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The nitrogen effect of peat addition in clay soil
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Abstract. The nitrogen effect of ligno Carex peat addition to heavy clay with a low
content of organic matter was investigated in a pot experiment of eight years. The
test plant was oats. The nitrogen effect proved to be very small. It was evident that
the positive effect of an addition of peat to mineral soil, which in some cases can be
very marked in field conditions, is mainly physical. Primarily it may be due to improved
soil moisture conditions.

Introduction

It is common knowledge that the addition of suitable organic matter may
promote plant growth especially in soil with a low humus content. The most
valuable of these humus fertilizers is farmyard manure, which contains plant
nutrients as well as organic matter. It has not been clearly defined to what
extent the plant growth promoting effect of faimyard manure is dependent
on organic matter or on plant nutrients.

Since the amount of farmyard manure is usually insufficient other organic
matters have been used instead. In Finnish conditions well humified peat has
been used as a humus fertilizer (Tuorila 1945, 1946; Pessi and Paulamäki
1964). Its usage has given more limited and more varying results than those
obtained with farmyard manure (cf. Allison 1973, p. 614).

Not even the best peat can be compared with farmyard manure in regard
to qualities other than the organic matter and total nitrogen contents. But
the effect of these factors seprately has not been clearly defined. We have
not succeeded in finding in the literature exact facts on the nature of the
effect of humus addition, which would have been based on experimental results.
It is almost impossible to separate the physical effect and the possible plant
nutrient effect of humus fertilizing in field experiments. On the other hand,
in a pot experiment it is possible to obtain reasonably precise knowledge of the
plant nutrient effect because in an open air pot experiment the water supply
can be arranged near to optimum.

x) retired.
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The arrangement of the experiment
In order to get experimental results concerning the nitrogen effect of peat,

a pot experiment was started in autumn 1964. The pots were usual 5-litre
Mitscherlich pots. The experimental soil was taken from subsoil of very heavy
clay near Helsinki. The soil came from a depth of 30 —6O cm and its humus
content was very low. The soil had been taken already in the previous autumn
and it had been kept wet and subjected to the influence of frost so that it was
properly aggregated when the experiment was started. The peat used as humus
fertilizer originated from the Leteensuo Experimental Station in southern
Finland. The peat was taken from a virgin fen and it was well-humified ligno
Carex peat. According to a previous study, the nitrogen of peat sampled almost
from the same place mineralized well (Salonen 1940). Some of the properties
of the soils used in the experiment were as follows:

L oss Nutr. extracted by acid

Vol. of ign. Tot. N C/N pH amm. acetate rag/1 soil

weight % % H2O P K Ca Mg

Heavy clay 1.23 3.23 - - 6.9 1.5 390 2 520 1 220
Ligno Carex
peat 0.46 75.0 2.71 14.7 4.2 2.5 69 1 860 230

The pots were filled with different soils as follows-r Total
Clay Peat Portion of peat nitrogen

1 kg 1 kg Vol. % Weight % in peat g

Without peat p 0 4.5 5.54 - - 0 0 0
Small amount of peat .... p t 4.25 5.23 0.5 0.23 11.1 4.2 6.2
Large amount of peat .... p 3 3.75 4.60 1.5 0.69 33.3 13.0 18.6

Suitable amounts of other nutrients except nitrogen were given yearly
to every pot (cf. Kähäri 1976). One half of the pots received annually no

nitrogen fertilization (N 0) while the other half was given annually nitrogen
2 g/pot (N 2) as ammonium nitrate.

Half of the pots were kept outdoors during the whole year (o), the other
half was indoors in room temperature (18—20) during winter time (i). The soil
in the pots was kept wet all the time. The treatments for both halves were
as follows: , T , T ~ , T ~ T , T

P 0N 0 PIN O

Peat, 1 0 0.5 1.5 0 0.5 1.5
Nitrogen, g 0 0 0 2 2 2

The test plant used every year was Pendek oats, harvested when ripe,

Changes in soil chemical properties

In long term pot experiments, where high and different amounts of fertilizers
are used, there is a certain risk that in some pots the state of the soil may
change so as to disturb the growth. In order to follow the changes in the soil
pH and electrical conductivity, measurements were made each autumn after
the harvest (Table 1 and Figures 1 and 2). According to these results all the



N2-pots were limed with 12 g of calcium carbonate in spring 1971. On the
basis of yield analyses, an additional potassium fertilization of 415 mg K to
NO-pots and 1660 mg K to N2-pots was applied in spring 1971.

