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ABSTRACT

The efficiency of the application of microbial preparations enhancing soil properties as well as the diversified fer-
tilization of spring wheat nitrogen was evaluated in the field experiment. Factors of the experiment referred to the
levels of nitrogen fertilization: 0, 40, 80, 120 and 160 kg/ha as well as the application of microbial preparations,
namely, Proplantan (disaccharide, and polysaccharide, lactic acid, carotene, riboflavin, thiamine, amylase, sea salt,
minerals), Effective microorganisms (milk bacteria, photosynthetic bacteria, yeast, actinomycetes, moulds) and
UG, microorganisms (lactic acid bacteria, photosynthetic bacteria, nitrogen-fixing bacteria, actinomycetes,
macro- and microelements). The quantity of N_. in the soil layer of 0-0.9 m ranged in respective years from
72.8 to 98.5 kg/ha before the spring wheat seeding and from 58.6.8 to 68.2 kg/ha after the crop was harvested,
whereas the amount of N mineralization ranged from 18.9 to 53.3 kg/ha. Grain yields of wheat developed at a high
level from 3.26 to 8.31 t/ha. To create the biomass, spring wheat plants absorbed nitrogen ranging from 78 kg N/ha
in objects not fertilized to 184 kg N/ha in objects fertilized with the dose of 160 kg N/ha, and the share of nitro-
gen accumulated in the seeds amounted on average to 82% of the total uptake of that element. The highest N use
efficiency, N physiological efficiency, N agronomic efficiency and N apparent recovery fraction were detected in
objects fertilized with the dose of 40 kg N/ha. Each increase in the level of nitrogen fertilization affected lowering of

the values of evaluated fertilization efficiency ratios.
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Nitrogen constitutes a most important fertiliza-
tion macroelement considerably modifying the
amount and quality of yield, and is responsible for
the environment contamination. Agro-ecosystems
face dynamic changes of the content of N_. in
soil resulting from the uptake of that element
by crop plants, weeds and soil microorganisms,
losses resulting from leaching and volatilization, as
well as the inflow of nitrogen as a consequence of
mineralization of the organic matter, the emission
of nitrogen compounds from the atmosphere and
fertilization (Deng et al. 2000). Mineral fertilizers
constitute the main source of nitrogen for crop
plants. The average uptake of nitrogen by cereals,
including wheat, is low and amounts to about 33%
(Raun and Johnson 1999). Nitrogen that is not
absorbed by crop plants or soil microorganisms

undergoes numerous processes, in the effect of
which a considerable amount of nitrogen is sub-
jected to losses (Sztuder and Straczynski 2008).
Moreover, nitrogen in the soil environment exerts
a considerable influence on the number, as well
as quality selection of soil microorganisms. A
high level of fertilization with mineral nitrogen
evokes recession of, on average, 50% of the num-
ber of Azotobacter and Streptomyces bacteria,
total destruction of Artrobacter, Rhizobium and
Bradyrhizobium bacteria, and an increase of the
biomass of Eubacterium, Pseudomonas, Bacillus
microorganisms as well as Aspergillus, Fusarium,
Penicillium and Verticillium fungi (Barabasz et al.
2002). It leads to a disturbance of microbiological
balance, and consequently to soil degradation.
Elaboration of methods of restoring the soil biologi-
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cal activity constitutes a challenge for agricultural
practice. The literature shows that the application
of microbial preparations enhances physical and
chemical properties of soil, improves assimilability
of compounds hardly available to plants as well as
it increases the amount and improves the quality
of crops (Tokeshi et al. 1998, Shah 2001, Javaid
and Shah 2010).

The efficiency of nitrogen fertilization is evalu-
ated most often with respect to the amount of
qualitative or quantitative changes in grain yield.
However, a thorough evaluation of the results of
fertilization requires a wider approach. Thus the
purpose of conducted studies was to determine
the grain yield of wheat, N uptake and nitrogen
fertilization performance indicators.

