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Abstract. Manganese was extracted with a solution containing 0.5 M NH„-acetate,
0.5 M acetic acid and 0.02 M Na 2 -EDTA at pH 4.65 (AAAc-EDTA) from 86 soil samples col-
lected from plough layers in Finland. The results were compared to the quantities of exchange-
able, reducible (three methods) and total Mn of the soil samples as well as to Mn uptake in
a pot experiment in which four yields of ryegrass were grown. MnAAAc . EDTA ranged from 1.8
to 158.8 mg/kg, mean 32.2 mg/kg. correlated more closely with reducible Mn
(r = o.B2*** -o.B7***) than with total Mn (r =o.so***) or exchangeable Mn (r = o.4s***), sug-
gesting a relationship between reducible Mn and Mn AAAcEDTA . In order to take into account
the effect of pH on plant-availability of the indices were multiplied
by two different pH correction coefficients. The pH correction resulted in a closercorrelation
between MnAAActDTA and exchangeable Mn, but in a poorer correlation between MnAAAc . EDTA

and reducible Mn. The pH-corrected indices or exchangeable Mn explained the
variation in the Mn content of the first ryegrass yield to a higher degree (R2 = 33—38 %) than
did the original indices (R2 = 3 "Id). However, the original indices ex-
plained 38—55 % of the variation in the Mn content of subsequent ryegrass yields, whereas
the pH-corrected indices explained only 16—34 % of the variation. Thus, Mn AAAcEDTA is an
indicator of the potentially plant-available reserves of Mn, while the pH-corrected indices re-
flect the quantity of the readily available Mn in the soil.

Index words: exchangeable manganese, reducible manganese, total manganese

Introduction

The supply of soil Mn to plants is of interest may arise. Deficiency occurs mainly in coarse-
both at low levels where deficiency may occur textured soils (Goldberg and Smith 1985), in
and at excessive levels where toxic reactions soils of inherently low total Mn content, in or-



ganic and tile-drained soils, in neutral and cal- termination of many nutrients. Lakanen and
careous soils, and in formerly acidic soils that
have been limed (Reisenauer 1988). Mn tox-
icity can be a growth limiting factor in acid
soils (Wright et al. 1988), in soils high in
total Mn or in soils of low oxygen levels
caused by poor drainage, compaction or ex-
cessive irrigation or rain (Reisenauer 1988).

A number of properties control Mn avail-
ability and cause plant-available Mn levels in
the soil to vary with time. These properties in-
clude: soil pH, total Mn content, soil aeration
status, microbial activity and organic matter
content (Foy 1984). Consequently, it has
been even suspected that the estimation of
plant-available Mn by simple chemical extrac-
tion is not feasible. In Denmark, the Mn fer-
tilization recommendations are indeed based
on soil pH instead of soil Mn indices (Nils-
son 1984). Carlgren (1987) found in field ex-
periments in Sweden that only Mn deficiency
symptoms were reliable indicators of need of
Mn fertilization. However, several extractions
have been used to assess the quantity of plant-
available soil Mn, but general agreement does
not exist about the most appropriate method.
Reisenauer (1988) classified the extractants
used for soil Mn into five groups: (1) water
and dilute salt solutions, (2) ammonium ace-
tate, pH 4 or pH 7, with or without reducing
agent, (3) dilute acids, (4) chelate solutions
(DTPA and EDTA) and (5) total soil Mn fu-
sion analysis. Reisenauer (1988) reviewed,
that most workers have had little success in
relating soil analysis to plant uptake of Mn.
In general, the acid extracts and DTPA have
given the closest correlations.

For routine soil analysis, it is ideal to use
a universal extractant for the simultaneous de-

Erviö (1971) compared eight extractants for
the determination of Cu, Zn, Mn, Fe, Mo and
Co in soils. They found that adding the che-
lating agent EDTA to acid (pH 4.65) ammo-
nium acetate (AAAc) increased the extract-
ability of Cu, Fe, Mo and Co, as compared
to ammonium acetate alone. The EDTA ad-
dition did not increase the extractability of Mn
markedly, neither did it make the correlation
between plant and soil Mn closer. However,
since 1986, in addition to other micronutri-
ents, also Mn has been extracted with AAAc-
EDTA in soil testing in Finland.

