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Soil content of m anganese readily  available for p lants is being de­
term ined by several chemical m ethods but their efficacy for this purpose 
is not always adequately  proved. It is shown by d ifferent term inal 
values for the individual m ethods, leading often to controversial results 
[2]. Thus there is a necessity of choosing the most proper m ethod the 
results of which would be the best correlated w ith  the resu lts of vegeta­
tive experim ents.

This paper presents the results of investigations on dependences 
betw een the soil content of some m anganese form s and the concentra­
tion of this trace elem ent in to ta l dry m atter of the above-ground parts 
of sum m er rape and field bean, when their vegetation was over. This 
correlation was taken as a criterion for estim ating the efficacy of the 
m ethod applied for determ ining m anganese available for plants.

METHODS

Field and pot experim ents w ith sum m er rape (Bronowski IHAR 
variety) and field bean (Fioletowy Czyżowskich, M ajor THZ variety) 
were carried  out, for 4 years, on 8 soils. The soils used for these experi­
m ents contained different quantities of to tal m anganese and of its form s 
considered as available for plants.

Before sowing plants, the following form s of m anganese were de te r­
m ined in soils:
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— to tal m anganese according to R i n к i s m ethod [8],
— soluble in 20% HC1 [5],
— easily reducible according to J o n e s - L e e p e r  [9],
— active according to S c h a c h t s c h a b e l  [10],
— soluble in acetate solution according to B a r o n  [1], and
— soluble in w ater boiling for 5 m inutes [4].

M anganese in soil ex tracts and in p lan t substance was determ ined 
using colorim etric persu lphate method.

RESULTS AND  DISCU SSIO N

In Table 1 the soils are ranged successively according to increasing 
content of m anganese soluble in w ater, in order to stress th a t the re ­
m aining form s of m anganese do not form  a sim ilar row. This is proof

T a D 1 e 1

S o i l  con ten t  of  d i f f e r e n t  forms of manganese 
and i t s  t o t a l  quan i ty  in summer rape and f i e l d  oean grown on these  s o i l s

No.
s o i l

Mechanic 
f r e c t i o n  

<CT0.02 mm 
in % 

of s o i l

pH Manganese in mg/kg s o i l  dry matt er
Manganese in  

mg/kg dry 
m a t te r

¥
i

kCl 1 4L 3 4 5
1

b summer
rape

f i e l d
bean

1 10.3 d .77 fc.3o 0.13 25.6 1 27 .3 29.0
i

70 ! 93 11.9 30 .6
2 15.5 6.93 D.43 0 .15 32.1 ! 39.5 41 .0 100 , 128 1 1 .0 26.9
3 20.7 7.10 o o 0 0.17 4 8 .1 ! 50 .0 58.5 150 ! 195 13.7 37 .9
4 5 .1 O.bl 6.29 0 .19 10.2 1 3 .С 13.5 48 60 j 14.3 38.7
5 8 .8 b.75 5.82 0.25 b. b b2 о 7 5 0 275 275 - 6b. 0
D 4.5 5.75 4.69 0.35 6.9 10.3 30.2 40 112 72.3 187.3
7 15.5 7.30 6.80 0.45 44 .7 117.5 122.5 275 ji 350 102.7
Ô 5 .0 5.65 4.  Ь0 1.00 4 .0 13.5 14.5 65 ji

405.6

summer rape 2.44 171 .b 271.1 309.8 748 1083
631.5 387.4S u m i

f i e l d bean 1.24 129.5 202.6 248.3
i

633 8b3

summer rape +0.990* -0 .469 -0 .139 -0 .169 - 0.074 +0.135
C o r r e l a t i o n
c o e f f i c i e n t f i e l d bean +0.947* - 0.537 -0 .427 -0 .095 - 0.225 -0 .025

i

Comment; 1 - manganese so lu b le  in water  a t  5 minute s  c o i l i n g ,
2 -  i^angenese so lub le  in e c e t e t e  e x t r a c t  acco rd ing  b a ro n 's  a.ethod,
3 - a c t i v e  cianganese, accord ing  to S chach tschabel ,
4 - ready r e d u c ib l e ,  a ccord ing  to Jones-L eeper ,
5 - manganese so lu b le  in 20% HC1,
b - manganese so lu b le  in c o n ce n t r a te d  H2S04 , a ccord ing  to Rynkis,

