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Summary
As a result from a 30-year fertilization with nitrogen, phosphorus and potassium applied
with different norms and rates, the nutrition regime of slightly leached chernozems was
considerably altered. A significant increase of mineral nitrogen, especially of its nitrate
form, was observed down the profile (140-200 cm) when applying nitrogen norms of 120
and 180 kg/ha. A high correlation between yield and nitrate nitrogen content was
registered under these conditions. During the period of fertilization mentioned above,
phosphorus available in soil changed from low to moderate to good and very good
depending to the phosphorus fertilization norm. A considerable enrichment of the root-
deep layer with available phosphorus was established. A similar tendency was registered
for water-soluble and available potassium content in the surface layer in accordance with
the potassium dressing.
The correlation and path-coefficients calculated for the period of study show a strong
relation between yield and the autumn-winter moisture reserve, rainfalls in May and in
April-June; these are considered to guarantee the efficiency of mineral fertilization on
yield.

1.Introduction

Wheat is a main crop in the Dobroudja region and production of wheat grain is of
decisive economic importance for our country. The specific environmental conditions of
the region characterised by predominant comparatively rich soils and dry climate impose
the necessity to systematically and thoroughly study the effect of mineral fertilization on
this crop (Petrova, 1984).
The systematic fertilization with nitrogen, phosphorus and potassium for a period of 16
years considerably alters the nutrition regime of the slightly leached chernozem;
depending on the applied norms, the nitrate nitrogen content varies from 5-6 to 18-20
mig/l1000 g soil, and the content of available phosphorus (according to Egner - Reem)
varies from 1-2 to 12-15 mg/100 g soil (Gospodinov, 1981). Ivanov et al. (1989) have
established that in systematic long-term fertilization, the amount of utilised phosphorus
increases many times, as well as the prevalence of fluoride- and alkali-soluble fractions in
the residue phosphorus of the fertilizer accumulated in soil as a result from the treatment.
The aim of the present research was to characterise the changes that have occurred in the
forms of mineral nitrogen and in the amount of phosphorus and potassium available to
plants under continuos NPK dressing in various norms and rates.

2. Materials and Methods

In a stationary field trial with wheat-maize rotation initiated in 1967 in two-field crop,
the effect of systematic mineral fertilization on the change of soil fertility, plant nutrition,
Yield and quality of wheat and maize have been studied. The trial was designed by the
method of the "net square', apply'ig the full version of the design (4 x 4 x 3 = 48) in four
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replications, the size of the trial plot being 63 in2, and the size of the harvest plot - 20
2m.

Four nitrogen and phosphorus norms were tested - 0, 60, 120 and 180 kg/ha and three
potassium norms - 0, 60 and 120 kg/ha. An additional variant being included in the trial -

N18 oP, 8oK, 8o kg/ha, which makes the total number of tested variants of individual and
combined fertilization 49.
In order to characterise the changes in soil fertility, in 1997, after wheat harvest, soil
samples were taken at a depth of 2 m, every 20 cm, in certain selected variants of the
trial. In all other variants soil samples were taken from the root-deep layer, at 0-20 and
20-40 cm. The following agrochemical analyses were carried out to characterise the
nutrition regime of soil: in the soil extraction of 1 % K2 S0 4 the forms of Mineral nitrogen
were determined - these were nitrate nitrogen, identified by the disulphophenol method
(Meshteryakov' s modification) and exchangeable-ammonium, identified by the phenol
method (modification of Vahjenin), mobile phosphorus - by the method of Egner - Reem,
and potassium - water-soluble in 0.01 M CACI2, as well as a total amount of
exchangeable potassium in n CH3COONL14. The total mineralization or the potential
nitrogen soil ability was established after a 14-day incubation in a thermostat at 280 C,
followed by determination of nitrate nitrogen in 1 % K2 S0 4 . Soil reaction was
determined in 1 n KCI for the layers 0-20, 20-40, and 40-60 cm.
Data was processed with the help of the statistical analysis software Biostat. A two-
factor dispersion analysis was applied according to the following model: Yijk y .. + a j
± pj (c4) 1 + e 

