed potentiometrically, using glass
electrode (SRPS ISO 10390, 2007); total nitrogen (N) was analyzed on elemental CNS analyzer
Vario EL 11l (Nelson and Sommers, 1996); available phosphorus (P,Os) and potassium (K,O)
were analyzed by Al-method according to Egner-Riehm (Riehm, 1958), where K,O was
determined by flame emission photometry and P,Os by spectrophotometer after color
development with ammonium molybdate and stannous chloride; humus content was determined
using Tiurin's method, modified by Simakov (Ostrowska et al., 1991). The yield of wheat straw
without grain and chaff from each experimental plot was measured and determined directly on
plots at the end of the vegetation and calculated into t ha™. The content of macronutrients in
wheat samples was determined at the beginning of tillering (vegetation stage I, S1) and at the end
of the vegetation period (vegetation stage Il, S2). The content of phosphorus (P) and potassium
(K) was determined by so called “wet” combustion, i.e. they were heated to boiling with the
mixture of concentrated sulfuric (H,SO4) and perchloric (HCIO,4) acids. In the obtained
solution, P was determined by spectrophotometer with molybdate, and K — by flame emission
photometry (Jakovljevi¢ et al., 1985). The content of nitrogen (N) was analyzed using
elemental CNS analyzer, Vario model EL 11l (Nelson and Sommers, 1996), while the content
of crude proteins was calculated on the basis of N content according to Licitra et al. (1996),
using the following formula: crude proteins (%) = N (%) x 6.25 (factor for conversion of
nitrogen content to crude protein). The obtained data on soil properties were presented as
arithmetic means of three replicates, standard deviation values and intervals. The effects of
different fertilization treatments on chemical parameters tested and yield were evaluated using
ANOVA (SPSS 20.0, Chicago, USA), followed by Duncan's Multiple Range Test (DMRT).
Significant differences between means were tested by the LSD test at P = 0.05 and P = 0.01.

Results and discussions
The main chemical characteristics of the study soil are presented in Table 2. According to the
reference values (Sesti¢ et al., 1969), the soil is characterized by very acid reaction with pH in
1M KCI 4.06, high available potassium, medium to high available phosphorus, and medium
humus and total nitrogen supply.
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Table 2. Main chemical characteristics of the studied Eutric Cambisol

Chemical parameter Value (means + standard deviation) Intervals
pH in H,0O 4.90+0.03 4.87-4.92
pH in 1M KCI 4.06+0.05 4.00-4.10
Total N (%) 0.136+0.005 0.132-0.141
Humus (%) 2.19+0.01 2.18-2.19
Available P,Os (mg 100g™) 15.734£0.31 15.51-16.09
Available K,0 (mg 100g™) 25.30+0.30 25.08-25.65

By analyzing the content of macronutrients in plant material at the end of the wheat
vegetation period it was determined that the content of total nitrogen, phosphorus, potassium
and proteins significantly depended on the fertilization treatment applied (Table 3).

Table 3. Effect of the fertilization treatments on macronutrients content in wheat straw and its
yield (in t ha™).

Total N (%) | P,0s (%) | K>0 (%) | Proteins (%) | Yield
Treatments Vegetation stage
S1 S2 S1 S2 S1 S2 S1 S2 S2
o 0.72+ | 052+ | 0.75+ | 044+ |2.15+ | 0.86x 4.48+ 327+ 1.78+
0.007g | 0.005g | 0.003g | 0.003f | 0.003e | 0.009f | 0.041g 0.028g | 0.012f
N1 0.85+ | 0.63+ | 0.89+ | 058+ |234+ | 1.19+ 5.20+ 3.90+ | 3.96+
0.006f | 0.004f | 0.004f | 0.004e | 0.008d | 0.003e | 0.034f 0.024f | 0.004e
N2 226+ | 079 | 099+ |069+ |297+ | 1.59+ 1415+ | 498+ |5.55+
0.005¢c | 0.006d | 0.004c | 0.005¢c | 0.057b | 0.001b | 0.031c 0.034d | 0.285b
ES+N1 202+ | 066 |0.92+ |060+ |268+ | 131+ 1259+ | 4.14+ | 4.95+
0.005d | 0.003e | 0.004d | 0.003d | 0.009c | 0.005c | 0.029d 0.019¢ | 0.003c
ES+ND 284+ | 1.43+ | 1.09+ |078+ |3.04= | 1.62+ 17.73+ 8.86+ | 6.43%
0.004a | 0.003a | 0.00la | 0.003a | 0.005a | 0.016a | 0.025a 0.161a | 0.004a
KP4NL 1.63= | 089+ | 091+ |[0.60+ |2.65= | 1.28+ 10.16+ 554+ | 4.43+
0.006e | 0.006c | 0.004e | 0.003d | 0.006c | 0.009d | 0.038e 0.039c | 0.007d
KP+N?2 237+ 0.98+ 1.02+ 0.71+ 3.07+ 1.62+ 14.82+ 6.11+ 6.48+
0.007b | 0.003b | 0.002b | 0.002b | 0.010a | 0.003a | 0.041b 0.021b | 0.005a
P Va|Ue **k*x **k*x **k%* *** *** *** **k%* **k%* *kk
LSD (0.05) | 0.009 [ 0.009 |0.005 |0.006 |0.039 |0.014 0.061 0.116 0.188
LSD (0.01) | 0.013 [0.013 |0.007 [ 0.008 |0.054 |0.020 0.080 0.160 | 0.262