According to Sillanpää (1982), the AAAc-
EDTA extraction method as such is a poor in-
dicator of the Mn status of soil, and a pH cor-
rection is needed to eliminate the difference
between the pH effects on plant Mn and soil
Mn. Therefore, in Finland the
indices are multiplied by a pH correction
coefficient before interpretation of the results
of a routine soil analysis.

The aim of this study was to examine the
relationships between AAAc-EDTA extract-
able soil Mn and other soil Mn indices, in-
cluding reducible Mn, which is likely to form
the reserves of plant-available Mn. Further,
the ability of to predict the con-
tent and the uptake of Mn by ryegrass in a pot
experiment was investigated. The effect of pH
correction of on the usefulness
of the results was also studied.

Materials and methods

The suitability of the AAAc-EDTA extrac-
tion for the determination of plant-available
Mn in soils was studied with 86 mineral soil

Table 1. Some chemical and physical characteristics of the soil samples.

pH(H 20) pH(CaCI2) Organic C, % Clay*, %

Minimum 4.43.9 0.6 4
Maximum 7.3 7.2 13.9 65
Mean 5.3 5.1 3.6 22.7
* particle size <0.002 mm
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samples collected from plough layers (Ap

horizons) of 84 cultivated and two virgin soils
in southern and middle Finland. The soil sam-
ples were part of a larger material presented
by Mantylahti (1981). Some physical and
chemical characteristics of the soil material,
relevant to the present study, are presented in
Table 1.

The same soil samples have earlier been
analyzed for exchangeable, reducible and to-
tal soil manganese and the soils have also been
used in a pot experiment in which Mn uptake
by ryegrass was determined (Mantylahti
1981). Briefly, exchangeable Mn was deter-
mined by using cation exchange resin (Amber-
lite IR-120), saturated with Mg 2+ ; the reduc-
ible Mn was determined by using (1) hydro-
quinone, (2) hydroxylammonium chloride and
(3) ascorbic acid as reducing agents; the total
manganese was determined by a sodium car-
bonate fusion method. In thepot experiment,
Italian ryegrass was grown in 100 grams of
soil. Four yields were harvested without
reseeding, and the Mn content of the plant
material was determined and the uptake of
Mn per pot was calculated.

For the current study, soil Mn was ex-
tracted for 60 min by AAAc-EDTA (0.5 M
CH 3COOH, 0.5 M CH 3 COONH4, 0.02 M
Na2 -EDTA, pH 4.65) at the soil to solution
ratio of 1 : 10 (v/v) (Lakanen and Erviö
1971). Two different coefficients were used
for the pH correction of the in-
dices. Coefficient 1 (Sillanpää 1982) that
is based on a world-wide material was

108.092-2.275 pH+0.152 pH' Coefficient 2 (106321 -

1.761 pH+o.iii P H') has been caicu iate d at the
Department of Soil Science in the Agricultural
Research Centre of Finland according to the
method of Sillanpää (1982) by using the
results of soil and plant analyses of materials
originating in Finland (Kähäri and Nissinen
1978, Sippola and Tares 1978). Coefficient 2
is used for pH correction of the Mn indices
of routine soil test in Finland. For the calcu-
lation of coefficient 1, pH(CaCl2) is used and
for the coefficient 2, pH(H 20).

Results

In the extraction of Mn by the AAAc-
EDTA method, the results are expressed as
mg/dm3 of soil. However, in order to be able
to reliably compare these results with the ones
presented by Mantylahti (1981), expressed
as mg/kg, the present results were converted
to mg/kg by dividing them by the volume
weight of the soil. MnAAAc .EDTA ranged from
1.8 to 158.8 mg/kg. On an average, the quan-
tity of Mn AAAc. EDTA was 6.4 % of the quan-
tity of total Mn and four times greater than
the quantity of exchangeable Mn (Table 2).
AAAc-EDTA extracted less Mn than did hy-
droxylammonium chloride and ascorbic acid
but more than did hydroquinone. The pre-
sent mean of (32.2 mg/kg or
33.3 mg/dm3 ) was 40 % lower than that
reported by Sippola and Tares (1978) for
2 015 soil samples taken from timothy fields
from various parts of Finland. However, the

Table 2. Minimum, maximum and mean values of soil Mn indices.

