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Magnesium as a Function- of Pedogenic Factors

K. K. MATHANL, and K, GHIRANGIVI RAD®,

Total magnesium obtained by summing up the four -fractions of magnesium,
namely, mineral magnesium. acid-soluble {rase'm] magnesium, exchangesble megnesium
and organic-complexed magnasium, was foundie bis 25 good as astimatig totel magnesiun
separately. The pattern of distribution of magnesium in the Nilgirls depended largoly on
roinfall which influenced indirectly through its I!f'u:anill.slm:FI eliect of pH. bage Sn'auuitinn.
oxchangesble saluminium and total acidity which ata interrelaled omong themselves,
Wida wvaristions may also be atiributed 1o tha parant meterizls  which' veried even
wlihln a small ares, chernockite the parent rock of mos: Nilgiis soils “which is
known 10 very considerably ‘fram acid 1o ultra” basic conditions, “Increese in. olay
content of ‘tha soil wae found 1o incleese total My as weil as magnusiumﬁactluna
Among other parameters, efganic carbon, moisture. pH, total acidity, nxnha'nquhla
H, E. C. ond base satwration weie aiso observad 1o Influence the pattern of distributio,

The level of magnesium in solls
depends to large extent on soil type.
Highly leached and wethered so.ls
gre generally low in magnesium,
Parent meteriats, constituent minerals
in the parent material and the climate
of the region too play a in accounting
for the .vaiations in magnesium content
in soils groups. '

Kirkby and Mengel (1876) observed
that soils formed in valléys, marsh
soils, gleyed soils slightly - leacled
solonchak and solonetz soils contained
higher amounts of magnesium, while
podzols and lateritic soils were low in
magnesium. Mokwunye and Melsted
(1972) stated that total magnesium
content of the soil is a product of
climate, especially rainfall and the
stage of maturity of the soil. Metson

,altitude

and Gibson (1877) observed that .silt
and clay {ractions in all casés contdined
more “than 95 per cent of the total
magnesium. Orginic  matter -also
coritributes to the amount of magnesium
in soils. Prince et al, (1947), Alston
(1972) and Mokwunye and Melsted
(1972) recorded different fractions of
magnesium and observed the amount of
varlous forms  depended on the factor
like clay, pH, rainfall, organic matter

conient, elc.

The Nilgiris are a lofty-rangé of
mountains in-Tamil Nadu Staie. The
ranges between 1220 and
2637 mewres above - mean sea level.
By vittue of its geographical position
the Nilgiris come within the  influence
of both South - West and North - East
monsoon. The mean a&nnual rainfall
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recorded for all the localities ranged
between 1300 and 2540 mm. The entire
region is dotted with several steep and
high hills separated invariably either
by stream or a swampy valley.

Thus the area gives an excellent
materials to study the influence of
pedogenic  factors on  magnesium
content and distribution of different
discrete forms.

MATERIAL AND METHODS

A total of 147 horizon - wise soil
samples from 29 profiles representing
the agro - climatic regions of the
Nilgiris, one profile from Kodaikanal

and another from Yercaud were
collected.
The processed samples were

analysed for the. various physico -
chemical constituents (Jackson, 1973)
and various forms of magnesium
(Mokwunye and Melsted, 1972).
Relationship between the forms of
magnesium and the pedogenic factros
were discussed with the help of block
diagrams and simple correlation
coefficients.

RESULTS AND DISCUSSION

The locations of the profiles studied
and the morphological features of the
profiles observed are presented in
Table I. Within observable depths, all
the profiles did not contain any identi-
fiable unweathered rock fragments
indicating that the parent rock and the
parent material were far below the
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profile surfaces and that they belonged
to age old formations.

The mean and range of values of

~ physico - chemical properties of soils

are furnished in Table Il. The relation-
ships between factors are furnished in
Tables 1|l and IV.

The total magnesium (Mg, ) content
was estimated by two methods : (1) by
summation of the four fractions namely,
mineral magnesivm ( Mgy, ), acid-soluble
(reserve) magnesium (Mg, ), exchange-
able magnesium (Mg.) and organic -
complexed magnesium (Mg.. ), and
(2) by actual estimation (Metson,
1956). A very close correlation
coefficient of r = 0.973 *** (n = 147)
was obtained between the two indicat-
ing that both of them are equally
reliable methods. Hence in the follow-
ing discussions Mg, by the former
method is used.

Total magnesium content of the acid
soils of the Nilgiris ranged very widely
from as low as 25 me/100 g soil to
as high as 13.3 me/100 g soil. Of
the various parameters, moisture, pH
total acidity, exchangeable H, exchange-
able Al, EC, base saturation, organic
carbon, clay content, rainfall and
elevation were observed to influence
the distribution pattern of Mg, as well
as the various fractions of magnesium.