* - s i g n i f i c a n t  a t  the 1% l e v e l  of  p r o b a b i l i t y .
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of lack of quan tita tive  dependence betw een the soil contents of w ater 
soluble m anganese and of o ther investigated form s of this trace ele­
m ent. No dependence was also found betw een soil content of m anganese 
determ ined by B aron’s m ethod, and active, and easily reducible m angane­
se and the to ta l m anganese content in above-ground mass of sum m er rape 
and field bean. In the soils No. 1, 2, 3, 4 and 5, m uch richer in the m anga­
nese form s m entioned above, the concentration of this elem ent in the 
tested plants is m uch lower than  in the p lants grown on the soils No. 6 
and 8 which are m uch poorer in these form s of m anganese. The highest 
m aganese content in above-ground parts of sum m er rape was found on 
soil No. 8 which was the poorest in m anganese determ ined by B aron’s 
m ethod. Correlation coefficients “r” calculated for dependence betw een 
the soil content of m anganese determ ined by B aron’s m ethod and the con­
centration of this trace elem ent in sum m er rape (Tab. 1 and Fig. 2) and in 
field bean (Tab. 1 and Fig. 8) have negative values. P robably  the soil con­
ten t of m anganese determ ied by this m ethod does not reflect the quan tity  
of m anganese really  available for plants. In litera tu re , however, we find 
data w hich ascribe to the B aron’s ex tract solutio an activ ity  ;srm ilar to Eg- 
n e r’s buffer [3]. O ur resu lts do not support these data as regards m anga­
nese assim ilable by sum m er rape and field bean. Results concerning 
m anganese active and easily reducible give rise to sim ilar reservations. 
Correlation coefficients calculated for active m anganese are negative 
for sum m er rape (Tab. 1 and Fig. 3) as w ell as for field bean (Tab. 1 and 
Fig. 9). Negative are also values of correlation coefficients for m angane­
se easily reducible: for sum m er rape r  =  —0.169 (Fig. 4) and for field 
bean r  =  —0.093 (Fig. 10). The discussed three forms of m anganese did 
not show closer dependence betw en their content in soil and to ta l m an­
ganese concentration in the tested  plants than  m anganese soluble in 20°/o 
HC1 (Fig. 5, 11) and in concentrated H2S 0 4 (Fig. 6, 12). R u s z k o w s k a  
[7] also indicated the lack of correlation betw een soil content of easily 
reducible and to ta l m anganese and the concentration of this trace ele­
m ent in lettuce leaves. The above m entioned forms of m anganese should 
not be taken as a basis in determ ining the need of fertilizing soil w ith 
this elem ent. However, the quan tity  of active m anganese is taken as 
a basis for such prediction.

The obtained differences betw een the content of m anganese in the 
m entioned plants indicate a d istinct and recurring  correlation betw een 
soil content of m anganese soluble in w ater and the concentration 
of m anganese in sum m er rape (Tab. 1 and Fig. 1) and in field bean 
(Tab. 1 and Fig. 7). It is confirm ed by the correlation coefficients close 
to one.



Correlation betw een soil content of d ifferent form s of mang’anese and its concentration in sum m er rape 
Fig. 1. M anganese soluble in water boiling for 5 m inutes, Fig. 2. M anganese soluble in acetate solution according to Baron,
Fig. 3. M anganese active according to Schachtschabel, Fig. 4. M anganese easily  reducible according to Jones-Leeper,

Fig. 5. M anganese soluble in 20"/o HC1, Fig. 6. M anganese soluble in concentrated H2S 0 4
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Correlation betw een soil content of d ifferent form s of m anganese and its concentration in field  bean  
Fig. 7. M anganese soluble in w ater boiling1 for 5 m inutes, Fig. 8. M anganese soluble in acetate solution according to Baron, 
Fig. 9. M anganese active according to Schatschabel, Fig. 10. M anganese easily  reducible according to Jones-L eeper, Fig.' 

11. M anganese soluble in 20n/o HCl, Fig. 12. M anganese soluble in concentrated H>S04
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W e t t e r  [11], Mc H a r g u e ,  H i l t n e r  and R a d e m a c h e r  (cit. 
afte r R o t h  and P  f a f f , [6]) reported  sim ilar dependences in oat used 
as an index plant.

CONCLUSIONS

Basing on the resu lts of investigations we can draw  the following 
conclusions:

1. The form s of soil m anganese, thought to be available for plants, 
are not assim ilated in equal degree by sum m er rape (Bronowski IHAR 
variety) and field bean (Fioletowy Czyżowskich, M ajor THZ variety).

2. The soil content of m anganese soluble in acetate solution according 
to Baron, active according to Schachtschabel and easily reducible accor­
ding to Jones-Leeper did not show correlation w ith the content of this 
trace elem ent in d ry  m atter of above-ground mass of sum m er rape and 
field bean.