Mn index Minimum, Maximum, Mean,
mg/kg mg/kg mg/kg

AAAc-EDTA 1.8 158.8 32.2
AAAc-EDTA, pH correction 1 4.2 1097.4 131.0
AAAc-EDTA, pH correction 2 2.0 327.7 47.2
Exchangeable* 1-2 34.4 7.7
Hydroquinone-reducible* 0.3 100.9 25.5
Hydroxylammonium chloride-reducible* 0.8 186.6 47.1
Ascorbic acid-reducible* 1.1 233.3 62.6
Total Mn* 202 1296 508

* determined by Mantylahti (1981)
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ranges were practically equal in both mate-
rials.

AAAc-EDTA extractable Mn correlated
most closely with hydroxylammonium chlo-
ride-reducible Mn (r =o.B7***) (Table 3).
Mn AAAc.EDTA correlated more closely also with
hydroquinone-reducible (r= o.B3***) and
ascorbic acid-reducible Mn (r ■ o.B2***) than
with exchangeable Mn (r =o.4s***) or total
Mn (r = o.so***).

The use of pH correction changed the origi-
nal results more or less. Below pH 5.8 (coeffi-
cient 1) or pH 5.5 (coefficient 2), the original
results were increased; above these pH-values
they were decreased. Owing to the fact that
the bulk of soil samples were acid, the quan-
tities of Mn were usually increased by the pH
correction, especially when coefficient 1 and
pH(CaCl 2 ) were used (Table 2). The pH cor-
rection decreased the correlation coefficients
between Mn AAAc. EDTA and reducible Mn
remarkably, but it resulted in a closer corre-
lation with exchangeable Mn (Table 3).

There was a clear dissimilarity in the corre-

lation of the pH-corrected and the original
results of with the Mn content
of ryegrass in the pot experiment (Table 4).
The correlation between the original results of
Mn AAAc . EDTA and plant Mn content became
closer yield after yield, while the correlation
between the pH-corrected indices and plant
Mn became poorer. AAAc-EDTA extractable
Mn explained only 3 % of the variation in the
Mn content of the first yield. Instead, the pH-
corrected indices explained 38 °/o (coefficient
1) and 34 % (coefficient 2) of the variation
(Fig. 1). The original indices
(mg/kg) and pH(H 2 0) together explained
only 31 % of the variation in the Mn content
of the first yield (mg/kg), as follows:

Mn yicld , =267.97 + 0.41 Mn/VAAc. EDTA
-38.37 pH

F =lB.47***
R2 =0.31

The equation shows that there was a nega-
tive correlation between soil pH and Mn con-

Table 3. Linear correlation coefficients between indices and indices of exchangeable, reducible and
total Mn.

Exchangeable Mn Reducible Mn Total Mn
C6 H 4(OH)z HONHjCI C6 HgQ6

Mn AAAc . EDTA o.4s*** o.B2*** o.B7*** o.B2*** o.so***
\1nAAA .

[[>'A

pH correction 1 o.Bs*** o.6o*** o.43*** o.37*** 0.12"s

Mn AAAc , EpTA

pH correction 2 o.9o*** 0.71**» o.s7*** o.sl*** 0.23*

Table 4. Linear correlation coefficients between soil indices and Mn content and uptake by ryegrass
yields.

Mn content of dry matter Mn uptake by

Yield 1 Yield 2 Yield 3 Yield 4 ylelds 1 ~4
per pot

O.l7 ns o.s4*** o.67*** 0.71 ••• o.66***

pH correction 1 o.sl*** o.4o*** o.4l*** 0.40*«* 0.30**

pH correction 2 0.51*»* o.47*** o.s2*** o.sl*** o.4l***
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tent of ryegrass. It should be pointed out that
the soil pH(H 2 0) alone explained as much as
22 % of the variation of the Mn content of
the first yield. Exchangeable Mn explained
33 % of the variation in the Mn content of the
first yield (Fig. 1).

