COMMUN. IN SOIL SCIENCE AND PLANT ANALYSIS, 9{2), 141-151 {1978)

THE AVAILADLE MANGANESE CONTENT OF SOILS IN THE NETHERLANOS

OETERMINED BY VARIDUS METHODS

KEY WORDS: mangenase in Avena satjva, manganese in Freesis hybr,,

manganese 1n soils, Soils in the Netherlands.

3.P.N.L, Roorda van Eysings, P.A. van Dijk and 5.5, do Hes
Instituut voor Bodemyvruchtbaarheld, Haren-Gr., tha Netherlands;
Prpefatation voor de Groenten- en Fruitteelt onder Llas,
Nsaldud jk, the Netherlands
ABSTRACT
102 Soil samples collected from arable solls in ithe Nethorlands

were snalysed for manganass by verious extraction methods. Tuo crope

viz. pats {Avena sativa L.) and fressiaa ([reaaia hxbr,) wars glown of

the samplas in pota and also analysed for mangangse,

Soil manganase detarmined in water with the 112 volume method
showed the best correlation with tha mangansse content of tha crops.
forgan's manganess showed a bad correlation that could be improvad by
introducing the agil pH valye as concomitant yariable, Active manganasa
showsd no relationship. Thae content of manganase of the c¢rops wvas

strongly depsended of the pH of the soll.

INTROODUCTION

Sonnaveld snd Ven der tnﬁo‘ introduced the 112 volume extract with
water for tha routinwe analysis of glasshouss soilue, Thies method was
recently used by Sonnevald and Uoogtz for the determination of thas

mangangas status of solls undar conditions of manganase sxcaess in
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lettuce and some other glasshouase crops. Literature was reviewed by
these authors.

In a fluorine invaahigatinn3 102 samples wers collected from
arable solls all over the Netherlands, moreover tuo crops - oate end
freesjies ~ were grown on these solls. Theaa samples being avellable they
were used for studying the extrectebles manaqese caontent of soils and lite
availebility to the plant.
METHODS

Samples of 50 litres were collected.with a spede from the surfatae
layer of cultivated soils at 102 sites all ousr the country. A relati-
vely large number of samples = 30 = came from glasshouses and only a
very emall number from grass land. The so0il types invelved giffered
widely in many respects. The pHl ranged from 3.9 to 8.05, the calcium
cabonate content ranged from O to 10.2%, the clay content from 1 to 46%
ard the organic matter content from 1.4 to 76%.

In April 1973, two 10 litre plastic buckats with a surface area of
491 cmz were filled from esch soil sampls. In one bucket freesias (1)
of the variety R{jnveld's Golden Yellow were plantsd and ipn the othor
oats (1) varlety Leande wsre sown. No fertilisers were applisd. After
ths firat crop had besn harvested, anelar NPK chemicals were applied and
s new freesia (II) and ocat crop (Ii) wers started. The crops were grown
in a glasshouss. The glasshouse air was filterad through charcoal and

damineralised watar was used for irrigation. The oats ware hatvested

th torminationna
gH - using & glass electrode in a soil/water suspension, ¥:5 wiv,
and measured after one night.
€atly - with the Schaibler mathod.®
Organic matter - by loss of weight on ignition at 600°¢c.

Clay content ~ by the macro pipet method.
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Manpnanesp in crop samplea

Crop samples were dried at sbout a0%¢ for 24 or 48 hours after
which they wars milled with an slectirlic coffoe grindar. The samples of
the first oat crop (Oats 1) wers destructed with a nitric perchloric and
sulphuric mcid mixture, & modification of Schnumlﬂfful.s Tha asamples of
the othar crops, (Osts II and Freesias I and I1) wers extracted with
trichloroacetic acid {2X) according to Legget & Uustarman.ﬁ The sxtraction
ratio was 1:100 w/v and the suspension was shaken at room temperaturs far
16 hours. A few semples ware also deatructed. The valums obtasined by both
mathods wera very similar which i{s in agreement with the rasults obtainad
by Legget & Westermen. In the case of the freesiss only tha serlesl parts
of the plants waers used, The manganese content was detarmined with the
atomic absorption spactrophotometar. The results ara expressed sa ppm Mn
of the dry matter,.
RESULTS

Table 1 shows the extreme and the average valuss of mangancse
cbtained by thres analytical methods in soil samples obtained from glass-
houses and from the open. The division into two categories wss made as
divargent values were found in previous studies,
whan the plants had reached a height of about 20 co. The frassias
warg hervested Jjust befors flowering. Tha cats were cut off fust above
soil level. Of the froesias the frosh and dry weighte of the asrial snd

subterranean parts were datermined,

ANALYTJCAL METHODS

Manganese in soile
Waight extract (samplas collacted during April 1973).