A wide wvariation of the mean
annual rainfall was recorded. Increas-
ing amounts, of rainfall was observed
to decrease the base saturation
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(t= — 0.842 %%, n=231). At lower
base saturation, the Mg. (r= 0.493 =x;
(n=147) and Mgo. (r = 0.347 == ;
n =147 were seen 1o be lower while
the mineral and acid - soluble Mg were
obcerved 10 be  comparatively  higher.
Furidier, Mg, and Mg, were observed
to be directly proporlional to the rain-
fall while Mg, wag indirectly propor-
tional 1o the rainfall. Rains would have
washed away the highly soluble Mg,
resulting in the increase of other
fractions in the soil. This observation
is in line with the report of Messing

(1974, who observed lower Mg, in
high rainfall areas.

An increase in pH resulted in
increased Mg, with simultaneous
decrease in Mgm (r= — 0.163 ==

n = 147) and Mg, (r = — 0.569 #*=;
n = 147),

The interrelationships of rainfall,
base saturation, pH and the magnesium
fractions as observed in the present
study suggest that the pattern of
distribution of magnesium and its
fractions was the manifestation of
rainfall of the area acting directly by
leaching and indirectly through pH,
base saturation, etc. According to
Mokwunye and Melsted (1972), the
total magnesium content of the soil is
a product of climate especially rainfall.

Further, total acidity was nega-
tively correlated with Mg. and posi-

tively correlated with Mg, and Mgg,

Schuyjelen (1974) observed that Mg
shortage was directly related 1o the
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acidity of the medium. Metson (1974)
stated that total acidity, per se’ may
reduced the Mg, , Kam;raié {‘{E?ﬂ}
reporied that aluminium contributed

very much to the tolal acidity
and it played an important role
below pH 5.4. In the present investi-

gation, 83.0 percent of the soils
recorded pH below 5.4 and exchange-
able aluminium was observed to be
negatively correlated with Mg, but

‘positively correlated with Ma, and

Mgy, This might be due to the possi-
bility of lattice magnesium substituting
for aluminium in Octahedral 'pﬂsitiun
as reported by Chinttenden and
Hodgson (1953). Exchangeable
hydrogen was observed to exhibit
positive relationships with Mgy and
Mgm (Table I1).

As the organic carhur:: content of
the soil increased, the Mai Mgr and
Mom content also increased. This
might be due to the fact that magne-.
sium is a constituent of organic matter.
Further, it may alsoc be dueto the:
release of magnesium by mineralisation
to the pool of inorganic sources of
magnesium,

As the clay content increased,.
Ma: , Mgoe .Mam and Mge content
were also observed to increase, Qther:
size fractions did not show any in-
fluence as the above. Beeson (1959),.
Salmon. (1963 and Mokwunye and
Melsted (1973) reported that . soil.
texture has a profound influence on the
level of Mges and the clay portion of*
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the soil generally contained two - thirds
of the soil magnesium.

Elevation also seem to play an
important rele in modifying the pattern
of distribution of magnesium. Higher
the elevaticn, hicher was the Mgm and
Ma: and lower was the Mge . Mess-
ing (1974) observed acute magnesium
deficiency areas at higher elevations.
Itis of interest to note here that the
moisture content of soil was positively
correlated with Mge . Mar and nega-
tively correlated with Mgee. The
amount of soil moisture would have
been well within the limits of providing
favourable environment for minerali-
sation and release of magnesium from
the Mgoe fraction to the reserve and
exchangeable pool.

As the cation exchange capacity
of the soils increased, the Mg as well
as Mge were observed to increase
(r=0.206**;n=147 andr = 0.269s+;
n = 147 respectively), perhaps due to
higher clay content which influences
the cation exchange capacity largely.
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TABLE | Locations and Morphological Festures of FProfilas
‘Lacation Moen annual  Elevation Colour Texture  Stucture
rainlall in metres
(mm) abova Dry Moist
MSL