The dependence of Mn contents of the lat-
ter yields on the soil Mn indices did not sup-
port the pH correction theory. The original
results of MnAAAc . EDTA explained 38 %, 52 °7o
and 55 % of the variation in the Mn content
of yields 2, 3 and 4, respectively. Adding pH
to the regression equation did not increase the
coefficient of determination. The pH-cor-
rected indices explained only 16—34 % of the
variation in theMn content of yields 2, 3 and
4. The pH(H 2 0) did not explain the variation
in the Mn content of yields 2, 3 and 4 to a
statistically significant degree.

The uptake of Mn by the four ryegrass
yields was also studied. (mg/kg)
explained 49 % of the variation in the total
Mn uptake by the four yields (Fig. 2). How-
ever, hydroxylammonium chloride-reducible
Mn gave a slightly higher coefficient of deter-
mination (55 %) than did MnAAAc . EDTA (Fig.
2). The pH-corrected indices ex-
plained only 9 °/o (pH correction 1) and 17 %

(pH correction 2) of the variation in Mn up-
take of the yields.

Discussion

In a pot experiment, the plants are at first
likely to utilize the reserves of readily avail-
able Mn. These reserves are measured upon
the determination of exchangeable Mn. It was
shown by Mäntylahti (1981) that the quan-

Fig. I. The relationship between hydroxylammonium chloride-reducible Mn and Mn uptake by the four ryegrass
yields as well as that between MnAAAcEDTA and Mn uptake by the yields.

Fig. 2. The relationship between exchangeable Mn and Mn content of the first ryegrass yield as well as that between
pH-corrected Mn AAAc .EDTA and Mn content of the first yield.
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tities of exchangeable Mn were in closer corre-
lation than were the indices of reducible Mn
with the Mn content of ryegrass in the first
yield of the present pot experiment. The cur-
rent results showed that the pH-corrected
values of were in correlation
with exchangeable Mn. Therefore the corre-
lation between the pH-corrected
and plant Mn content in the first yield is un-
derstandable.

At later growth stages, ryegrass utilized the
Mn reserves of soil more intensively; the Mn
contents of the yields 2, 3 and 4 were twice
as high as that of the first yield (Mäntylahti
1981). In a pot experiment, utilization of soil
Mn can be enhanced owing to the acidification
of soil in the course of the experiment, as ob-
served e.g. by Yli-Halla (1990), and to the
production of chelating agents excreted by in-
creasingly extensive rootsystem. The more in-
tensive utilization of soil Mn resulted yield af-
ter yield in a closer correlation between the Mn
content of plants and the indices of reducible
Mn (Mäntylahti 1981), and also between the
Mn content of plants and MnAAAc . EDTA , ob-
served in the present study. When the close
correlation between and reduci-
ble Mn is also taken into account, it may be
assumed that the reserves of reducible Mn
contribute markedly to the quantities of
Mn extractable with AAAc-EDTA. Thus,
MnAAAc . EDTA can be given a rational interpre-
tation as representing a considerable fraction
of reducible soil Mn.

The use of pH-corrected Mn AAAc.EDTA

seemed less promising in the present study
than in that by Sillanpää (1982). This can
partly be attributed to the fact that the pH cor-
rection coefficients are based only on the Mn
content of certain plant species; coefficient 1
is formulated according to the Mn content of
pot-grown wheat (Sillanpää 1982) and
coefficient 2 according to field-grown timo-
thy (Kähäri and Nissinen 1978, Sippola and

Tares 1978). In the present study the coeffi-
cients were applied to Mn uptake of ryegrass.
As shown by Yläranta and Sillanpää

(1984), the Mn content varies markedly in
plant species grown side by side; therefore a
universal pH correction coefficient should be
based on a variety of plant species. Further,
the growth of plants and hence the utilization
of plant nutrients is always far less intensive
per a given amount of soil in the field than
in a pot experiment (Korkman 1973). Owing
to the decreasing correlation between the pH-
corrected indices and Mn content of ryegrass
in the course of the pot experiment, it may be
extrapolated to the less intensive direction that
the pH-corrected Mn indices would work
more accurately in field conditions.

