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FORMS OF MAGNESIUM IN AEOLIAN AND ALLUVIAL
PLAIN SOILS OF AHIlJ HAJi\STHAN
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ABSTRACT

Forms and occurrence of magnesiL;m (Mg) in eight pedons on aeolian and
alluvial plains of arid Rajasthan were studied. The cont~nts of various forms
were higher than in the soils of other reg;ons. Quantities (mg/lOO g soil) of
different forms of Mg were: water soluble (9 to 40). exchangeable (3 to 38),
ammonium acetate soluble (15 to 571. organic bound (0 to 43). reserve (120 to
519). and mineral (81 to 651), respectively representing I to 5, 0.5 to 3, 2 to 5,
o to 3, ]7 to 40 and ]6 to 47 per cent of the total (0.597 to 2.648 g/IOO g soil)

content. Variations in Mg content were largely due to differences in the parent
material. Type and proportion of 2:1 minerals influenced the exchangeable
anti reserve forms of Mg whereas mineralogy of fine sand influenced the
content of mineral form of Mg. Free CaC03 contained ]0 to 30% of the total
Mg. Various forms of Mg were significantly inter-related.

INTRODUCTION

Tropical soils under low mean annual rainfall contain higher non-:xchangeable
Mgthan other soils. (Kover and Riecken, 1976). Variable and comparatively higher
Mg content in surface water flows of difl'erent catchments of Luni basin in Rajasthan
(Choudhari and Sharma, ]984) suggested the arid soils to have varying status of Mg.
Since precise information on this aspect was not available, the present, study was
undertaken to find the content and occurrence of various forms of Mg in some
aeolian and alluvial plain soils of western Rajasthan.

MATERIAL AND METHODS

Eight pedons of dominant soil series on aeolian and alluvial plains in the
central part of arid zone (covering part of Jodhpur, Nagaur and Pali districts)
were selected for the study. These were Dune (P. I), Shergarh (P. 2), Chirai (P. 3),
Palari pichkia (P. 4), Khajwana (P. 5), G~jsinghpura (P. 6), Pipar (P. 7) and Pali
(P. 8). Air dried samples from each were analysed for important physico-chemical
properties.

Fractionation of Mg was done by following procedure: One g of sample (crushed
and passed through 80 mesh sieve) was taken into 50 ml polypropylene centrifuge
tube. To remove water soluble and exchangeable Mg, it was shaken with 20 ml of 1 N
neutral ammonium acetate for 40 minutes and then centrifuged for 10 minutes and
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supernatent decanted into a bottle. Additional treatments with 10-minute shakings
were made until 100 ml extract was collected. To extract organic complexed Mg, the
residue left from the above (ammonium acetate treatment) was oxidized with 10%
RaOa and washed with I N neutral ammonium acetate until 100 ml of the supernatent
was obtained. Residue left from the H202 treatment was boiled for 30 minutes with 30
mlof I N HN03 to extract reserve Mg content. The digested mixture was filtered and
washed with 0.2 N HNOa to obtain a total of 100 ml extract. The residue was then
transferred to a 250 mt breaker and digested with tri-acid mixure (HaP04+HNOa+
HCI04) to extract Mg associated with primary minerals. The digested mixture was
filtered and washed with distilled water until 100 ml of filterate was collected.

Total and exchangeable Mg contents were extracted by HF-HCI04 and barium
chloride triethanol amine procedures as described by Jackson (I958). Water soluble
Mg was extracted from equilibrium extract obtained by shaking I: 20 soil: deio-
nized water mixture for 240 hours. HCI soluble Mg was extracted after Piper (19M;).
Magnesium associated with free lime was extracted by treating with normal cold HCI
until 100 mI extract was collected.

Magnesium in all the extracts was determined with Atomic absorption spectro-
photometer. Interference by other ions was suppressed by the addition of 2.5 ml of
7000 ppm Sr in 10 ml of aliquot.

RESULTS AND DISCUSSION

Soils of the study area were far from uniformity (Table 1). The pH (7 8 to 8.4)
and conductivity values (127 to 1021 micromhos/cm) did not vary much as the soil
components and their distribution in the profiles. In general CaC03 and clay
contents increased with depth but maxImum accumulation of clay was in B horizon
whereas that of CaC03 in the C horizon.

