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Soil processes in most of the cases are of very complex nature, especially
biochemical ones. The biochemical phenomena in soils affect on one hand the
dynamics of soil organic matter and on the other hand, the availability of
plant nutrients. Our investigations during the last few years have been dealing
with both of these questions of vital importance.

As per our investigations and also taking into consideration the work of
some other authors [8] we could summarize the general factors affecting the
availability of nutrients. All these factors are of complex nature, closely inter-
related and can be defined as factor-groups.

This paper is dealing only with the effect of pH on one nutrient, on
s0il N. pH-range can be classed as one of the most important factors governing
the availability of nitrogen. pH regulates not only the optimal range but also
the extent of availability. The investigations of many researchers during the
last few years in agreement with ours decisively show that the harmful effects
of the pH in low pH range are the sccondary ones and are the manifestations.
for instance, of the high amounts of soluble toxic ions, Fe and Al, primarily
Al179, 10, 117. One of the most important inhibitor of plant growth is the sol-
uble Al in soils at low pH environment. The present investigation has pri-
marily been aimed to offer a more clearcut and detailed understanding of
the complex impact of pH on the availability of soil nitrogen.

It was also investigated that liming of soil and alteration of pH range
influenced the dynamiecs of biochemical processes in the soil.

We could trace very interesting changes in the developement and prop-
erties of soil humic substances and also in the biochemical processes which
have been noted to regulate the availability and dynamics of soil N.

Materials and methods

The soil samples were collected from the limed and unlimed plots of
a long-term field experiment conducted by BELAK [1] in Szentgyorgyvélgy,
a pseudogleyic brown forest soil area, and thus they present the variation
of pH in the same soil type.

The limed plots were treated with lime material at the rate of 50 g/ha.
The lime material thus applied was only a one third of what calculated theo-
retically (according to hydrolytic acidity number) and in spite of this, the
treatment was highly favourable, and the purpose of our investigations was
also to acquire more informations about this favourable influence.
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The availability of soil N was investigated by the method of the author.
This is a continuous combined hydrolysis method through which, by virtue
of repeated hydrolysis not only the actually available N but the potentially
available one as well, can be determined. The main essence of the experimental
method is a continuous hydrolysis of the same soil sample which is under-
taken at first for four subsequent hydrolyses with 0,5 n H,S0,. This was
followed by a fifth grade in which an oxidation was performed with H,0,
(3%) in a 0,5 n H,80, solution medium. Finally the sample is passed through
the sixth hydrolysis similar to the first four. [6].

I-1V. grade in the whole is the “easily available” and V—VI. is the
more combined form of soil N.

The availability of the toxic ions such as Al® and Fe? was measured by
an EDTA method according to Sterawovrrs [12]. The ions were extracted
from the soil through complexon (EDTA) and the content of soluble Fe and
Al was determined by titration with ZnCl,. Besides the above mentioned
investigations, the quality of humic substances was analysed by the method
of the author [4]. These analyses are based on the determination of the sta-
bility of humic acids in NaF and NaOH extracts.

The 1% NaF and 0,5% NaOH extracts are photometrically measured
for extinction. Stability number of humic substances which is in correlation
with the molecular weight, humification grade and precipitation properties
of humic acids has been used to evaluate the quality of humic subtances.

i
ENaF

E NaOH

Q-:

The value for this coefficient is higher in the case of chernozem soils
and the lowest in the case of raw organic matter.

According to our investigations the method determines not only the
differences of soil genesis, but also the differences in the treatment, manage-
ment and amelioration of soils. The stability number has been noted to increase
with the action of favourable effects (e.g. liming) [3, 5].

Results and discussion

Considerably high changes were noted as regards the availability of soil
N in pseudogleyic brown forest soils under small pH range. The data obtained
are summarized in Fig. 1. Tt can be clearly seen that the solubility of N
increased very suddenly in the pH range in question. The change in the
distribution of nitrogen forms caused by liming was also investigated.

The main results of these investigations are summarized in Table 1.
A very characteristic feature is expressed in the change of the distribution
of N forms. A considerable increase in the amount of easily available N forms
(I—-1V) may be seen, total N content heing the same. This signifies that the
strongly combined forms are particularly changed to easily available ones as
a result of liming. Thus, the data obtained clearly confirm the conception
given by us. In some of our earlier papers we studied the actually and poten-
tially available fractions of the total N. The later one is a form released by
favourable biochemical processes. In the above mentioned critical range
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Table 1
The distribution of N froms in pseudogleyic brown forest seils
Hydrolysable N in mgf100 g soil determined by the method of the author
Soil sample STy 7
Lo| m | mL [ ™. |n-1v.| W VI \ V.—VIL ] IL—VL ] pH
31. fallow, limed 17,8 7,1 7.3 3.3 | 35,5 ['107,7 | 31,7 [139.4 [174,9 | 5,54
0—20 cin
32, fallow, unlimed 15,0 2,0 3,2 3,6 | 28,8 | 115,0| 36,0 | 151,0| 174,8| 5,02
0—20 cm |
35, fallow, limed 21,0 | 9.6 5,1 3,4 39,1 108,0] 24,9 | 132,9| 172,0( 5,62
0—20 cm |
36. fallow, unlimed 14,8 | 93 5.8 2,0 31,9 | 108,3| 31,9 | 140,2| 171,1| 4,95
—20 cm \
| |