Results and Discussion

The systematic fertilization for a period of 30 years with increasing norms of nitrogen,
phosphorus and potassium leads to considerable alternations in the nutrition regime of
soil. The dispersion analysis of the data proves the obtained variations in the content of
the easily accessible nutrient elements according to the norms of fertilization and the
depth of the studied profile (Table 1). In the variant without mineral fertilization the
amount of mineral nitrogen forms is small and decreases in depth. The individual
nitrogen dressing with increasing norms leads to considerable increase of the mineral
nitrogen amount and mainly of the nitrate form along the depth of the profile. An
enhanced nitrate nitrogen content was established in the 160-180 cm layer when applying,
60 kg/ha, and in the 100-120 cm layer when applying 180 kg N/ha. A similar tendency
Table 1. Dispersion analyses

Indeces ____________MSA MSB MSA.B Eror
N0 3 -N mg/1 000g 1156.39c 1083.88c 6 3 8 .5 5b 48.77

N114 - N m/ 1 000 g8.50` 83.50c 3.27 1.58
Mmi. abil. - NO3 ing/1OQ g0 2201.52` 7287.39r 8 10.47c 3.00
P205 - M9/100 41.78c 497.80c 13.77c 0.23
K 20- In CH3COON-4-mg/1 00 g 69.27c 1240.99c 1 8.3 7c 0.55
df 1 0 1 9 190 199
K 2 0 -0.0 1M CaCI2 - M9/1 00 18.17r 77.69C 3.95C 0.069
pHKCI 0.47a 12.93c 0.493 0.0020
df 2 1 9 3 8 5 9

Key: Factor A - depth of investigated profile
Factor B - norms of mineral dressing
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was observ~ed in combined fertilization, too, with 60 kg/ha nitrogen and phosphorus. In
this case, however, the formation of the deep-soil nitrate maximum was established at the
160-180 cm layer, the entire 2-metre layer being characterised by a larger mineral
nitrogen reserve.
The highest total amount of mineral nitrogen along the profile depth was determined in
longr-termn fertilization with N180P6oKo. The results fom the agrochemnical soil analysis
demonstrated a clear tendency towards increase of the amount' of nitrogen available to
plants going in parallel with the increase of the norm of the annual nitrogen dressing in
the root-deep layer.
The results from the analysis of dispersions (Table 2) revealed a high degree of reliability
in the variation of the nitrate nitrogen values in most of the tested fertilization variants,
while the amount of exchangeable ammnonium was affected considerably less by the
norms and rates of the nutrition elements in them.

Table 2. Factor B comparison of variants - norms and rates of mineral fertilization

Variants N0 3-N NH4- MA- P2 0 5 K(20- K20- pHkri

______________ ~~ ~N NO 3 ____CH 3COONH4 CaCL2

l.NoPoKo 3.11 3.31 7.70 0.91 19.30 2.89 7.39
2. N60 P0 K0 33.95r 3 .4 2HP 50.65c 1.06w~ 21.15c 2.51a 7.19C

3.-N120PoKo 9.81c 3.82 H 15.34 c 1.27a 18.50e 3.14"' 7.03 

4. N18oPoKo 23.3 1 2.84'~' 37.23rc 150c 19.75BP" 2.76"" 6.50OC
6. NoPI20K0 6.74'P 3.57"" 15.69c 2.2 1c 21.50c 5.51 c 6.77c
9. NoPoKI20 5.41 BP 4.75c l 1.66c 1. 17"" 22.05c 6.52c 7.26c
1 0. N60P60Ko 15.33c 2.15 b 0.92c l.78c- 19.55B 2.76"" 6.92 c
15. N120P60K0 13.44c 3.56"" 29.7 1c 1.93c 17.50c 4.14c 6.79c
16. N120P120K0 l 1. 12c 2 .2 3 b 21.38c 3.03c 16.20c 2.51a` 6.60`