3. A highly significant correlation was found betw een soil content of 
m anganese soluble in w ater and the concentration of this elem ent in to tal 
d ry  m atter of sum m er rape and field bean after their vegetation was 
over. P resum ably  soil content of m anganese soluble in w ater m ay be 
used as a basis for dividing soils into those which require and do not 
require fertilization w ith  this trace elem ent, and for evaluating their 
need of fertilizing.
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H . K U K U R E N D A

UTILITÉ DE CERTAINES SOLUTIONS D ’EXTRACTION POUR DÉTÉRMINER  
D AN S LE SOL LE M ANGANÈSE FACILEMENT ASSIM ILABLE PAR LES

PLANTES

C h a ir e  d e  C h im ie  A g r ic o le  e t  C h a ir e  d e  la  C u ltu r e  e t  d e  F u m a g e  d u  S o l- H u te  É c o le  d ’A g r ic u l tu r e ,
P o z n a ń

R é s u m é

Les observations avaient pour but de définir l ’u tilité de certaines solutions 
d’extractions pour déterm iner dans le sol le  m anganèse accessib le aux plantes. On 
déterm ina le m anganèse dans le  sol avant les sem ailles dans les extractions du sol 
suivantes:

1) aqueuse avec ébullition de cinq m inutes [4],
2) d’acétate selon Baron [1],
3) à 20 °/o HC1 [5],
4) concentrée de H 2S 0 4 selon R inkis [8]. On déterm ina aussi le mang'anèse 

actif selon Schachtschabel [10] et pouvant être facilem ent réduit selon Jones- 
Leeper [9].

On effectua l ’appréciation des m éthodes sus-m entionnées en com parant leurs 
résu ltats avec la concentration du m anganèse dans la m asse au-dessus de la terre 
du colza d’été (Bronow ski IHAR) et des févorole (V iolette de Czyżowskich, Major 
THZ) après que leurs végétation  fu t term inée. Les plantes furent cu ltivées dans 
huit sols d ifférents en expériences aux cham ps et en pots pendant quatre ans.

On effectua le choix des sols pour les observations en prenant en considération  
la  plus grande différenciation  de leur teneur en form es de m anganèse su s-m en ­
tionnées.
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En résultat des observations de quatre années on constata seu lem ent une réelle  
corrélation entre la teneur du sol le  m anganèse aqueuse avec ébullition  de cinq  
m inutes, et la concentration du m anganèse dans la m asseau dessus du plante cultive, 
après achèvem ent du vegetation  (table 1 et dess. 1, 7). La contenu en sol des restes 
form es le  m anganèse ne dém ontra pas réel du correlation (dess 2, 3, 4, 5, 6, 8, 9, 10, 
11, 12). La correlation pour eitees form es du m anganèse est negative (table 1).

H . K U K U R E N D A

EIGNUNG EINIGER EKSTRAKTIO NSLÖ SUNGEN ZUR BESTIM M UNG DES FÜR  
DIE PFLANZEN LEICHT AUFNEH M BAREN M ANGANS IM BODEN

L e h r s tu h l  fü r  A g r o c h e m ie  u n d  L e h r s tu h l  fü r  A c k e r b a u  u n d  D ü n g u n g , L a n d w ir t s c h a f t l i c h e
H o c h s c h u le  zu  P o z n a ń

Z u s a m m e n f a s s u n g

Zweck der U ntersuchungen war, die Eignung einiger E kstraktionslösungen zur 
B estim m ung des für die Pflanzen leicht aufnehm baren M angan im Boden abzu­
schätzen. Das Mang’an w urde in den Böden vor der Pflanzensaat in folgenden B o­
denauszügen bestim m t:

1) W asserauszug nach 5 min. Kochdauer [4],
2) A zetatauszug nach Baron [1],
3) A uszug in 20% HCl [5],
4) Auszug in konzentrierter H 2S 0 4 nach R inkis [8].
Es w urde auch aktives M angan nach Schachtschabel [10] sow ie leicht reduzier­

bares M angan nach Jones-L eeper [9] bestim m t.
Die B ew ertung der obengenannten M ethoden w urde auf Grund eines V ergleiches 

deren E rgebnisse m it der M angankonzentration in ganzer oberirdischen M asse des 
Som m errapses (Bronowski IHAR) und der Pferdebohne (F ioletow y Czyżowskich), 
nach B eendingung der V egetation derselben, durchgeführt. Die Pflanzen w urden  
auf acht versch iedenen  B odentypen in G efäss- und F eldversuchen 4 Jahre hindurch  
angebaut. D ie W ahl der Böden für die U ntersuchungen wurde unter B erücksichti­
gung der höchsten D ifferenzierung der obengennannten M anganform en in denselben  
durchgeführt (Tab. 1).

