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CHAPTER I
INTRODUCTION

Good and assured water supply 18 one of the important
factor for increasing agricultural production. The concen-
tration and composition of dissolved constituents 1in water
determine its quality for irrigation purpose. The quality
of irrigation water is the limiting factor in the irrigation
of many areas in India.

In India, out of total cultivated area of 163,9 million
hectares, only 35 million hectares are under irrigation
(Najgamvala, 1973). Out of the total irrigated area, about
41.% per cent is covered by canals, 26 per cent by open wells,
7.7 per cent by tubewells, 16,87 per cent by tanks and 8,10
per cent by other sources. The sources of irrigation waters
are different in different parts of India, but all waters con-
tain some quantity of soluble salts. Final results of the use
of such wvaters containing soluble salt is the development of
salinity, alkalinity or both.

In Meharashtra, out of 19.43 million hectares of gross
area sown, 1,43 million hectares are under irrigation. The
area irrigated by well waters in Maharashtra is about 57,38
per cent to net irrigated area (1969-70)., In Almednagar
district out of 1.3242 million hectares of gross area sown,
0.146537 million hectares are under irrigation. Area irrigated
by well waters in the district is about 4115%.80 hectares and
in Rehuri taluka it is about 8462 hectares.
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Jowar is the main cereal crop grown in Ahmednagar
district. The area of about 21044+0,71 hectares is under jowar
cultivation, mainly in rabi season, Of the total area under
jowar cultivation, about 20684,34 hectares are under irrigation.

Success of irrigated agriculture mainly depends upon
efficlent use of irrigation water, without allowing soil salil-
nity, alkalinity or water logging conditlons to develop. This
will need knowledge of quality of irrigation water and its
sultability to major crops of the region.

There are also mumber of methods which have been sugg-

ested for improving saline water in thils country for irriga-
tion purpose viz., 1) by dilution with good quality water,
2) by treating with amendments like gypsum, ferm yard mamre,
pressmud, basic slag etc. to reduce sodium hazard and (3) by
passing through lon exchange materials. Except dilution none
of these methods have been tried under field conditions.

The present work was, therefore, undertaken with two
main objectives :-

1) to assess the quality of well waters from the
University farm and the adjoining villages,

2) to assess the use of saline waters with amendments
for crop production on saline and non-saline soils.
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CHAPTER I
REVIEW OF LITERATURE

The main cause of declining the productivity of lacs
of acres of land in Punjab, Rajsthan, Uttar Pradesh, Gujrath
and Maharashtra State, is the influence of salts which are
present in solls. Now days the lrrigation facilities are in-
creasing in the State due to construction of head canals and
implementation of co-operative 1ift irrigation schemes. But
we should use these facilitles very wisely and properly. The
land becomes unproductive due to faulty irrigation practices
and use of poor quality irrigation water. So to aveld further
danger of salts accumulation in the soll, we should have a
thorough knowledge of the soil, quality of water, the behaviour
of soils and plants on its application and the ameloriating
agents which can improve the quality of water and/or neutralise
the effect of bad quality irrigation water on soils,

2.1 Quality of water :

The criteria used for the deciding the quality of waters
has been discussed by Agarwal R.R. and Gupta R.N. (1968). The
quality of river waters and canal waters in India has been
found to be very high order,(Marnn and Tamhane 1910, Trylor
et al. 1935, Venkataraman 1941, Asghar and Dhawan 1947, Agarwal
and Mehrotra 1952, Govind Iyer 1957). Well waters represent
two sources of underground waters namely - tube wells and shallow
wells. These walters are usually of varing composition which
usually depends upon the nature of the substrata and season.
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The major criteria used for the qualifyof irrigation
water are
1) Salinity expressed in E.C,
2) S.A.R,
3) HEO':;
k) C1
5) Boron
6) E,5,.C,
7) S.8.F.
8) Salt Index
9) Hardness
10) Gypsum equivalent
‘ Sometimes nature of salts present in iyrigation water
is more important than ite concentration. ZEwven we can use the
doubtful quality water without serious damage to soils end
crops, if we use it with precautions taken in irrigation and
s0il management (Thorne and Thorne 1951).
According to Scofield (1935), the maximum boron tole-
rance limit in lrrigation vwater and its classes are gliven as

under -

Table 2.1 : Classification of water Boron (ppm).
Bl B2 B3 B,+ B5
0,67 0.67-1.33 1.33-2.0 2.0-2.50 2.50

Magistad and Christensen (1946), have suggested the
limits of sodlum and born standards for irrigation vaters,
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Table 2,2 3 Limits for Sodlum and boron concentratlions in
wvater,

Class 85 P Boron content
(ppm)
I 60 0.5
II 6075 0.5~240
11X 7% 240

Magistad and Chrisenson found 0.l% ppm of boron in the
water of the lower Colorado river at Yums, Aringon and 0.71 ppm
in water of wells in the Coachella VYalley, California,

Smith (1949), have stated the suitability of irrigation
vater according to chloride content. The waters containing

75.8 meq per litre Chloride are not sultable for irrigation
purposes.
{ Eaton (1950), has suggested the limits for classifica-
tion of water according to B & C values, as under.

Table 2.3 : Limits for classifiecation of waber according to
R 8§ C values,

RsSC Class value Interpretation
1.2% meq per litre I Suitable
1.25-2.5 meq per litre 11 Marginal
2.9 meq per litre III Unsuitable

J Durand (1956), classified 40 waters of Algeria in
relation to their salinity, boron toxiclty and alkalinity.
Waters having conductivity upto 0,250 milliwhos per cm (C,)



6

were most suitable. Waters of 0,250-0.750 millimhos per cm
(02) were suitable for most of the plants, Waters with
0,750-2,250 millimhos per cm (03) can be used in soils with
good drainage, waters with above 2.250 (C,) were unsuitable
for most of the crops. The alkalinity was measured by the
means of S A R, Waters with ratio 0-10 (8;) were most sui-
table, water with 10-18 (Sa) vere dangerous for fine textu-
red and high exchange capacity soils. The waters having

S AR of 18-26 and above 26 are unsuitable for irrigation.

Agarxwal, Mehrotra and Gamwar (1956), analysed the
vaters from U,P, The quality of well waters were dependent
upon the nature of substrata and its ground water level,

Govind. Iyer and Subramanian (1960), analysed waters
from a locality of Madras for its quality. The canal and
river waters are of good quality, while those of wells. are
of medium quality.

,  Singh and Kazmwar (1963), analysed the well waters from
Palli (Amritsar) and found them to contain boron within safe
limit i.e. 0.33 ppm. But the boron concentration of the satu-
ration extract of the soll irrigated with those waters varied
from 1.42 to 2,90 ppm. which vas considered unsafe for sen-
sitive crops.

