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Num erous researches showed a relation betw een the degree of oxi­
dation of m anganese compounds in soil and their availability  to plants. 
Among the factors conditioning the redox potential of m anganese, the  
influence of reaction is, relatively, the best known. The relation betw een 
pH of soil and its content of m anganese, particu larly  of fractions easily 
soluble was the subject of m any 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 m anganese fractions which are a 
potential source of this m icroelem ent for plants [4, 5, 6 , 12, 28]. We also 
know ra the r little  about the influences of soil m oisture and of organic 
fertilizers on dynamics of solubility of soil m anganese 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 w ith  a deficiency 
as well as an excess of easily soluble m anganese [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 m anganese compounds 
is an actual problem  and of increasing im portance in view of the in ten­
sification of p lan t and anim al production.

The paper presents the results of a study on the effects of soil re ­
action, m oisture and m anuring on dynamics of solubility of 6  fractions 
of soil manganese.

M ATERIAL AND  METHODS

Investigations were carried out on light soil (Table 1) in pot expe­
rim ent. Polyethylene pots of 5 1. volume were filled w ith  5 kg soil 
(calculated in dry  m atter) taken from  the upper horizon of arable soil
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T a b l e  1
C h a ra c te r is t ic s  o f s o i l  used fo r  experim ents

Mechanic 
f ra c tio n  

<0o02 dud 
%

Organic
m atter

%

C ap ilar
w ater

capac ity
%

Manganese f ra c tio n s , ppm

Mna % H  8 % H  6.2 “ V  5.4 Mn _  a+r

14 5.65* I .09 23.14 0.47 5 .6 39.5 63ol 86.2 265

- 6,45** lo36 23.54 1.25 4.8 14.0 71.0 91.0 265

* -  Experim ental s o i l  w ithout manure 
** -  Experim ental s o i l  w ith manure

T a b l e  2
Composition of n u tr ie n ts  in  g /p o t

Kind and form of n u tr ie n t

N P К Mg
M^N03 C a / H ^ ^ ^S O ^, XC1 MgS04 .7  1^0

0 .5 0 .5 1 .5 0 .3

form ed from  light m oraine loam. W hen filling the pots, the soil was 
m ixed w ith nu trien t solution used in vegetative experim ents (Table 2 ). 
All components were in pure forms for analysis.

According to the experim ental design, in half of the num ber of 
pots an organic fertilizer was applied, nam ely na tu ra l m anure. Dung 
was dried first in the air, then in a d rier a t 40° C, then ground and 
added as a powder in ration of 29 g d ry  m atte r per pot.

Soil reaction in pots was d ifferentiated  to 6  and 8  pH in H20  by 
the m ethod of a curve of neutralization and acidification. CaO was used 
for deacidification and 1 N H 2 SO 4  for acidification. These components 
as well as the dung were m ixed w ith the soil weighed for filling the 
pots.

M oisture of the soil was d ifferentiated  to 3 levels. In the experi­
m ental period (from 23 Ju ly  to 5 November 1971) soil m oisture in in ­
dividual trials was changed twice, preserving the planned levels (Table 3).

A fter filling the pots w ith soil, the individual trials were w atered 
to level of m oisture given in Table 3 for term  I. W hen the soil samples 
were taken in term  I, soil m oisture was increased to levels of term s II 
and III and then it was incubated for 27 days, i. e. from  24 Ju ly  to
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T a b l e  J
S o il m oisture and dynamics of i t s  changes in  experim ental period

Control terms

S o il m oisture as percentage of c a p ila r  
w ater capacity.

m oisture le v e ls

f i r s t
1

second th i rd

1 - 2 4  Ju ly 40 80 100

I I  -  28 Ju ly
I I I  -  20 August

60-70 90-100 flood ing

IV -  6 September
V -  5 November

10-20 50-60 70-80

20 August. A fter taking soil samples in term  III, w atering was stopped 
for some time, in order to dim inish m oisture to the levels planned for 
term s IV and V. A t this m oisture level, soil was again incubated for 
a fu rth e r 77 days, i. e. from  20 August to 5 November. Destilled w ater 
was used for w atering. Each experim ental tria l was in 4 replications 
(pots).

In the soil samples taken from  each pot 6 m anganese fractions were 
determ ined, namely:

soluble in water — M nw [32], 
exchangeable — Mna [45], 
easily reducible — MnpH 8 [29], 
easily reducible — MnpH 6 . 2  [8], 
easily reducible — MnpH 5.4 [8], 
resistant to reduction — M na+r [5].
Determ inations were carried out in the following term s: 24 hours 

(on 24 July), 5 days (on 28 July), 28 days (on 20 August), 45 days 
(on 6 Septem ber) and 105 days (on 5 November) after filling the pots 
w ith  soil. The Mn fractions m entioned above w ere determ ined in soils 
of actual m oisture im m ediately afte r taking the samples, and w ater con­
ten t was determ ined by drying in 105° C. W hen weighing soil for 
extraction, the w ater content was taken into account Soil pH and the 
content of organic m atter were determ ined in air dried soil samples.