MATERIAL AND METHODS

Experimental designs and agronomic man-
agement. Field experiment was conducted in the
Experimental Station of the Agricultural University
in Krakow, Poland (50°07'N, 20°05'E) in 2006—2008.
Factors of the experience included the levels of
nitrogen fertilization (0, 40, 80, 120 and 160 kg/ha)
as well as the application of microbial preparations:
Proplantan (AM); Effective microorganisms (EM)
and UG__ microorganisms soil-applied before
the spring cultivation and afterwards, mainly in
the phase of the first node (BBCH 31-32) in the
total dose of 3 L/ha. The preparations shall be
respectively referred to as AM, EM and UG__ ..
Proplantan contains disaccharide, and polysac-
charide, lactic acid, carotene, riboflavin, thiamine,
amylase, sea salt and minerals. Effective micro-
organisms preparation contains milk bacteria
(Lactobacillus casei, Streptococcus lactis), photo-
synthetic bacteria (Rhodopseudomonas palustrus,
Rhodobacter space), yeast (Saccharomyces albus,
Candida utilis), actinomycetes (Streptomyces al-
bus, S. griseus) and moulds (Aspergillus oryzae,
Mucom hiemalis). UG soil fertilizer contains
yeast, lactic acid bacteria, photosynthetic bacteria,
bacteria of Azotobacter, Pseudomonas, actino-
mycetes, macroelements (g/L): K — 3.5; N — 1.2;
S-1.0; P-0.5; Na - 0.2; Mg — 0.1 and microele-
ments (mg/L): Zn — 20.0; Mn - 0.3.

Prior to performing the spring tillage, phos-
phorus and potassium fertilizers were applied,
namely: 26 kg P/ha; 91 kg K/ha; and the pre-
sowing nitrogen fertilizing was carried out with
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a 40 and 80 kg/ha (ammonium nitrate). The ob-
jects fertilized with doses of 120 and 160 kg N/ha,
applied before sowing 80 kg N/ha (ammonium
nitrate), and the rest of the top dressing in the
stage of stem elongation (30 and 60 kg N/ha in the
form of ammonium nitrate) and heading (10 and
20 kg N/ha in the form of urea). Evaluated spring
wheat cv. Bombona.

Soil and meteorological conditions. The
soil type on the experimental field was a Luvic
Chernozem. Arable layer of soil was characterized
by a slightly acidic reaction, a medium phospho-
rus and potassium, and high magnesium content
(Table 1).

The vegetation period in 2006 was characterized
by the average air temperature higher by 0.9°C and
lower rainfall total than the multiannual average
by 70 mm (Figure 1). In 2007, the period from
April to August was characterized by the high-
est air temperature and the total precipitation
approximating the multiannual average. On the
other hand, in a three-year cycle of the research
the vegetation period of spring wheat in 2008 was
characterized by the highest average air tempera-
ture and the total rainfall, whereas a considerably
deficient rainfall amount occurred in May and June.

Plant and soil analysis. Soil samples were col-
lected prior to wheat-sowing and from each wheat
plot after harvesting, to a depth of NO,-N and
NH,-N in a 0-0.9 m. Soils were analyzed for ni-
trate and ammonium content using colorimetric
method. The amount of nitrogen from minerali-
zation was calculated as the difference between

Table 1. Soil characteristics of Luwic Chernozems from
traial location (0—0.25 m layer)

Properties Value
PHyc 6.1
Total organic C (g/kg) 10.2
Total N (g/kg) 1.14
C:N ratio 8.9
P (mg/kg) 65.3
K (mg/kg) 140.4
Mg (mg/kg) 67.5
Sand (g/kg) 120
Silt (g/kg) 540
Clay (g/kg) 340
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Figure 1. Meteorological conditions during study in the 2006—-2008

the content of mineral nitrogen in the soil before
sowing and after harvesting and the total uptake of
this component in the spring wheat crop in control
(0 kg N/ha) plots. The nitrogen content in plant
material was determined by the Kjeldahl method.

The following parameters were calculated for
each treatment:

N use efficiency (NUE; kg/kg) as the ratio of
yield to N supply.

N agronomic efficiency (NAE; kg/kg) as the ratio
of (yield at N — yield at N)) to applied N at N_.

N physiological efficiency (NPE; kg/kg) as the
ratio of (yield at N_- yield at N) to (N uptake at
N, — N uptake at N ).