Sharme, et al. (1963), studied the underground waters
in lower luni catchment and arrived at conclusion that nearly
50 per cent of the waters are saline and 40 per cent are both
saline and alkaline on either sides of the river.
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Dara, Mehta and Pareek (1964+), reported the quality of
irrigation waters in Rajasthan., It was classified as saline
and alkaline, Canal vaters are of good quality while well
waters vary with soll types from moderately alkaline to highly
alkaline,

Babrekar gt al. (1965), reported that the changes in
the season brought sbout fluctuations in pH, T.5.5, content
and lonic concentrations. All waters were safe for irriga~
tion in rainy season because S S P wsg below 60. They have
analysed 15 samples from Agricultural College Dhuliaz Farm.,
They have also indicated the suitability of irrigation waters
according to S AR, 8 8 P and R & C values,

./ Hathani et al. (1966), found the range of boron in the
ground waters of the Chambala commanded area from 0,1 to 3.0
ppm. Boron increases with increase in E.C., pH, S AR and
R S C values.

- Talati et al. (1966), reported that with the gypsum
treatment, E.C. did not increase beyond 4+ millimhos per cm in
any salinity class of water., Fair correlation of incresse in
E.C. was observed with the increase in salinity class. The
S. A, R, values, except upto medium alkaline waters, did not
show any improvement in quality of waters, but 50 per cent or
more decrease 1is found with gypsum treatment. The R S C was
reduced to nii,

| Handa (1966), studied the quality of ground water in
Kutch and stated that the ground waters vary from medium to
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highly saline and can be used for irrigating plants with mode-
rate to high salt tolerance., Nost of the waters with higher
scdium concentration can be made suitable for irrigation by
addition of CaSO,', or some other chegp calcium salt.

./ Landey and Murty (1967), reported that the quality of
irrigation waters from Mysore State, They cbserved high to
very high salinity in the vater samples.

. ‘Satyanarayan gt al. (1967), gave the seasonal fluctu-
ation in quality of well waters. Iwo sets of well waters
were collected - one before the monsoon in the month of June
and second after the cessation of monscon, rains in the month
of October. After the rains, salt concentration in the well
waters was generslly reduced. Soil samples were also collect-
ed from areas irrigated by water of some of these wells and
analysed to study the effect of contimious use of irrigation
vater on them. The contimious use of saline water did not show
any apparent effect on well drained soils of the area, indicat-
ing that many waters apparently of questicnable quality may
actually be used with success, on light and well-dralned soils.

Shree Ramulu and Thyagarajan (1967), reported that the

saline well waters in the Periyane gamun area can be used succ-
essfully if proper management practices are adopted. The rest
of water found in the area can be used for irrigation without
any visk of sodium or salinity hazards.

./ Subramani and Varma (1969), stated that in evaluating
the quality of irrigation water, the result of analysis in the
laboratory have to be considered along with two important soil
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characteristics which have a bearing on irrigatlon, namely
s0il texture and permeability and the sall tolerance of crops
proposed to be irrlgated. They suggested that if the sum of
the class values in respect of conductivity, alkalinity, RS C
of a given water sample and class values in respect of soll
texture and permeability of the soil to be irrigated is eleven
or greater, the water is unsuitable for irrigation.

../ Tripathi, Singh and Dixit (196}), studied the quality
of irrigation water in semi-arid tract of U.P, Six hundred
samples obtalned from different districts were analysed to
assess thelr suitability for irrigation., The irrigation waters
have been found to be free from appreciable amounts of sodlum,
Salinity problem is serious with the waters of all the dis-
tricts which increases with aridity of the tract.

J Bhadrapur and Seshagiri (1972), analysed Tungabhadra
project canal, drailnage and seepage waters periodically for
one year to assess their suitability for irrigation. These
waters contained more salts in summer months., Due to the
high evapotranspiration in the summer months, it is advisible
to use seepage water for heavy irrigation with adequate drain-
age facilities, Otherwise there is risk from both salinity and
alkalinity hazards.

~ Govind Iyer, Jayachndran, Thandavaryan (1972), analysed
well waters of the Regional Agricultural Research Station,
Tindivanam in November 1969. Dwring this period of the year,
all the wells have ample water for irrigation to paddy and
other crops. All the waters were found to be quite suitable
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for the semi-tolerant crops like paddy, castor, groundnut
grown in the light textured soils of the farm possessing
moderate to high soll permeability.

.. Somavanshl and Sinha (1972), tested irrigation waters
from 117 places from Gwalior and Bhind, in northern districts
of M.,P, for suitability. The domlnating cations were divalent
ions Ca' and N§¥ and the dominating anions were HC'('}B, Ci, 85,:.
The concentration of Boron was withintpermissible limits but
that of nitrates varied widely. 8o the waters of northern
M.P. are of medium to high salinity but showed low alksall
hazard. Owalior waters were better than Bhind waters for
irrigation.

Sharma and Abrol (1973), have given the amount of
gypsum needed which will depend upan the quality of water, The
water testl report will contain data on the RSC expressed in
meq per litre. If the E.C. of water { & millimhos per ocm and
the water RSC is 2 or (2 then there is no necessity of adding
gypsum, But for every additional one meq per litre BSC value,
add % quintal gypsum per hectare of land irrigated by this
water. The application of gypsum shall have to be repeated
every year or every alternate year depending upon the impro-
vement attained,

2.2 Use of saline water for ¢ s

1) Effect on germination :

Malek T. Kaddah (1962), concluded that salinity levels
in irrigation waters upto 2000 ppm resulted in delayed germi-
nation but had litile effect on percentage germination,
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Malek T, Kaddah and Salma Ghowail (1964), found that
corn was quite salt tolerant during germination. But increa-
sing salinity delayed germmination and had no detrimental
effect on percentage of lmmergence.

Bhattacharya (1965), observed that 1,0 per cent salt
solution, some varieties of rice gave 100 per cent and others
below 50 per cent germination and there was also delay ln the
emergence of seedlings. Two per cent salt solution showed
very poor germination which was delayed to a very great extent.
Some varieties did not germinate at all., None of the varie-
ties germinated with 2.5 per cent salt solution,

Lall and Deore (1971), compared nine varieties of
sorghum for their salt tolerance at germination. Na2003 and
NaCl salts at 1.5, 3, 4.5 atm and 5, 8, 11 atm concentration
levels respectively depressed the germination. Highest levels
were more injurious. C.K. 60 A and CSH~1 showed salt tole-
rance while N.J, 156 and N.J. 164 showed higher susceptibility
during germination.

Singh and Singh (197%2), found the significant negative
correlations between electrical conductivity and the germina-
tion percentage ( r = -0.64% ) and SAR and germination
(r=-0.995). Na + Mg/Ca of irrigation water was positively
correlated with Na and Mg in plants,

1I) Effect on plant growih and development @

Kelley (1963), revealed that Cl appears to be decidedly
toxie to citrus trees. If the Cl concentration of irrigation

vater exceeds $ meq per litre the leaves of trees show
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burning along their margines.

