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APPLICATION OF MINERALFETLr'RIBLAIAD I
DOBRODJAY RON TESIHL LEACHED CHERNOZEMS OF THE

NANKOVA MARGARITA, HRISTOFOR KIRCHEV, EMIL PENCHEV W v
IWS "Dobroudja", General Toshevo, 9520, BULGARIA 7

Summ ary05

Over the past years the ariculture in Bulgaria is undergoing a process of reconstructinadtrcu0
changes. The utilization of mineral fertilizers has radually increased since 1948 and reached its smi
in 1981 when about 227 kg/ha NPK have been used. Nowadays these norms have been were and in 1996
they were only 35 kg/ha at the expense of applying N-fertilizers mainly in wheat. The efficiency of the Cc iijq
applied nutrients was estimated on slightly leached chernozem in the period 1967-1997. The regular ong-
term fertilization of N12 0P60K0 had a favourable effect on grain yield in an agronomical and economic &a
aspect (5070 kg/ha). The highest grain yield was received at fertilization with N120P12oKI 2 ( 5230 kg/ha).

Introduction

Bulgaria is a country with insufficient lands for agricultural exploitation. The
agricultural land is 56% from its entire territory and the arable areas - about 40 %.
Recently the situation is rather alarming because these lands are not being, rationally
used and agricultural production is annually decreasing.
The territory of Bulgaria is characterised with a rich variety of soils. The great and
alarming problem of Bulgarian agriculture is the preservation of soil from erosion and
pollution. Annually, over 100 million tons of fertile soil are lost due to water erosion
caused by natural rainfalls. Consecutively, the 25 cm humic layer is disappearing from
370 dka of land. This means that about 2.5 million tons of humus, 4 million tons of
nitrogen and almost 3.5 million tons of phosphorus are being, carried away.
Considerable areas, about 30 % of the agricultural soil, are potentially threatened by
wind erosion. The share of the low productive acid soils and of water-logged and saline
sIs s considerable. The lands with disturbed soil profiles as a result from building, or

mining are over 400 000 dka; they have already lost their natural morphological
structure and their unique ability of soil fertility.
In the book Our Common Future, published in 1987, the attention of the world
community was drawn to the problems of the pressure on the environment due to the
fast growing global population, its provision with quality food, the rational usage of the
natural resources, the critical accumulation of various garbage, the protection of the
environment and the preservation and increasing of soil fertility, etc.
The global experience so far has proved that it is not possible to meet the increasing,
demands for food products without using fertilizers and other chemical means. This
problem is even greater because the arable land per capita is constantly decreasing.
Evidently, the development of agriculture is not possible without reasonable application
of fertilizers, pesticides and other chemicals. It is known that one third of the world
agricultural production is due to fertilization.
The aim of this study was to offer a short historical review of fertilization in Bulgaria
and to compare different variants of fertilization which include various norms and rates
of introduced nutrition elements and their effect on yield and quality of the obtained
production; we also aimed at assessing the removal of nutrition elements with the
harvest, obtained from the variety Pliska as a result of a long-term research work.
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Materials'aiid methods

In a stationary field experiment with wheat-maize rotation initiated n 1967 in two field
crops, the effect of systematic mineral fertilization on soil fertility, plant nutrition, yield
and quality of wheat and maize have been studied. Four nitrogen and phosphorus and
three potassium norms have been tested - 0, 60, 120 and 180, nd 0, 60 and 120 kg/ha,
respectively. The experiment was designed by the method of the "net square", applying
the full version of the design (4 x 4 x 3 = 48) in four replication, the size of the harvest

C1 2 -N8P8Kplot being 20 m . An additional variant was included in the experiment -NSP 8 KS
kg/ha.
The following wheat varieties were used during the years of study: 1967 -cv.

Bezostaya-l; 1971-1973 - cv. Avrora; 1974-1980 - cv. Sadovo-l; 1980-1982 -cv.

Vratsa and from 1983 till now - cv. Pliska.
The chemical composition of the plants was established: nitrogen was determined by the
method of Keldhal, phosphorus content - by colorimetry to the yellow molibdate-
vanadate response, and potassium - by flame photometry. Data was processed with the
help of the statistical analysis softweare Biost at.

