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EFFECT OF DIFFERENT FACTORS ON THE
MOVEMENT OF SOME AMINO ACIDS IN SOILS
USING THIN-LAYER CHROMATOGRAPHY

K. Kumari, R. P. Singh, and S. K. Saxena

Section of Plant Pathology and Nematology
Department of Botany
Aligarh Muslim University
Aligarh 202001, India

ABST RACT

The influence of organic matter, CaCu saline and alkaline

3’
salts, flyasl, gychangeable catiuns and pH on the mobility of
monocarboxylic, dicarboxylic, basic and aromatic awino acids has
been studied using soil thin-layer chrowatographic tecimique in
two different type of soils. The woblility was expressed in terws
of ) aB and Ry, values. The variation in RI’ RB and RN values
of anrino acids under different treatments have heen reported and

discussed on the basis of adsorption and leachability.
INTRUDUCTIIQON

Awino acids present in the soil as & breakdown of proteins
are important sources of nitrogen to the plant in its nutrition.
The distribution of the amino acids 1s affected by large number of
factors, The literature on this aspect has been reviewed by
Brewner (1}. Several workers (2,3) have also studied the adsorption
of sowe awino aclds with elays. The soil being a complex system
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must be affecting the nobility of the amino acids but information
on such soll factors affecting the mobility of various awino acids
in soil and thus indirectly affecting their availability to plants

is almost lacking.

Hence, in the present studies attewpts have been wmade to

deternine the effect of commonly ocecuring salts in soil, organic

matter, autoclaving, flyash, exchangeable lons and pH on the wovement
of mongcarboxylic (ala@ine, glycine, isoleucine, leucine and valine),
dicarboxylic (aspartic and glutamic), basic (bistadine and lysine)
and aromatic (phenylalanine apd tryptophane) amino acids using soil

thin-layer chromatography.

MATBRIALS AND MLTHODS

The two different types of tue surface soils (0-30 cum)
viz. clay loam and silt loaw used in the present studies, collected
from Aligarh district were analysed for their mechanical composition
by international pipette method, piH with Elico pli weter model LI~10,
organic matter by Walkley and Black's wethod (4) and CEC by Jackson's

rethod (5). The values are summwarized Lln Table T.

The soils were ground and geived through a 100 nesh sieve
to obtain samples with a small and nearly homogeneous particle size,
Clean glass plates were coated with a water slurry of soil sample
(0.5 mu thickness) with the help of TLC spreader. After alr drying,
two lines at 3 cw and 13 ¢ above the base were scribed on the plates
to maintain the standard developwent distance of 10 cm, 1l-Alanine

(ALA), l-aspartic (ASP), DL-glutamic (GiU), glycine (GLY),

l1-histadine (HIS), DL-isoleucine (ILE), l-leucine (LEU), l-lysine (LYS),

DL-phenylalanine (FiE), l~tryptophane (TRP) and valine (VAL) ot 0.5%
concentration were applied as a spot on the TLC plates with the

help of lambda pipette 3 cm above the bottum of the plates. A
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2 cm wide strip of paper towel, uwoistened with distilled water was
wrapped around the bottomn of the plates. The loaded plates were

then developed by ascending chromatography in a glass tapk,

The organic matter (to the extent of 85%) was removed from
the soils by treating the soil with 30% H,0, (6). The soil was

autoclaved to deterwlue the effect of autoclaving.

In order to study the effect of different additives on the
wobility of amino acids, CaCO3 (5%), calcium sulphate, magnesium
sulphate, sodium sulphate, sodiuw bicarbonate, sodium carbonate
(1%, 3% and 5% each) and flyash (5% and 10%) were mixed in the soil

sanples.,

The soil with hydrogen, calciuw and sodium forws were
prepared by Aldrich and Buchanan's method (7). The hydrogen saturated
8011 were used immediately after passing through the H-Dowex—50-w-x8

cation exchange resin to avoid the movement of aluminium ions.

The pH of the developers was adjusted to 4,7 and 10 by
adding, requisite amount of dil HCl and NaOH to distilled water in

the studies dealing with the effect of pH on mobility.