Table 1 presents the results of analysis of the soil before experi­
m ental treatm ent. The analysis was carried out on air dried soil sam ­
ples and the results w ere calculated in dry  m atter. Reaction was de­
term ined by potentiom etric m ethod in soil paste of soil to w ater ratio 
4:1. Organic m atte r was determ ined by L i c h t e r f e l d ’ s method, Mn«;
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and Mna were determ ined by form aldoxim e m ethod [44], while M npH 8, 
MnpH 6 .2 , M nPH 5 - 4  and M na+r by persulphate m ethod [29].

RESULTS AND DISCUSSIO N
INFLUENCE OF SOIL LIMING ON THE DYNAMICS OF SOLUBILITY 

OF 6 MANGANESE FRACTIONS AS RELATED  
TO DIFFERENTIATED MOISTURE AND MANURING

D ifferentiation of soil reaction (pH 6 and 8) in the experim ental 
trials caused various changes in solubility of the manganese fractions 
(Fig. 1 and 2).

Fig. 1. D ynam ics of solubility  of 6  soil m anganese fractions in experim ental trials 
of p H ^ 6 , as related to m anuring and soil m oisture 

A  — Mn^ — ppm; В — Mafll MnpHs, MnpH(. 2, M npHs 4’ Mna+ r ~  ppm » С — control term s of 
m easuring m angenese content in  soil; D — soil reaction — pH; E — organic m atter in so il — %; 
F — so il m oisture — %; 1 -  M n^, 2 — Mnfl, 3 — Мпрд 8, 4 — MnpHß 2, 5 - М п рН. л , б — Mna_j.r,

7 — soil m oisture — °/o, 8 — so il pH, 9 — organic m atter in so il — °/o

Fig. 2. D ynam ics of solubility  of 6  soil m anganese fractions in experim ental trials 
of p H ^ 8 , as related to m anuring and soil m oisture; explanation as in Fig. 1

Increased soil pH from  6 to 8 as a resu lt of liming, as seen in Table 4, 
led to the greatest decrease of percentage contents of Mn^, M npH s and 
Mna, while solubility of M npH 6 . 2  and particu larly  of M npH 5-4 decreased 
to a sm aller ex ten t and th a t of M na + r did not change.

As seen from  linear regression (Fig. 3) the increased soil pH by 
a unit caused a decrease of Мпш by 0.93 ppm, M na by 3.07 ppm, M npHs 
by 19.05 ppm. Мпрнб . 2  by 27.45 ppm  and MnpH 5.4 by 10.19 ppm. The 
change of soil pH in the  investigated range, as seen in the curvelinear 
regression (Fig. 4), caused a system atic diminishing decline of M npH 8 
content. Solubility of M npH 6 . 2  and Mn pH 5.4 only slightly diminished in 
the  range from  pH  5.5 to 6.5. W hile pH value increased over 6.5
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T a b l e  4
Decrease of co n ten ts  of Mn f ra c tio n s  in  s o i l  of pH=8 in  comparison 

w ith  those in  s o i l  o f pH=6

Manganese
f ra c tio n s

ppm %

Terms
Mean in  
5 term s

Terms
Mean in  
5 term sI V I V

Mn* 1.37 13.93 6.44 96.48 89.76 85.75

Mna 4.60 41.21 18.20 57.36 66.06 40.87

““pH 8 33.47 67.43 44.56 84.31 69.85 58. 1*

““pH 6 .2 48.30 43.02 34.09 54.74 30.95 28.84

“V  5 .4 16.52 12.40 4.21 15.24 8.42 3.16

T a b l e  5
C o e ff ic ie n ts  of c o r re la tio n  and m u ltip le c o rre la tio n  between 

s o i l  pH and i t s  con ten t of some manganese f ra c tio n s  
as r e la te d  to  manuring and s o i l  m oisture