N apparent recovery fraction (NRF; %) as the
ratio of (N uptake at N _— N uptake at N) to ap-
plied N at N_.

Statistics. The results were statistically analyzed
by the variance analysis method using the Statistica
10.0 software. Honestly significant difference
(HSD) for the wheat grain yield and N-efficiency
parameters were verified using the Tukey’s test at
significance level P = 0.05.

RESULTS AND DISCUSSION

Soil N supply. The amount of mineral nitrogen
appearing in soil up to the depth of 0.9 m, before
spring wheat sowing ranged in respective years
from 72.8 to 98.5 kg N/ha, and after harvesting it
ranged from 58.6 to 68.2 kg N/ha (Table 2). The
application of AM and EM preparations affected
the reduction of the content of mineral nitrogen
in soil after wheat harvesting. Mineral nitrogen
levels reported significantly diversify the content
of this element in the soil after harvest of spring
wheat. The lowest amount of nitrogen in soil was
reported in plots not fertilized with that element,

whereas the highest amount was reported after
the application of 160 kg N/ha.

The amount of soil nitrogen derived from miner-
alization of organic matter was considerably veri-
fied in individual years of the research (Table 2).
The highest amount of nitrogen from that source of
inflow was reported in 2006, amounting on average
to 53.3 kg/ha, whereas the lowest amount was re-
ported in 2008, amounting on average to 18.9 kg/ha.
Low inflow of nitrogen in the vegetation period of
spring wheat in 2008 could result from deficient
precipitation amounts in April, May and June.
This fact has a significant meaning, as according
to Bloem et al. (1994), mineralization of nitrogen
takes place most intensively within the period from
April to June. The significance of the influence
of weather conditions on the amount of inflow
of nitrogen from mineralization processes was
stated additionally by Kolberg et al. (1999), Sieling
etal. (1999) and Lopez-Bellido and Lopez-Bellido
(2001). In the conducted research the attempt to
increase microbiological activity of soil through
the application of microbial preparations did not
result in the intensification of N mineralization.
The reason of the above mentioned phenomenon
could result from bigger N immobilization than N
mineralization by soil microorganisms.

Grain yield. The optimal amount of rainfall for
wheat cultivated in heavy soil conditions in the period
from April to June ranges from 151 mm to 200 mm.
During the three-year period of research the greatest
grain yield, on average to 6.44 t/ha was obtained in
2006 (Table 2), when the rainfall total from April to
June was 186 mm. The lowest grain yields, amount-
ing on average to 5.23 t/ha, were obtained in 2008,
the year that was characterized by the total rainfall
within the analogical period 231 mm.

The level of nitrogen fertilization considerably
influenced the grain yield of spring wheat. The
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Table 2. Mineral nitrogen in soil, N mineralized (0-0.9 m), wheat grain yield, N uptake, N use efficiency (NUE),

N physiological efficiency (NPE), N agronomic efficiency (NAE) and N apparent recovery fraction (NRF)

N, ., in the soil N N uptake NUE NPE NAE
. mineralized Grain yield . NRF
Treatment sowing  harvest (t/ha) grain total %)
(kg/ha) (kg/ha) (kg/kg)

Microbial preparation

Control 84.02 68.32 38.32 5.52¢ 109> 133P 27.7¢  43.43b  334b 7722
AM 83.32 60.3P 36.72 5.912 1142 1362b 30.1°  45.020  33.0> 72.6P
EM 86.52 61.3> 38.0? 5.922 1132 1382 29.724  41.5>  30.6¢ 71.2b
UG, .. 83.6% 66.3 36.5% 5.66" 1113 1372 28.6> 458  36.0° 77.12
N rate (kg/ha)

0 84.82b 43.2¢ 3.40¢ 65¢ 78¢ 28.0P

40 84.42b 55.54 5.244 93d 1134 3242  54.2° 458 82.8?
80 82.0° 63.7¢ 6.32¢ 118¢ 141¢ 31.72  46.8>  36.5P 78.92
120 83.52b 73.4> 6.79> 135P 163P 282>  39.7¢  28.2¢ 70.8P
160 87.02 84.32 7.022 1492 1842 24.7¢ 3499 2269  655¢
Year

