
Abstract. The effects of nitrogen from mineral fertilizers and from manure on the yield of rye and
potatoes, as well as the content of the total and mineral nitrogen in soil horizons up to 65 cm, were
studied for 3 years. The study results were obtained from fields where rye and potatoes had been
cultivated in monocultures from 1923 and from fields on which these plants were cultivated in
rotation without manure and without a papilionaceous plant. Combinations of CaPK or PK
non-fertilized with nitrogen, CaNPK or NPK fertilized with this component and fertilized with
manure applied every year or every 4 years with CaNPK were used for the studies. In the case of
similar amounts of N, P, K introduced to soils with manure and mineral fertilizers, greater yield was
obtained and better recovery of nitrogen by the plants was observed while using mineral fertilizers.
As a result of using sole manure, much more total nitrogen was obtained in all soil layers than in the
case of mineral fertilizers. Sections with manure also included greater amounts of mineral nitrogen
than the ones with mineral fertilizers, but only in the Ap and Bt horizon.

It is commonly believed that the majority of nitrogen not taken up by plants is
lost by being washed away or by evaporating into the atmosphere. The recovery of
nitrogen by plants is small if they are cultivated in unfavourable soil, agrotechnical,
or climatic conditions. It ought to be expected that in such conditions the amounts
of nitrogen accumulated in soil, not taken up by plants, will be considerable. So far,
many studies based on many years of experiments have been conducted, where the
effects of long-term fertilizing with nitrogen on yield and the recovery of nitrogen
from fertilizers have been investigated. What has been a fewer subject of studies
are the effects of these conditions on the nitrogen content in the ploughing layer of
the soil and the relationship between the content of the total and mineral nitrogen
and the recovery of the fertilizing nitrogen by plants. [1, 4, 6, 10-12].

The authors of this publication have long-term fertilizer experiments at their
disposal, in which the effects of nitrogen on rye and potatoes, cultivated for many
years in monoculture and rotation, have been studied. Thus, it seemed to be
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interesting to study the relations between the accumulation of the total and mineral
nitrogen in several soil horizons and the recovery of N from fertilizers by the
plants. The study of the accumulation of these forms of nitrogen was contingent
upon the cultivated plant, soil reaction, organic fertilizing, and rotation.

MATERIALS AND METHODS

On the experimental field of the Agricultural Chemistry Department in
Skierniewice, long-term fertilizer experiments have been conducted since 1923.
Fertilizing soil and plants cultivated in monocultures and several rotations with Ca,
N, P, K, and manure are studied there. Experiments are conducted on grey-brown
podzolic soil of the following content of fine particles: 15-17% in the Ap horizon,
12-14% in the Eet horizon, and 24-27% in horizons Bt and C. The mean annual

temperature for an 80-year period is 7.9°C, and the mean annual amount of
precipitation is 528 mm. A more detailed methodology of these experiments and
the most important study results can be can be found in the work by Mercik and
Stêpieñ [7].

This work presents only the results for non-fertilized combinations (CaPK or
PK) and combinations fertilized (CaNPK or NPK) every year with nitrogen (90 kg
N ha-1) or manure (20 t ha-1).

The content of the total and mineral nitrogen (N-NH4 + N-NO3) in 3 soil

horizons (Ap, Eet and Bt) was studied, as well as the rye and potato yield cultivated

in monoculture and in arbitrary rotation without manure and papilionaceous

plants. In the studied area soil is not too acid (pH 6-6.5) on fields with

monocultures and it is very acid (pH 4.0) on fields with arbitrary rotation. The grain

yields presented in the paper and the yields of potato bulb, as well as the uptake of

N by plants, are mean values from the last three years.

Soils from the experimental fields were collected after the harvest in 2005. In

the soil samples the total nitrogen and the mineral nitrogen in the CaCl2 was

quantified by means of the Kjeldahl method and the continuous-flow colorimetry

respectively.

RESULTS AND DISCUSSION

Low yields of potatoes are obtained in these experiments, which is

understandable, since they have been cultivated either in monoculture for many

years or in rotation without manure and without papilianoceous plants (Table 1).