Bains and Milton Fireman (1968), concluded that the
soll alkalinity or salinity caused drastic reduction in the
grovth of sorghum., The reduction wag even greater in the
presence of both alkai.;ni&y and salinity. The effect of alka-
linity and salinily were greater on the non~calcaricus solls
than on the calcarious soils., It i;é.lso concluded that the
adverse effects of salinity and alkalinity on plant growth
vas not reduced by fertilizers. BRather that a partlial res-
ponse to fertilizers may be expected where nutrient defici-
encies limit growth more than salt or alksli does.

Paliwal and Maliwal (1971), found that Malze was sati-
sfactorily grovn on irrigation water having salinity upto 28
meq per litre and SAR of 25 corresponding to EC_ of 6.5 milli-
mhos per cm and E,S.P. of 32. Application of normal doses of
fertilizers and mamares was more effective upto moderate levels
of salinity and E.S.P, Fertilization is of little value on
highly saline sodic soils,

Patel and Dastane (1971), observed the Leaching upto
10 per cent was favourable when saline irrigations were given
at a later stage of crop growth, There was decrease in salt
accumulation as the texture become lighter which may be of
long term advantage.

Maliwal and Paliwal (1972). In a pot culture using
artificlally salinked clay loam soil, the effects of fertili-
zers and Farm Yard Namure on the growth of wheat were studied.
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Growth was satisfactory when the soil EC e value was about
6.5 millimhos per cm and the exchangeable Na was 33 per
cent,

Paliwal (1972), found that there was an increase of
15 to 45 per cent in the growth of wheat, barley, maize and
bajra while irrigating with saline waters having total saltl
concentration upto 28 meq per litre corresponding to an E.C.
value of 6-6.5 millimhos per cm of soil solution and E.S.P.
of about 30.

Sinha and Dev (1972), cbserved that the use of sodium
water (12.8 meq per litre Na) drastically reduced the yleld
of berseem by affecting plant servival and growth.

1I1) mxmy&,wmmmm
avallabllity :

Wghhab and Zahir Hussain Shah (1952), indicated that
liming as compared to no treatment has increased the absor-
ption of Ca0 in the Sorghum plant, Sorghum grain and oats}
and also the uptake of P205 and nitrogen. The increase of
N in the plant is probably due to the fact that calcium sti-
mulates bacterial activity which helps fixation of nitrogen
in the soil.

Malek T. Kaddah and Salma I, Ghowail (1964), revealed
that the sum of total catlon contents of seedlings tops of
corn was not greatly affected by increasing salinity in the
substrata since any increase in one or more cations was com-
pensated to some extent by decrease in one or more other

cations. The reclprocal relationship between Ca + Mg were
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quite pronounced. Sodium salts induced moderate lowering
both Ca and Mg in tops. Ne in tops was generally low and was
1little affected by addition of other salts.

Lunin and Gallatin (1965), observed that catlon com-
position of the bean plant has been closely related to the
cation composition of the soil solution, although this is
not always true in all crops. The Ca and Mg contents of the
leaves were more affected by salinity than those of the stems
where as Na and K contents of stems were more affected than
those of the leaves. The N and P contents of plant were also
affected by soll salinity. In most instances, at a given
salinity level crop ylelds tend to be higher where solls are
adequately fertilized than where some nutrient deficiency
exists. Although optimum levels of fertilily are desirable
when using saline water for irrigation, one should not forget
that high rates of fertilization contribute significantly to
soil salinity.

Talati (1968), observed that there is beneficial effect
of saline water irrlgation on crop performance like tobacco and
Iabl vegetables, in Gujrath State,

Langdale and Thomas (1971), concluded that there was no
response cobtained from P fertilization., Significant inter-
actions occured for both dry matter and protein.N yields with
so0il salinity and N supply treatments. Soil salinity of 5.3
and 6.6 millimhos per cm yielded the most dry matter and
protein - N, respectively in the presence of N fertilizers.
Dry matter and proteln synthesis were seriously restricted at
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the 14, millimhos per cm salinity, however salinity levels
did not restrict N absorption by coastal bermudagrass.

Paliwal and Maliwal (1971), found that the absorption
of N, P, Ca, Mg, Fe, Mn and CHO content decreased and Na in~
creased in case of maize with the increase of salinity and
E.,5.P, Uptake of N,P, Ca and Mg eorrelated negatively with
the E.S.P, of solls and of Na correlated positively with the
E.,8.,P. and soluble Na content.

Paliwal (1971), observed that the Noj content of irri-
gation waters which significantly essdrelated with the availa-
ble nitrogen of the irrigated soils‘, seeus Lo Create a favou-
rable enviromment in root zone under saline substrata.

Poonia, Virmani and Bhumbla (1972), revealied that in-
creasing levels of Na saluration in the substrate have a
definite depressive effect on the uptake of applied as well as
native Ca by the plant. TIhe Ca content in the plant is posi-
tively and Na negatively related with the yleld of crop.

Shrivastava and Sharafat Ali and Dev (1972), found that
the aveilability of N and P in a slightly alkaline soil (pH
7.5) and in a strongly alkaline soll (pH 10.0) was increased
by the addition of 8-16 meq Ca followed by 3 wetting and dry-
ing cycles,

Yadav (1972), observed the grain yield of wheat de-
creased with increased conductivity of irrigation water beyond
8 millimhos per cm in sandy soil at Jobner, but leaching to
the extent of 15 per cent was found beneficilal for attaining
lover sgalt status and higher yield.
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Puffeles (1939), observed that if the very saline
water is used for irrigation under favourable climatic and
dralnage conditions, the salts will not accumulate, but
after some time alkaline soil will formed by base exchange.
This soil will eventually be useless for agricultural pur-
pose.

Kelley, Brown and Liebig Jr. (1940), observed that
the presence of absorbed Na in soils tends to affect their
physical properties adversely. The ratic of Na to Ca in the
solution has relatively great influence on the absorption of
Na, If this ratio is not greater than 2 to 1, very little
Na will be absorbed, but as this ratio exceeds 2 to 1 the
absorption of Na tends to increase proportionately. If the
soll is Ca saturated, less Na will be absorbed from a given
solution. If it is Mg saturated, very little Na is absorbed
from saline solls in which the ratio of Na/Ca i1s not greater
than 2:1, it does not follow that the application of a cou-
paratively dilute saline irrilgation water containing Na and
Ca + Mg in the ratio of 2:1 will have not deleterious effects
on the soil.

Hausenbuiller gt al.(1960), analysed the soils and
compared with composition of irrigation water. &ignificant
correlation were obtained between exchangeable Na in soil
and RSC content, SSP and SAR of the waters, The HCOE + 00'3'
dons increased the effective salinity of water while increas-
ing the SSP through precipitation of soluble Ca and Mg.
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Jacobs gt al. (1961), observed that the regression
equation between EC, of soll and EC;  for 26 solls 1is :

EC, x 103 = 1,08 ( BC, x 103) + 0.39. The correlation
co-efficient (0.86) is significant at 0,01 per cent level
and also found that the regression of E.S.P. of soil V/8
SAR of irrigation water. The quation is E.5.P, = 045 +
1.35 SAR, . The correlation co-efficient (0.81) is signi-
ficant at 0.01 per cent level.