17. N120P180K0 17.60c 2 .8 2 'T 27.24c 4.10Oc 17.35c 3 .3 9 6.92c

19. N120PoKI20 19.75c 3.29" 25.72c 1.5' 20.76c 53 9c 6.89c
20. N,80P 60K0 19.20c 3.60'"' 3 2.6 7c 2.16c 1 8.30Oc 2.88'" 6.46c
21. N18 oPI20K0 1 8.3 4c 2.92"" 21.19r 2.85c 16.90c 2.26c 6.78c
22. N18oPI8 oKo 9.83 b 2.12 b 15.59c 3.80c 17. 10c 3.26 a 7.09C

28. NoPI20K120 8.51 ̀  2.3 8a 13.62e 3.68c 20.25 6.3 9c 6.67 c
3 1. N60P60K60 8.5 1"P 3.39"" 10.63c 1.72c 19.15'"' 4.14c 6.47 j
40. N120P 12oKI 20 6.77 3.5 1"-' 16.19c 2.83c 1 9 .2 0HP 3.64c 7.07c
46. N18oPI2oKI20 11.25c 2.65"" 21.32c 2.77c 17.95c 3.89c 6.53c
48. N 8 oPigoK12 o 6.02"" 3.6" 15.3 1c 5.92 c 20.15c 5.64c 6.98c
49. N,80 PisoKI8 o 16.87c 3.6 22.65c 5.53c 23.20c 8.90c 6.52c

GD) 5 % 4.35 1 0.784 1.079 0.297 0.462 0.303 0.052
1 % 5.742 1.035 1.424 0.392 0.610 0.403 0.069

0.1 % 7.376 1.329 1.829 0.503 0.784 0.524T 0.090

The nitrification capability of soil characterises best its ability to provide plants with
nitrogen. The results presented for the potential mineralization ability of soil in the
variants mentioned above show considerable variations in the index values, as compared
to the control without fertilization. The mineral dressing with nitrogen - 120 and 180
kg/ha, combined with phosphorus and potassium, results in good provision of soil with
available nitrogen, udging by the mean values for the 1-mnetre deep layer; in certain
depths soil provision can be considered very good.
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In the tested variants, the variations of the index values are proved to a maximal degree
of certainty.
An increase in the phosphorus available in soil was established resulting from the long-
term mineral fertilization in all variants with phosphorus dressing. The results show that
available phosphate content in soil depends above all on the quantity of introduced
phosphorus. The independent phosphorus and phosphorus-and-potassium fertilization
leads to a considerable increase in the amount of available phosphorus in the 0-20 and
20-40 cm layers in comparison to the control without fertilization. The increase in the
layers indicated above is from 3.7 and 1.4 Mg P20 5/1 00 g to 1 1. 0 and 4.5 mg P 20 5/1 00
g, respectively, in fertilization with NoP12oKo and reaches up to 19.5 and 10.8 mg.
P2 0 5/100 g, respectively, after applying the NoPI2oKM2 norm for 30 years. A tendency
was observed for decrease of the index values when nitrogen and nitrogen and
potassium are included in the combinations of the individual norms of phosphorus
dressing. This tendency is especially clear in fertilization with N60P60K60, N120P12oK120,
and NP 12oKI20. The reason for this result is the formation of higher yield amount,
respectively higher biomass, at that rate of complete combining of the main nutrition
elements in the fertilization norm. The highest absolute values for the content of available,
phosphorus in the root-deep layer were established in long-term fertilization with

