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Numerous researches showed a relation between the degree of oxi-
dation of manganese compounds in soil and their availability to plants.
Among the factors conditioning the redox potehtial of manganese, the
influence of reaction is, relatively, the best known. The relation between
pH of soil and its content of manganese, particularly of fractions easily
soluble was the subject of many investigations [1, 4, 5, 7, 9, 12, 13, 15,
23, 24, 31, 32, 33, 48]. Less is known about the effect of reaction on the
behaviour of sparingly soluble, active manganese fractions which are a
potential source of this microelement for plants [4, 5, 8, 12, 28]. We also
know rather little about the influences of soil moistire and of organic
fertilizers on dynamics of solubility of soil manganese compounds, and
on their availability to plants, and the results of investigations are often
in disaccord [2, 3, 6, 10, 11, 17, 19, 20, 26, 35, 37, 40, 42, 46].

In climatic-soil conditions of Poland there are soils with a deficiency
as well as an excess of easily soluble manganese [1, 7, 13, 14, 15, 16,
18, 26, 30, 34, 36, 38, 43, 47]. Hence to know the essence and the range
of influence of some factors on solubility of soil manganese compounds
is an actual problem and of increasing importance in view of the inten-
sification of plant and animal production.

The paper presents the results of a study on the effects of soil re-
action, moisture and manuring on dynamics of solubility of 6 fractions
of soil manganese.

MATERIAL AND METHODS

Investigations were carried out on light soil (Table 1) in pot expe-
riment. Polyethylene pots of 5 1. volume were filled with 5 kg soil
(calculated in dry matter) taken from the upper horizon of arable soil



158 H. Kukurenda, S. Gladych

Table 1
Characteristics of soil used for experiments

Mecha.l.nic organic | Cepilar Manganese fractions, ppm
fraction - th water
.02 /n 0/ | matter
[<0-0 %mm i % capacity Vo, Mn, Mnop g |Mopg 6,2 anH 5.4 | Mgy r
%
14 5.65% 1.09 23,14 0.47 5.6 39.5 63,1 8642 265
- 6o 45%* 1.36 23,54 1,25 4.8 14,0 71.0 91.0 265
* - Experimental soil without manure
*% - Experimentcl soil wiih manure

Table 2
Composition of nutrients in g/pot

Eind and form of nutrient

N P X Mg
Itle“NO3 ca/E2PO4/2 K2504, KC1 M5504.7 H20
0.5 0.5 1.5 0.3

formed from light moraine loam. When filling the pots, the soil was
mixed with nutrient solution used in vegetative experiments (Table 2).
All components were in pure forms for analysis.

According to the experimental design, in half of the number of
pots an organic fertilizer was applied, namely natural manure. Dung
was dried first in the air, then in a drier at 40° C, then ground and
added as a powder in ration of 29 g dry matter per pot.

Soil reaction in pots was differentiated to 6 and 8 pH in H,O by
the method of a curve of neutralization and acidification. CaO was used
for deacidification and 1 N H,SO4 for acidification. These components
as well as the dung were mixed with the soil weighed for filling the
pots.

Moisture of the soil was differentiated to 3 levels. In the experi-
mental period (from 23 July to 5 November 1971) soil moisture in in-
dividual trials was changed twice, preserving the planned levels (Table 3).

After filling the pots with soil, the individual trials were watered
to level of moisture given in Table 3 for term I. When the soil samples
were taken in term I, soil moisture was increased to levels of terms II
and III and then it was incubated for 27 days, i. e. from 24 July to
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Table 3
Soil moisture and dynamics of its changes in experimental period
Soil moisture as percentage of capilar
water capacity
Control terms
moisture levels
first sscond third
I - 24 July 40 80 100
II - 28 July 60-70 90-100 flooding
III - 20 August
IV - 6 September 10-20 5 70-80
V - 5 November

20 August. After taking soil samples in term III, watering was stopped
for some time, in order to diminish moisture to the levels planned for
terms IV and V. At this moisture level, soil was again incubated for
a further 77 days, i. e. from 20 August to 5 November. Destilled water
was used for watering. Each experimental trial was in 4 replications
(pots).

In the soil samples taken from each pot 6 manganese fractions were
determined, namely:

soluble in water — Mn,, [32],

exchangeable — Mn, [45],

easily reducible — Mnyy s [29],

easily reducible — Mnpy 6.2 [8],

easily reducible — Mnyyy 54 [8],

resistant to reduction — Mng,+, [5].

Determinations were carried out in the following terms: 24 hours
(on 24 July), 5 days (on 28 July), 28 days (on 20 August), 45 days
(on 6 September) and 105 days (on 5 November) after filling the pots
with soil. The Mn fractions mentioned above were determined in soils
of actual moisture immediately after taking the samples, and water con-
tent was determined by drying in 105° C. When weighing soil for
extraction, the water content was taken into account Soil pH and the
content of organic matter were determined in air dried soil samples.