Bembatty - 1600 2057 7.5 YR 5[4 7.5YR 42 el (Y
Emerald 1600 C 188 7.5 YR 4]‘_2 5.0 YR 3/2 el M
Yedakad 1403 1905 7.5YR 42 5.0 YR 3/3 sal M
Mulligur 1403 1945 7.5 YR 5f4 7.5 YR 4J2 cl Bl
Melkundha 1403 1676 7.5YR 5/4 7.6 YR 4f2 cl Shk
Titukkal 1330 2210 1.5YR 5/2 7.5 YR 3/2 cl g8l
Kevaratty 1600 2057 7.5YR B4 5.0 YR 4/3 cl Bl
Ward‘s gate 1330 2134 7.5 YR 5/4 E.DYR4/8 cl Pr
Kadanad 1330 1881 10.0 YR 6/2 1.6 YR 4/2 el Pr
Maragal 1330 1829 7.5 YR 4/2 2.5 YR 2/4 el g|
Ebbanad 1626 1783 7.5 YR 4/2 5.0 YR 4/6 el M
Thuneri 1625 1829 10,0 YR 4/3 7.5 YR 4j2 cl Sbk
Doddabetta (tep) 1330 2637 BOYR 3N 7.5YR 2f0 el Bl
Doddabaeita
{mid point) 1330 2515 5.0 YR 3N B.OYR 31 cl ]
Doddabetta '
(bottom) 1330 2377 7.5YR 4)2 6.0 YR 2/2 el M
Kambatty 1626 1981 7.5 YR 54 8.0 YR 4/4 cl M
Thummanatty 1625 1625 6.0 YR 4/8 2.5 YR 3/4 cl M
Balecola 1600 2084 7EYR4/Z . E.0YR 3/3 el Bi
Malur 1600 1829 7.5 YR 6/2 B.OYR 7/3 cl Bl
Hulikkel 1625 1844 6.0 YR 4/8 26YR 3/4 cl Pr
Ketty 1220 1981 7.5 YR 42 5.OYR 4/2 el Pr
Kengarsi 1508 1600 15YR 42 5.0 YR 3/2 cll M
INedugula 1608 1890 5.0 YR 5/4 2.5YR 3/6 sl Pr
Kodenad 1808 2042 10.0 YR 5/4 E.0 ¥R 3/3 gl Pr
Ketagiti 1890 1820 7.5 YR 4[4 5.0 YR 4/3 cll M
Sholur 2640 18569 7.6 YR B[4 6.0 YR 3/3 el Ebk
Gudalur 2395 1143 10.0 YR 4f3 50YR 3/3 el Sbk
Maduvattam 1540 1829 5.0 YR 4[4 26YR 34 el Skk
Nanjamad 1522 2134 T.5YRG/4 6.0 YR 4/4 ell Sbk
Kodsikanal 1988 2200 6.0 YR 22 5.0 YR 2/2 cl Sr
Yercaud 1100 1220 60YR 64 6.0 YR 3/3 el B!

el : Clay

k] 1 Sandy

| ! Losm

$bk : Subanguler biocky

M i Massive

Bl : Blocky

Pr : Prismayie

Cr 4 Crumb
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VABLE It Values of WMean of Ranges of Physico-Chomicsl Properties of 147 Samplaﬁ_ Anslysed

Minimum - Maximum . . Mean
Moislute (per cent) 1.2 12.6 B
pH 3.6 G2 e
E. C, mmhosfem: 0.05 0.21 0.12
Base saturation (per cent) 1.4 98.0 47,07
Orpanic carbon {por cent) ﬂ.’ll 25.2 3.8
Totel seidity (mef/100q) 0.1 6.8 1.7
Mechenical analysis (per cent)
Coarso sand 4,7 57.0 230
Fine sand. 2.7 .33.5 13.8
Siir 0.3 42,2 180
Clay 14,9 71.9 432
Cation exchange capacity (ms]100 g) 4.8 41.8 13.!%
Exchangeable eluminium (me/100 g) 0,05 5,00 144
Exchzngeable hydrogon (mef100 g) 0.0 2,60 0,28
Total Mg (by summation) (me/100 ) 2.6 12.7 . 8.7
Total Mg (by estimation) (me/160 g) 2.0 - 12.7 6.7
Mineral Mg (mef100 g} . 0.3 44 2.2
Acid - soluble Mg (me/100 g) 0.2 4.8 1.5
Exchangeable Mg (me/100 g) 0.2 7.9 1.4

Organic - complexad Mg (me/100 g) 0.2 4.3, 1.6
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TABLE IV Coefficiants of Corralations Botween soil Magnasium Fractions and Physico-Chemical
Properties (No of pairs = 147)

Relationship between

Regrossion equation

Acid-soluble Mg

X Y
Qrganic carbon (%)
Organic carbon {%) Minaral Mg

Organic carbon (%)
Organic carbon (%)
“Total acidity (me/100 g)
Total acidity (me/100 g)
‘Total acidity (me/100 g)
‘Clay content (%)

Clay content (%)

Clay content (%)

LClay cantent (%)

Total Mg (summation)
Total Mg (estimation)
Mineral Mg

Acid - soluble Mg
Exchangeable Mg
Eochangeable Mg
Organic complexed Mg
Mineral Mg

Total Mg (summation)

0.176%
0.278%%
0.271%#

0,245%%

0.404%%

0,227%%
—0,325
0.196%
0.167%
0.297¢

0,170%

Y = 1.316 4 0.042X%
Y = 1.811 4 0.073X
Y = 6,042 + E..TEQX
Y = 6201 + .ﬁ-H‘IH
Y = 1,706 4 0.285%
Y =1.227 +0.151X
Y = 1,956 4 0,351X
Y = 0.237 4+ 0,026X
Y = 0,102 + 0,012X
Y =1,110 + 0.025X
Y = 5,224 4 0,033

Significant ot P = 0,05

®% Significent 3t P = 0.01
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