Results and discussion

The first available statistical data for fertilization in Bulgaria date from 191 1, when 94
tones have been applied naturally (Nikolova, Ikonomova, 1966). Until the Second
World War, between 50 and 150 tons of mineral fertilizers have been annually used, and
the main revenue of nutrition elements has been from organic sources. After the Second
World War the rate of mineral fertilization considerably increased in our country. The
data of the Central Institute of Statistics show that the maximal application of mineral
fertilizers has been reached in 1981, when c6ver 1 million tons have been introduced,
which means 227 kg/ha NPK. These data reveal that we are far from reaching the
developed countries in using fertilizers per area unit. Generally speaking, ariculture in
our country has never been confronted with the problem of overapplication of mineral
fertilizers. However, the problem of unbalanced usage of fertilizers has always been
important. In this connection, the nitrogen/potassium ratio is the most unfavourable. In
spite of the fact that since 1981 the use of potassium fertilizers has increased about 15
times, it is still inadequate to the needs of our soils and crops. In this case the N:K ratio
is considerably improved (1 : 0.24), but it is still much lower than that accepted in the
countries with intensive agriculture (minimum 1 : 0.4).
In the period 1982-1989 a decrease in the use of mineral fertilizers was registered,
which is 28 % for NPK in total. The most considerable decrease was established in
using phosphorus fertilizers - 47 %, followed by potassium fertilizers - 25 %, and
nitrogen fertilizers - 13 %. The N:P:K ratio was 1:0.84:0.20 in 1981 and changed in a
unfavourable direction in 1989 to 1:0.50:0.20. These data are an indication of
unbalanced usage of nitrogen fertilizers and the related unfavourable consequences for
sol fertility and the environment. The intensity of nitrogen balance for the period 198 1-
1985 is averagely 150-160 %, i.e. the increased amount of nitrogen fertilizers used does
not correspond to the yields, and a part of the nitrogen has been included unproductively
into the agricultural ecosystems (Nikolova, Ikonomova, 1996). The phosphorus balance
is also positive, but it was aimed at increasing the area with moderate and good mineral
reserves. In contrast to nitrogen and phosphorus, the intensity of potassium balance is
highly negative (averagely 25 %). The area of soils with low potassium reserves is
strongly increasing, (almost three times), and the area of soils with good potassium
reserve is decreasing with 10%.
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The data of the Central Institute of Statistics show that in the recent years there is a
sharp decrease in the amount of mineral fertilizers used in our country. The nitrogen
fertilizers have decreased to a relatively smaller degree - 3.2 times, the phosphorus
fertilizers have decreased 8 times, and potassium fertilizers have not been applied at all.
In 1989 the mineral fertilizers used have been 160 kg/ha, and in 1996 their amount have
fallen to 35 kg/ha, mainly at the expense of the nitrogen fertilizers for dressing of wheat.
There is a complete disbalance in the use of mineral fertilizers. The balance of nutrition
elements has changed from positive for nitrogen and phosphorus and negative for
potassium to highly deficient for all three main nutrition elements.
In this respect the data obtained from the long-term field experiment conducted in IWS
"Dobroudja" gives a valuable information about the effect of mineral dressing with
different norms and rates not only on wheat yield but on a number of indises that
characterise it.
Although during the 30-year period of study we have used wheat varieties of different
genetic potential, the presented data show the effect of the different fertilization norms
on the obtained mean ields (Table 1). The increasing norms of independent nitrogen
fertilization from 0 to 180 kg/ha lead to a double increase of grain yield - from 2100 to
4380 kg/ha. The independent application of phosphorus fertilization has a weak effect
on the ield, and the individual potassium fertilization does not affect it. The highest
grain ield was established in variant (40) with N120P 12oKI 20 - 5230 kg/ha, but most
profitable was variant (15) with N120P60K0 - 5070 kg/ha.

Tablel. Grain yield averaged for the period 1967-1997 (kg/ha)

K p NO N60 N12o Niso
KO ~ P0 2100 3800 4310 4380

P60 2260 4520 5070 4730
P1__0 2250 4590 5020 4610

_____P 180 2360 4670 5070 4480

K60 PO 2100 3850 4310 4410
P60 2300 4610 5130 4820
P120 2320 4460 5070 4670

_______P 180 2280 4690 5170 4680
K 120 P0 2040 3940 4290 4390

P60 2260 4420 5130 4770
P120 2290 4530 5230 4710

_______P 180 2270 4640 5160 4680

Worth of special interest are the grain yield variations at ratio N:P:K 1:1:1, but with an
increasing quantity of nutrition elements.When supplied in norms of N60P6OK6 0, the
lowest yield was obtained in 1985 - 2390 kg/ha, and the highest in 1997 - 7410 kg/a.
In increasing the norms to 120 kg/ha, the lowest yield was obtained in 1974 - 2260
kg/ha and the highest - in 1986 - 7700 kg/ha. In the additional variant included in the
experiment (NIgOP,soK,go),,the lowest yield was obtained in 1975 -2710 kg/ha, and the
highest in 1982 - 7240 kg/ha.
The application of high norms of mineral fertilization regardless of the different rates
between the nutrition elements has lead to a substantial decrease of grain yields during
the investigated period.
Table 2 presents the results obtained from cv. Pliska's, which was used in this

