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Synopsis: A detriled study conducted on the alkali soils of the
Amaravathy Ayscut is roported in this papor. The study las
vevoaled that tlio main factors responsible for the gouesis of theso
allali soils are the poor drainage, topographically low lying situntion
and the higher water tuble. High corrolation exists betwaen PH and
exchangeablo sodium percentage in these soils. Soeil pH has hoen
snggested for thoir diagnosis. Applieation of gypsum at 2 tons/acre,
with green manure at 5,000 1b./acre along with a goneral improve-

“ment of the drainago system have been rvecommended for the
reclamation of the goils.

Introduction : Govinda Iyer elal (1961) have reported in their
preliminary soil studies of the Amaravathy Reservoir Project ayacut area
that saline and or alkaline soils occur in the low lying areas and response to
irrigation in those is of a low order. Therefore, a detailed study of these
saline and alkaline areas was undertaken to appraise the genesis and
characteristics of the soils and to suggest suitable economic methods to
reclaiming such areas.

Review of Literature: De’ Sigmond (1924) considers the presence of an
impermeable layer essential for the formation of saline soils. Basu and
Tagari (1942) from their investigations on the alkaline soils of Decean canal
area concluded that alkali soils ave formed as a vesult of great aridity,
topographic situation favouring accumulation of salt washings from elevated
areas and due to saline sub-soil water. The evolutionary processes of alkali
soils have been designated by De’ Sigmond (1927, 1932, 1938) as salinization,
alkalinization, desalinization degradation and regradation. Kelley (1951)
‘observes that alkalinization is only an aspect of salinization and applies a
common name ‘Alkali Soils’. De’ Sigmond (1926) has proposed that
exchangeable sodium and potassium should be considered as additive in
defining alkali soils. Puri (1033) considers exchangeable sodium and potassinm
together called ““degree of alkalinization ™. Magistad (1945) also has proposed
a similar consideration. It has been reported that exchangenbls potassium
has only a slight or no adverse effect upon the physical pr operbies of soils,
The chief chemical characteristic of an alkaline soil is thersfore the presence
of an'ahlmrnmll}' high exchangeable sodium percentage (Richards, 1054),
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In view of the time consuming process of estimabing E. B, Pr rapid
diagnostic techniques based on the relationship between E. 8. P. and pH has
been proposed by Fireman and Wadleigh (1951),  The Salinity L&humtﬂrjf
of the United States (A. H. 1954) has used a ratio called sodium absorption -

ratio (Na / JP—%Eg} to discuss the equilibrium between soluble and

exchangeable cations.

Normal agricultural soils containing caleium as the predominant
cation in the exchange complex exist in stable aggregates that do no break
down on coming info contact with water, Upon aquisition of abnormal
quantities of exchangeable sodium these soil aggregates break down and the
clay particles disperse in water which quickly fill up all the interstices
rendering the soil impervious to air and water. Kelley (1851) observes that
this adverse condition of soil contributes substantially to the observed effect

on crops.

Materials and methods: The soil samples collected from fhe low level
areas of Amaravathy Project during the detailed soil survey were analysed
for texture, salinity status, pH, permeability and exchangeable sodium
percentage and value used for preparing this paper. '

RESULTS

A. Genesis: 1. Salient findings: The exfracts from the field notes
in respect of the representative soil profiles dug in the alkali areas and the
lahoratory analytical data of the soil samples are presented in table 1

The above studies revealed that :

(1) Al the sites examined occurred in low lying valleys or in the
flood plaing of drainage rivulets with the ground water table

fluctuating within 1 to 5'.

(2) Most of the surface and sub-surface soils in thesc profiles are light
textured with varying amounts of calcium carbonate (lkankar) in
the sub soils.

(3) The colloidal complex of the soil is abnormally saturated with
sodium. The sub-horizons are sticky and impervious resulting
in a low rate of a laboratory permeability.

(4) The concentration of water soluble salts is generally within 0-25%
with sodium carbonate as the major constituents resulting in a
soil pH greater than 8°5,
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2. Faclors: During the third year after the introduction of
irrigation, Govinda Iyer and Subramanyam (1960) undertook a Etudy of ﬁha;—j
quality of canal and well waters and concluded that: (1) the canal water

was of low sodium and low salinify, (2) the water in the t«:ul onds of tha

distribntories and drainage from fields was alicaline and (3) the well watara.
wore of medium to high salinity with sodium comprising just ‘over Eﬂ,{’ of

the soluble cations on the average. Subsequent studies.on the quality of

water showed that the sult level in the well waters was falling off with more

and more irrigation. It follows therefore, that beforc fhe introduction of
irrigation, these well waters which were the only source of irrigation, were
much more saline with a greater percentage of sodium salts. = Due to low
rainfall and an undulating landscape, on irrigation with such saline waters
in the ayacut area, the accumulation of soluble salts were favoured in the
low lying areas. Depending upon the concentration and composition of
soluble salts more or less sodium became adsorbed by the exchange complex.
The replaced caleium was precipifated as caloium carbonate on'the soil mass.
Thus, salinization mainly existed before irrigation was introduced.

After irrigation was introduced the process of desalinization started
with full intensity, The soluble salts were leached out of the soil profiles.