2006 72.8¢ 58.6° 53.32 6.442 1182 1452 31.00  58.1*  43.6% 74.7°
2007 81.7> 68.22 40.0° 5.60P 111b 135P 28.8> 381>  30.1> 74.72
2008 98.52 65.42P 18.9¢ 5.23¢ 106¢ 128¢ 27.2¢  35.5°  26.2¢  74.22

Values followed by the same letters do not differ at 5% level of significance. AM — Proplatan; EM — Effective

microorganisms; UG — microorganisms

highest rise in yield with regard to the controlled
area was reported after the application of the dose
of 40 kg N/ha, amounting on average to 53.8%
for the years of research. The average increase in
grain yield of spring wheat fertilized with the dose
of 80 kg N/ha amounted to 20.8% in comparison
to the yield of wheat fertilized with the dose of
40 kg N/ha. The application of doses of 120 and
160 kg N/ha resulted in an increase of the grain
yield with regard to the lower dose, by 7.3% and
3.5%, respectively. Natural soil fertility constitutes
a factor reducing the efficiency of high doses of
nitrogen. Additionally, the research indicated a
significant influence of microbial preparations
on the yield of spring wheat grain. The highest
increase in grain yield was reported in plots where
AM and EM preparations were applied, by 0.39
and 0.40 t/ha, respectively, whereas the lowest
increase was reported after the application of
UG, ., amounting on average to 0.14 t/ha.

It was also a significant interaction between
microbial preparations and doses of nitrogen fer-
tilizers (Figure 2). Preparations of AM and EM in
relation to control resulted in uplift of grain yield
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in all objects fertilizer, while the preparation UG _
objects fertilized only in quantities of 120 kg N/ha.

Nitrogen uptake. The biggest total uptake of
nitrogen, amounting on average to 145 kg/ha,
was reported in the vegetation period in 2006,
considerably lower uptake was reported in 2007,
amounting on average to 135 kg/ha, whereas the
lowest uptake of nitrogen was reported in 2008,
with the amount of 128 kg/ha (Table 2). The amount
of nitrogen uptake together with the biomass of
spring wheat plants was increasing along with the
increase in the level of nitrogen fertilization from
the level of 78 kg/ha on the non-fertilized plot to
184 kg/ha on the plot fertilized with the dose of
160 kg N/ha. A relatively high uptake of nitrogen,
both together with the yield of dry mass of whole
plants and the grain yield resulted from spring
wheat cultivation in Luvic Chernozem. This is
confirmed by the research of Masaka (2005), who
cultivating spring wheat in chernozem showed
the uptake of nitrogen above 140 kg/ha in the
control plot.

Microbial preparations evaluated in the research
exerted a slight influence on the amount of the up-
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take of nitrogen. A significant increase in the total
uptake of nitrogen was reported merely after the ap-
plication of EM and UG, preparations (Table 2).
The biggest influence of microbial preparations
on the N uptake was recorded in objects without
nitrogen fertilization (Figure 2).

N uptake with grain yield of wheat was similar
as the uptake of this element together with the
biomass of whole plants. The highest amount of
nitrogen accumulated in grain yield was reported in
2006, amounting on average to 118 kg/ha, whereas
the lowest amount was reported in 2008, with the
amount of 106 kg/ha. The amount of the uptake
of nitrogen together with the grain yield was in-
creasing significantly together with the increase
in the level of nitrogen fertilization from 65 kg/ha
in the non-fertilized plot to 149 kg/ha in the object
fertilized with 160 kg N/ha. The uptake of nitrogen
with grain yield constituted on average 82% of the
total uptake of nitrogen by spring wheat plants. In
the research of Delogu et al. (1998) the participa-
tion of nitrogen accumulated in grain amounted
to 69% of the total uptake of nitrogen.