Table 1 presents the results of analysis of the soil before experi-
mental treatment. The analysis was carried out on air dried soil sam-
ples and the results were calculated in dry matter. Reaction was de-
termined by potentiometric method in soil paste of soil to water ratio
4:1. Organic matter was determined by Lichterfeld’s method, Mn,,
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and Mn, were determined by formaldoxime method [44], while Mngy s,
Mnpy 6.2, Mnpy 5.4 and Mng.+, by persulphate method [29].

RESULTS AND DISCUSSION
INFLUENCE OF SOIL LIMING ON THE DYNAMICS OF SOLUBILITY
OF 6 MANGANESE FRACTIONS AS RELATED
TO DIFFERENTIATED MOISTURE AND MANURING
Differentiation of soil reaction (pH 6 and 8) in the experimental
trials caused various changes in solubility of the manganese fractions

(Fig. 1 and 2).
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Fig. 1. Dynamics of solubility of 6 soil manganese fractions in experimental trials
of pH<(6, as related to manuring and soil moisture
A — Mn.w —ppm; B—Ma,, MnDHa'. MnDHs.zﬁ MnDHs.«i’ Mn,g4, —ppm; C—control terms of
measuring mangenese content in soil; D — soil reaction — pH; E — organic matter in soil — %;
F — soil moisture — “/fa; 1 - Mn,,, 2—Mn,, ) 33— anHs’ 4 - MnDH6.2’ ) 5— MnDHSA’ 6 —Mngy,.,
7 — soil moisture — %, 8 —soil pH, 9 — organic matter in soil — %

Fig. 2. Dynamics of solubility of 6 soil manganese fractions in experimental trials
of pH<(8, as related to manuring and soil moisture; explanation as in Fig. 1

Increased soil pH from 6 to 8 as a result of liming, as seen in Table 4,
led to the greatest decrease of percentage contents of Mn,, Mnpys and
Mn,, while solubility of Mnyyee and particularly of Mnpy 5.4 decreased
to a smaller extent and that of Mn,.+, did not change.

As seen from linear regression (Fig. 3) the increased soil pH by
a unit caused a decrease of Mn,, by 0.93 ppm, Mn, by 3.07 ppm, Mnyg g
by 19.05 ppm. Mnpgee by 27.45 ppm and Mnggse by 10.19 ppm. The
change of soil pH in the investigated range, as seen in the curvelinear
regression (Fig. 4), caused a systematic diminishing decline of Mnpys
content. Solubility of Mngg 62 and Mn 454 only slightly diminished in
the range from pH 5.5 to 6.5. While pH value increased over 6.5
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Table 4
Decrease of contents of Mn fractions in soil of pH=8 in comparison
with those in soll of pH=6

rpm %
Manganese
T Terms
fractions erms Mean in Mean in
I v 5 terms 1 v 5 terms
llnw 1.37 13093 644 96.43 89-76 35_075
Mn, 4.60 41.21 18.20 57.36 66,06 40.87
¥nop s 33.47 67.43 44,56 84,31 69.85 58,14°
“an 6.2 48,30 43,02 34,09 54.74 30.95 28.84
¥nop 5,4 16.52 12,40 4,21 ‘15,24 8.42 3.16
Table 5
Coefficients of correlation and multiplecorrelation between
soil pH and its content of some manganese fractions
as related to manuring and soil moisture
Control Manganese fractions
terms
Mg ung ¥nopog ¥nop 6.2 | M0pm 5.4 MDoer
1 J-0.734% | —0.7e9% -0.957%/ -0.933% | —0.850% 0.255%/
/n*=12/ el 0.656% 0.592°/ 0.925% 0.951% 0.793% 0.090°/
I-v ./-0.336% | 0,119 -0.310% -0.213% | -0.036%/ 0.002%/
/5 terms/
pooled
/0=60/ .o/ 0.127% 0.084%/ 0.169%/ 0.227% 0.113%/ 0.048%/
+/ = correlation coefficients 1/ - significant at 10% probability
«s/ = multiplecorrelation coefficients 2/ - significant at 5% probability
n* -~ number of replications 3/ - significant at 2% probability
o/ - insignificant 4/ - significant at 1% probability
ldentic designations are in Table 8 and in Figures 7 and 8

immediately resulting in diminished solubility of these manganese
fractions and particularly of Mngge.e. Similar behaviour of some Mn
fractions following liming was reported by Beer [4, 5], Bollmann
and Garber [9], Coppenet and Galvez [12] and Marckw-
ordt [28].