The results of the first yield of the pot ex-
periment are likely to resemble the Mn uptake
in the field more than do the ones of the sub-
sequent yields. Consequently, for farming
purposes, exchangeable Mn may be the best
estimate that can be obtained by soil analysis
in assessing the reserves of readily available
Mn. However, other micronutrients often
analyzed in soil testing (Cu, Zn) are in Fin-
land extracted with AAAc-EDTA solution
and for practical reasons also Mn is deter-
mined from the AAAc-EDTA extract. The
present results showed that the pH-corrected

indices may serve as a measure
of short-term plant-availability of Mn, and

without pH correction, may be
used for estimation of the reserves of poten-
tially available Mn. As generally known, es-
timation of plant-available Mn by soil analy-
sis is difficult. Even though Mn AAAc. EDTA ,

with or without pH correction, gave only a
fair prediction of the plant Mn content, other
extraction methods remarkably superior to
AAAc-EDTA extraction in assessing the plant
availability of soil Mn for farming purposes
seem not to exist.
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Eri puolilta Suomea kerätyistä 86 pintamaanäytteestä
uutettiin mangaaniahapan ammoniumasetaatti-EDTA-
liuoksella (0.5 M CH,COOH, 0.5 M CH,COONH 4 ,

0.02 M Na,-EDTA, pH 4.65, lyh. AAAc-EDTA). Tu-
loksia verrattiin maanäytteiden vaihtuvaan ja pelkistyvään
mangaaniin ja mangaanin kokonaismäärään sekä astia-
kokeessa kasvatetun neljän peräkkäisen raiheinäsadon
mangaanin ottoon. MnMAIEDTA vaihteli 1.8—158.8 mg/
kg, ollen keskimäärin 32.2 mg/kg. Mn AAAI .H)rA:n ja pel-

kistyvän mangaanin väliset korrelaatiokertoimet
(r = o.B2***- o.B7***) olivat suurempia kuin Mn AAA[ .

n,i A:n ja kokonaismangaanin (r = o.so***) tai vaihtuvan
mangaanin (r = o.4s***) väliset korrelaatiokertoimet, min-
kä perusteella pelkistyvän mangaanin ja AAAc-EDTA-
uuttoisen mangaanin voidaan olettaa edustavan suurelta
osin samaa mangaanifraktiota. Maan pH:n vaikutus
AAAc-EDTA-uuttoisen mangaanin käyttökelpoisuuteen
kasveille otettiin huomioon kertomalla uuttotulokset pH-

91



korjauskertoimella, minkä seurauksena kor-
reloi paremmin vaihtuvan mangaanin ja heikommin pel-
kistyvän mangaanin kanssa kuin ennen pH-korjausta.
Vaihtuva Mn selitti 33 % ja pH-korjatut Mn AAAc.EDTA-
luvut 34—38 % ensimmäisen raiheinäsadon mangaani-
pitoisuuden vaihtelusta, kun taas AAAc-EDTA-uuttoinen
Mn ilman pH-korjausta selitti vain 3 % vaihtelusta. Myö-
hempien raiheinäsatojenkohdalla tilanne oli päinvastai-

nen: Mn AAAc.EDTA selitti 38—55 % satojen mangaanipi-
toisuuden vaihtelusta, mutta pH korjatut Mn AAAcEDTA-
luvut selittivät vain 16— 34 % vaihtelusta. Tämän perus-
teella AAAc-EDTA-uuttoista mangaania voitaneenkin pi-
tää kasveille käyttökelpoisten mangaanivarojen kokonais-
määrän mittana, kun taas pH-korjatut mangaaniluvut ku-
vastavat välittömästi kasvien käytettävissä olevia mangaa-
nivaroja.
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