I—1V. are the grades of hydrolysis

a change in the distribution of N forms is noted. In addition to above, the
C : N ratio of the hydrolysed extracts was also calculated as biochemical proe-
esses determine to a high degree the amount of N released from humic sub-
gtances. The microbiological activity, and all the organic matter decomposition
processes are in a very close relation with the C : N ratio. Our investigations
a few years ago demonstrated a gradual de-
crease in the C : N ratio with the number
of consecutive hydrolyses.

As a result of such treatments a C/N
ratio could be determined finally which is
usually to be found only with amino acids
of a very short chain.

Table 2 points to some very interest-
ing features in this line.

Especially small and very constant
values of C:N ratio have been noted. This
fact leads to a point of great importance.
It seems that the very constant C/N ratio
has a close bearing on the stability of humic
substances.

Concerning the toxicity in the acidic
soils, aceording to the postulations of many  "“4-— = i
researchers [2, 13], the most important limit- N & B
ing factor in such soils with a very low pH Figure 1
iz the amount of soluble Al® and Ie® ions. Relationship between pH of the
especially the former. The process of liming soil and hidrolysable N
decreases the amount of hoth ions in this very
small pH range. Besides this, according to PErve and PeTERBUGSZKIJ [11]
the pH range in question is also the starting range of nitrification and of the
activity of azotobacter.

Considering all the above mentioned factors we have named this very
characteristic, critical pH range as “the favourable biochemical threshold
range”” which is a new conception throwing light on the theory and practice
of soil biochemical phenomena and soil liming problems.

Nmg/100g soil

20+
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Table 2
C : N ratio of the hydrolysates (pseudogleyic brown forest soil)
- | L e 1
Soil sample | I IL III. f Iv. J VI ‘ pH
R S, ;‘ : —_—— = =
31, Fallow, limed f 2,9 48 | 48 ] 9,4 ‘ 1,0 ’ 5,5
0—20 | ,
32, Fallow, unlimed I 30 147 9.9 l 84 | 13 5.0
0—20
35, Fallow, limed 4.0 3,1 J 65,9 H 8.8 i 1.3 | 3,6
0—20 i |
36. Fallow, unlimed 5.7 3,7 | 63 180 13 50
0—20 ; | 1
| | ! .

This new conception was introduced in 1965 and since that time we have
systematically examined this critical range. On the basis of numerous data,
we have dealt only with these two main directions: the quality of humus and
the humic-nitrogen correlations as affected by liming, The determination of
stability numbers of humic substances extracted through several extractants
has shown that the properties of humic substances are governed by liming.

Table 3
Effect of liming on the content of soluble Al and Fe
Soil sample and % I 2 i 3
trentmentu pHE Al,mg f Fe, mg Al eqv ‘ ¥e eqv
S 0 P e S (I

31 limed 5,54 43,2 | 97,0 4,8 .0
32 not limed 5,02 90,0 | 131,0 10,0 6,8
45 limed (virgin grassland) 4.87 68,0 l 179,0 7.8 9.3

31 not limed (virgin grass- ; :
land) 5,04 82,0 | 217,0 9.1 11.2

The data are cxpressed for 100 g soil.

Besides NaOH and NaF (frequently used by us), we treated the soils
with Na,(C0O0), and Na,P,0, as well. The purpose of using the latter ones
was to have some informations about the relation between the organic and
Inorganic components of soils.

Table 4
Changes in the stability numbers of the humic substances brought abhout by liming
' Rati : o stabili s
Stability number of humic substances Ratloofb ﬁ:snm:};tumtﬁﬂgclltgu;‘;ﬂegm
Soil sample and treatment |
plt ‘ Qxar QNa,C00)2 f QNasP;0, f Baar | BNnyco0), | TiNagps0,
27. limed 6,35 0,78 1,37 1,29 | - -
28. unlimed 527 | 0,48 0,89 0,04 105 | Sk Lo
31. limed 5,54 0,64 1,10 0,90 | 5 )
32. unlimed 5.02 1 0,43 0,07 0.43 Lag 1 dpe 08
35. limed 5,62 0,58 1,05 0,87 &
El t » s 2 ]. |
36. unlimed 496 | 050 0,81 1,08 1,61 T8 vt
Average of the ratios 1,42 1,35 1,42
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From Table 4 it is apparent that the stability numbers are in general
increased with liming in this favourable threshold range, and in spite of the
small change in pH values, the quality of humic substances was favourably
influenced by liming. Tables 5, 6 show a few data of the solubility changes of
N forms from free and combined humic substances, estimated in the solutions
of the latter ones with various treatments.