experiment for the last 15 years. The cultivar Pliska is one of the most producti'ie wheat
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varieties ec'ted in WS - General Toshevo. It is low-stemmed, lodJing resistant, early
mnaturngo wheat variety (Petrov G.,j982). Yield and quality are very well combined in
this variety, i.e. high productivity is accompanied by excellent backing qualities and
high lysine and protein content, and also earines with winterhardiness. Cv. Pliska is
suitable for cultivation in all wheat growing regions of Bulgaria.

Table 2. Grain yield of cv. Pliska averaged for the period 983-1997 (kg./ha)

K p NO N60 N120 N180
Ko PO 2050 4075 4760 4840

P60 2190 4720 5470 4960
P120 2140 4780 5320 4850
P180 2310 4800 5470 4670

K60o P0 2030 4160 4780 4810
P60 2240 4830 5480 5070
P12 0 2260 4520 5340 4890
P180 2270 4800 5480 4930

K120 P0 1960 4240 4720 4880
P60 2150 4560 5430 4900
P120 2110 4610 5580 4950

____P 180 2160 4740 5430 4840

The established tendencies for the effect of the different norms of fertilization on wheat
Yield were confirmed. The yields from the control variants without mineral dressing
were between 1280 and 3070 kg/ha , and for the 30-years period of investigation they
have never been under 1000 kg/ha. Again, the highest mean yield for the investigated
period from cv. Pliska was obtained in variant (40) with N12 0 P12 0 K12 0 - 5580 kg/ha, but a
small difference in the yield in comparison to the more economically profitable variant
(15) with N 2 0P60K - 5470 kg/ha is worth mentioning. In individual nitrogen
fertilization the highest efficiency of 1 kg N fertilizer was obtained in variant (2) with
N60P0 K0 - 300.2 kg grain. In fertilization with rising N norms the efficiency of 1 kg N
fertilizer falls down ( N120 - 220.6 and N180 - 150.5 k grain). Petrova M. (1984) has
reported that after a 16-year fertilization in the same experiment, the nitrogen norms of
150-180 kg/ha in ratio 1 : 0.7- 0.8 with phosphorus were effective in the intensive
wheat varieties. Our data obtained from the 30-year enrichment with nutrients of one of
the most fertile soils in Bulgaria, prove that the moderate nitorgen norms of dressing
(1 20 kg/ha) in N: P rates from under 1: 1 to 1: 0. 5 are the most favourable.
In selected variants from this experiment the effect of fertililization on the protein
content and protein yield was established. The meteorological conditions of the
investigated period had a strong effect on these indices. Averaged for cv. Pliska, the
individual nitorgen fertilization with increasing norms leads to the increase not only of
protein content in grain but also of protein yield (Fig. 1)
The independent application of phosphorus and potassium dressing as well as their
combination did not affect the values of these indices. Combining of 120 kg/ha nitrogen
with phosphorus in different rates leads to a significant addition in protein yield. In
long-term fertilization with N120P180K0 (17 var.) the greatest increase of protein yield in
companison to the control variant was established -340.5%. A similar result was
obtained in variant ( 40 ) with N12 0P12 0K120 - 336.9 %.The variant (15) with long-term
application of N12 0P 6OKo, where this addition according to the control variant was 330.6
%, is in third place. The lowest protein yield was obtained in 1985 - 267 k/ha
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averaged for all tested variants, when we obtained the lowest grain yields. The highest
grain yield - 755.7 kg/ha was obtained in 1990. In the same year the highest protein
yield in this experiment was obtained from variant (48) with N18oPI 8oK1 20 - 1041.4
kg/ha; the grain had a very high protein content - 14.96 % averaged for the tested
vaniants.

Fig.1 Protein yield (kg/ha) and protein content(%

0lkg/ha
S Protein /

2 3 4 6 9 0 15 16 ~~~~~~Protein %
20 1 2 2831 40 46 48

Under the slightly leached chernozem conditions, the quantity of NPK removal with
gorain yield varied widely according to the norms and rates of the nutrition elements.
Naturally, the lowest removal was established in the variant without fertilization (Table
3).