Nitrogen efficiency. The biggest value of NUE,
on average 31.0 kg/kg, was reported in 2006, fa-
cilitating spring wheat crop productivity, where-
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Figure 2. Wheat grain yield, N uptake and N use
efficiency. AM — Proplatan; EM — Effective microorgan-
isms; UG

— microorganisms
ax

as the lowest value, amounting on average to
27.2 kg/kg, was reported in 2008, when the grain
yield was the smallest (Table 2). NUE was addi-
tionally influenced by evaluated in the research
microbial preparations. A significant increase in
the NUE was reported after the application of
AM and EM preparations. Moreover, the level of
nitrogen fertilization affected the NUE. The high-
est value of this indicator, on average 32.4 kg/kg,
was reported in objects fertilized with the dose of
40 kg N/ha. Each subsequent increase in the level
of fertilization resulted in a considerable reduc-
tion of the efficiency of nitrogen consumption.
The lowest value of N use efficiency, on average
c.a. 24.7 kg/kg, was reported in objects fertilized
with the rate of 160 kg N/ha. During the three-
year period of the research, NAE in non-fertilized
objects was similar to the efficiency of nitrogen
utilization in the objects fertilized with the 120 kg
N/ha. On the other hand, in the research of Limon-
Ortega et al. (2000), Lopez-Bellido and Lopez-
Bellido (2001) as well as Zhao et al. (2006) each
dose of nitrogen resulted in lowering N use ef-
ficiency index in control objects.

N agronomic efficiency expressed in terms of the
increase in grain yield per kilogram of nitrogen
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applied in fertilizers was lowering along with the
increase of doses of that element from 45.8 to
22.6 kg/kg N, (Table 2). Moreover, N physiological
efficiency specified as the increase of the grain
yield per a unit of nitrogen absorbed by plants
was lowering along with increasing of the level
of nitrogen fertilization. The highest efficiency
of nitrogen absorption, both from the mineral
fertilizer as well as soil reserves, was reported
in case of wheat plants fertilized with the dose
of 40 kg N/ha, whereas the lowest efficiency was
reported in case of plants fertilized with the dose
of 160 kg N/ha. Lopez-Bellido and Lépez-Bellido
(2001) indicated that there was no significant
impact of nitrogen fertilization within the range
from 50 to 150 kg/ha on NPE. The authors showed,
however, a significant impact of fertilization with
relation to NAE.

Microbial preparation evaluated in the research
had a significant impact on NAE as well as NPE.
The application of EM preparation affected a con-
siderable decrease in NAE, whereas the application
of UG, . preparation had a positive impact on
NAE in objects fertilized with doses 40 and 120 kg
N/ha (Figure 3). NAE and NPE were significantly
dependent on the course of weather conditions.
The lowest increase in the grain yield per a unit
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of nitrogen applied in fertilizers, amounting on
average to 26.2 kg/kg was reported in 2008 when
the rainfall amounts were deficient in May and
June, and the rainfall amount was excessive in July.
On the other hand, the highest NAE was reported
in 2006, amounting to 43.6 kg/kg.

N apparent recovery fraction (NRF) specified as
the relation of nitrogen absorbed by spring wheat
plants to the amount of nitrogen used in the mineral
fertilizer ranged from 60.9% to 86.8% (Figure 3). The
applied nitrogen was best utilized by plants ferti-
lized with doses of 40 and 80 kg N/ha, amounting
to 82.8% and 78.9%, respectively, and worst utilized
by plants fertilized with the dose of 160 kg N/ha,
amounting on average to 65.5% (Table 2). Alessi
and Power (1973) showed 79% N apparent recovery
fraction in objects fertilized with the dose of 34 kg
N/ha and a slightly lower N apparent recovery
fraction (76%) after the application of the dose of
68 kg N/ha. On the other hand, in the research of
Lopez-Bellido and Lépez-Bellido (2001) NRF in
objects fertilized with doses from 50 to 150 kg N/ha
ranged from 18.8% to 25.1%.

In the evaluation of the impact of microbial
preparations on NRF, an unfavorable influence
of EM and AM preparations on that ratio was
reported (Table 2).
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Figure 3. N physiological efficiency, N agronomic ef-
ficiency, N apparent recovery fraction. AM — Proplatan;
EM - Effective microorganisms; UG, - microorgan-
isms



Plant Soil Environ.