In all these studies the developed plates were air dried
at room temperature and sprayed with 1% ninbydrine (8) in distilled
water followed by heating at 100 » 5.0 for 5 to 10 win. FPink spots
indicated for ALA and GLU; dark gray for ASP; reddish yellow for GLY

while violet spots for HIS, ILk, LkU, LYS, FUE, THP and VAL.

The mobility of amino acids was expressed in terms of

Ry (9), Ry (10) and 2, (11) values as R, = %3 (L 5 L > where

RT and RL denotes the tailing and lateral fronts respectively,

BB = Distance moved by bottom of spot
Distance travelled by developer

and Ry = log ( %; -1)
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RESULTS AND DISCUSSION

When natural solls were used as an adsorbents and distilled
water as eluent, the Rey Ry and Ry values showed lateral wmovement
of all the amino acids (Fig 1) except LYS (RB = 0) {(which is not
clearly visible in figure) in both the solls (Table II), The
observations were in accordince with the increased tailiungs shown
by awino acids by lower mobility (12). The movement of all the amino
aclds was lower in clay loam soll than silt loaw scil which might
partly be due to the higher Cb®, clay and organic metter content
in the forwer soil and partly by the release of sites for adsorption
of awino acids. On the basis of RI’ RB and RM values tie movement
follows the order; for monocarboxylic amino acids ILe > LEU > VAL D
ALA > GLY; for dicarboxylic awino acids GLU > Ask; basic amino acids

HIS » LYS and for aromatic emino acids PHE > TRP,

The trend of the monocarboxylic and dicarboxylic amino acids
can be explaincd on the basis of steric effect as tihe size of the
molecule decrease the adsorption with the solls increases causing
decrease in movement. In awongst the basic awino acid the movement
of HIS is probably higher because it might be involved in the
intramolecular H-bonding thereby decreasing its adsorption with the
solls as comnpared to LYS. In aromatic amino acids decreased movement
in TRP as conpared to PHE could be attributed to the presence of two
nitrogen which may have greater adsorption with soils., The above
order of the amino aclds are generally in accordunce of the PI values.
However, correlation of mobility with solubility shows a different
trend. The mobility of monocarboxylic amino acids is inversely
proportional to the solubility while that of others directly

propositional to the solubllity.

when organic matter was removed from soil (to the extent of

85%) the values of Ry BB of all the amino acids were reducegd while
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that of Ry increased im silt loam soil (rable IT). This might be
partly due to the fact that due to the removal of organic matter,

the soil becomes highly dispersed resulting in slow penetration.
However, in clay loam soil the movement of GLY, ILE, LkU, LYS, PHE
andVAL increased while that of remaining decreased which could be due
to the preferential adserption of amino acids to the active soil
sites {13) released by destruction of organic watter and the amino
groups acting as cations to satisfy the negative charge on the clay

in the absence of organic matter (14).

When autoclaved soils were used as an static phase and
distilled water as eluent the wovement of all the awino acids
decreased except the basic amino acid in silt loam soil and GLY in

clay loum soil (Table 1IT).

Addition of 5% CaCO3 to both the soils brought about

£ RB of all the amino acids and increase

in values (Table IV). The adsorbent quallity of CaCO_, reduced the
By 9 3

movement of all the amino acids as being highly adsorbed on the soil

decrease in the values of R

surfaces thereby reducing their upward leachability. These results
are in the accordance with the work of Neerpass (15) and Singh et al.

(16).

In order to study the effect of soil salinity or alkalinity
both weak base and strong aunionic salt viz. calcium sulphate,
magnesium sulphate, sodium sulphate, sodium bicarbonate and sodium
carbonate in the concentration of 1%, 3% end 5% were mixed with soils
and these soils were used as an adsorbent and distilled water as
eluent. The movement of all the awino acids was alwost nil when
both the soil were amended with sodium bicarbonate, and sodium
carbonate., The umarked decrease in movement of awmino acids in
alkaline salts amended soil might be due to the interaction of the

acidic functionality of the amino acids (-COOH group). The movement
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of all the monocarboxylic, dicarboxylic and aromatic amino acids
decreased with increase in concentration of calcium sulphate and
sodium sulphate in the adsorbent phase while that of basic awmino
acids increased in both the soils. The movement of GLY, basic and
aromatic amino acids increased while that of others decreased with
increase in concentration of magnesium sulphate in the soil phases
(Table IV). A model of amino acid wmovement in 3% calcium sulphate

amended silt loawm soil is given in Fig 2.