Even with full mineral (CaNPK) or mineral and organic fertilizing potato yields in

monoculture did not exceed 15 t ha-1. The uptake of nitrogen by the plants and the

recovery of N from fertilizers were calculated only on the basis of the N content in

the bulbs, since the potato tubers always remained in the field. The highest
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recovery of N from fertilizers (38%) was obtained while using NPK in rotation and

while using a combination of CaNPK and manure (every 4 years) in monoculture.

Such low recovery of nitrogen by potato plants indicates that the majority of the

nitrogen has been washed away.

Rye cultivated in the same unfavourable conditions as potatoes yielded much
faster (Table 1). Thus, it can be concluded that rye tolerates monoculture and
cultivation on very acid soils much better. With full mineral (CaNPK and NPK)
and organic and mineral (CaNPK + manure) fertilisation rye grain yield exceeded
3.8 t ha-1. A significantly lower yield was obtained as a result of annual application

of sole manure. The reason for such poor effects of manure in the case of rye is the

fact that during the greatest uptake of nitrogen by rye (May), too little an amount of

nitrogen is mineralized in the manure. These results demonstrate that while

applying only manure a lot of nitrogen is lost since nitrates are washed away and

gas forms of this component evaporate. Rye took up much more nitrogen than

potatoes. With full mineral and mineral and organic fertilizing, the uptake of

nitrogen increased to over 94 kg ha-1. The recovery of nitrogen from fertilizers in

these combinations was also quite considerable. In the case of NPK in rotation, it

amounted to ca. 80%. These results let us suspect that the losses of nitrogen are

smaller during rice cultivation than in the case of potatoes.

Despite the fact that the soils on which the studies were carried out are of the
same type and species in all the sections, the content of the total nitrogen was very
diverse (from 232-1120 mg N kg-1 of soil). The content of this form of nitrogen in

soils depended mostly upon fertilizing with manure and on the genetic horizon,
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Crop rotation
and fertilization

Potato Rye

yields N uptake recovery
of N

yields N uptake recovery
of N

Mono-
cultures

CaPK 9.95 31.6 - 1.57 30.8 -

CaNPK 14.13 57.5 28.8 3.86 93.7 69.9

Ca+FYM 12.80 54.1 25.0 2.27 58.8 31.1

CaNPK+FYM 15.50 65.4 37.6 4.03 38.8 60.7

Crop
rotation

PK 8.70 24.7 - 1.71 33.5 -

NPK 15.63 59.0 38.1 4.52 105.3 79.8

LSD0.05 0.68 0.34

FYM 20 t ha-1 farmyard manure every year, CaNPK + FYM 30 t ha-1 farmyard manure every four years.

TABLE 1. YIELDS OF POTATO TUBERS AND RYE GRAIN (MEAN VALUE FOR 3 YEARS

IN t ha-1), UPTAKE OF N BY PLANTS (kg ha-1) AND RECOVERY OF N FROM FERTILIZERS

(%), DEPENDING ON LONG-TERM FERTILIZATION



and to a lesser degree upon the use of ammonium nitrate and on the species of the

cultivated plant. On fields with rye and potato monoculture, the doses of nitrogen

in mineral and natural fertilizers were similar; yet, in sections fertilized with

manure twice as much total nitrogen was obtained in layers Ap and Bt (Tables 2

and 3). In addition, the increase in the total nitrogen in soil in relation to the control

section (CaPK) was in these fields several times greater than in the case of manure.

For instance, the mean content of the total N from 2 fields in layer Ap of the soil

increased in relation to the control section by 645 mg N kg-1 on manure and only by

22 mg N kg-1 on mineral fertilizers. The main reason for the significantly greater

accumulation of nitrogen in soil fertilized with manure may have been the fact that

both in our studies and in the studies of other authors [1, 4, 5, 6, 8, 10, 12] bigger

yield, and thus greater nitrogen uptake from soil, is obtained on mineral fertilizers.