Paliwal and Maliwal (1971), observed that the E.C.,
Ca, Mg, Na and K contents of poor quality, alkaline irriga-
tion waters from 86 wells vere significantly correlated with
those of the saturation extracts of the solls which were
irrigated with them. The SAR of both irrigation waters and
saturation extracts were significantly correlated with exchan-
geable Na percentage in the soils but there was no relation-
ship between SAR and exchangeable Na ratio.

Singh and Sharma (1978), concluded in investigations
with % S,+, C3S3 and 8381 waters, light textured solls were
less affected than heavier soils, 811t + clay increased with
depth, Ca,003, pH, exchangeable Na and Na saturation vere
greater and pore space was reduced in irrigated soils,

V) Reclamation of saline and slks 501l

P 3. priaube £ o datmivy

L 1)

Kibe and Narayan (19%l),noted that falrly large areas
of cultivable land in the Bombay, Karnatak was getting almost
barron. They added some of the more common amenduents like
¥.Y.M,, green manure, gypsum, sulphur etc. to saline soil
kept in pots and jowar growh in them. The effect of these
treatments were studied.
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Talatl (1947), applied different amendments like gypsum,
sulphur, sheep mamure, F.Y.M., compost, oll cakes and molasses
singly and in various combinations, in salty soils of Baramati

of Bombay deccan. Gypsun at 2.3 tonnes per acre gave signi-
ficant increase in yields,

Mathur, Singh, Bhshnoi and Brajendra Singh (1973), con-
cluded that the F.Y.M. greatly increased the yleld of paddy
even in the very first year over control, The significant in-
crease in yield of paddy due to F.Y.M, continued in the 2nd
and 3rd years too. Application of CaS(, decrease the yleld in
first year bul increase was significant from second year ounwards.
Ca012 showed significant increase in yleld afier 3 years.

2) Eress pud; ..

Dhar and Mukherjee (1936), emphasized the application of
molasses and pressmud in reclaining alkali soils. Thelr experi-
mental resulss showed that highly alkaline soils (pH 10.,8) can
be reclained by the applicatlon of molasses.

Talati (1947), proved much more promising from the re-
clalmatlion stand point 1s pressmud, a waste product of cane
sugar factory. This material contains on an average 50-5% per
cent organic matter, 0.8 to 1.0 per cenmt N, 2.9 to 3.0 per cent
phosphric acid 0.8 to 1.0 per cent K and 6.8 per cent lime,

Used elther alone or with molasses on markedly alkaline soils
at the rate of 2 to § tonnes per acre, it was proved successful
in Mysore, U,P,, Bihar and Bombay presidency.
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3) Sulphur

Lipman (1916), made the suggestion that the change of
sulphur to EESDE in the soil caused by the action of micro-
organisms might be employed for converting Na2003 into the
Na,S0, and meking productive the barron alkall lands.

Thomas (1936), reclained black alkali solls with sul-
phur, He used five different kinds of sulphur in the labora-
tory experiment and four in the fleld experiments. These were 3

1) Sulphur inoculated with the oxidising bacberium,

Thiobacillus thioxidans.
ii) Uninoculated finely ground elemental sulphur
iii) Uninoculated coarse sulphur

iv) Uninoculated colloidal sulphur

v) Uninoculated sulphur concentrated.

The first treatment i.e. of sulphur inoculated with the
oxidising bacterium showed best resulis as compared to the
other treatments.

Basu and Tagare (1943), found that the best reclaining
agent for alkaline soils is a mixture of sulphur and F.Y.M,
applied at the rate of 1/2 tonnes and 2 tonnes per acre res-
pectively. Molasses (10 tonnes per acre) was also found use-
ful but it proves less effective when compared with sulphur-
F.,I.M, mixture,

Fitts, Lyons and Rhodes (1943), stated that on the cal-
carious soil slick spots in Nebraska ouly, the 2727 kg of sul-
phur treatment had a marked effect on the pH and exchangeable
Na content. They found that sulphur was more effective than
gypsum or calcium chloride,.
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Somani (1972), conducted a field trial to reclain a
gsline~alkali soll, He used green mamare by dhalincha, and
F,Y.M. and gypsum and sulphur and their combinations. The
study has very clearly indicated that the combinations of
organic sources with inorganic amendments are superior over
sum of individuals. Of all the treatments tested, Sulphur +
ghaincha as green wanure has given the best results, The
bzaneficlal effect of various treatments are in the order of
sulphur + dhaincha > sulphur + F,Y.M. = gypsum + dhaincha

Yeypsunm + F,Y,M, > sulphur > gypsum > dhaincha F,Y.M,
control.
%) Gypsum @

Leather (191%), conducted experiments with different
treatments and came to the conelusion that the only treat-
ment which could reclaimed the 'Usar land' was application
of gypsum.

Temhane and Krishna (1930), found that CaBO, has given
the best resulis., It was also observed that in the case of
CaS0O, treatment, phosphate was not leached,

Isjur (1941), wrote as regards reclamation of alkall
Jlands, CaS% is only popular chemical at present recommended
all over the world. The usual maximum dose in the Deccan is
3 tonnes per acre,

Graveland and Toogood (1963), found that the gypsum
was an effective amellorating agent only when exchangeable Na
was (20 - § per cent of the total C.E.C., assuming that the
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effective solubility of gypsum in the field is about half
that of ils saturated concentration.

Padhi et al. (1965), stated that there was increase
in water percolation and Na removal from solonetzlic soils
with the application of gypsum.

Puntamkar, Mehta and Seth (1972), observed that the
gypsum and manure increased the yield of wheat (Sonora 64)
separately and highest yleld of wheat was recorded with 20
tonnes of gypsum per hectare alone, Xxchangeable sodium
decreased by 1.6 to 10.9 per cent while exchangeable calcium
increased upto 17.7 per cent,
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CHAPTIER III
MATERIAIS METHODS AND EXPERIMENTAL

The investigations presented in this thesis were carried
out with the following objectives and have been discussed in
two parts,

1) To study the seasonal fluctuations in the quality of
well water at Central Campus, Mabatma Phule Krishi Vidyapeeth,
Rahuri and its vicinity. )

2) Use of saline vater for crop production ( Jowar,

&;Hﬂl") .
PART I

i ) W )
3.1 Materlals :
3.1.1 Gollection of water sample :

The well water samples were collected from the Mahatma
Phule Krishi Vidyapeeth, Central Campus Farm, Rahuri and its
adjoining areas i.e. from Rahuri Factory, Digras, Pimprl Avghad,
Sade and Khadambe villages from Rahuri taluka. The samples were
collected during three seasons l.e. kharif, rabl and summer
(first week of July, 1973, first week of November 1973 and in
first week of March 1974%). The details of location of wells,
survey numbers etc. are given in table No. 3.1 and in map of
Mahatma Phule Krishili Vidyapeeth, Rahuri.