Table §

Effect of liming on soluble and humic N, extraced with different reagents
Soluble N in mg[100 g soil

! NaOil Nal | Na,(CO0), | Ng,P,0,
Soilsample and  -— ——— —— — —— - - -

. | ,
treatment | ! e+ I | total | Bamio | humic | total |pors } humic | total | pyonie | humie
' | 1
23 limed 26.5 6.2 | 20,3 ) 220 23 | 20,6 | 244 | 3,6 | 20,8 i 19,5, 4,7 | 14,8
24 not limed | 72,8 5,7 | 67,1 ’ 25,8 ‘ 2,21 236 | 193 | 2,3 17,0 | 35,1[ 3,1 32,0
27 limed ! 88,1 . 0,1 88,0 23,9 | 2,1 21,8 24.3 1,9 22,4 39,7 3,3 | 364
28 not limed | 101,1 6,8 | 94,3 | 26,9 | 2,1 | 24,8 | 32,6 | 1,8 | 30,8 | 54,7 3.3 | 51,4
31 limed ‘ 29,7 8,81 20,9 | 22,0 | 2,8 | 192 | 339 | 2,5 | 31,4 | 23,5 1,9 21,6
32 not limed [ 118,0 1,2 1116,8 | 41,7 4,2 37,6 | 414 | 4,2 37,2 64,8 1,3 | 63,56
35 limed 105,0 | 7,4 | 97,6 | 43,7 3,7 | 40,0 | 248 | 3,3 | 21,5 | 59,7] 45| 552
36motlimed |112,0 | 7.2 |1048 | 446 | 25 | 421 | 53| — | — | 57| —  —

The differences between limed and unlimed soils are very characteristic-
ally demonstrated through the humus stability numbers.

In order to have exact data for a comparison between humic and N
conditions in soils, we have calculated the solubility ratio of humic N compo-
nents in the following way:

NaF soluble N Na,(COO luble N
NG, _ Nal soluble NQy = i, ), soluble

NaOH soluble N NaOH soluble N
Na,P,0O, soluble N

‘V - AT

N@rso, NaOH. soluble N

Considering that liming has brought forth these changes, the following
two conclusions can be drawn:

1. The nitrogen solubility number is increased in many cases by liming;

2, The nitrogen solubility number estimated in NaF solution is very
characteristically increased by liming.

The latter point (2) is probably also connected with the solubility of
Al-humie complexes.

It can be assumed that the Al-complexes of humic substances are very
common in acidic soils and possibly they are developed through various Al
compounds in such soils. Nalf dissolves Al-complexes very well. Recently some
investigations (e.g. the results of Winrrams [13] and also ours) have heen
carried out, showing the importance of Al in the developement of humie
complexes,

The metal-humic complexes are characterized by N-metal combination.
It seems that such complex compounds are probably better developed in soils
with high N content. The soluble Al content of soils is sharply decreased with
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Table 6

Changes in the N solubilily ratios in various extracts brought
about by liming

1 ]
| ‘ Ration befween the N solubility

Hoil sample Solubility number of N | numbers of limed and unlimed soils
and treatment pH | i
NQNar ‘=-\ QNaa(C0 0y, NQNaP,0, | NENaF i‘NRNa;(COO)gl NTinap,0,
27 limed 6,35 0,272 0,275 ‘ 0,450 E 1,02 0,850 | 0,833
28 unlimed 5,27 0,266 0,323 0,540 !
31 limed 5,54 0,742 1,14 0,79 2,10 | 3,24 1,44
32 unlimed 5,02 0,353 0,351 0,550 ‘
35 limed 5,62 0,417 0,237 0,570 1.05 | 0,586 1,13
36 unlimed 495 | 0,398 | 0.404 0,511 | :
| ! i

liming, and probably the amount of Al-humic complexes are increased. The
humic substances with a colloidic character and with higher N content are
combined with Al with higher ease. The increase in pH is, at the same time,
increasing the N solubility in NaF, because NaF very well dissolves the Al-
humic complexes. This assumption invites further work to be done in this line.

Thus, all of these favourable effects are put in a very characteristic
range, namely the favourable “biochemical threshold range”. The knowledge
of it seems to be very important from the point of view of liming practice.
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