Table 3. Removal of nutrition elements with grain yield (kg,/ha) and NPK expense
for formation of 100 kg grain (kg)

Variants Removal of nutrition elements NPK expense for formation
with gran ield kgh of 100 k grain kg

_____ ~~N p K N p K
1. NoPoKo 35.3 16.9 11.7 1.80 0.84 0.59
2. N60 P0 K 0 77.3 29.7 22.8 1.95 0.74 0.58
3. N 120PoK 0 102.5 31.1 25.4 2.17 0.66 0.55
4. N 180P0 K0 108.9 32.1 26.9 2.27 0.66 0.57
6. NoPI 20K0 35.2 20.1 12.4 1.70 0.95 0.60
9. NoPoK 20 33.7 16.2 11.8 1.78 0.85 0.63

10. N6POo 84.2 41.1 28.6 1.83 0.87 T0,62
15. N 120P60Ko 116.5 44.3 31.6 2.15 0.81 0.59
16. N120P12oKo 115.2 48.7 33.5 2.18 0.92 0.64
17. N120P180K0 128.7 53.6 34.8 2.20 0.98 0.64
19. N120PoK,20 98.6 33.6 26.0 2.12 0.71 0.56
20. 8P00 115.4 39.6 29.0 2.34 0.83 0.59
21. NI8 OP120K0 110.5 42.7 28.7 2.31 0.89 0.60
22. NisoP18oKo 110.0 44.5 28.7 2.38 0.96 0.63
28. NoP1 2oK, 20 35.1 20.3 11.4 1.71 0.98 0.56
31. N60P60K0 86.1 42.9 27.1 1.82 0.89 0.58
40. N120P120K 12 o 119.1 53.8 32.5 2.13 0.96 0.60
46. N180P12 oKI 20 114.9 45.6 29.9 2.36 0.95 0.61
48. N 180P18 oKI 20 113.5 46.3 29.7 2.41 1.00 .0.63
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The indeperndent application of nitrogen with increasing norms enhanced the removal of
nutrition elements from 2 to 3 times. The combined application of NPK in different
rates increased the removal of nutrition elements with yield, phosphorus removal being
the highest.
The highest removal of nutrition elements was established in fertilization with
N120P180K0 (var. 17), where the mean ield from cv. Pliska wzs 5470 kg/ha. The same
yield was obtained from variant 15 with N120P60K0 but it occupied the third place
according to the NPK removal with grain yield after long-term fertilization with
N120P 12oKI 20 (variant 40).
In the selected variants of this experiment, the expenses for formatrion of 100 kg grain
varied from 1.71 to 2.41 for nitrogen; from 0.66 to 100 for phosphorus and from 0.55 to
0.63 kg for potassium. It is clear that the ields from variants 15 and 17 are identical and
only in variant 40 a mean yield higher with only 1 10 kg/ha grain was obtained. At the
same time the differences between them according to their expenses for nutrition
elements in formation of 100 kg grain were insignificant. These results show again that
under the conditions of the slightly leached chemozem in Dobroudja, the most
appropriate norm of long-term wheat dressing is N120P60K0. In this case the results for
cv. Pliska, averaged for the 15-year period of study, show that the expenses are 2.15 kg
nitrogen, 0.81 kg phosphorus and 0.59 kg potassium for formation of 100 kg grain.

Conclusions

Under the conditions of various enrichment of the slightly leached chernozemns with
nutrients, the optimal norms of wheat fertilization leading to stable yields accompanied
by a high quality of grain grain were established.
The regular 30-year long application of N 120P6oKo kg/ha contributed to the most
beneficial addition in yield in agronomical 'and economic aspect as compared to the
control without fertilization. Averaged for the 30-years period of study, the highest grain
yield was obtained in annual fertilization with N120P12oKI 20 - 5230 kg/ha.
This tendency was entirely confirmed by the continued study on cv. Pliska. Averaged
for the 15-year period, in fertilization with N120P6oKo the grain ield was 5470 kg/ha,
and in fertilization with N 120P12oKI 20 it was 5580 kg/ha. The protein ields in these
variants were 665.8 and 678.5 kg/ha, respectively.
The nutrient expenses of cv. Pliska in long-term fertilization with N120P6oKo for
formation of 100 kg grain were 2.15 kg nitrogen, 0.81 kg phosphorus and 0.59 kg
potassium.
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