While using mineral fertilizers and additionally manure every 4 years, 25% more

nitrogen is applied than while fertilizing exclusively with manure. In spite of that,
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Crop rotation
and fertilization

N-total N mineral % N-NH4

Ap Eet Bt Ap Eet Bt Ap Eet Bt

Mono-
cultures

CaPK 462 342 283 25.6 17.0 31.3 55.4 48.5 53.9

CaNPK 465 362 302 33.4 17.2 34.7 54.8 51.0 58.0

Ca+FYM 1090 535 506 50.4 19.6 53.1 56.3 53.9 60.2

CaNPK+FYM 971 409 456 54.6 16.7 51.3 58.0 54.5 60.8

Crop
rotation

PK 384 306 291 30.3 15.0 27.2 58.1 56.7 62.2

NPK 452 394 327 31.9 16.6 30.1 59.3 58.9 61.2

TABLE 2. CONTENT OF TOTAL AND MINERAL NITROGEN (mg N kg-1), END % N-NH4 IN N

MINERAL IN 3 SOIL GENETIC HORIZONS ON FIELDS WITH POTATO, DEPENDING ON

LONG-TERM FERTILIZATION

Crop rotation
and fertilization

N-total N mineral % N-NH4

Ap Eet Bt Ap Eet Bt Ap Eet Bt

Mono-
cultures

CaPK 453 471 232 30.0 14.8 28.4 56.1 49.5 52.8

CaNPK 504 466 271 37.6 18.7 38.8 56.5 52.6 56.9

Ca+FYM 1120 523 526 56.7 22.8 57.3 58.3 53.3 59.6

CaNPK+FYM 970 562 524 45.8 22.6 50.4 58.8 52.8 60.3

Crop
rotation

PK 371 304 255 33.0 14.8 27.3 56.1 49.2 53.9

NPK 476 384 263 37.6 16.4 28.9 54.8 52.6 58.0

TABLE 3. CONTENT OF TOTAL AND MINERAL NITROGEN (mg N kg-1) END % N- NH4 IN N

MINERAL IN 3 SOIL GENETIC HORIZONS ON FIELDS WITH RYE, DEPENDING ON

LONG-TERM FERTILIZATION



the total N content in the Ap layer is lower than while using solely manure, but

considerably greater than on ammonium nitrate (CaNPK). This probably arises

from the fact that the combination solely with manure fertilizing has been used

since 1923, whereas the combination CaNPK + manure applied every 4 years –

since 1986. This is confirmed by the content of organic carbon in the ploughing

layer of the soil. In the section fertilized solely with fertilizer every year the content

of organic C in the Ap horizon amounts to 10.75 g C kg-1, whereas on the

combination CaNPK + manure it is 8.11 g C kg-1. In horizons Eet and Bt the

content of the total N is much lower. The greatest decrease in the content of the total

N in deeper soil layers was detected in sections fertilized with manure (50% of Ap).

It ought to be emphasised that in the Bt layer of the soil in sections fertilized with

ammonium nitrate only slightly more total N was obtained than in the case of a

combination non-fertilized with this component. On the other hand, in the deepest

soil layer in fields fertilized with manure there is twice as much N than in the

control section (CaPK). Thus, it can be stated that much more nitrogen moved

downwards the soil profile from manure than from mineral fertilizers.

The directions of changes in the content of mineral N in soil, caused by
fertilizing, are similar to those of the total nitrogen. In all soil layers, the increase in
the mineral nitrogen content in comparison to the control section was much greater
in the case of the annual use of manure rather than ammonium nitrate. For instance,
on two fields with monocultures ammonium nitrate increased the amount of
mineral N in the Ap horizon ca. by 7.7 mg, whereas manure – ca. by 25.7 mg N kg-1

of soil. These increases were similar in both fields.