C ontrol
term s

Manganese f ra c tio n s

Mn* Mna % H  8 % H  6.2 % H  5 .4 Mna+r

I

/п*=12/

./ -0 .7 3 4 4 / -0 .7694 / -0 .957V -0 .933V -О .85О4/ 0 .255°/

. . /  0 . 656°^ 0.592°^ О.9254/ O.9514/ 0.793V 0 . 090° /

I  -  V
/5  term s/ 
pooled
/п^60/

. / - 0.336V -0 .1 1 9 ° / -0 .3 1 0 ° / -O .2131/ - 0 . 036° / 0 .002°/

. . /  0.127o / 0 .084°/ 0 .1 6 9 °/ 0 .227°/ 0 .113°/ 0 .0 4 8 °/

. /  -  c o r re la tio n  c o e f f ic ie n ts  1 / -  s ig n if ic a n t  a t  1056 p ro b a b il ity  
. . /  -  m u ltip le c o rre la t io n  c o e f f ic ie n ts  2 /  -  s ig n if ic a n t  a t  %  p ro b a b il ity  
n* -  number o f r e p l ic a t io n s  3 /  -  s ig n if ic a n t  a t  2% p ro b a b il ity  

о / -  in s ig n if ic a n t  4 /  -  s ig n if ic a n t  a t  Л% p ro b a b il ity  
Id e n tic  d es ig n a tio n s are i n  Table 8 and in  F igu res 7 and 6

im m ediately resulting in diminished solubility of these m anganese 
fractions and particu larly  of M npH e.2 - Sim ilar behaviour of some Mn 
fractions following liming was reported by B e e r  [4, 5], В о 11 m a n n 
and G a r b e r  [9], C o p p e n e t  and G a l v e z  [12] and M a r c k w -  
o r  d t [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 gleboznaw cze
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Fig. 3. L inear regression betw een pH of soil and its content of som e m anganese 
fractions, as related to m anuring and soil m oisture (in I therm )

Fig. 4. Curve regression betw een pH of soil and its content of som e m anganese 
fractions, as related to m anuring and soil m oisture (in I therm)

soil was limed. The coefficients of simple and m ultiple correlations cal­
culated for this term  were significant (Table 5). In the subsequent term s 
the  solubility of the investigated Min fractions was strongly influenced 
by differentiated  soil m oisture and also, bu t to a sm aller degree, by m a­
nuring. For this reason the correlation coefficients calculated together 
for 5 control term s were of lower significance (Table 5).

In the tria ls w ithout m anure and of the lowest soil m oisture the 
solubility of Mn fractions was significantly changed in the experi­
m ental period. However at the second and th ird  levels of m oisture (Ta­
ble 3) the fixation of m anganese resulting from  liming dim inished w ith 
tim e and was the least in the final phase of the experim ent, a t th ird  
m oisture level. The lower fixations, particu larly  in M na and M npH 8 are 
apparent because growing soil m oisture up to periodical flooding pro­
motes reduction of the oxidized soil m anganese compounds to M n+2. 
This was also indicated by B e e r  [6], S i e r d o b o l s k i j  [40] and 
P a t r i c k  and T u r n e r  [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 m edium  under the in­
fluence of enhanced biological activity  and lead to an accum ulation of 
Mn2+ by a soil sorption complex in exchangeable form.

In m anured trials the fixation of investigated m anganese fractions 
after lim ing was stronger than  in those w ithout m anure and as regards 
M na and M npH 8 it increased w ith tim e and was the greatest in the 
final phase of the experim ent. G reater ex ten t of fixation of Mnw and 
M na in m anured and lim ed trials (term  I) indicates the chemical process 
of binding easily soluble m anganese by organic m atter which was in ­
troduced w ith the m anure. This is compatible w ith P a g e’ s study [33].
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According to the la tte r  the organic m atte r form ing complexes w ith 
m anganese occurs in acid m edium  in not dissociated form. W ith incre­
asing pH m edium  the degree of dissociation increased and consequently 
the ab ility  of organic m atte r to form  complex w ith m anganese increased 
too. This finding was confirm ed by S a p e k  [39] who also showed ion 
com plexes of m anganese w ith  organic m atte r from  peat. In his opinion 
the solubility of these complexes in w ater was good bu t diminished 
w ith  their coagulation.

IN FLU EN C E O F M A NURING SOIL ON  DYNAMICS 
OF SO LU BILITY  OF 6 MANGANESE FRACTIONS 

AS RELA TED TO D IFFER EN TIA TED  pH AND M OISTURE

M anuring soil, as rela ted  to its pH  and m oisture, caused increased 
con ten t of all investigated Mn fractions (Table 6, Fig. 5 and 6). The 
percentage grow th of individual fractions was not unifrom  in  the expe­
rim en ta l period and in this regard  it can be presented in the following 
sequence: M n „> M n a> M n pH 8> M n pH 6.2 >  MnpH 5.4 > M n a+r.

A n d r z e j e w s k i  et al. [2] reported  the increased content of easi­
ly soluble m anganese in  soil under the influence of fertilizing w ith  m a­
nure, peat compost and compost from  town refuse. M any investigators 
[1, 3, 7, 22, 24, 33, 36] indicated an increase of soil content of easily 
soluble m anganese w ith  growing content of organic m atter.