Tha samples were dried at 45°¢ for ona night. Two extractants were usod
for the deteramination of manganess @

a. Morgen's mangeanese. Extracted with Morgan's solutien ;5 Ha~acstate
acetic acid buffer (pH 4.8), caontaining 3X Ne-acetats, Extraction ratio

1t 1t 2% w/v, shaking at room temperaturs for 30 minuytes,
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TABLE 1. Extrame and mean values of manganess obtained with thrae

analyticel methods in glasshouse end outdoor soils.

waterseluble Mn  Morgen's Mn actius Mn

ppm Mn in the ppm Mn in ppm Mn in
112 extract dry seil dry soll
outdoor soils {n = 72}
lowest value 0.01 3 3
highest value 19,32 1158 920
maan 1.27 25.4 191.9
glasshouse apils (n = 30)
lowsst value 0.01 5 28
highest value 11.51 163 465
maan 9.60 35.0 133.1
totsl mean (n = 1062} ’ 1.07 28.2 174.6
o, Active mangeansse. The extractant used is & Morganfs solution with

0.2% hydroxylammonium chloride, pH 4.8, Extraction ratio 1 : 2% u/v,
shaking at room tempesraturs for I0 minutes.
After filtering the extrects wore decolorised with charcoal. Manganeam
was detormined in the clear extrects using the periodete method. Tha
results are expresaed as ppm Mn of the dry soill,

VYolume extract (samples collected during February 1974 after the
sgtond fressia crop).
i, Pn water 1:2 v/v. A guantity of soil in field moist condition was
added to two parts of waler incressing the total volume by one part. The
suspension wes shaken at room temperature for 20 minutes. After filtrakion
mangahese was determined with the Varian Techtron model AAS atomic

absorption spectrophotomater. The results are sxpressed as ppm Mn af

the extract.
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Tabie 1 gives an impreesion aof the manganess levels in the soil
samples aexamined. Tuo of the methoda used produced highar manganaae valuao

in ocutdoor solls and the third method showed higher manganess lsvels in
the glasshouse soils. It is not clear what importance should be sttached
to thes differences obtainsd botwasn the glesshouse and putdoor solils. Tha
active manganess daterminations gave the highest valuen, This was to ba

7 found

pxpected ss only small amounts of Mn ars dissolved {n watar, Laske
an average of 208 ppm ective Mn in solls under glass,

If ona wanta to compare the water~smcluble Mn figuras with the gthar
valugs it is necessary to convert the figures Iinto dry soil values. for a
rough calculation the ppm in the extract should be myltipliad by 1 Af the
organic matter content im O, by 2 if it is 10X, by 3 4f Lt {s 20X and by 4
it the soll conteins 30% organic matter. Tho sxact yaluas may bs obtained
from Sonneveld & Van den Ende.1
For an average organic mattsr content of 10.5% an average weter-soluble
manganese value of 2 ppm Mn of the dry soil was found, More axactly, the
ayarage for outdoor sails was 2.70 ppm and for glaashousa sofla 1.42 ppm
fn of the dry msoil, The highest velues caleulated wera 28.70 ppm water~
soluble Mn of the dry soil for outdoor soils and 24.68 ppm for glasshouse
soils.

In Tabla 2 the correlation coafficienta are given for the rslation-
ship between mangansee in the aoil determinsd by three methode and soms
other important soil analyeis figuras. Orgenic matter {s not related to
the manganese content but the othar figuraes are, Active Mn and in Morgants
solution soluble mangsness contonts are positively correlated with the pM
and the caleiunm carbonate content, but water-spluble Mn is negatively
corroelated. The samo was found in tho case of the clay content but since
tha pH and tha clay content ara also relatad (r = 0.,47*% ), the question
arises whother it is the clay contant or the pH which has an effect on the

wanganese levels, The moat important factor must be the pM as it regulates
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TABLE 2. Correlation coefficients for the relaticnship betwsen the
mangeness content in soil determined by various analytical

mathods and some other important soil analysis figures

{n = 102)
water-soluble Mn active Mn  Morgan's Mn
pH -0.60 ** 0.40 ** g.43 ™
caCo, -0.25 ** o.so0 ** 0.31**
organic matter -0.08 0.10 ~0.05
clsy -g.20 ** 0.37 ** .59 **
¥ : P =o0.05 ™ :pa0.01

mainly the solubility of ths manganess compounds in the scil solution.
Figure 1 illustrates the reletionships betwsen pH end active manganees.

In Table 3 the correlation coefficients are given for the relation-
ship betwesn the manganess levals in crops and various soil analysis
figures. Flgure 2 illustrates the relationships batuesn the pH of the soll
and the mangsnese content of the fertilised freesia crop (Froesia I1).
Figure ) showa the relationship betwsen water-scluble manganess in the
soil and tha mangsness content of the second oet crop (Dets II).