Vol. 59, 2013, No. 8: 335-341

REFERENCES

Alessi J., Power J.F. (1973): Effect of source and rate of nitrogen on
N uptake and fertilizer efficiency by spring wheat and barley.
Agronomy Journal, 65: 53-55.

Barabasz W., Albinska D., Jaskowska M., Lipiec J. (2002): Biological
effects of mineral nitrogen fertilization on soil microorganisms.
Polish Journal of Environmental Studies, 11: 193-198.

Bloem J., Lebbink G., Zwart K.B., Bouwman L.A., Burgers S.L.G.E.,
de Vos J.A., de Ruiter P.C. (1994): Dynamics of microorganisms,
microbivores and nitrogen mineralization in winter-wheat fields
under conventional and integrated management. Agriculture,
Ecosystems and Environment, 51: 129-143.

Delogu G., Cattivelli L., Pecchioni N., De Falcis D., Maggiore
T., Stanca A.M. (1998): Uptake and agronomic efficiency of
nitrogen in winter barley and winter wheat. European Journal
of Agronomy, 9: 11-20.

Deng S.P., Moore J.M., Tabatabai M.A. (2000): Characterization of
active nitrogen pools in soils under different cropping systems.
Biology and Fertility of Soils, 32: 302-309.

Javaid A., Shah M.B.M. (2010): Growth and yield response of
wheat to EM (effective microorganisms) and parthenium green
manure. African Journal of Biotechnology, 9: 3373-3381.

Kolberg R.L., Westfall D.G., Peterson G.A. (1999): Influence of
cropping intensity and nitrogen fertilizer rates on in situ ni-
trogen mineralization. Soil Science Society America Journal,
63: 129-134.

Limon-Ortega A., Sayre K.D., Francis C.A. (2000): Wheat nitrogen
use efficiency in a bed planting system in Northwest Mexico.
Agronomy Journal, 92: 303-308.

Lopez-Bellido R.J., Lopez-Bellido L. (2001): Efficiency of nitrogen
in wheat under Mediterranean condition: Effect of tillage, crop

rotation and N fertilization. Field Crop Research, 71: 31-46.

Masaka J. (2005): The effect of nitrogen fertilizer placement and
timing on the uptake of nitrogen phosphorus and potassium
by spring wheat (Triticum aestivum L. cv. Spectrum) at dif-
ferent phonological stages on leached chernozem. Journal of
Agronomy, 4: 181-185.

Raun W.R., Johnson G.V. (1999): Improving nitrogen use efficiency
for cereal production. Agronomy Journal, 91: 357-363.

Shah H.S., Saleem M.F., Shahid M. (2001): Effect of different
fertilizers and effective microorganisms on growth, yield and
quality of maize. International Journal of Agriculture and
Biology, 3: 378-379.

Sieling K., Gunther-Borstel O., Teebken T., Hanus H. (1999): Soil
mineral N and N net mineralization during autumn and winter
under an oilseed rape — winter wheat — winter barley rotation
in different crop management systems. Journal of Agricultural
Science, 132: 127-137.

Sztuder H., Straczynski S. (2008): Evaluation of traditional and
integrated application of liquid agrochemicals in winter wheat.
Annales UMCS, E, 63: 24—33. (In Polish)

Tokeshi H., Aloes M.C., Sanches A.B., Harada D.Y. (1998): Ef-
fective microorganisms for controlling the phytopathogenic
fungus Sclerotinia sclerotiorum in lettuce. In: Proceedings of
the Conference on Effective Microorganisms for a Sustainable
Agriculture and Environment. 4 International Conference on
Kyusei Nature Farming, Bellingham-Washington, 131-139.

Zhao R.F, Chen X.P,, Zhang E.S., Zhang H., Schroeder J., Rom-
held V. (2006): Fertilization and nitrogen balance in a wheat-
maize rotation system in North China. Agronomy Journal,
98:925-945.

Received on October 1, 2013
Accepted on June 22, 2013

Corresponding author:

Dr. Marek Kotodziejczyk, University of Agriculture in Krakow, Department of Crop Production,

Al. Mickiewicza 21, 31-120 Krakow, Poland
e-mail: mkolodziejczyk@ar.krakow.pl

341