As presented in Table 4, the fixation of the manganese fractions was
the highest (in per cent) in the control term I, i. e. 24 hours after the

11 — Roczniki gleboznawcze
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Fig. 3. Linear regression between pH of soil and its content of some manganese
fractions, as related to manuring and soil moisture (in I therm)

Fig. 4. Curve regression between pH of soil and its content of some manganese
fractions, as related to manuring and soil moisture (in I therm)

coil was limed. The coefficients of simple and multiple correlations cal-
culated for this term were significant (Table 5). In the subsequent terms
the solubility of the investigated Mn fractions was strongly influenced
by differentiated soil moisture and also, but to a smaller degree, by ma-
nuring. For this reason the correlation coefficients calculated together
for 5 control terms were of lower significance (Table 5).

In the trials without manure and of the lowest soil moisture the
solubility of Mn fractions was significantly changed in the experi-
mental period. However at the second and third levels of moisture (Ta-
ble 3) the fixation of manganese resulting from liming diminished with
time and was the least in the final phase of the experiment, at third
moisture level. The lower fixations, particularly in Mn, and Mngyy g are
apparent because growing soil moisture up to periodical flooding pro-
motes reduction of the oxidized soil manganese compounds to Mn™*2.
This was also indicated by Beer [6], Sierdobolskij [40] and
Patrick and Turner [35]. The reducing processes occurring in
soil in these conditions, as shown by our latest studies (unpublished da-
ta), are more intensive in trials of higher pH of medium under the in-
fluence of enhanced biological activity and lead to an accumulation of
Mn2+ by a soil sorption complex in exchangeable form.

In manured trials the fixation of investigated manganese fractions
after liming was stronger than in those without manure and as regards
Mn, and Mnpyg it increased with time and was the greatest in the
final phase of the experiment. Greater extent of fixation of Mn,, and
Mn, in manured and limed trials (term I) indicates the chemical process
of binding easily soluble manganese by organic matter which was in-
troduced with the manure. This is compatible with Page’s study [33].
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According to the latter the organic matter forming complexes with
manganese occurs in acid medium in not dissociated form. With incre-
asing pH medium the degree of dissociation increased and consequently
the ability of organic matter to form complex with manganese increased
too. This finding was confirmed by Sapek [39] wko also showed ion
complexes of manganese with organic matter from peat. In his opinion
the solubility of these complexes in water was good but diminished
with their coagulation.

INFLUENCE OF MANURING SOIL ON DYNAMICS
OF SOLUBILITY OF 6 MANGANESE FRACTIONS
AS RELATED TO DIFFERENTIATED pH AND MOISTURE

Manuring soil, as related to its pH and moisture, caused increased
content of all investigated Mn fractions (Table 6, Fig. 5 and 6). The
percentage growth of individual fractions was not urifrom in the expe-
rimental period and in this regard it can be presented in the following
sequence: Mny,=>Mng>Mnpy s> Mngy 62> Mnpy 54> Mng ..

Andrzejewski et al. [2] reported the increased content of easi-
ly soluble manganese in soil under the influence of fertilizing with ma-
nure, peat compost and compost from town refuse. Many investigators
[1, 3, 7, 22, 24, 33, 36] indicated an increase of soil content of easily
soluble manganese with growing content of organic matter.

Table 6
Increase of contents of Mn fractions in manured soil in
comparison with those in soil without manure

pm %

Manganese
fractions Terns Mean in Terns lla:.n in

I v 5 terms 1 v 5 terms
Mn_ 1.25 14,34 6.20 1136.36 1036.36 521,00
Mn, 4,70 46,65 21.78 159.46 168.87 88,60
anH 8 10.57 21.93 19.70 159.78 42,29 44,25
M'EPH 6.2 20,20 22,21 46,63 37.42 19.84 84,31
MDPH 5.4 11.63 3447 8,77 12.32 2.49 6,92
Mna.+r - - 2,06 - - 0,71
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Fig. 5. Dynamics of solubility of 6 manganese fractions in trials without manure, as
related to soil pH and moisture; explanation as in Fig. 1

Fig. 6. Dynamics of solubility of 6 soils manganese fractions in manured trials, as
related to soil pH and moisture

Our results are controversial in some degree with those of T u-
chotka at al. [46] who found a decrease in the content of available
Mn in soil fertelized with compost, poultry, faeces and dung. Their in-
vestigations were carried out on quartz sand and light soil (8% particles
of diameter <0.02 mm) strongly acidified and which was not manured
for many years. Diminished manganese content in these conditions may
be explained by increasing pH of soil due to these organic fertilizers
and by a lower solubility of manganese complexes with organic matter
at higher soil pH.