Contrary to total nitrogen, the content of mineral nitrogen was significantly
higher in the Bt horizon than in Eet. Such relationship could be observed in all
combinations and it was especially considerable in fields fertilized with manure. It
can be concluded that it resulted from a bigger number of mineral colloids, which
absorbed N-NH4 [2,3], in the Bt layer than in the Ap layer. The content of mineral

N in the Bt layer is considerably higher with the annual use of manure (55.2 mg)

than in the case of mineral fertilizers (37.2 mg N kg-1). The reason for that was an

increased mobility of nitrogen in sections fertilized with manure, since, as

confirmed by previous studies conducted in this section [3, 4], the recovery of

nitrogen by plants was greater from ammonium nitrate than from manure.

However, it ought to be underlined that the manure increased the amount of the

total N in the Bt layer in comparison to control by approximately 203 mg, whereas

ammonium nitrate only by 25.3 N kg-1. Considering the small amount of humus in

this layer, it can be concluded that the nitrogen that was washed away was strongly

bound by loamy minerals. This is supported by the fact that in the Bt layer, and to a

lesser degree in the Eet layer, more N-NH4, in comparison to mineral N, occurs in

sections fertilized with ammonium nitrate and manure than in control sections

without nitrogen. Such relationship has not been established for horizon Ap
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(Tables 2 and 3). The possibility of strong absorption of N-NH4 by loamy minerals

is indicated by the studies of Fotyma et al. [2] and Mengel and Kurkby [3].

On fields with arbitrary rotation, without manure and without papilionaceous

plants, soil was only sporadically limed and therefore its reaction is very acid. In

such soil, the amount on the total N increased more significantly than in the case of

a reaction of little acidity on fields with monocultures. On very acid soil the

increase in the total N caused by ammonium nitrate was especially considerable in

the Ap layer (ca. by 86 mg N) and in the Eet layer (ca. by 84 mg N kg-1). These

increases were much greater than in monocultures. The increase in the content of

mineral nitrogen in very acid soils was very small (several mg N kg-1). This shows

that mineral nitrogen is easily washed away on such soils.

CONCLUSIONS

1. The yields of rye and potatoes cultivated for many years on monoculture are
considerably smaller while using the same manure every year than in the case of
similar doses of N, P, and K used in mineral fertilizers.

2. The recovery of N from fertilizers is much greater in the case of rye than in
the case of potatoes and it is greater for mineral fertilizers than manure.

3. Nitrogen fertilizers slightly increased the amount of the total N in soil in
comparison to control sections, without N, whereas the increase in this form of
nitrogen resulting from annual use of manure is considerable in the whole profile.

4. The amount of the mineral nitrogen is much smaller in the Eet horizon than
in the Ap and Bt horizons and in these horizons, there is much more mineral N in
the case of manure than mineral fertilizers.
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ZAWARTOŒÆ AZOTU OGÓLNEGO I MINERALNEGO W TRZECH POZIOMACH
GLEBY ORAZ PLONY ROŒLIN W WIELOLETNICH DOŒWIADCZENIACH

Przez 3 lata badano dzia³anie azotu z nawozów mineralnych i z obornika na plonowanie ¿yta i
ziemniaków oraz na zawartoœæ N ogólnego i mineralnego w warstwach gleby do 65 cm. Wyniki
badañ otrzymano z pól, na których uprawiano ¿yto i ziemniaki w monokulturze od 1923 r. oraz z pól,
na których roœliny te uprawiano w zmianowaniu bez obornika i bez roœliny motylkowej. Do badañ
wykorzystano kombinacje nienawo¿one azotem CaPK lub PK, nawo¿one tym sk³adnikiem CaNPK
lub NPK oraz z obornikiem stosowanym co rok lub co 4 lata z CaNPK. Przy podobnych iloœciach N,
P, K wprowadzonych do gleby z obornikiem i z nawozami mineralnymi, wiêksze plony oraz wiêksze
wykorzystanie azotu przez roœliny, otrzymano w przypadku nawozów mineralnych. Przy stosowaniu
samego obornika otrzymano znacznie wiêcej azotu ogólnego we wszystkich warstwach gleby ni¿ na
nawozach mineralnych. Azotu mineralnego by³o równie¿ wiêcej w obiektach z obornikiem ni¿ z
nawozami mineralnymi, ale tylko w poziomie Ap i Bt.
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