While collecting the samples, the bottles were rinsed
thoroughly twice with the water samples to be collected., Nearly
one litre of water samples were collected in clean plastic
bottles, stoppered tightly and brought to the laboratory for
analysis,
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Table 3.1 : Physical Information Regarding Selected Wells.

Sr. Villa- Sur~- Soil Depth Diame- Water Bulld- Water
No. ge vey type ter in bear- ed Non- is Remark
No. meters meters ing Build- used
forma- ed or
tion not
1 2 3 S 6 7 8 9 10
1 76 B M,Black 15 10 H.P, L Used Pollutrated
‘ by melassis
2 RAHURI 76 A M.Black 18 L L.Stone L Used -
3 FACICRY 70  N.Black 22 § H.P. L Used -
I 6l M.Black 16 3 Graval 1L Used -~
5 93 Lateritic 15 I Sand L Used -
6 1 Calcarious 12 7 L.Stone UL Used -
7?7 DIGRAS %ﬁ%— ¥.Black 10 3 L.Stone L VUsed -
8 16 Calcarious 12 5 L.Stone I Used -
9 96 M.Black 12 3 L.Stone 1 Used -
10 PIVPRI 149/2 M.Black 12 8 L.Stone 1L Used -
11 AVAGHAD 115 M.Black 15 L L.Stone L TUsed -
12 150 M.Black 15 5 L.Stone L Used -
13 153 M.Bleck 15 5,5 S.Stone L TUsed -
I g ADE W7 Alluvial 15 5 H.P, I Used -
15 150 M.Black 12 5 Graval L Used -
16 124 M.Black 13 5 S.Stone L Used -
17 119/1 D.Black 17 5 H.P. I. Used -
18 124 M.Black ik 5 H.P, L TUsed -
19 X51/3 NM,Black 13 6 H.P, L Used =~
20 103/3 R, Brown 16 5 Sand L Used -




A MAP SHOWING THE SELECTED WELLS OF M,P.K.,V. RAHURI

Scale - 2.5 em = 1 kn

® .. Selected Wells with
survey Nos.

===— ~-- Highway
cm——e == Canal

— Nala

Pimpri

o2
*2¥ 20! »
\‘ .

/166 ¢ 171 4
15he /

Khadanbe

>
3
5

Varavandi



25

The water samples vwere filtered through ordinary filter paper

2 i

3.2.,1 95 3 To412
The pH of water was determined with the help of Beckuan

pH meter with glass electrode assambly (Piper 1966),
3.2.2 Electrical conductlvity :

It was determined with the help of conductivity meter
(Elico) having cell constant 1,1 (U.S.D.A,, 1954%).
3.2.3 Alkalinity :

Alkalinity was determined by the potentiometric titra-
tion method at two equivalent points i.,e, at pH 4.4 angd 4.2
(Larson and Heniley, 1955).

3.2.4% Boren :
Boron wvas determined using carmine indicator and red

colour intensity was measured on spectronic 20 at 585 milli-
micron (Hatcher and Wilcox, 1950).
3.2.5 Hardness :

It was determined by titrating with E.D.T.A,, using
E.B,I, as dn indicator (Patton and Reeder, 1956).
3.2.6

These were determined by E.D,T.A, titrimetric method
using & N, NaQH, Ny C1-1B OH as buffers and ammonium purpurate,
E.B, T, as indicators respectively (Katz and Navone, 1964).
3.2.7 Sodlum and Potassium :

These were estimated by the flame photometric method,
using standard solutions of NaCl and KC1 respectively (Fox.
1951).
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3.2,8 Chloxide :

1t was determined by argentometric method using
potassium chromate as in indicator (Haren, 1889, A,0.4,C,1950).
3.2.9 Carbonates and Bicarbonates :

These were estimated by volumetric method titrating
with standard H,S0, using phenolphthaleln and methyl orange
indicators respectively (AP H.A,, AW, W.,A,, W,P.C.F,,1971).
3.2.10 Sulphgtes :

It was determined by turbidlty method. Barium Chloride
tubidity was measured on spectronic 20 at 420 millimieron
vavelenth (Rossum and Villarruz, 1961),

3.2.11 Nitrates :

It was estimated by phenoldisulphonic acid method on
spectronic 20 at 410 millimlcron refering to standard Agsou
solution (Taras, 1950).

All constants like S8AR, SSP, RSC were calculated in
terms of meq per litre.

Na
i) S8AR =
\J Ca * Mg
2
100
11) 8P = Ha L

Ca + Mg + Na + K 1

111) BSC =  (C0y + HCO,) - (Ca + Mg)

All values of constituents are taken in termms of meq
per litre.



Iwo dlfferent solils, one saline and the other non-
saline in character were used for this investigation. Surface
s0il samples (0-15 c;;rfgizézzrvey Nos. 61 and 24 at Central
Campus, Rahuri in the month of June 1973. Physio-Chemical
properties of the soils are given in table No, 3.2(a) & (b).

Table 3.2.(a) : Mechanieal Analysis

gzz Particle type Percent on alr dry basis
S.No, 61 S.No. 2%
1 Sand 27.82 25.13
2 841t (By difference) 42,10 23.15
3 Clay 30,08 51.72
4 Textural class by Clay loanm Clayey

triangular method

It will be seen from table 3.2(a) & (b) that the soil
from survey No. 61 is clay loam in texture and fairly rich in
all nutrients than that of the soil from survey No. 24. The
levelling was done in survey No. 24 in March, 1973, The ESP
and SSP of soils from survey No. 2% and 61 were 7.629, 42.99%
and 23.059, 66.797 respectively.
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Iable 3.2(b) : Initial Physico-Chemical Properties of soils.

Initial soils

Sr.

No. Property Unit Saline Nozmed
S.No, 61 8.No, 2

1 Moisture Per cent 14,900 13.600

2 pH - 8.250 8.000

3 E.C. muhos/cm 2.640 0.142

L. Organic Carbon Per cent 0.58% 0.330

5 Free CaCO3 Per cent 2,400 3.900

6 G.R, mg/100 g 894,400 206.400

7 €.8.C. meq/100 g 48,410 52.490

8 Total N mg/100 g 3%.000 30.000

9 Available P ng/100 g 21;.6\4-0 10,560

10 ZIExchangeable ng/100 g 340,740 184,990
Cations

Ca mg/100 g 113.870 3%41.870

Mg mg/100 g 73.370 100.870

Na mg/100 g 146,500 37.000

K mg/100 g 7.000 5.250

11 SAR - 4,845 0.505

12 ESP Per cent 42,995 7.629

13 g:gigngoluble mg/100 g 179.650 13,010

Ca mg/100 g 56.130 8,130

hg mg/100 g 2.630 1.130

Na mg/100 g 120,000 3.000

K mg/100 g 0.890 0.750

i Ssp Per cent 66.797 23.059
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3.3.2 Fertilizers :
The fertilizers used in the present investigations were

of chemically pure and their chemical composition is given in
table NO. 3.30
Table 3,3 : Chemical composition of fertilizers used.