Table I. Range (%) of some important Physico-chemical parametres of arid soils.

Soil Pedon Organic Fulvic Silt Clay CaC03
No. Carbon acid

Dune P.l 0.110 - 0.133 .02 - .03 I - 2 2-2 0-0.4

Shergarh P.2 0.121-0.138 .04 - .05 5-7 4-5 0-3.5

Chirai P.3 0.061-0.174 .03 - .06 5 - 11 4 - 10 0-7.7

Palari pichkia P.4 0.191 - 0.348 .04 - .09 4 - 11 9 - 20 0-24

Khajwana P.5 0.l89-0.552 .07 - .Il 10 - l7 14 - 24 o - 16.1

Gajsinghpura P.6 0.556 - 0.696 .11 - .15 15-21 18 - 33 6.7 - 42.2

Pipar P.7 0.: '8.7- 0.560 .10-.15 17 - 20 18 - 27 1.3- 16.2

Pali P.8 0.447 - 0 853 .15-.21 37 - 40 29 - 43 2.0 - 8.8
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Water soluble Mg in eqilibriated condition (9 to 33 mg/lOO g soil) constituted
1 to 5.9% of the total Mg. Soils, in genera], contained comparable amounts of water
soluble Mg except Khajwana (P.5) sandy loam and Pali (P.8) soils which contained
twice the amount. (Table 2) This is due to the lithology of the area which is, in the
former case, limestone and, in the latter case, phyllite and slate.

The exchangeable Mg content varied between 4 to 38 mg/lOO g soil, which satu-
rated 4 to ]7% of the CEC. The values were much higher than earlier reports for tro-
pical soils (Mokwuny and Melsted, ]972). Further, sandy soils (P.I to P.4) contained
lower amounts but had higher saturation (10 to 17%) whereas reverse was true for
medium to fine textured soils (P.5 to P.8): This may be due to higher amounts of
amorphous material in sandy soils (Choudhari and Ohir, In3). Preferential absorp-
tion of M g by allumi llosilicates with increasing pH was observed by Perrot (1981).

Organically bound Mg varied from 0 to 43 mg/lOO g soil, much higher than
norma] for tropical soils. Further, the content in genera] increased with depth and
maximum value was in upper part of calcic layer. This may possibly be due to preci-
pitation of highly mobile Mg-fulvate, which has moved downwards. Increasing fulvic
acid content (Tab]e I) in the soils and maximum in upper part of the calcic layer
provides supporting evidences for accumulation in upper part of the C horizon or
calcic layer.

Ammonium acetate soluble fraction of Mg was somewhat higher than aggregate
of exchangeable and water soluble fraction (Table 2). Thus ammonium acetate,
besides exracting water soluble and Mg on clay complex also extracted Mg adsorbed
by organic matter. Salmon (1963), however, reported that soil organic matter held Mg
in non· exchangeable form only.

Reserve Mg content (199 to 5]9 mgliOO g soil), in genera], increased with the
increase in finer fraction of soils (Tables I and 2). Finer material have influence on
this fraction (Rice and Kamproth, 1968). Higher Mg content in clay fraction of some
of the soils (Table 3) provides support to this report. Soils P.6 to P.8, containing sa'me
amount of clay showed varying contents of reserve Mg (Table 5). These soils also
showed varying proportion of 2: I lattice· minerals (Choudhari and Ohir, 198] and
]982). Soils having higher proportion of illite, smectite and chlorite were observed to
have higher reserve 01 Mg. Thus reserve Mg appears to be a function of the type and
proportion of clay minerals present in the soils.