No symptoms of manganess daficisncy or excess were observed. It
follows from the data collected in Jabls 3 that the pH and the waters
saluble Mn content are the most important factors regulating tissus
manganesa. Calcium carbonate reflects the aPfect of the pH and the same is
probably true for the clay content as the clay content and the pH 2re
mutually highly correlated, It is noteworthy that the correlation betwesn
active Mn and the manganese content in crops is negative. The correlstion
with Morgan's Mn is alsc indistinct. The explanation may be found in the

fact that the figures for active Mn and Meorgan's Mn are positively cOrre”
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TABLE 3.

mangangse contents of crope and varicus solil analysis

figures including those for manganess,
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Correlation coefficients for the relationship between the

Manganese in cropa 3 freasleaa ] freesiss II Dats I Cats II
pH -0.59 **  _p,71 *¢ -0,62 °%  -0,62 *°
Caco, -t.21 * -0.40 ** -0.20"  -0.26 "
organic mattar .02 =0.04 =0.02 -0.08

clay -0.26 **  -0.a3 " -0.28 **  -p.a0 **
watar-solubls M 0.75 ** c.e8 ** 0.74 ** g.83 **
Morgan'a 0.24 * -0.10 0.11 0.83

active Pn -0.21 " -0.30 ** -0.22"  am*
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lated with the pH {ses Teble 2 and Figure 1) and that the pH haa a consd-
derable negative affoct on the mangansse uptake by plants.

Ap both the pH and water-soluble Mn are highly correlatad with the
tissun manganese the multiple correlation coafficients weso computed en
multiple linasir regrasaion oguatiocns batween crop manganaso and Mn water
with thae pH as the secend independent variable, The saome computationa wara
carried out for activa manganese and Morgan's manganasss. Tha reaults are

given in Table &,

TABLE 4, Multiple regreseion equations and multiple corraelation
coaffictents (R) for the relaticnship batwesn manganesa in
crops {y) and in soils (x} with the pH as concomitant

variable (ppm Mn of crop dry metter). ,

Crops x = auil mangenaee R

Water-soluble Mn (ppm Mn of the extract 1:2)

fFraeslas I y= 11.2x «~ 10.7 pH + 108,8 0.77 **
Iy 18.3x - 21.0 pH + 194.1 .91 "

Oats 1 y= 26.0x -~ 33.3pH « 300.9 o.77 **
11 y= 23.8x = 17.3 pH « 210.7 p.sa **

Morgants Mn (ppm Mn of dry sofil)

Freesias I ¥ = 1.063 x = 41.4 pH + 293.4 n0.79 **
11 v = 0.610 X = SB8.7 pH + 445,3 0.74 **

Oats I ¥ s 1.952 x = 98,9 pH & 705.8 p.73 **
11 ye 1.546 x - T4.6 pH + 570.8 0.74 **

Active Mn (ppms Mn of dry soil)

Freesisn I ¥y = 0.015 x = 30.9 pH + 251.4 p.59 **
11 y = 0.006 x - 52.5 pH + 420.5 0.71 **

Oats I y = 0.041 x - 80.7 pH + 633.5 0.62 **
11 ys -0.028 x = S5.3pH + 49%.9 0.62 **
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A comparison of the multiple correlation coafficients (Tabls 4) with
tha simple corralatfion cosfficients (Table 3) shows that the introduction
of the pH as the concomitent variable anly slightly improvss the relation-
ship between water-soluble Mn and tiesue manganess. Introduction of the
pH into the relationship of active Mn and tissue manganaese gives a consi-
derable improvement, but it is remarksble that the multiple correlation
cecefficients are exactly the same as the simple corrslation coefficisnts
for the relationship betwesn the pH snd the mangansese content of the crop.
One can draw the conclusion that the introduction of the data for active
Mn into the reletionahip betwsen the pH and tissus manganese serves No
purpose. Houwever, the introduction of the pH as the third variable is of
great importance to the relationahip between Morgan's Mn and tilssus manga-
nese. It is Impossible to assea the valuyes for Morgan's Mn without taking
the pH into consideration. In comparing the various methods it must be
kept in mind that water-soluble mangansse was determined in samples
tollected at the end of the experiment. According to Sopneveld & Uougt,z
Mn water changes to some degree with the salt content of the soil which
in turn may change in the course of crop development.

A logarithmic esvsluation of the figures for water-soluble Mn was
studled but it did not yisld highar correlation coafficients. Stsam steri~
lisation is knoun to have an effect on thes availability of soil menganes®
and in Figures 2 and 3 the results obtained from glasshouse soil samplesd
heve been plotted separately. The figures show that ths crops grown o0
glesshouse soils did mot show @ clear difference in manganese content.
CORCLUSION

The active mangeness contant of spils in the Netherlends ranged fFO®
3 to 920 ppm Mn of the dry soil, with 175 ppm as tha average. Acid sandy
soils contain only small amounts of active manganesa. Morgan's mangane’e
was lnedequately correlated with tissye manganese. The correlation could
be improved by introducing the pH velue into the multiple ragression 8%

the concomitant variable. Active manganese serves ng pyrpose in predictins
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tissve manganese which can be done gquite adequately by taking into account

the pH. Water-aoluble manganese gave tha bast correlation with manganese

in crops.
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