N18~lU120- 26.6 and 13.8 mng P2 0 5 /100 g, and in fertilization with NisoP18 oK180 - 23.7
and 18.4 mg P2 0 5/1 00 g, respectively. The systematic mineral fertilization for the
indicated period leads to creation of a considerable reserve of phosphorus available to
the plants.
The analysis of the dispersions from Table shows a maximal degree of certainty in the
variation of the water-soluble potassium values according both to the fertilization norms,
and the depth of the investigated profile. The combined effect of the tested factors is also
proved to a maximal degree of certainty. A considerable increase is established only in
independent potassium, phosphorus-potassium and nitrogen-potassium dressing with
norms of 120 kg/ha. The variant NoPlgoK18 - 15.42 mg K(20 / 100 oil is
characterised with an absolute maximal value of water-soluble potassium. An increase of
the water-soluble potassium content was registered for the variants mentioned above in
the 20-40 and 40-60 cm layers.
It is considered that in soils with heavier compositions and good sorption capacity, such
as the slightly leached chernozems in Dobroudja, washing-away of potassium down the
profile is insignificant. Milcheva (1974) has proved in a system of trials that there is no
washing away of potassium out of the arable layer. Losses of potassium are mainly due
to amounts taken out with the shoot biornass of plants. Petrova (1984) has reported that
after a 9-year fertilization in the same experiment, potassium balance in the variants
without potassium dressing is negative. The same author has established, that the
potassium level in slightly leached chernozems can be sustained with a norm of
fertilization of 120 kg/ha when combining it with an optimal nitrogen and phosphorus
dressing.
The results we obtained for the content of available potassium after a 30-year trial reveal
considerable differences in the individual variants of fertilization (Table 2). The amount
of available potassium in the variants without potassium dressing clearly show the ability
of the slightly leached chernozemns to continuously sustain a dynamic balance between
the potassium forms in oil. A highest absolute content of potassium available to plants in
the 0-20 cm layer was established in the variants N18oPigoKI 20 - 40 mng/100 g and

Niso,8o~go- 50.5 mg/100 g; in the latter variant there is a considerable increase in the
20-40 cm layer, too.
In the variant without mineral dressing, the reaction of the soil is neutral, no changes
being observed in its values down the studied profile. The increasing norlips. of nitrogen
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fertilization, especially the systematic fertilization with high nitrogen norms, lead to a
decrease in the pH values in the 0-20 and 20-40 cm layers. The mineral fertilization has a
weak effect on the soil acidity values, regardless of the norm and rate of nutrition
elements in the 40-60 cm layer.
In Table 3 the data from the agrochemical analysis of the tested variants are compared
according to factor A - depth of the investigated profile.

Table 3.Comparison of variants acording to Factor A - depth of investigated profile

Variants N0 3-N NI-1-N MA- NO 3 P 20 5 K(20- K(20- pHki~
____________ _________ ___________ ~~ ~~cH3COON H4 CaCL2

0 -20 18.53 6.85 43.23 11.18 30.15 5.64 6.27
20 -40 16.56'"' 4.7 40.06c 6.46c 25.89c 84 6.83e
40- 60 6.07c 3.23c 27.43c 2.16c, 22.47` 2.90c 7.41c-
60- 80 14.38 b 2.50c 28.92c l. 86c 21.20c
80 - 100 1 4 .3 6 b 2.69c 16.47c 0.99c 19.40e __

100 - 120 19.47P 1. 94c 15.41c 0 5 7` 15.05c___
-120 - 140 14. 09b 2.05c 4.97c 0.45c 14.13` __