Table 1. The means of the annually measured pH and electrical conductivities.

Winter storage Peat addition

N 0 N 2 N„ N 2
o ' o i Po Pi Pa Po Pi Pi

pH H2 O 5.4 5.3 5.2 5.3 5.6 5.4 5.1 5.5 5.3 5.0
pH KC , 4.5 4.7 4.5 4.4 4.7 4.7 4.5 4.6 4.4 4.3
Elect, cond. 7.2 9.2 6.8 4.1 7.1 8.9 8.8 6.4 5.0 5.0
lOxmmho

Figure 1. pH-values from different years.

Figure 2. Electrical conductivities of soil suspensions from different years.
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Table 2. The results of soil analyses at the end of the experiment 1972, mg/1.

Winter storage Peat addition

N„ Na N„ n 2

o i o i Po Pi Ps Po Pi Ps

P 52 52 11 11 57 49 51 10 9 13
K 343 510 153 157 415 505 360 170 145 150
Ca 2 833 2 617 3 867 3 967 2 750 2 750 2 675 4 100 3 900 3 750
Mg 873 707 590 584 855 847 742 665 598 497

At the end of the experiment, in autumn 1972, the soils were analysed in
accordance with the soil testing method used in Finland (Kurki et ai 1965).

The results are presented in Table 2. The results of soil analyses show no
changes that might disturb plant growth.

Yield results

The yield results from the different years are presented in Table 3. The
yields from the first year differ clearly from the others. In the first year the
yields were relatively good even without nitrogen fertilization. This phenomen-
on is due to the »fallow effect» and may take place when ground soil is allowed

Table 3. Annual dry-matter yields of oats g/pot.

Outdoors during winter (o) Indoors during winter (i) Significances

N„ N 2 N„ N 2 o/i N

Po Pi Pa Po Pi Pa Po Pi Pa Po Pi Pa

1965 grain 28.0 32.7 38.8 61.5 56.9 62.9
straw 36.6 40.7 44.6 58.8 64.7 76.2

33.5 29.3 36.9 43.9 45.9 58.9 ***

34.9 30.2 35.9 58.2 57.2 61.0 * »**

grain 0.2 0.4 0.6 67.3 62.4 66.4
straw 1.4 2.1 1.5 57,9 53.7 57.1

0.2 1.5 2.4 68.2 67.7 66.6
1.6 2.3 3.4 59.3 59.8 59.4

���

***

grain 0.4 1.1 1.3 80.7 78.6 85.7
straw 2.2 1.7 2.2 70.8 71.9 74.0

0.2 4.7 7.0 84.5 83.2 72.9
1.8 6.9 10.4 74.7 70.4 68.4

«*

grain 0.3 1.3 1.9 59.7 70.1 58.6
straw 2.5 2.0 2.1 63.9 62.3 58.2

1.2 1.5 5.1 62.3 54.2 61.6
2.9 2.9 8.7 54.4 48.5 53.0

**

� **

grain 0.3 0.6 1.3 63.4 65.3 59.4
straw 2.1 1.7 2.1 52.3 52.7 49.0

0.3 1.4 4.1 65.6 57.1 63.8
2.4 3.3 8.7 53.3 54.4 53.4

***

�� *

grain 0.3 0.4 1.7 67.9 58.4 46.3
straw 1.2 1.3 2.3 46.1 41.7 33.6

0.6 1.0 5.2 61.2 53.2 51.7
1.6 1.8 5.9 45.4 40.4 39.2

***

grain 0.3 0.6 1.6 69.4 64.6 67.2
straw 1.5 1.7 3.7 59.2 60.7 59.0

0.8 1.4 3.9 66.6 70.8 48.8
3.1 4.6 9.0 58.5 89.5 66.6

***

� * +

grain 0.2 0.2 1.8 59.2 57.7 47.2
straw 1.3 1.5 3.2 44.0 46.7 43.2

0.71.0 4.352.4 52.934.0
1.62.0 5.948.2 48.934.3

***

���
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Table 4. Means of the yields from the years 1966—72, g/pot.

Winter storage Peat addition Sign.

N„ N 2 N 0
"i « ' Pu I 1! Pa Po Pi P 3 N

Grain 0.8 2.3 64.3 61.9 0.4 1.2 3.0 66.0 64.0 59.3 ***

Straw 2.0 4.3 55.1 56.2 1.9 2.6 4.9 56.3 57.2 53.4 ***

Total 2.8 6.6 119.4 118.1 2.3 3.8 7.9 122.3 121.2 112.7 ***

Table 5. Plant nutrient contents of yields. The means of nitrogen are from the years 1966
72, others from the years 1965 69.