LSD - least significant differences at P=0.05 and P=0.01; *** indicates statistical significant differences at the
P<0.05, P<0.01 and P<0.001 levels, respectively; DMRT was used to compare different variants at P<0.05,
where values followed by the same letter in a column are not significantly different.

Application of high rates of mineral NPK fertilizers and their combination with bacterial
inoculants has caused a significant increase in the share of nitrogen, phosphorus, potassium
and crude proteins in the plant material compared to the other tested variants, which was
noticeably observed in the stage of tillering, the vegetation period in which the plant growth
and accumulation of nutrients are the most intensive (Curi¢, 1982). This excess of
microbiologicaly fixed nitrogen along with higher amounts of mineral nitrogen influenced
positively on the accumulation of macronutrients in the study plant material, which is in
accordance with previous researches (El-Sirafy et al., 2006; Behera and Rautaray, 2010).

The present study also indicated a little increase in the share of macronutrients in plant
material in variants where microbial inoculation of soil and plant along with low rates of
mineral NPK fertilizers was applied comparing to the application of solely low rates of
mineral fertilizers. Similar results were obtained in the study of Cvijanovi¢ et al. (2007). The
analysis of the yield of wheat straw (based on Duncan’s test) showed highly significant yield
differences between the applied fertilization treatments (Table 3). The highest increase in
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yield was obtained by combined application of bacterial inoculants used and high rates of
mineral NPK fertilizers. This was also observed in treatments with combined usage of
bacterial inoculants and low rates of mineral NPK fertilizers where it was obtained higher
yield comparing to the traetments with solely low rates of mineral fertilizers. Behera and
Rautaray (2010) also found higher straw yields in biofertilizers + 50% NPK treatments than in
treatments with solely 50% NPK. According to Josipovi¢ et al. (2005), the character of the
applied fertilizers effects on the yield of crops also depends on the weather conditions specific to
each year. It is assumed that good distribution of rainfall and temperature in the period November
2006 - June 2007 contributed largely to the achieved yields of wheat straw in the investigated
agro-ecological conditions.

Conclusion

The present study demonstrated the significant positive effects of combined application of
bacterial inoculants studied (Klebsiella planticola and Enterobacter spp.) and high and low
rates of the composite mineral fertilizers on the yield of wheat straw (without grain and
chaff). The same results were obtained regarding the effects of the mentioned applied
combinations on the contents of total nitrogen, phosphorus, potassium and crude proteins in
the analyzed plant material, which was noticeably observed in the stage of tillering. These data
suggest that the studied bacterial inoculants can be used in further studies as the potential
agents of new biofertilizers for improved wheat production and other agriculture crops.

Acknowledgement
This research was carried out with the support of Ministry of Education, Science and
Technological Development of the Republic of Serbia and was financed by the Project TR-
37006.
References

Acosta-Martinez V., Tabatabai M.A. (2000). Enzyme activities in a limed agricultural soil.
Biology and Fertility of Soils, 31, 85-91.

Alizadeh K., Ghadeai J. (2006). Variation of nitrogen uptake efficiency in local landraces of
wheat in Mahabad-Iran. Journal of Agriculture and Social Sciences, 2, 122-124.

Behera U.K., Rautaray S.K. (2010). Effect of biofertilizers and chemical fertilizers on
productivity and quality parameters of durum wheat (Triticum turgidum) on a Vertisol
of Central India. Archives of Agronomy and Soil Science, 56, 65-72.

Curi¢ R. (1982). Importance of fertilizing wheat with nitrogen, phosphorus and potassium
fertilizers for its yield, chemical composition and loss of nutrients. Journal of Scientific
Agricultural Research, 43, 505-521.

Cvijanovi¢ G., Milosevi¢ N., Jarak M. (2007). The importance of diazotrophs as biofertilisers
in the maize and soybean production. Genetika, 39, 395-404.

beki¢ V., Milivojevi¢ J., Staleti¢c M., Jeli¢ M., Popovi¢ V., Brankovi¢ S., Terzi¢ D. (2017). The
influence of mineral nutrition on winter wheat yield (Triticum aestivum L.). Zbornik radova
XXII Savetovanja o biotehnologiji, Knjiga 1, 10-11. Mart 2017, Cagak, Srbija, 207-212
(abstract in English).