-140 -160 6.69` 2.31lc 3.49C 0.59c 14.20c___

-160 - 180 8.86c 3.24c 14.05c 0. 5 9 14.88c ___

180 -200 11.45c 2.74c 17.16c 0. 77` 15.55c

GD) 5 % 3.08 0.554 0.763 0.210 0.327 0.117 0.0202
I % 4.06 0.732 1.01 0.277 0.43 1 0.156 0.0269

0.1 % 5.22 0.940 1.293 0.356 0.554 0.203 0.0350

The long-term mineral fertilization, especially when applying, higher norms, considerably
affects mineral nitrogen content and its forms, as well as the potential nitrogen soil ability
alongr the profile. This hidden mechanism for formation of deep-soil nitrate maximum
plays a significant role for the post-efflect of mineral fertilizers, especially in crops with
deep roots. The results reveal a high degree of certainty in the variation of the content of
available forms of the basic nutrition substances in the 2-metre soil layer.
The correlation analysis for yield from the last year's harvest and the content of mineral
nitrogen forms reveals that in the control variant yield is positively affected to a highest
1degree by the ammonium nitrogen content in the 80-100 cm layer and by the nitrate
nitrogen content in the 20-40 cm layer; r = 0.765 and r = 0.761, respectively. With the
increase of nitrogen dressing norm, both of independent application and in different
combinations, the positive correlation between yield and the mineral nitrogen forms
(especially nitrate nitrogen) increases, too. This correlation is very well expressed in the
deep layers. The highest values of the "yield-nitrate nitrogen" correlation coefficient for
the entire length of the investigated profile were registered in variant 48 - N18 oP18 oKI 20,
the values being higher than 0.9 at depths 20-40, 80-100 and from 140 to 200 cm.
Table 4 presents the correlation and path-coefficients which reveal the relation between

'yield and rainfalls during the individual stages of wheat development. The range of the
correlation coefficients is shown and the path-coefficient is summarised for the 30-year
period of study.
The relation between the yield and rainfalls in September was not proved. The
correlation with the rainfalls in October is proved in some cases, although the degree of
reliability is P = 0.05. For the whole period of study the relation between the yield and
the rainfalls in May is proved, the rainfalls' degree of certainty varying from P = 0.05 to



25

P = 0.001. The correlation coefficients between yield and rainfalls in June were also
proved, but the correlation was negative.
The correlation coefficients between productivity and the sum total of rainfalls for the
periods October-March and April-June considerably varied. The evaluations of the
indirect effects of the studied indices - the path coefficients, proved the positive effect of
rainfalls in May, in the periods October-March and April-June, as well as the negative
effect of the rainfalls in June.

Table 4. Correlation and path-coefitients values

Indeces 2- IX 3 -X 4-V 5- V 6 -X-JII 7 -V-VI
min max min max nun max mmn max nun max min 'max

1 0.04 0.12 0.245 0.368 0.371 0.561 -0.341 - - 0.498 - 0.434
2 1 0.427 0.152 0.061

2 -0.096 0.102 0.033 0.195 -0.114 0.025 0.214 0.388 0.072 0.134
3 0.146 0.281 0.028 0.183 0.287 0.431 - 0.097

0.114~
4 -0.204 0.119 0.035 0.203 0.289 0.475

5 0.172 0.229 0.241 0.382

6 0.185 0.279

Path 0.235 0.374 0.661 -0.548 0.822 0.619

The overall pattern, describing the relation between ield and the autumn-winter
moisture reserve and between the yield and rainfalls in May is the following:

Y = bo + b1X ± b2X 2,

where Y is yield, and X is rainfall in the specific period. The assessment of the
parameters bo, bl and b2 vary in the years.
The overall pattern of the models is a parabola, which theoretically proves that the
autumn and winter moisture reserve in soil plays a main role for the manifestation of the
effect of mineral fertilization (Fig. 1).
The models, describing the relations "yield - rainfals in April-June" and "yield - rainfalls
in June" are the following:

Y = ao + a In (X),

where Y is yield, and a and a, are real coefficients.
The models, describing the relations "yield - rainfalls in April-June" and "yield - rainfalls
in June" are the following:

Y = ao + a In (X),
where Y is yield, and ao and a, are real coefficients.

The evaluation of the coefficients shows the significance of rainfalls in the period April-
June, the wheat productivity changing according to a logarithmical law depending on the
rainfafs during that period.
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Fig Model graphic of thereltion 'Yield - Rainfalfl duringX - Il in"adY.i- Rainfall
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