T a b l e  6
Increase  of con ten ts  of Mn f ra c tio n s  in  manured s o i l  in  

comparison w ith those in  s o i l  w ithout manure

Manganese
f ra c tio n s

ppm %

Terms Mean in  
5 term s

Terms Mean in  
5 term sI V I V

• 4 , 1.25 14:34 6.20 1136.36 1036.36 521.00

““ a 4.70 46.63 21.78 139.46 168.87 88.60

■ V e 10.57 21.93 19.70 159.78 42.29 44.25

““l® 6 .2 20.20 22.21 46.63 37.42 19.84 84.31

“V  5 .4 11.63 3.47 8.77 12.32 2.49 6.92

Mna+r - - 2.06 - - 0.71
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Fig. 5. D ynam ics of so lub ility  o f 6  m anganese fractions in trials w ithout m anure, as 
related to soil pH and m oisture; explanation  as in Fig. 1

Fig. 6 . D ynam ics of so lub ility  of 6  soils m anganese fractions in m anured trials, as
related to soil pH and m oisture

Our results are controversial in some degree w ith  those of T u- 
c h o ł k a  at al. [46] who found a decrease in the content of available 
Mn in soil fertelized w ith compost, poultry, faeces and dung. Their in ­
vestigations w ere carried out on quartz sand and light soil (8 %  particles 
of diam eter < 0 . 0 2  mm) strongly acidified and which was not m anured 
for m any years. Diminished m anganese content in these conditions m ay 
be explained by increasing pH of soil due to these organic fertilizers 
and by a lower solubility of m anganese complexes w ith  organic m atte r 
at higher soil pH.

The influence of m anure on solubility of m anganese fractions de­
pends on soil pH. In the experim ental trials of p H ^ 6 . M n^ content in ­
creased in five control term s by 649%, M na by 178.65%, M npH 8 by 
68.51%, MnpH 6 . 2  by 21.84%, M npH 5.4 by 5.96% and M na + r by 0.71%. 
The increase in content of these m anganese fractions in term  I (except 
of M npH 5 . 4  and Mn a + r) is significantly correlated w ith  addition of m a­
nure (Fig. 7). In the following term s the dynamics of solubility of the 
investigated Mn fractions was modified by the growing influence of 
differentiated  soil m oisture. The correlation coefficients calculated for 
these term s, as related  to soil m oisture are significant in a few cases 
only.

In the experim ental trials of pH ^ 8  the influence of m anuring 
on the solubility of Mnw, Mna, MnpH 8  was m uch sm aller and th a t of 
MnpH 6 .2 , M npH 5 .4, M na + r was greater. It caused in increase in M nw
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Fig. 7. L inear regression betw een m anuring of soil and its content of som e m anga­
nese fractions in trials of p H ^ 6 , as related to soil m oisture

Fig. 8 . L inear regression betw een  m anuring of soil and its content of som e m anga­
nese fractions in trials of p H ^ 8 , as related to soil m oisture

content by 58.33%, in Mna by 6.00%, in MnpH8 by 0.97%, in M npHe. 2  

by 51.94%, in M npH5 . 4  by 7.94% and in Mna+r by 0.70%. Only fractions 
Мпд and MnpH 8 w ere significantly correlated w ith  m anuring (Fig. 8).

It is seen in linear regression (Fig. 7) tha t the increased content of 
organic m atte r by 1% due to m anuring, as related  to m oisture, caused 
in tria ls of p H ^ 6  an increase of M n^ content by 9.58 ppm, M na by 
24.23 ppm, M npH s by 73.27 ppm, M npH 6 . 2  by 34.60 ppm. In trials of 
p H ^ 8  (Fig. 8) the grow th of M na content was by 12.04, of M npH 8 by 
6.57 ppm.

The presented num erical values prove th a t increased contents of Mn 
fractions in m anured trials exceeded the am ount of m anganese in trodu­
ced into soil w ith  m anure at both pH levels. M anure dry  m atte r conta­
ined 370 ppm  Mn, thus by adding 29 g of m anure per pot, 10.73 mg Mn, 
i. e. 2.146 ppm  Mn was introduced into the soil. The results obtained 
perm it the conclucion th a t the increase of soil content of Mn fractions 
in m anured tria ls was caused by the reducing activ ity  of m anure on 
oxidized forms of m anganese. Addition of m anure increased biological 
activity  of soil and consequently the requirem ent of soil m icroorganisms 
for oxygen increased too. This was also indicated by K e r m e n  [21]. 
However the  „solubilizing effect” of m anure does seem to have bio­
logical character only. The increased content of Mn fractions, particu­
larly  of Mna and M npH 8, exceeded several tim es tho am ount of m an­
ganese introduced into soil w ith  m anure, already 24 hours a fte r this 
treatm ent, 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 m oisture and its twofold changes in the  
experim ental period, at the planned intervals (Table 3), on the solubi­
lity of the  investigated m anganese fractions are  presented in Figures 
9, 10 and 11, and in Table 7. As seen in this Table, the increasing soil 
m oisture caused highest percentage grow th of M na content, while m ean 
percentage growths of M n^ and M npH 8 were sim ilar bu t three tim es 
lower than  th a t of M na. Solubility of M npH 5.4 increased the least. The 
content of M na + r dim inished on an average by 10.37 ppm, i. e. by 3.75°/o 
in 3 trials.