Mineral form of Mg was nearly equal or, in some soils (P. 4 to P. 6), lower than
reserve Mg. Mokwuny and Melsted (1972) reported that highest fraction of Mg in
tropical soils was in mineral form. Further, in arid soils, miner~1 Mg (13 to 41 % of
the total Mg) exists mostly as a part of the crystal structure of very resistant primary
minerals, or is associated with free lime of soils, not dissolved by tri-acids. About:.O
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to 30 % more Mg was extracted by HCI than by the sequential treatments (sum of
water soluble, exchangeable and reserve Mg form). This suggests that significant part
of Mg was associated with free lime, as evidenced by Mg content (24 to 36 mg/lOOg
soil) extracted by cold dilute HC I treatment (Table 2). Beside the lower mineral M g
content, the soils show wider variation in content (81 to 561 mg/IOO g soil) and varia-
tion was further much more between coarse and fine textured soils. Soil in Gajsingh-
pura (P.4) contained lowest amount of mineral Mg, contained low amount of heavy
minerals and lower proportion of Mg bearing minerals (chlorite, mica, ferro-magnesiun
compared to other soils (P.3 and P.8) in their fine sand fraction (Table 3).

Table 3. Magnesium content (%) in various fractions of some arid soils

Soil Coarse Fine Silt Coarse Fine
Sand Sand Clay Clay

Chirai 0.19 1.61 0.98 3.04 1.38

Gajsinghpura 0.38 1.51 1.62 2.94 1.42

Pipar 0.14 1.46 1.62 2.12 1.43

Pipar 0.16 1.16 1.78 2.29 1.49

The data thus suggest that proportion and type of Mg bearing mineral influences
the mineral Mg content of soils beside the heavy mineral content alone (Table 4).

Table 4. Mineral Mg content and minerals in some arid soils.

Soil and Mineral Heavy Fractions of the heavy minerals

depth Mg minerals Mica Chlorite Tour- F erro-

(em) (mg/l OOg) (%) maline Mg

Chirai
0-10 145 6 9 24 2 10

10-35 193 6 9 24 4 8

35-68 140 5 8 30 4 8
68-135 150 4 4 25 2 4

Gajsinghpura
0-20 118 1 4 25 2 4

20-46 220 1 2 34 2 4

78-110 107 1 5 34 1 5

Pali
0-10 381 4 4 37 16

10-20 629 2 3 30 15

20-35 651 2 1 33 17
35-50 491 2 1 32 16
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Inspite of wide vanatlons in the content of different forms, total Mg content
was nearly the same in the aeolian (P.I and P.2) and the coarse textured alluvial
plain soils (Chirai P. 3 and P. '4). This is possibly due to origin of aeolian sands 190
to 95 % fine sand) by breakdown of alluvial plain (Dhir et aI., 1977). The fine sand
fraction contained higher amounts of Mg than other size fractions (Table 3). Accord-
ingly, higher Mg content of fine textured Pali (P. 8) and Gajsinghpura (P. 6) soils was
due to higher finer fraction (clay and silt) which contributed maximum to the total
Mg compared to sand fraction.

Table 5. Relation between reserve magnesium and clay mineralogy of soils

Soil & Clay Reserve Dominant minerals (%)
Depth mg Illite Smectite Chlorite Vermi-
Cm. 100 g culite

Gajsinghpura 18 3335 30-40 30-40 10-15 5-10
Pipar 18 2718 40- 50 20-30 5-10 10-15
Gajsinghpura 29 2718 30-40 30-40 5-10 10-15
Pali 29 2965 30-40 20-40 5-10 5
Pali 33 5168 - 40- 50 30-50 5 5

Correlation coefficient values between different Mg forms (Table 6) show that
the water soluble, ammonium acetate soluble, exchangeable, and organically bound
were positively and significantly correlated with reserve and total Mg. The reserve and
HCI forms also showed significant positive relationship with total Mg thereby indicate
that their is an equilibrium between the forms of Mg.

Table 6. Correlation coefficient beween the forms of magnesium.

Ammonium Exchan-
acetate geable
soluble

Organic Reserve Mineral
bound

Total HC!
Soluble

Water soluble 0.276 .495 .572 .673 .164 .341 .4 11
Ammonium acetate

soluble .675 .569 .661 .582 .636 .149
Exchangeable .701 .887 .872 .773 .848
Organic bound .631 .228 .784 .763
Reserve .768 .775 .867
Mineral .813 .773
Total .846

CD at 1%=0.4182, CD at 0.1%=0.5182.
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