The influence of manure on solubility of manganese fractions de-
pends on soil pH. In the experimental trials of pH<6. Mn,, content in-
creased in five control terms by 649%, Mn, by 178.65%0, Mnpys by
68.51%0, Mnyy 62 by 21.84%, Mnyys.4 by 5.96% and Mng,, by 0.71%.
The increase in content of these manganese fractions in term I (except
of Mnyy 54 and Mn ,.,) is significantly correlated with addition of ma-
nure (Fig. 7). In the following terms the dynamics of solubility of the:
investigated Mn fractions was modified by the growing influence of
differentiated soil moisture. The correlation coefficients calculated for
these terms, as related to soil moisture are significant in a few cases
only.

In the experimental trials of pH<8 the influence of manuring
on the solubility of Mn,, Mn,, Mnpys was much smaller and that of
Mngy 6.2, Mnpg s, Mngs, was greater. It caused in increase in Mn,,
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Fig. 7. Linear regression between manuring of soil and its content of some manga-
nese fractions in trials of pH<(6, as related to soil moisture

Fig. 8. Linear regression between manuring of soil and its content of some manga-
nese fractions in trials of pH<8, as related to soil moisture

content by 58.33%, in Mn, by 6.00%, in Mn,gzg by 0.97%, in Mnpyg.2
by 51.94%, in Mnpy 54 by 7.94%0 and in Mn,., by 0.70%. Only fractions
Mn, and Mnpyg were significantly correlated with manuring (Fig. 8).

It is seen in linear regression (Fig. 7) that the increased content of
organic matter by 1% due to manuring, as related to moisture, caused
in trials of pH<6 an increase of Mn,, content by 9.58 ppm, Mn, by
24.23 ppm, Mnpy s by 73.27 ppm, Mnpgee by 34.60 ppm. In trials of
pH<8 (Fig. 8) the growth of Mn, content was by 12.04, of Mnygzs by
6.57 ppm.

The presented numerical values prove that increased contents of Mn
fractions in manured trials exceeded the amount of manganese introdu-
ced into soil with manure at both pH levels. Manure dry matter conta-
ined 370 ppm Mn, thus by adding 29 g of manure per pot, 10.73 mg Mn,
i. e. 2.146 ppm Mn was introduced into the soil. The results obtained
permit the conclucion that the increase of soil content of Mn fractions
in manured trials was caused by the reducing activity of manure on
oxidized forms of manganese. Addition of manure increased biological
activity of soil and consequently the requirement of soil microorganisms
for oxygen increased too. This was also indicated by Kermen [21].
However the ,solubilizing effect” of manure does seem to have bio-
logical character only. The increased content of Mn fractions, particu-
larly of Mn, and Mnpys, exceeded several times the amount of man-
ganese introduced into soil with manure, already 24 hours after this
treatment, which indicated also the chemical character of this process.
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INFLUENCE OF MOISTURE ON DYNAMICS
OF SOLUBILITY OF 6 MANGANESE FRACTIONS AS RELATED
TO DIFFERENTIATED REACTION AND MANURING

Influences of 3 levels of soil moisture and its twofold changes in the
experimental period, at the planned intervals (Table 3), on the solubi-
lity of the investigated manganese fractions are presented in Figures
9, 10 and 11, and in Table 7. As seen in this Table, the increasing soil
moisture caused highest percentage growth of Mn, content, while mean
percentage growths of Mn,, and Mnyyg were similar but three times
lower than that of Mn,. Solubility of Mngy 54 increased the least. The
content of Mn,+, diminished on an average by 10.37 ppm, i. e. by 3.75%0
in 3 trials.

Solubility of easy reducible manganese fractions (Mnggs, Mnpgs.e
and Mngy 5.4) under the influence of growing soil moisture (Table 7) in-
creased with time and in each trial was higher in the final phase of
the experiment (term V). The more sparingly soluble was the manga-
nese fraction, the greater was influence of the length of the period of
excessive soil moisture on its solubility. Hence the effect of the length of
the period of excessive moisture is most visible in solubility of Mnpy 5.4
and the least Mnpy g.

Solubility of all investigated manganese fractions, except Mn,, (Fig.
9, 10, and 11, and also 1, 2, 5 and 6), showed distinct dependence on

Table 7
Increase of contents of kin fractions in soil with growing moisture

ppm %
Experymental Manganese
trials fractions Terms Mean in Terms Mean in
1 v 5 terms 1 v 5 terms
Difference M.nw 0.31 O. 44 0.52 29.24 9.89 23,21
e Mn, 13,80 2,45 5,31 201.46 17.05 62,39
f3rst mois— My g 6.80 8.60 5.36 19.73 26.98 18.75
ture levels My 6.2 3,20 21.70 11,81 3,96 31.20 17,11
M : 2.90 22,10 9.58 2.33 22,24 8.95
H 5ol

Difference Mn, 3.03% 11.43 5,10 221.17 233,71 184.78
e ¥n, 86.27 77.30 70.26 417,97 459,57 508.39
second mois— LmPH 8 75030 75.63 66.78 182,46 186.88 196.78
bure 1evels | yin yg.p | 6562 | 100.47 72.83 78.07 | 110.10 90.10
: ° . . 45,32