Solubility of easy reducible m anganese fractions (MnpH 8, M npH 6 . 2  

and M npH 5.4) under the influence of growing soil m oisture (Table 7) in ­
creased w ith  tim e and in each tria l was higher in the final phase of 
the experim ent (term  V). The more sparingly soluble was the m anga­
nese fraction, the g rea ter was influence of the length of the period of 
excessive soil m oisture on its solubility. Hence the effect of the length  of 
the period of excessive m oisture is most visible in solubility of M npH5 . 4  

and the least M npH 8-
Solubility of all investigated m anganese fractions, except M nw (Fig. 

9, 10, and 11, and also 1, 2, 5 and 6), showed distinct dependence on

T a b l e  7
In crease  of con ten ts  of Mn f ra c tio n s  in  s o i l  w ith  growing m oisture

Experymental
t r i a l s

Manganese
f ra c tio n s

ppm %

Terms Mean in  
5 term s

Terms Mean in  
5 term s

I V I V

D ifference 
between se­
cond and 
f i r s t  mois­
tu re  le v e ls

ЫД»
Ипа

““pH 8 
llnpH 6 .2  
% Н  5 .4

0.31
13.80

6.80
3.20
2 . 9О

0.44
2.45
8.60

21.70
22.10

0.52
5 .З 1
5.36

11.81
9.58

29.24
201.46

19.73
3.96
2.33

9.89
17.05
26.98
31.20
22.24

23.21
62.39
18.73
17.11

8.95

D ifference 
between 
th i rd  and 
second mois­
tu re  le v e ls

“a*
Mna

1V  8
Ь1дрН 6.2 
Ł]npH 5 .4

3.03
86.27
75.30
65.62
41.65

11.43
77.30
75.63

100.47
80.68

5.10
70.26
66.78
72.83
52.85

221.17
417.77
182.46
78.07
32.68

233.71
459.57
186.88
110.10

66.42

184.78 
508.39
196.78 

90.10 
45.32

D ifference 
between 
th i rd  and 
f i r s t  mois­
tu re  le v e ls

ItoW
Mna

% Н  8 
blnpH 602 
% H  5.4

3.34
100.07

82.10
68.82
44.55

11.87
79.75
84.23

122.17
102.78

5.52
75.57
72.07
84.64
62.43

З15.09
1460.87

238.17
85.12
35.77

226.74
554.97
264.29
175.66
IO3.43

250.89
888.01
252.52
122.63

58.32
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T a b l e  8
Coefficients of correlation between moisture of soil 

and its content of some manganese fractions as 
related to pH and manuring

Manganese
f ra c tio n s

Control terms For 
5 term sI I I I I I IV V

n = 12 n = 60

n o . 0.213o/ O.393o/ 0.305o/ 0.333o/ O.379o/ 0.054o/

Mna 0.394o/ 0 . 722V 0.7025/ 0.573V 0 .4 9 0 ^  1

““pH 8 0.021o/ О .бЮ ^ 0.6695/ 0.5701/ 0.5885/ 0.422V

“ V  6 .2 0.077o/ 0 .5481/ 0.716V 0.7284/ 0.57927 0.378V

% H  5 .4 -0 .083o/ О.ЬЬЭ2' 0.6402/ 0.75ЧУ 0 .8 4 7 ^ 0 .3 7 3 ^

“" a « -O.339o/ -0 .523o/ -0 .4 4 4 o/ 4 /-0„820 - о .з е з 07 -0 .235 17

Fig. 9. D ynam ics of so lubility  of 6  so il m anganese fractions in trials of low  m oisture, 
as related to soil pH and m anuring; explanation  as in Fig. 1

Fig. 10. D ynam ics of so lub ility  of 6  soil m anganese fractions in trials of m edium  
m oisture, as related to soil pH and m anuring; explanation  as in Fig. 1

soil m oisture and dynamics of its changes in the experim ental period. 
Contents of M na, M npH 8, MnpH e. 2  and MnHp 5.4 are in positive, while 
th a t of Mna+r in reverse correlations w ith  soil m oisture. This is con­
firm ed by statistically  significant correlations coeficients (Table 8).