Br. particulars Total N  Total P.,0 Total K,0
Yo, er cent 2”5
p per cent per cent
Ammonium sulphate 20,00 - -
Ammoniwm dihydrogen  16.20 61.70 -
orthophosphate
3 Potassium sulphate - - 46,10

3¢3.3 Amendments :

The four amendments used in the pot culture experiment
were mule dung, pressmud, sulphur and gypsum. The gypsum was
added on the basis of gypsum requirement of soils. Sulphur
was added equivalent to sulphur content in gypsum, Pressmud
was added equivalent to calcium content of gypsum. And mule
dung was added equivalent to organic carbon content of the
pressmud. The details of chemical characteriS and quantities

of amendments used are given in table No. 3.4(a) and (b).
Table 3.4(a) : Chemical composition of Amenduents used.

. SAUA A

Calcium per cent 1.20 3.60 23.28 -

Organic carbon per cent 17.33 33.90 - -
Nitrogen mg per 100 g 410 1290 - -
Phoephorus mg per 100 g 66 1848 - -

Potassium mg per 100 g 166 2482 - -
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Table 3.4(b) : Quantities of Amendments added.

Amerddments Soil from S.No,24% Soil from S,No,61
g/8 kg tonnes/ha g/8 kg Tonnes/ha
soil soil

lule dung 208.65 57 « 90k, 06 249.30
Pressmud 106,67 29, .42 462,20 127.46
Sulphur 3.07 0.847 13.31 3.67
Gypsun 16.51 4.59 71.5% 19.73
3.3. Haters

ihe two types of waters were used for irrigating the
solls. One water of 0363 Class which was saline in character,
artificially prepared in laboratory by addition of different
chemicals and other water was tap water having Clsl Class. The
quantities of chemicals added for preparing saline water are
given in table No. 3.5 and the chemical composition of both
the waters are given in table No, 3,6.

Table No., 3.5 ¢ Quantity of Chemicals added in distilled water
for preparation of saline water.

Sr, Quantity added in
No. Chenmical mg per litre
1 Calcium Nitrate 14,00
2 DMagnesium Sulphate 130,00
3 Sodium Chloride 197.00
4 Sodium Carbonate 106,00
5 Sodiwm bicarbonate 394,00
6 Potassium Nitrate 6.00
7 Potassium Sulphate 200,00
8 Amwonium Chloride 120,00
9 Boric acid 6.00
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Table 3.6 ¢ Chemical composition of waters used.

OT.  Charscter  Unit e Saline
1 pH - 7450 8475
f%:gﬁg%g:ity millivhos/em 0.171 1.,750-1,800
3 Caleium meq/litre 0.900 0.115
% lhagnesium  meq/litre 0.300 1,037
5  Sodium meq/litre 1.957 11.762
6 Potassium  meq/litre 0.029 2355
7 Carbonates meq/litre Traces 1.998
8 Bicarbondtes meq/litre 2.500 4,689
9 Chlorides  wmeq/litre 6.300 7.321
10 Sulphates  meq/litre 5.000 3.330
11 Nitrates meg/litre 0,036 0.108
12 Boron mg/litre 0,080 1.000
13 SAR - 24509 17.800
1% sSSP Per cent 61.420 77.030
15 BSC meq/litre + 1,300 +5.535
16 Water class - Clsl 0383
kR iet ig :
3.4.1 Ereparstion of soil sample :

After harvesting the jowar crop, soll sampies were
collected from 0-20 em. layer from each pot separately. Samples
vwere air dried and pounded in the wooden mortor and pestle,
passed through a 2 mm sieve and then used for chemical analysis.
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3..2 Nojsture :

It was determined by dehydrating known weighed soil
at 105°C in an electrical oven (4.0.4.C. 1950).

3.4.3 Mechanical analysis :

It was done by pippette method., Silt percentage was
determined by difference ( U.S,D.A, 195k).
3.4 Organic carbonp ¢

It was estimated by method as described by Walkley
and Black using diphenylamine as an indicator, 193k.
ek pH ¢

This was determined by using 1:25 soil water ratlo,
saturation extract on Beckman pH meter with glass electrode
assembly (Piper, 1966).

3.4.6 Ilectrical conductivity :

It was detemmined with the help of conductivity meter
(Elico) having cell constant 1.1. Soil-water ratio was 1:25
(U.5.D.A,, 1954).

3.%.7 Gypsum Reguirement :

It wvas estimated by adding 100 ml saturated gypsum
solution to 5 g soll and titrated with standard E.D.T.A,
solution using E.B.T. as an indicator (Schoaonover, 1952).

It was determined by CaCla extractant metbod using
centrifuge as deseribed by Hesse, 1971.
3.4.9 Iotal Nitrogen :

It vas estimated by macrokjeldhal method (Piper, 1966).
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3.4,10 Availsble Phosphorus :

Available phosphorus was determined by using sodium
bicarbonate as an extractant adjusted to pH 8.5. The colour
was measures on spectronic 20 using red filter at 660 milli-
micron (Olsen, @t al. 1954).

3.4,11 Available Potassium :

Using normal neutral ammonium acetate solutlion as an
extractant 5 gram of soil sample was taken and 25 ml of ammo~
nium acetate was added. Then shaken for 5 minutes and filtered.
Two drops of butyl alecohol was added and K was determined on
the flame photometer (Fox, 1951).

3.4%.32 Exchangesble Cations :

The extract obtained for determination of exchangeable
tK' was directly used for the determinations of exchangeable
cations,

1) Calelum and Magnesium :

These were determined by E.D.T.A, titrimetric method
using 4 N, NaCH, NE C1 - N OH mixture as buffers and ammo-
nium purpurate, E.B.T. as indicators respectively (Xatz and
Navone, 196k4).

2) Soddyn ¢

It was estimated by the flame photometric method, using
standard solutlon of NaCl (Fox, 1951).
3.4+.13 Water soluble cations :

The soil water suspension (1:2,5) was prepared and
filtered 1t after 30 mimutes constant stirring. The extract
obtained was used for analysis of Ca, kg, Na and K,



These were determined by E.D,T.A, titrimetric method
using 4 N. NaOH,NH Cl - NH OH mixture as buffers and ammonium
purpurate, E.B.I. as indicators respectively (Katz and Navone,
196k).

2) Soddum and Potasslum :

These were estimated by the flame photometric method,
using standard solutions of NaCl and KC1 respectively as
reference (Fox, 1951).

3.4.1% Preparation of plant samples :

The whole plants from each pot were air dried and
ground in Willey's mill, The ground sample Was used for de-
termination of total nitrogen. The ground material was also
taken for wet digestion for determination of PhospBorus and
Ca, kg, Na, K cations,

3.4.15 Wet digestion :

One gram of well mixed plant powder was taken in coniceal
flasks and 20 ml of nitric acld was added. Contents were then
slightly heated, cooled and then 10 ml of perchloric acid was
added, The material was digested until 1ittle colourless solu-
tion obtalned. It was then coaled and by addition of distilled
water, volume was made to 100 ml., filtered. This acid extract
was used for determination of phosphorus, Ca, lig, Na and K,
(Toth and Associates, 1948).