When the salt content was thus reduced some of the adsorbed sodium ionised.

and picked up carbon-di-oxide fo form sodium carbonate; the soil pH rose,
the clay became dispersed and drainage within the profile got reduced. This
sodium carbonate also dissolves in the irrigation water when it reaches these
areas and is thus alkaline in reaction, |

In addition to this, the water table particularly in the valleys has
risen up and fluctuates within 1 to 5 thus restricting the internal drainage

which favours the accumulation of sodium carbonate within the zone due to

evaporation of water rich in sodiumn carbonate. This further accelerates the
process of soil decay described earlier.

Therefore, the main factor responsible for the genesis of these soils is
the inadequate drainage, both external and internal, the former due to either
& topographically low lying situation or defective drains and the latter due
to the oceurrence of a high water table during the cultivation season. These
soils are characterised by comparatively low' content .of soluble salts
(within 0-25%) throughout the profile due to the extensive scepage that
occurs, The abnormal adsorpfion of sodium by the soil exchange complex
under these conditions of the low clectrolyte content favours the hydrolysis
of adsorbed sodium, high dispersion of clay and the development of high
soil pH. Rapid hydrolysis of sodium clay is presumed by Agarwal and
Yadev (1954) to be also promoted by the monsoonic climato and higher
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temperature prevailing in the tropics. Extreme cases of soil deberioration

occur along shores of drainage ways where nothing but sand and kankar
nodules are seen.

B. The suitability of rapid diagnostic techniques for the Alkal; soils: The
date on I. 8. P. and pH of the profile soil samples were utilised $o test bhe
suitability or otherwise of the use of soil pH to estimate the T. 8. P. The
values of soil pH (x) and B. S, P. (y) obtained for the different soil samples
were plotted on a. graph and the scatter diagram (Fig. 1) thus obtained
shows a strong positive correlation betiween the values, with only 3% of the
values falling outside the range, Mean (9'15=1), The correlation co-efficient
(r) obtained is 0'96. This gives a value of 92% for the co-efficient of
determination which very well justifies the use of seil pH for estimating
E. 8. P. The following regression equation has been obtained for the data.

Y = — 595938 4+ 9230 x

The standard error for the predicted average value of . S, P, is
only 07T, The soil pH may therefore be used for estimating E. S. P. for the
soils of the Amaravathy ayacut area with reasonable precision and coverage.

s RELATIONSHIP BETWEEM EXCHANGEABLE-SODIUM PERCENTAGE (¥)e P(x)
(v=-595938+9 239 X) &

o

soiL PY (30)
@

v-

& a 12 I3 20 24 28 Az 36 40
EXCHANGEABLE-SODIUM PERCENTAGE (Y)

The alkali soils of the Amaravathy ayacut area show in general an
average pll value of 9-1.  The estimated 1. 8, I, for thesc soils is about 22°5.
A pH value of 8'0 or more invariably indicate an E. 8. ', value of 15 or more
and is in agreement with the results obtained by Agarwal and Yadev (1950)
working with saline and alkaline soils of Indian Gangelic alluvium.
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C. Reclamation: Govinda Tyer el al (1961) have concluded - after a
thorough study of crop growth response in these alkali soils that the crops
arow normally upto pH, of 8'5 which suggests an I. 8. P value of 19, Tt
fﬂ]]-:ms therefore that erop grown usually in the ayacut area tolerate an
E. 8. P. value of 19. Hence in any reclamation programme in: the ayacub
arca it is necessary to keep down the soil pH below 85 or the E. 8. P.
value 19, Thorne and Peterson (1954) have arrived at a simple formula for
estimating gypsum requirement (G. I.) in tons per acre foob of soil namely
@ R. =17, Na. x. where x represents the number of milliequivalents of
sodium to be replaced by caleium per 100 gms of soil.  So, for a soil having
a pH of 9 and so having an E.S. P. value of about 23 the gypsum
requirement as per the formula is 6'8 fons per acre foot of soil.

The reclamation of alkaline soils can also be effected by the use of
green manure crops, preferably grown in situ and ploughed in, which produce
earbonic acid and other organic acids during decomposition. Sanyasi Raju
and Govinda Iyer (1953) found that in sandy alkaline soils. green manure at
the rate of 5,000 to 10,000 Ib. per acre as a s0il amendment-proved more
effective than gypsum ab 5 tons per acre in promoting rice yield. Perhaps
the complete replacement of exchangeable sodium by caleium brought about
by gypsum makes the soil extremely porous and non refentive of water so
essentin]l for paddy. It follows, therefore, that Amaravathy ayacut area
soils also being of a Jight texture and paddy being mostly cultivated in the
affected areas, fhe dose of gypsum as obtained by the formula may prove
excessive and uneconomical, It was also found during the survey tours
that ryots were effectively reclaiming the affected soils by the application of
green manure alone at a rate of 7,500 Ib. per acre, followed by efficient
leaching. However, this process was found to be slow. Therefore, from
the practical point of view it is suggested that a quantity of gypsum nof
exceeding half the caleulated amount together with 5,000 1b, of green manure
per acre may be used with advantage for quick as well as efficient method of
reclaiming these affected areas.

Further, the specific nature which accounts for the non response to
irrigation in these alkali soils is the impeded drainage within the soil profile
and the high water table. Water logging occurs during critical stages of
the growth of crops. Therefore, a general improvement in the existing
drainage system and its maintenance in good repair are of paramount
importance for the permanence of reclamation in these affected areas..
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