L inear regression (Fig. 12) shows th a t the increase of soil m oisture 
by 1% caused higher content of Mn„ by 3.49 ppm, M npH8 by 2.91 ppm.
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Fig. 11. D ynam ics of so lub ility  of 
6  so il m anganese fractions in 
traials of greatest m oisture, as 
related to soil pH and manuring; 

explanation as in Fig. 1

V■no]-
'.6o[

y=J06.41-072x

y=98.28 + № _

го

Rig. 12. Linear regression  
betw een  m oisture of soil 
and its content of som e 
m anganese fractions, as re­
lated to soil pH and m a­

nuring (for 5 term s)

M r ip H  6.2 by 2.79 ppm  and MnpH 5.4 by 1.87 ppm, while the content of 
Mna + r dim inished by 0.72 ppm. Sim ilar results were obtained by B e e r  
[6] in his investigations also carried out on light soil lim ed and not li­
med and of d ifferentiated  m oisture. The results of our investigations 
are in agreem ent w ith those of S i e r d o b o l s k i j  [40], G r a w e n  
and A t t o e  [20], G r a s m a n i s  and L e e p e r  [ 19] and K u r a  j e w  
[27]. These authors reported  also increased content of easily reducible 
m anganese under the  influence of excessive soil m oisture.

Sum ming up it m ay be stated  th a t soil m oisture increasing up to 
periodical flooding conditioned the predom inance of anaerobic processes 
and caused reduction of oxidized forms of soil m anganese to M n2+ and 
its accum ulation in sorption complex in exchangeable form. This accu­
m ulation increased w ith  time, which indicated the biological character 
of the reducing processes of oxidized compounds of soil manganese.

CONCLUSSIONS

The presented experim ental data  allow for the following conclusions:
1. Soil m oisture increasing up to periodical flooding caused a rise 

in contents of Мпги, M na, MnpH 8, M npH 6.2, M npH 5.4 and decrease in tha t
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of M na+r. Coefficients of correlations betw en soil m oisture and contents 
of these m anganese fractions (except M n J  are statistically  significant.

2. The influence of increasing soil m oisture, as related  to pH and 
m anuring, on solubility of the investigated m anganese fractions is not 
uniform  and form s a dim inishing sequence: Mna> M n pH8>M nl(;>  
> M n pH 6 .2 ^ -MllpH 5 .4 ^ M n a + r.

3. Excessive and prolonged soil m oisture, conditioning predominace 
of anaerobic processes, caused reduction of oxidized Torms of soil m an­
ganese to Mn2+ and its accum ulation in the sorption complex in exchan­
geable form.

4. M anuring of soil, as related  to its pH and m oisture, caused increa­
sed content of the investigated Mn fractions. The ex ten t of this growth, 
expressed in percentage, is not uniform  and these m anganese fractions 
form  a diminishing sequence: Mnw> M n a> M n pH 6 .2 > M npH 8 > M n pH s.4 >  
> M n a+r.

5. As a resu lt of m anuring, there was an increase of the content of 
Mn fractions, several tim es exceeding the am ount of m anganese in trodu­
ced into soil w ith  m anure, w hich indicates the reducing activity  of m a­
nure in relation to oxidized compounds of soil m anganese.

6. The „solubilizing effect” of m anure on the oxidized soil m anga­
nese compounds has a biological and chemical character and is higher 
in m edium  of p H ^ 6 .

7. A statistically  significant inverse correlation was found betw een 
pH of soil and its contents of Mn^, M na, M npH 8, M npH 6 .2  and M npH 5.4. 

Increased pH value in range from  6 to 8, resulting  from  liming, caused 
unequal changes in solubility of the  investigated m anganese fractions. 
These changes m ay be presented as Мпш> М п рН 8> M n a> M n pH e.2 >  
> M n pH 5 .4 .

8. The percentage decrease in solubility of Mn fractions was the 
greatest im m ediately after lim ing and particu larly  in m anured trials, 
which indicated th a t it was a chemical process of binding easily soluble 
manganese fractions (Мпш and Mna) by organic m atter in slightly  alka- 
lic m edium  (pH ^8).

9. The increase of soil content of Mn fraction, resulting from  gro­
wing m oisture and m anuring, was g reater when this Mn fraction was 
easier soluble. And the easier soluble was Mn fraction, the more decrea­
sed its content in soil a fter liming.
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Г. КУКУРЕНДА, С. ГЛАДЫХ

ВЛИЯНИЕ НЕКОТОРЫ Х СВОЙСТВ ПОЧВЫ  
НА ПОВЕДЕНИЕ В НЕЙ НЕСКОЛЬКИХ Ф РАКЦИ Й МАРГАНЦА

Институт почвоведения и агрохимии, Сельскохозяйственная академия
в г. Познань

Р е з ю м е

В труде показано влияние известкования, удобрения навозом и д и ф ф е­
ренцированной влажности почвы на динамику растворяемости в ней шести
ф ракций марганца. Исследования проводились в вегетационных опытах на
легкой почве взятой с пахотного слоя почвы образовавш ейся из моренной гли­
ны (табл. 1). Во время набивки сосудов почву перемешивали с питательной  
смесью содерж ащ ей N, Р, К  и Mg в количествах обычно применяемых в ве­
гетационных опытых (табл. 2 ).