My 5.4 41.65 80.68 52,85 32.68 66,42 503

Difference Mn, 3,34 11.87 5.52 315,09 226,74 250.89
:;ﬁ’ge;‘n " Mn, 100.07 79.75 75.57 1460.87 554,97 888,01
first mois- lng g 82.10 84.23 72.07 238,17 264,29 252,52
ture levels By 6.0 68.82 122,17 8u.64 85.12 175.66 122.63
My 5.4 44,55 102.78 62.43 35.77 103.43 58.32
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Table 8
Coefficients of correlation between moisture of soil
and its content of some manganese fractions as
related to pH and manuring

Control terms For
Manganese 5 terms
fractions I 1T III 1 v v
n=12 n = 60
Mn, 0.213% 0.393% 0.305% 0.335% 0.375% 0,054
¥, 0.394%/ 0.722% 0.702% 0.573% 0.528Y 0.490%
N 0021 0.610%/ 0.669% 0.570Y 0.588% 0.422%
Mg 6.2 0.077% | o.su8Y 0.716¥ | o.728% 0.579% | o.378Y
T ~0.083% 0.649% 0.640% 0.754% 0.847% 0.375%
Mn, -0.339% -0.523% 0,414 -0.820% -0.368% -0.235Y
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Fig. 9. Dynamics of solubility of 6 soil manganese fractions in trials of low moisture,
as related to soil pH and manuring; explanation as in Fig. 1

Fig. 10. Dynamics of solubility of 6 soil manganese fractions in trials of medium
moisture, as related to soil pH and manuring; explanation as in Fig. 1

soil moisture and dynamics of its changes in the experimental period.
Contents of Mn,, Mnyys, Mnpyee and Mng, 54 are in positive, while
that of Mn,., in reverse correlations with soil moisture. This is con-
firmed by statistically significant correlations coeficients (Table 8).
Linear regression (Fig. 12) shows that the increase of soil moisture
by 1% caused higher content of Mn, by 3.49 ppm, Mn,ys by 2.91 ppm,
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Last 18 41 Fig. 11. Dynamics of solubility of
6 soil manganese fractions in
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Rig. 12. Linear regression
between moisture of soil
and its content of some
manganese fractions, as re-
lated to soil pH and ma-
nuring (for 5 terms)

Mnpgee by 2.79 ppm and Mngy s by 1.87 ppm, while the content of
Mng+, diminished by 0.72 ppm. Similar results were obtained by Beer
[6] in his investigations also carried out on light soil limed and not li-
med and of differentiated moisture. The results of our investigations
are in agreement with those of Sierdobolskij [40], Grawen
and Attoe [20], Grasmanis and Leeper [19] and Kurajew
[27]. These authors reported also increased content of easily reducible
manganese under the influence of excessive soil moisture.

Summing up it may be stated that soil moisturc increasing up to
periodical flooding conditioned the predominance of anaerobic processes
and caused reduction of oxidized forms of soil manganese to Mn?+ and
its accumulation in sorption complex in exchangeable form. This accu-
mulation increased with time, which indicated the biological character
of the reducing processes of oxidized compounds of soil manganese.

CONCLUSSIONS

The presented experimental data allow for the following conclusions:
1. Soil moisture increasing up to periodical flooding caused a rise
in contents of Mn,,, Mn,, Mnpy s, Mnpg 6.2, Mnpyrs4 and decrease in that
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of Mng+,. Coefficients of correlations betwen soil moisture and contents
of these manganese fractions (except Mn,,) are statistically significant.

2. The influence of increasing soil moisture, as related to pH and
manuring, on solubility of the investigated manganese fractions is not
uniform and forms a diminishing sequence: Mn,>Mnpy g>Mn,,>
>anH 6.2>anH 5.4>Mna+,.

3. Excessive and prolonged soil moisture, conditicning predominace
of anaerobic processes, caused reduction of oxidized forms of soil man-
ganese to Mn2* and its accumulation in the sorption complex in exchan-
geable form.

4. Manuring of soil, as related to its pH and moisture, caused increa-
sed content of the investigated Mn fractions. The extent of this growth,
expressed in percentage, is not uniform and these manganese fractions
form a diminishing sequence: Mny>Mn,>Mnpy ¢.2™> Mnpy §=>Mngy 54>
>Mng +,.

5. As a result of manuring, there was an increase c¢f the content of
Mn fractions, several times exceeding the amount of manganese introdu-
ced into soil with manure, which indicates the reducing activity of ma-
nure in relation to oxidized compounds of soil manganese.

6. The ,,solubilizing effect” of manure on the oxidized soil manga-
nese compounds has a biological and chemical character and is higher
in medium of pH<6.