A uf Grund der v ierjährigen  U ntersuchungen w urde eine sign ifikante K orrela­
tion nur zw ischen dem G ehalt des im W asser nach dem 5 min. Kochen auflösbaren  
M angans und der M angankonzentration in ganzer oberirdischen M asse der unter­
suchten P flanzen nach Beendigung der V egetation derselben (Tab. 1 und Abb. 1, 7) 
festgestellt. Der Gehalt der sonstigen untersuchten M anganform en in den Böden  
w ies keine sign ifikante K orrelation auf (Abb. 2, 3, 4, 5, 6, 8, 9, 10, 11, 12). D ie  
K orrelationskoeffiziente zeigten für diese M anganform en negative W erte (Tab. 1).
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H . K U K U R E N D A

PRZYDATNOŚĆ NIEKTÓRYCH ROZTWORÓW EKSTRAKCYJNYCH  
DO OZNACZANIA W GLEBIE M ANG ANU ŁATWO DOSTĘPNEGO DLA ROŚLIN

K a te d r a  C h e m ii R o ln e j  i K a te d r a  U p r a w y  i N a w o ż e n ia  R o li  W S R , P o z n a ń  

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

Badania m iały  na celu określenie przydatności niektórych roztw orów  ekstrakcyj­
nych do oznaczania w  glebie m anganu dostępnego dla roślin. M angan oznaczano 
w  glebach przed siew em  roślin w  następujących w yciągach glebow ych:

1) w odnym  przy 5-m inutow ym  gotow aniu [4],
2) octanow ym  w g Barona [1],
3) 20-procentow ym  HC1 [5],
4) stężonym  H 2S 0 4 w g R inkisa [8].
Oznaczono rów nież m angan aktyw ny w g Schachtschabela [10] oraz łatw o u le ­

gający redukcji w g Jones-L eepera [9].
O ceny w ym ien ionych  m etod dokonano porów nując ich w yn ik i z koncentracją  

m anganu w  całej m asie nadziem nej rzepaku jarego (Bronow ski IHAR) i bobiku  
(F ioletow y Czyżowskich, M ajor THZ) po zakończeniu ich w egetacji. R ośliny upra­
w iano na ośm iu różnych glebach w  dośw iadczeniach w azonow ych i polow ych w  okre­
sie 4 lat. Doboru gleb do badań dokonano uw zględniając jak najw iększe zróżni­
cow anie w  nich zaw artości w ym ien ionych  form  m anganu (tab. 1).

W w yniku czteroletnich badań stwierdzono jedynie korelację istotną m iędzy  
zaw artością w  gleb ie m anganu rozpuszczalnego w  w odzie przy pięciom inutow ym  
gotow aniu a koncentracją m anganu w  całej m asie nadziem nej badanych roślin po 
zakończeniu w egetacji (tab. 1 oraz rys. 1 i 7). Zawartość w  glebach pozostałych  
badanych form m anganu nie w ykazała istotnej korelacji (rys. 2, 3, 4, 5, 6, 8, 9, 10, 
11, 12). W spółczynniki korelacji dla tych form m anganu posiadają w artości ujem ne  
(tab. 1).

X . К У К У Р Е Н Д А

ПРИГОДНОСТЬ НЕКОТОРЫ Х ЭКСТРАКТОРОВ ДЛЯ ОПРЕДЕЛЕНИЯ  
В ПОЧВЕ М АРГАНЦА ЛЕГКО ДОСТУПНОГО ДЛЯ РАСТЕНИЙ

К а ф е д р а  А г р о х и м и и  и К а ф е д р а  А г р о т е х н и к и  и У д о б р е н и я  
В ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а , П о з н а н ь

Р е з ю м е

Целью последований была оценка пригодности некоторых экстрагирующ их  
растворов для определения почвенного марганца доступного для растений. П е­
ред посевом растений определяли марганец в следую щ их почвенных вы тяж ках:

1) водной при 5-минутном кипячении [4],
2) ацетатной по Барону [1],
3) 20°/о НС1 [5] и
4) концентрированной H 2S 0 4 по Ринкису [10].
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Определяли такж е активный марганец по Ш ахтш абелю [10] и легко под­
дающ ийся восстановлению марганец по Д ж онес-Л еперу [9].

Оценку выш еназванных методов проводили сравнивая их результаты  
с концентрацией марганца в надземной массе ярового рапса (Броновски ИХАР) 
и кормовых бобов (Гйолетовы Ч ы ж овских, Майор ТХЗ) после окончания их ве­
гетации. Растения выращивали на восьми различны х почвах в вегетационны х  
и полевы х опытах в течение четы рех лет. Почвы для исследований выбирали  
с учетом наибольшей диф ф еренциации содерж ания названных форм марганца 
(таб. 1).

В результате 4-летних исследований установлена сущ ественная корреляция  
только м еж ду содерж анием  в почве марганца растворимого в воде при пятими­
нутном кипячении и концентрацией марганца в надземной массе исследован­
ны х растений после окончания вегетации (таб. 1 и рис. 1 и 7). С одерж ание 
в почве остальных форм марганца не выявило сущ ественной корреляции (рис. 
2, 3, 4, 5, 6, 8, 9, 10, 11 и 12). К оэф ф ициенты  корреляции для этих форм марганца 
дают отрицательные величины ,(таб. 1).