Реакцию почвы в сосудах доводили до pH = 6  и 8  (в водной вытяжке) при 
помощи СаО и 1 к H 2 S 0 4. Навоз вносили в порошковидной ф орме в количество 
29 г с.в. на сосуд (5 кг с.в. почвы). Влаж ность почвы удерж ивали на 3 -х  уров­
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нях, которые дваж ды  в опытном периоде (23 VII — 5X 1 1971) подвергались кор­
ректуре с соблюдением заданны х интервалов (табл. 3).

В образцах почвы отбираемой в 5 сроках (табл. 3) с отдельны х объектов  
определяли в состоянии актуальной влажности следую щ ие фракции марган­
ца:

M n w  — водорастворимый марганец [32],
Мпа — обменный [45],
МП р Н 8  — легко подвергающ ийся восстановлению [29],
МПрне 2  — легко подвергающ ийся восстановлению [8 ],
МПрн5  4  — легкс подвергающ ийся восстановлению [8 ],
Mna_|_ г — трудно подвергающ ийся восстановлению [5].

При навеске почвы для анализа на марганец учитывали содерж ащ ую ся  
в ней воду, которую определяли по суш ильному методу в температуре 105° 
по Ц. Органическое вещество определяли по методу Л ихтерф ельде; реакцию  
почвы по потенциометрическому методу при соотношении почвы к воде рав­
ным 4 : 1 (почвенная паста).

В итоге проведенных исследований установлено, что удобрение почвы наво­
зом способствовало увеличению в ней содерж ания всех испытуемых фракций  
марганца (табл. 6 , рис. 5 и 6 ). Это увеличение многократно превышает коли­
чества марганца внесенные в почву с навозом, особенно это касается его лег­
корастворимых фракций, и указы вает на наличие восстановительного действия  
навоза на окисленные соединения почвенного марганца. Вышеупомянутый  
„растворяющий эф ф ек т ” навоза зависит от pH почвы и уменьш ается с рос­
том его значений (рис. 7 и 8 ). В почве со слабощелочной реакцией (pH вод­
ной вытяжки ^  8 ) марганнец вступает в связь с органическим веществом наво­
за образуя более трудно растворимые соединения.

Увеличение содерж ания изучаемы х ф ракций марганца в почве за исклю ­
чением Мпа :_г обнаруж ено такж е под влиянием повышения ее влажности  
(табл. 7, рис. 9, 10, 11, 12). Коэф ф ициенты  корреляции для этой зависимости  
статистически существенны за исключением М п^ (табл. 8 ). С одерж ание Mnfl_j_r 
выявило однако сущ ественную обратную зависимость. Изоыточная и длитель­
ная влажность почвы влечет за собой систематическую аккумуляцию в по­
глощ ающем комплексе почвы Мп2+  в обменной ф орме и приводит к росту со­
держ ания легкорастворимого марганца.

Известкование почвы в противоположность удобрению навозом и воз­
растающей влажности почвы понижает растворимость изучаемы х ф ракций  
марганца за исключением Мпа+Г (рис. 1, 2, 3, 4). Размер понижения раствори­
мости названных фракций марганца выраженный в процентах (табл. 4) в испы ­
танном интервале pH неодинаков и укладывается в следующ ем порядке:

^ пго ^  ^ п рн8 ^  ^ Па ^  ^И рН .8,2 ^  ^^РН5,4*
Заметное пониж ение растворимости этих ф ракций марганца непосредствен­

но после известкования почвы как и более интенсивное протекание этого 
процесса на объектах удобряемы х навозом указывают на наличие химическо­
го связывания легкорастворимых соединений марганца (Мп^ и Мпа) органи­
ческими вещ ествами навоза в среде с pH ^  8 .
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WPŁYW NIEKTÓRYCH WŁAŚCIW OŚCI GI.EBY  
N A  ZACHOWANIE SIĘ W N IEJ KILKU FRAKCJI M ANG ANU

Instytut G leboznaw stw a i Chem ii Rolnej A kadem ii R olniczej w  Poznaniu

S t r e s z c z e n i e

W pracy przedstaw iono w p ływ  w apnow ania, naw ożenia obornikiem  i zróżnico­
wanej w ilgotności gleby na dynam ikę rozpuszczalności w  niej sześciu frakcji m an­
ganu.