7. A statistically significant inverse correlation was found between
pH of soil and its contents of Mn,;, Mn,, Mnpgs, Mnpuee and Mnpy 5.4.
Increased pH value in range from 6 to 8, resulting from liming, caused
unequal changes in solubility of the investigated manganese fractions.
These changes may be presented as Mny>Mnpy s=>Mng>Mngy 62>
>Mnpy 5.4

8. The percentage decrease in solubility of Mn fractions was the
greatest immediately after liming and particularly in manured trials,
which indicated that it was a chemical process of binding easily soluble
manganese fractions (Mn,, and Mn,) by organic matter in slightly alka-
lic medium (pH<:8).

9. The increase of soil content of Mn fraction, resulting from gro-
wing moisture and manuring, was greater when this Mn fraction was
easier soluble. And the easier soluble was Mn fraction, the more decrea-
sed its content in soil after liming.
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T. KYKYPEHIA, C. TIVIAOBIX

BJIUAHUE HEKOTOPBIX CBOVICTB IIOYBEHI
HA TIOBEJIEHMUE B HEVM HECKOJBKUX ®PAKILIUI MAPTAHIIA

ucTutyT nouBoBeAenus u arpoxumuy, CellbCKOXO03AMCTBEHHAsA aKajeMus
B r. ITo3naHp

PeswoMme

B Tpyze moKka3aHO BIAMAHME W3BECTKOBaHMA, ypobpeumus uHaBo3oM u audde-
PEeHIMPOBAHHOM BJIAXKHOCTM IIOYBBI HAa AMHAMMKY DPaCTBOPSAEMOCTM B HeM MLIeCTU
dpakumit MapraHua. JViccienoBaHMs NPOBOAMIMCE B BereTaUMOHHBLIX ONbITaX Ha
JIETKOJI IIOYBE B3ATON C MaXOTHOrO CJOSA ITOYBBI 00pa3oBaBlIENCA M3 MOPEHHOM TIJM-
ubl (tabs. 1). Bo BpemMs HAOMBKM COCYyHOB IIOYBY IIEPEMELIMBAJIM C IIMUTATEIBHOM
cmecbio comepzxamert N, P, K u Mg B KoamyecTBax OOBIYHO NDUMMEHsAEMBIX B Be-
TeTAIMOHHBIX ONbITHIX (Tabi. 2).

Peakuuio nousbl B cocyaax jmaoBojamiau no pH=6 u 8 (B BOAHON BBITAXKKE) INpHU
nomomt CaO m 1 H,SO,. HaBo3 BHOCMJIM B IIOPOILIKOBUAHONM (pbopMe B KOJIMYECTBO
29 r c.B. Ha cocyn (5 Kr c.B. IIOYBBI). BJAazKHOCTBL IIOYBLI yAEePXKMBAJM HA 3-X yPOB-
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HSX, KOTOpBIe ABaXAbl B ONBITHOM Iepmoge (23 VII — 5 XTI 1971) moxsepraamch KOp-
pekType ¢ cobirofenueM 3ajaHHBIX MHTepBaJoB (Tabiu. 3).

B ofpasnax mnouBbl oTOmpaemoit B 5 cpokax (taba. 3) ¢ ornenbHpIX 06BEKTOB
onpefensaJM B COCTOSAHMM aKTyajbHOM BJAXKHOCTYM cleayloumye dpakuuy MapraH-
ua:

Mn,, — BOAOPACTBOPUMEBIN MapraHern [32],

Mn,, — obmenHbt [45],

anH8 — JIeTKO IIOJBepralouiuicad BOCCTAHOBJEHMIO [29],
anHs’z——nerKo NozxBeprawlmMica BOCCTaHOBIEHMIO [8],
anH5,4—nerKc oABEepramlMiica BOCCTAaHOBJIeHMIO [8],
-Mna +r — TPYRHO IIOABEPralolMiiCA BOCCTAHOBJIEHMIO [5].

IIpr nHaBecKe IOYBBI AJIA aHajJAM3a HA MapraHell YYMTBIBAJAM COJePFKAIYIOCA
B HEl BOJY, KOTOPYIO OIpeAeNsiaM II0 CYLUMJILHOMY MeTOony B TeMmieparype 105°
no II. OpranmyeckKoe BEHIECTBO OIpenenNsMy INo Metony Jiuxrepdenabae; pPeaxIyio
MOYBbI II0 NOTEHUMOMETPUMYECKOMY METOAY NDPM COOTHOLUEHMM IIOYBBI K BOJe pas-
HBIM 4 : 1 (IOYBeHHAA MacTa).