3.4%.16 Iotal Nitrogen :

It was estimated by micro-kjeldhal method (4.0.A.C,,

1950).
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3.4+.17 Phosphorus :
The phosphorus was determined from the diacid extract

by measuring the intensity of the vanadophosphomolybdate
yellow colour on spectronic 20 at 420 millimicron (Jackson,
196%).

3.4.18 Sodium and Potagslup :

These were estimated by the flame-photometric method
using standard solutions of NaCl and KC1 respectively (Fox,
1951).
3.4.19

lhese were determined by E.D,T.A. titrimetric method
using & N, NaCH, N, C1 - N OH mixture as buffers and ammonium
purpurate, E.B.T. as indicators respectively (Katz and Navone,
1964).

3.5  Statistical Analysigs :

The statistical Analysis ef varience method, correla-
tion-co-efficient and line of regression were done as per the
methods described by Panase and Sukhatme, 1961,

3.6  Experimental :

The earthen pots used in the experiment had a height
of 35 em and a diameter of 30 cm and were provided with a
hole at the bottom for removing excess of water. The pots
were rapped from inside by plastic cloth by keeping a bottom
hole open. Then pots were filled with rounded stones and
pebbles to a layer of 3 em thick and were mmbered serially.
Eight kilo of alr dried soil was filled in each pot.
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Ten pots were filled with soil saline in character and other
ten pots were filled with normal soil in each replication.

The details of the treatments used in the experiment
are given in Figure No. I. The amendments namely mule dung,
pressmud, sulphur, gypsum were thoroughly mixed with soils
filled in pots. The basal dose of fertilizers was also well
mixed with soils. Then the pots nmumber from 1 to 5 and 6 to
10 from each soll type were irrigated with artificlally pre-
pared saline water and tap water respectively. The drainage
sysiem of the pots were kept excellent. In all there vere
20 treatments and each treatment was replicated 3 times.
Therefore, the total mmber of the pots in the experiment were
60. The design was completely randomised design., Presowlng
irrigation was given on 26th September 1973. Ten seeds of
GSH“_ variety of jowar were dibbled in each pot insuring uni-
form spacing. The germination took place within 7 days after
sowing and five healthy plants in each pot were allowed to
grow after 30 days from sowing. The pots were kept in plastic
cloth house after 30 days from sowing.
3+6.1 Details of cultural practices :

i) Date of sowing : 27th September, 1973.

11) Basal dose : Total doses - N-125, P-75 and K-77
kg per hectare were given. Out of which N-90, P-75 and K-62
kg per hectare was given on 26th September, 1973 as basal dose.

1ii) Top dressing : After 30 days l.e. on 28th October,
1973, 35 kg per hectare N was given. After 60 days, tip
burning along with margines of leaves were observed in plants
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grown on soil from S.No. 24%. So, K was added at the rate of
15 kg per hectare in the form of K80, for both the soils.

iv) eg : Endrine was sprayed
with the concentration of 0,05 per cent after 8, 20, 40, 46,
64, 77 and 85 days from sowing.

v) Interculturing : Surface soil fram each pot was
stirred for better alraction and leaching. Interculturing
was done after 40, 65, 75 and 85 days from sowing.

vi) Irrigation : Irrlgations were given as under :-

After 8, 12, 21, 28, 39, 41 days from sowing at the
rate of 0.5 litre per pot and after 47, 52, 57, 62, 66, 70,
7%, 78, 83, 86, 89, 92, 95, 98, 101, 10%, 107, 109, 112 and
115 days from sowing at the rate of 1,0 litre per pot. Totally
26 irrlgations were given and 23 litres of water was given to

each pot.
vii) Harvesting : Harvesting was done 121 days after
sowing i.e. 23vrd Jamuary, 1974,

The morphological character namely height of the plant
was taken after 35, 70 and 90 days from sowlng. Germination
and earhead emergence observations were also recorded. Dry
matter yleld was recorded., Soils collected after harvesting
were analysed for pH, E,C,, Organic Carbon, G.R,, exchangeable
cations and water soluble cations namely Ca, Mg, Na and K, and
avallable Phospporus. Plant samples were analysed for total
nitrogen, phosphorus and Ca, Mg, Na, K contents,
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3.6.2 The pot culture experiment conducted, covered follow-
ing aspects :-

1) Effect of saline water alone and in combination with
amendments on chemical properties of two solls.

2) Effect of saline water and amendments on germina-
tion of Jjowar ¢rop in saline and non~-saline soils,

3) Effect of saline water and amenduents on jgwar crop
growth i.e. height of the plant, emergence of earheads and dry
natter yield at maturity stage in saline and non-saline solls,

) Effect of saline water and amendments on N, P, K Ca,
kg, Na content of jowar plant at maturdty stage in saline and
non-saline solls.

3.6.3 Abbreviations used in the present investigations :
3.6.3.1 Part-1 :

1) H,P, - Hard pan 2) L.Stone - Lime Stone

3) S.5tone - Sand Stone 4) L - Lined

5) UL - Unlined 6) S - Suitable or Soft

7) M.~ Medium 8) H - Hard

9) V,H, - Very Hard 10) NS - Not suitable
3.6.3.2 Part II

1) M.D, - Mule dung 2) P, - Pressmud

3) 8, - Sulphur 4) G. - Gypsum

5) C. - Control 6) 5,8, - Saline Soil

7) N.S. - Normal Soil 8) S,H, -~ Saline Water

9) TM, - Tap water









CHAPTER IV
RESULTS AND DISCUSSION

The ground well water samples collected from Rahuri
Factory, Digras, Pimpari Avaghad, Sade and Khadambe villages
and from Nahatma Phule Krishi Vidyapeeth, Central Campus
Farm were analysed for pH, E.C., cations, anions, boron ,
alkalinity and hardness. The analytical results of well
waters are presented in the Appendix I, The average analy-
tical values of various constituents of well waters, village-
wise and blockwlse are given in the Appendix Il. Similarly,
percentage classification of well waters on the basls of
different criteria have been presented in the Appendix III,
The well waters are classified according to U.S. salinity
laboratory classification on the basis of SAR and E.C. The
results obtained are discussed below.

b,1.1 Cations :

1) Calcium

The Calcium content of well waters from Rahurl Factory,
Digras, Khadambe and five blocks of the University farm showed
continues increase from kharif to rabl and rabi to sumnmer
seasons. But Calcium content of well waters from Sade and
Pimparl Avaghad showed no definite trend in its fluctuation
as per seasons.