The average movewent of awino acids follows the order as

Nazsoq » Caso, > Mgso, for ALA, ASP and GLY

Ca504> NaQSO‘,i > bgsog for gli, Ilia, LU apnd VAL

Na2504 > bgsoq > CaSOQ for HIS and LYS in both the soils., The
aromatic amino acids sucu as Fie and TRE have 3 different trend as

Nazsol_l} casul’> Ngbu" in silt loaw soll

CaSDhj> Mg504:> Nazsoq in clay loaw soil
The wovement of cwinu acids was rore in neutral and saline salts
amwended soil then algelive, The sdolcun the sy, values were observed
in sodiur sulphate and calcium sulphute (i.e. pneutral and szline

sults) showing waxipuw wovenent in both the soils. Iu a way similer

results were obtained by singk et al. (17) and Sharwa et 21, (18).

When silt lourw soil was amenled with 5% flyash (oLtained frow
Theruial Power Station, Kasiuwpur, a cheapest waste product of
industries using coal as fuel) the moveument of ALA, HIS and TRP
increased while that of ASP, GLU and PHz decreased and the remaining

ones remained unaffected. In clay loam soil the R, values of alLu,

t
GLY, HIS, LEU, LYS and Filik increased while that of ALA, ASF, ILb,
TRP and VAL decreased with the remaining unaffected (Table V).
When the concentration of flyash (10%) was increased in soils the
movewent of all the amino acids in silt loam soil, decreased while

these in clay loswm soil, the movement of HIS, ILE, LKu, LYS and VAL
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increased and that of ALA, ASP, GLU, PUHE and TRP decreased. The
decreased in the movement of amino acids with the addition of flyash
might partly be due to the flyash acting as an adsorbent. The

contents of flyash sucih as aluumlna, coesite, silica, aworphous

carbon and swall quantity of liwe (19) are znown for adsorbent

quality.

The movement of all the amino acids studied was higher
in Na-soil followed by Ca~ and H~forw in silt losw soil. However,
in clay loar soil the maxinum movement was in Co-soil followed by
Na- and H-soil. The wminimur movement of all the amino acid was
ohserved in both the H=saturated soils. Generally the movement
of dicarboxylic, basic and aromatic amino acids follows the same
order as in natural soil while that of monocarboxylic amino ecia
Lhave different order. MDregne @t al, (20), singusl and Singh (21,
Supak et al, (22), Singh et ol. (23) and Sharma et al, (24) also
observed highexr adsorption of =,4-D, demicron and aldicarb in
H-saturated solls and lower movement of pesticides in H-satursted

solls,

The effect of soil pH on the movement of amino acics through
soils are summerized in Table VII. Generally in all the cases the
Rf values of amino acids were lower both in acidic and alkaline
ranges than in the neutral range except HIS at pH 4 and pH 10 in
silt loam soil, However, in clay loam soil the movement of GLY and
HIS increased at pH 4 and HIS, ILE, LEU end FHE at pH 10 while that
of the rewmaining decreased. The movement of ALA, ASP and HIS was
higher at pH 4 while that of the remaining at pH 10. Such a behaviour
could be due to the differences in the adsorptive nature of the amino
acids at different pH values understudy. In soll awmmonium oxidation
by wicroorganisms is inhibited at low pH. Similarly at higher soil

pH levels the population of amwonia oxidising micro-organism decrease
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which being about poor conversion into mineral N. As a result of
these phenom#na the available amino acid concentration in soil

increases which might result in more mobility (25).

Therefore, it appears that the movement and availabllity of
different anino acids in soil varies with different types of soil

and are governed by several factors.
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