Winter storage Peat addition Sign.

N 0 N 2 \ Nj
»' " i Po Pi Pa Po Pi Pa N

Grain, g/kg
N 18.5 15.8 20.4 21.6 20.3 16.3 14.9 20.3 21.0 21.8 **•

P 3.8 3.4 2.9 3.0 3.7 3.5 3.7 3.0 3.G 2.9
K 3.5 4.0 4.1 4.1 4.7 3.5 3.7 4.2 4.1 4.2
Ca 0.9 0.8 0.6 0.7 0.5 0.9 0.9 0.7 0.7 0.7
Mg 1.3 1.2 1.2 1.3 1.1 1.3 1.2 1.3 1.3 1.2

Straw, g/kg
N 6.1 4.3 6.2 7.0 5.7 5.1 4.8 6.1 6.4 7.3 ***

P 2.5 1.5 0.5 0.4 1.8 1.9 2.2 0.5 0.5 0.4
K 12.2 14.1 19.1 19.4 12.2 13.2 14.5 21.4 20.1 16.2
Ca 2.6 3.0 3.9 4.4 2.9 3.1 2.5 3.9 4.1 4.6
Mg 1.8 1.8 2.9 3.2 1.9 1.8 1.7 2.9 2.9 3.3

to dry slowly. In the statistical treatments the first year results were omitted
and the means and the significance were calculated only from the results of
the other seven years (Table 4). The figures of Table 5 show the plant nutrient
contents of the yields. The most important of these are, naturally, the nitrogen
contents.

The nitrogen economy of the pots is illustrated by the following figures
covering the entire eight year period (N g/pot);

Winter storage Peat addition
N N X N

O j 0 j Po Pi P 3 Po Pi P 3
In the yields 0.7 0.9 13.4 13.8 0.8 0.7 1.0 13.7 13.8 14.0
Given as fert. 0 0 16 16 0 0 0 16 16 16

Difference 4-0.7 +0.9 -2.6 -2.2 +O.B +0.7 +l.O -2.3 -2.2 -2.0

If the total nitrogen in the peat is included, p x = 6.2 and p 3 = 18.6 g/pot,
the differences are as follows: ... , ,

...
...+O.B -5.5 -17.6 -2.3 -8.4 -20.6
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According to the above calculation, 12—l4 % of the fertilizer nitrogen was
not utilized by the yields, in fact the amount may be even larger because the
yields without nitrogen fertilization contained small amounts of nitrogen.
The fate of the nitrogen not utilized by crops has not been discovered.

Figure 3. Nitrogen content of yields from different years

Figure 4. The experimental pots before harvest in 1967. The plant growth in the pots was
very similar every year except in 1965.
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Discussion

The effect of nitrogen fertilization shows that the experimental soil was
suitable for the purpose. In this kind of soil even a slight nitrogen effect can
be seen. The data clearly show that the nitrogen effect of the peat was very
small. Raising the winter storage temperature, and promoting in this way
decomposition, improved slightly the nitrogen effect of the peat. However,
the field from which the peat had been taken, had been cultivated success-
fully without nitrogen fertilization. It is possible that the ratio of carbon and
nitrogen was not low enough to enable the nitrogen to be released. This trend
is likely to improve in time but could not yet be seen during the experimental
period. It is possible that the close consistency of clay may slow down the
decomposition of peat so efficiently that the nitrogen effect cannot take place.
This may explain the poor results of farmyard manure used in clay soil (Salo-
nen and Tainio 1956). According to present data, peat addition is not likely to
produce a distinct plant nutrient effect. When peat addition has a positive
effect in the field, it must be due to physical causes, most probably to improved
soil moisture conditions.
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SELOSTUS

Suoturvelisäyksen typpivaikutuksesta humusköyhässä savimaassa

Martti Salonen ja Jorma Kähäri
Maatalouden tutkimuskeskus, Maanviljelyskemian ja -fysiikan laitos, 01300 Vantaa 30

Kahdeksan vuotta kestäneessä astiakokeessa on tutkittu korkealaatuisen mutasuoturpeen
typpivaikutusta humuksettomassa aitosavessa. Typpivaikutus todettiin niin pieneksi, ettei sii-
hen kannata kiinnittää huomiota. Turvelisäyksen eräissä tapauksissa huomattavan vaikutuk-
sen täytyy valtaosalta olla fysikaalista, lähinnä maan kosteussuhteiden paranemisesta johtuvaa.