B uTore mpoBeneHHbIX MCCJIENOBAaHMIY YCTAHOBJIEHO, YTO yxoOpeHue MNOYBBHI HABO-
30M CIocoGCTBOBAJIO YBEJNMYEHMIO B HeM COZEePIKaHMA BCEX WMCIBITYEMBIX (parimit
mapraHna (tabxa. 6, puc. 5 u 6). OT0O yBeauyeHMe MHOTOKDPATHO IIPEBbLIIIAET KOJIU-
yecTBA MapraHlia BHECEHHble B IIOYBY C HaABO30M, OCOODEHHO 3TO KacaeTcsa ero Jer-
KOPacTBOPMMBIX (bpaKIMii, ¥ yKasblBaeT HAa HaJMuMe BOCCTAHOBUTEJBLHOIO AEMCTBUSA
HaBO3a Ha OKMCJIEHHble COeAMHEHMUs IIOYBEHHOTO MapraHua. BhIIIEYIIOMAHYTHIA
,pacrBopsmommit 9¢ddekT” HaBo3a 3aBUCUT OT PH mOYBBI M yMEHBLIAETCA C POC-
TOM ero 3uavyenmst (puc. 7 m 8). B mouBe co ciuaboiesnouHoit peaxkumest (pH Box-
HOJ BBITAXKY << 8) MaprasHell BCTYIaeT B CBA3b C OPraHMYECKMM BEIeCTBOM HABO-
3a obpa3ys 60;1ee TPyAHO pPacTBOPMMBIE COENVHEHMA.

VYBeauueHre COACPXKAHUA M3ydaeMbIx (pakuMii MapraHila B IOYBe 3a MCKJIIO-
‘ieHUeM Mn‘1 r obHapymXeHO TaKzXe IIOJ BJMUAHMEM IIOBBILIEHUS ee BJIAZKHOCTU
(raba. 7, puc. 9, 10, 11, 12). KoschduumeHTs! KOPPeIAUMM IJIA 3TOM 3aBUCUMMOCTHU
CTATMCTUYECKY CYINECTBEHHBI 3a MCKitodenueM Mn, (rabi. 8). Copepxanue Mn, +r
BBIABMJIO OJHAKO CYIIECTBEHHYIO OOpaTHYIO 3aBMUCHMMOCTB. JI3DBITOYHAA M JJIUTENb-
Hafd BJAXKHOCTBL IIOYBBI BjeyeT 3a co00Jf cUCTEMaTHYECKYHI0 AKKyMyJIsLMIO B II0-
ryoLIaloleM KOMILIeKce rouBbl Mn2+ B o6MenHHO) popMe M NPUBOAUT K DOCTY CO-
AepXKaHuA JIETKOPAaCTBOPMMOIO MapraHua.

Vi3BecTKOBaHME IIOYBBI B IIPOTMBONOJIOXKHOCTBH YAOOpEHMIO HAaBO30OM ¥ BO3-
PacTaILEe BJAZKHOCTM IIOYBBI IIOHMKAeT pPACTBODMMOCTL #3y4YaeMbIX OpPaKLMil
Maprasiua 3a MUCKJIOYeHUeM Mna +r (puc. 1, 2, 3, 4). PazMep IOHMUIKEHUA PaCTBOPU-
MOCTM Ha3BaHHBIX (bpaKuMilI MapraHia BbIPAXKEHHBII B mIpoueHTax (Tabn. 4) B uconi-
TAaHHOM wHTepBaje PH HeOAMHAKOB M YKJIAALIBAeTCA B CJeAYIOLIeM IIOPsAIKe:
Mn,, > Mn s > Mn, > Mnpp ez =~ Mgy s,e

3aMeTHOE IIOHMZKEHME DACTBOPMMOCTM 3TUX (pakKnuii MapraHua HeNoCPenCTBEH-
HO TIOCJIeé M3BECTKOBaHMA IIOYBLI KakK ¥ 0oJjlee MHTEHCHMBHOE IIPOTEKaHME I3TOTO
nponecca Ha 00bekTax yao0pseMbIX HAaBO30M YKa3bIBalOT HA HaJM4Me XMMUIECKO-
TO CBA3BIBAHMA JIETKOPAaCTBOPMMBIX COeIMHEHMI Maprasna (an u Mna) opraHu-
YeCKMMM BelleCTBAMM HaBO3a B cpejie ¢ pH < 8.
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H. KUKURENDA, S. GLADYCH

WPLYW NIEKTORYCH WEASCIWOSCI GLEBY
NA ZACHOWANIE SIE W NIEJ KILKU FRAKCJI MANGANU

Instytut Gleboznawstwa i Chemii Rolnej Akademii Rolniczej w Poznaniu

Streszczenie

W pracy przedstawiono wplyw wapnowania, nawozenia obornikiem i zréznico-
wane]j wilgotno$ci gleby na dynamike rozpuszczalnoSci w niej sze§ciu frakeji man-
ganu.