El-Sirafy Z. M., Woodard H. J., EI-Norjar E. M. (2006). Contribution of biofertilizers and
fertilizer nitrogen to nutrient uptake and yield of Egyptian winter wheat. Journal of
Plant Nutrition, 29, 587-599.

Jakovljevi¢c M., Pantovi¢ M., Blagojevi¢ S. (1985). Praktikum iz hemije zemljiSta 1 voda.
Poljoprivredni fakultet, Beograd, Srbija (in Serbian).

Jockovi¢ B., Mladenov N., Hristov N., A¢in V. (2010). Variability of agronomic properties of
wheat. Plant Breeding and Seed Production, XVI, 17-26.

995



Proceedings of the IX International Agricultural Symposium “Agrosym 2018”

Josipovié M., Kovacevi¢ V., Petosi¢ D., Sostari¢ J. (2005). Wheat and maize yield variations
in the Brod-Posavina area. Cereal Research Communications, 33, 229-233.

Licitra G., Hernandez T.M., Van Soest P.J. (1996). Standardization of procedures for nitrogen
fractionation of ruminant feeds. Animal Feed Science and Technology, 57, 347-358.

Milosevi¢ N., Govedarica M., Jeli¢i¢ Z., Proti¢ R., Kuzevski J., Krstanovi¢ S. (2003).
Microbial inoculants as biofertilizers: testing, potential and important factor for
sustainable agriculture. Proceedings of Scientific Papers of Institute of PKB
Agroekonomik, 9, 89-98.

Mladenov N., Hristov N., Puri¢ V., Jevti¢ R., Jockovi¢ B. (2011). Uticaj padavina u vreme
zetve na prinos ozime pSenice. Zbornik referata sa 45. Savetovanja agronoma Srbije, 30
Januar-5 Februar 2011, Zlatibor, Srbija, 27-31 (in Serbian).

Nelson D.W., Sommers L.E. (1996). Total carbon, organic carbon, and organic matter. In,
Sparks D.L., ”Methods of soil analysis, Part 3, SSSA, Madison, Wisconsin, 961-1010.

Ostrowska A., Gawlinski S., Szczubiatka Z. (1991). Methods for Analyses and Assessment of
Soils and Plants. Institute of Environmental Protection, Warszawa, Poland, 334.

Pesakovi¢ M., Buki¢ D.A., Mandi¢ L., Cvijovi¢ M., Ac¢amovi¢ G. (2008). NPK-fertilization
influences on proteinase activity in alluvial soil. Cereal Research Communications, 36, 675-
678.

Riehm H. (1958). Die Ammoniumlaktatessigsaure-Methode zur Bestimmung der leichtloslichen
Phosphorsure in Karbonathaltigen Boden. Agrochimica, 3, 49-65 (in German).

Safdar M.N., Naseem K., Amjad M., Mumtaz A., Raza S. (2009). Physiochemical quality
assessment of wheat grown in different regions of Punjab. Pakistan Journal of
Agricultural Research, 22, 18-23.

Saleem Khan T., Mubeen U. (2012). Wheat straw: a pragmatic overview. Current Research
Journal of Biological Sciences, 4, 673-675.

Sesti¢ S., Glinti¢ M., Manojlovi¢ S. (1969). Interpretacija rezultata analize zemljita. U:
Priru¢nik za sistematsku kontrolu plodnosti zemljista 1 upotrebu dubriva. Centar za
unapredenje poljoprivredne proizvodnje SR Srbije - Stru¢ni odbor za kontrolu plodnosti
zemljista i upotrebu dubriva, Beograd, 67-80 (in Serbian).

SRPS ISO 10390: 2007 (2007). Kvalitet zemljista - Odredivanje pH-vrednosti. Institut za
standardizaciju Srbije, Beograd (in Serbian).

Stanojkovi¢ A., Buki¢ D.A., Mandi¢ L., Pivi¢ R., Stanojkovi¢ A., Josi¢ D. (2012). Evaluation
of the chemical composition and yield of crops as influenced by bacterial and mineral
fertilization. Romanian Biotechonogical Letters, 17, 7136-7144.

WRB (2014). World Reference Base for Soil Resources - International Soil Classification
System for Naming Soils and Creating Legends for Soil Maps. Food and Agriculture
Organization of the United Nations, Rome, Italy.

Yasin M., Bhutto AW., Bazmi A.A., Karim S. (2010). Efficient utilization of rice-wheat
straw to produce value added composite products. International Journal of Chemical and
Environmental Engineering, 1, 136-143.

996



	Agro 18
	AS