Badania przeprowadzono w  dośw iadczeniach w azonow ych na glebie lekkiej, 
pochodzącej z w arstw y ornej gleby upraw nej, w ytw orzonej z g liny  zw ałow ej (tab. 
1). W czasie napełniania w azonów  glebę m ieszano z pożyw ką zaw ierającą N, P, 
К i Mg w  ilościach stosow anych w  dośw iadczeniach w egetacyjnych (tab. 2).

Odczyn gleby w  wazonach zróżnicowano do dw óch poziom ów (рНн2 о = 6  i 8 ) za 
pomocą CaO i ln  H 2 S 0 4. Obornik stosow ano w  postaci sproszkowanej w  ilości 29 g 
suchej m asy na w azon (5 kg suchej m asy gleby). W ilgotność g leby w  wazonach  
zróżnicowano do trzech poziom ów i zm ieniono ją dw ukrotnie w  okresie dośw iad­
czalnym  (23 V II-5 XI 1971), zachow ując ustalone przedziały (tab. 3).

W próbkach gleby pobranych w  pięciu term inach (tab. 3) z poszczególnych  
obiektów  oznaczono w  stanie w ilgotnością aktualnej następujące frakcje manganu: 

Mn^ — m angan rozpuszczalny w  w odzie [32],
Mna — m angan w ym ien ny [45],
M npH s — łatw o ulegający redukcji [29],
M npH 6 , 2  — łatw o ulegający redukcji [8 ],
M npH 5 ) 4  — łatw o ulegający redukcji [8 ],
Mna + r — trudno ulegający redukcji [5].

Przy sporządzaniu odw ażek gleby do analizy na m angan uw zględniono zaw ar­
tą w  niej wodę, którą oznaczono m etodą suszarkow ą w  tem peraturze 105°C. Sub­
stancję organiczną oznaczono m etodą L ichterfelda, a odczyn m etodą potencjom et- 
ryczną przy stosunku gleby do w ody rów nym  4:1 (pasta glebowa).

W w yniku przeprow adzonych badań stwierdzono, że naw ożenie gleby obor­
nikiem  spow odow ało zw iększen ie w  niej zaw artości w szystkich  badanych frakcji 
m anganu (tab. 6 , rys. 5 i 6 ). W zrost ten w ielokrotnie przew yższa ilości m anganu  
w prowadzone do gleby z obornikiem , szczególnie w  odniesieniu do jego frakcji 
łatw o rozpuszczalnych, i w skazuje na redukujące działanie obornika na utlenione  
zw iązki glebow e manganu. Wyżej w spom niane „działanie rozpuszczające” obornika 
uzależnione jest od pH gleby i m aleje ze w zrostem  jego w artości (rys. 7 i 8 ). W 
glebie o odczynie słabo zasadow ym  (рНн2 0  ^  8 ) następuje w iązan ie m anganu przez 
substancję organiczną obornika w  połączeniu trudniej rozpuszczalne.

Z w iększenie zaw artości badanych frakcji m anganu w  glebie z w yjątk iem  Mna + r 
stw ierdzono rów nież pod w pływ em  w zrastania jej w ilgotności (tab. 7, rys. 9-12). 
W spółczynniki korelacji dla tej zależności są statystyczn ie istotne z w yjątkiem  Mn«; 
(tab. 8 ). Zawartość Mna + r w ykazała natom iast istotną zależność odwrotną. N ad­
m ierna i długotrw ała w ilgotność gleby pow oduje system atyczną akum ulację Mn2+ 
w  kom pleksie sorpcyjnym  gleby w  postaci w ym iennej i prow adzi do w zrostu za­
w artości m anganu łatw o rozpuszczalnego.

W apnow anie gleby w  przeciw ieństw ie do naw ożenia obornikiem  i w zrastają­
cej w ilgotności gleby zm niejsza rozpuszczalność badanych frakcji m anganu, z w y ­
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jątkiem  Mnfl + r (rys. 1-4). Rozmiary zm niejszenia rozpuszczalności tych frakcji m an­
ganu w yrażone w  proccntar.h (tab. 4) w  badanym  przedziale pH nie są jednakow e  
i można je uszeregow ać następująco:

Mnw>MNDH8>M na>MNDH 6>2 5,4
Znaczne zm niejszenie rozpuszczalności tych frakcji manganu bezpośrednio po 

zw apnow aniu gleby oraz w iększe rozm iary tego procesu w  obiektach nawożonych
obornikiem  w skazują na chem iczny proces w iązania manganu łatw o rozpuszczal­
nego (Mn,v i Mna) przez substancje organiczne obornika w  środowisku o pH ^  8 .
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