Badania przeprowadzono w doswiadczeniach wazonowych na glebie lekkiej,
pochodzgcej z warstwy ornej gleby uprawnej, wytworzonej z gliny zwalowej (tab.
1). W czasie napelniania wazon6éw glebe mieszano z pozywkag zawierajgcg N, P,
K i Mg w ilo§ciach stosowanych w do§wiadczeniach wegetacyjnych (tab. 2).

Odczyn gleby w wazonach zr6znicowano do dwoéch pozioméw (pHH,0=6 i 8) za
pomocg CaO i 1n Hy,SO, Obornik stosowano w postaci sproszkowanej w ilosci 29 g
suchej masy na wazon (5 kg suchej masy gleby). Wilgotno§¢é gleby w wazonach
zroznicowano do trzech pozioméw i zmieniono jg dwukrotnie w okresie doswiad-
czalnym (23 VII-5 XI 1971), zachowujgc ustalone przedzialty (tab. 3).

W probkach gleby pobranych w pieciu terminach (tab. 3) z poszczegélnych
obiektow oznaczono w stanie wilgotnoscia aktualnej nastepujace frakcje manganu:

Mn,, — mangan rozpuszczalny w wodzie [32],
Mng, — mangan wymienny [45],
MnpHg — latwo ulegajacy redukeji [29],

MnpH 6,2 — latwo ulegajgcy redukcji [8],
MnpH5,; — latwo ulegajgcy redukcji [8],
Mng,, — trudno ulegajacy redukcji [5].

Przy sporzadzaniu odwazek gleby do analizy na mangan uwzgledniono zawar-
ta w niej wode, ktérg oznaczono metoda suszarkowag w temperaturze 105°C. Sub-
stancje organiczng oznaczono metodg Lichterfelda, a odczyn metodg potencjomet-
ryczng przy stosunku gleby do wody rownym 4:1 (pasta glebowa).

W wyniku przeprowadzonych badan stwierdzono, ze nawozenie gleby obor-
nikiem spowodowalo zwiekszenie w niej zawarto$ci wszystkich badanych frakeji
manganu (tab. 6, rys. 5 i 6). Wzrost ten wielokrotnie przewyzsza iloSci manganu
wprowadzone do gleby 2z obornikiem, szczegélnie w odniesieniu do jego frakcji
latwo rozpuszczalnych, i wskazuje na redukujgce dzialanie obornika na utlenione
zwigzki glebowe manganu. Wyzej wspomniane ,dzialanie rozpuszczajgce” obornika
uzaleznione jest od pH gleby i maleje ze wzrostem jego wartosci (rys. 7 i 8). W
glebie o odczynie stabo zasadowym (pHH,0 << 8) nastepuje wigzanie manganu przez
substancje organiczng obornika w polgczeniu trudniej rozpuszczalne.

Zwiekszenie zawartoSci badanych frakcji manganu w glebie z wyjatkiem Mn, _r
stwierdzono rowniez pod wplywem wzrastania jej wilgotnosci (tab. 7, rys. 9-12).
Wspolezynniki korelacji dla tej zaleinosSci sg statystycznie istotne z wyjatkiem Mn,,
(tab. 8). Zawarto$§¢ Mn,,, wykazala natomiast istotng zaleizno$¢ odwrotng. Nad-
mierna i dlugotrwala wilgotnosé gleby powoduje systematyczng akumulacje Mn2+
w kompleksie sorpcyjnym gleby w postaci wymiennej i prowadzi do wzrostu za-
warto$ci manganu tatwo rozpuszczalnego.

Wapnowanie gleby w przeciwienstwie do nawozenia obornikiem i wzrastajg-
cej wilgotno$ci gleby zmniejsza rozpuszczalno§é badanych frakeji manganu, z wy-
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jatkiem Mng,( (rys. 1-4). Rozmiary zmniejszenia rozpuszczalno$ci tych frakcji man-
ganu wyrazone w proccnta~h (tab. 4) w badanym przedziale pII nie sg jednakowe
i mozna je uszeregowac nastepujgco:
Mn >MN_ ..=>Mn >MN_ ;g0 >MnDI_I 5d

Znaczne zmniejszenie rozpuszczalnos$ci tych frakeji manganu bezpos$rednio po
zwapnowaniu gleby oraz wieksze rozmiary tego procesu w obiektach nawozonych
obornikiem wskazujg na chemiczny proces wigzania manganu tatwo rozpuszczal-
nego (Mn,, i Mn,) przez substancje organiczne obornika w S$rodowisku o pH <C8.

Dr Hieronim Kukurenda Wptyneto do PTG w kwietniu 1973 r.

Instytut Gleboznawstwa
i Chemii Rolnej A.R.
Poznan, ul. Wojska Polskego 71 f