2) Magnesium :

The Magnesium content of well waters from Rahuri Factory,
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Digras, Pimpari Avaghad, Sade, Blocks A, B-I, B-II increased
during rabl season. The Magnesium conetnt of well waters
from Khadambe did not increase during three seasons, while
kg content of well waters from block C and Dairy showed con-
tineous increase from kharif to prabi and ragbl to summer
seasons,

3) Sodium 3

The sodium content of well waters from a2ll five villa-
ges and blocks B-1, B-II and C increased in rabl season. But
there was no definite trend in increase of sodigrncontent of
well waters from the block A and Dairy as per seasong. On an
average sodlmm was the dominating cation in well waters,

%) Potassium :

The potassium content of well waters from all the
villages (except Rahurl Factory) and the blocks were found to
be increased in rabl and summer seasons than the K content
of well waters during kbharif season.

The cations contents of well waters from five villa-
ges and all the blocks of University farw at Rahuri showed
fluctuation during three seasons, Similar trend was obser-
ved by Babrekar gt al. (1965) and Satyanarayana gt al.(1967).
L.1.2 Anions

1) Carbonates :

The Carbonates conteats of well waters from Rahuri
Factory, Sade, Khadanbe, blocks A, B-II, C and Dairy increased
during summer season, while carbonates content of well waters
from Digras, Pimpari Avaghad and Block B-1 increased during
kharif season.
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2) Blcarbonates :

There was no fluctuations observed in bicarbonates con-
tents of well waters from all the villages and the blocks of
the University farm during three seasons, The values of bicar-
bonates content were higher than values of carbonates content
present in well waters through out the year.

3) Chlgrides :

The Chloride was dominating anion in the well waters
from all the villages and the blocks, throughout the year.
Slight increase in chlorides contents of well waters from all
the five villages and the blocks was observed in rabl season.

) Sulphates :

The average sulphates contents of well waters from all
the five villages and the blocks of University farm incfeased
with the season from kharif to rabi and rsbi to summer.

5) Nitrates :

Fluctuations in the nitrates content of well waters
from five adjoining villages and all the blocks of University
were observed during three seasons, There was no deflnite
trend observed in fluctuation of the nitrate content.

The analytical values regarding the anions content of
well waters from all the villages and the blocksof the Univer-
sity farm at Rahuri showed fluctuation during three seasons,
S8imilar trend was also observed by Babrekar et al. (1965) and
Satyanarayana et al. (1967).
+,1.3 pH Value :

The pH values of 93 per cent of well waters from all the
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villages and the blocks were above 7.5 which tends to be alka-
line in reaction, The pH values of well waters from all the
five villages and the blocks slightly changed during three
seasons.

4.1.% Electrical Conductlvity :

Electrical conductivity is an index of salinity. The
E.C. values of vell waters from five villages showed no change
during kharif and prgbi seasons. But E.C, was found to be in-
creased during sumrer season. Similar increase in the electri-
cal conductivity of well waters from block A and B-I was also
observed. There was no increase in electrical conductivity of
well waters from B-II and C blocks seasonwise. But the well
waters from Dairy block showed increase in E.C. values from
kbarif to summer seasons. About 94 per cent of well waters
from all the blocks of the University farm and about 72 per
cent of well waters from the adjocining villages had E.C.below
2250 micromhos per cm.
+.1.5 Boron :

Boron is essantial to the normal growih of 2ll plant,
but exceedlngly toxlic at conecentration slightly above optimum
limit (0.33 mg per litre for sensitive crops). The boron con-
tent of all the well waters was within safe limit. It was
below 1.33 mg per litre in all the water samples throughout
the year. Average boron content of well waters from all the
villages and the blocks, slightly decreased during ygbil season.
Frou the Appendix II1I, it 1s observed that 81.83 per cent of
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the well waters are of good qualiiy on the basis of boron con-
tent and suitable for most of the crops as per Scofield, 1936.
4,1.,6 Alkalinity :

Alkalinity is expressed in terms of mg per litre of
Caco3. The average alkalinity values of well waters from five
villages and University farm were 3%1.5% and 249.97 mg per
litre respectively. Alkalinlty of all the well waters l1n-
creased with the season 1.e. from kharif to rabi and rabl to
swnmer.

“.1.7 Hardness :

It is expressed in terms of mg per litre of CaCO3. The
average hardness values of all the well waters are above 180
mg per litre and these walers may be called as 'very hard' water.
“.1.8 Sodium Adsorption Ratio :

It gives an idea about the relative proportions or con-
centrations of sodium, calcium and magnesium, The average
SAR values of well waters from five villages and all the blocks
were 5,161 and 4,381 respectively.

On the basis of SAR values of well waters from all the
biecks of University farm, it is observed that 80 per cent well
vaters are under (S,) class which is most suitable for all the
soils and 9.5 per cent well waters are under (82) class, The
SAR values of well waters from five villages, it 1s seen that
55 per cent well waters are under (S,) class and 35 per cent
well waters are under (S,) class which will be dangerous to
fine textured with high exchange capacity of soils as stated
by Durand, 1956.



The relationships between SAR and E.C., values of well
waters from five villages and from the University farm for
three seasons are given in thetable 4+.1.1.

From the table 4,1,1, it is observed that the SAR values
and the E,C, values of well waters shovwed a positive correla-
tion throughout the year. The correlation co-efficicnts for
waters from the University farm were statistically significant
for three seasons. But the correlation co-efficients for the
well waters collected seasorwise from five villages were sta-
tistically non significant. The correlation co-efficient of
waters from the University farm during rabi season was highly
significant; while for other two seasons, it was significant.
The regression equations for all the waters are presented in
table 4.1.1 and also represented graphically in Figure II and
III1,

%.1.10 Soluble Sodiym Percentage :

2SP values for all well waters from five villages were
below 60 per cent throughout the year, except the well waters
from Sade. The SSP values of well waters from Sade during
kharif, rabi and summer seasons were 64,07, 66.3%, and 66,51
per cent respectively, The average SSF values of well waters
from the University farm were below 60 per cent which indicate
that the water may be safely used for irrigation,
%,1.11 Besidual Sodium Carbopates :

The average RSC values of all the well waters under study
were below 1.25 meq per litre and are probably safe for irriga-
tion as per Eaton, 1950.
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Table #.1l.1 : Relationships between SAR and E,C, Values of Well waters for three
seasons,

Relationship Seasons Correlation t value

Place coefficient ..o a1 Regression equation
0,05 0,01
Per cent Per cent
University Kharif 0.470 2,4975%* E.C.= 31,724 SAR + 546,103
farm blocks
Rabi 0.530 2.8305%* 2,074 2.819 E.C,= 84.2185 SAR + 639.789%4
Sunmer 0.500 2,707 % E.C.= 46,2  SAR + 806.278
A
Adjoim.ngt Kharif 0.352 1.10% E.C.= 91,155 SAR + 1461.733
villages to
the University Rabi 0.182 0.793 2,101 2.878 E,C.= 45,813 SAR + 1638.048
Swmier 0.29% 1.306% E.C.=148.378 SAR + 1524.3989

¥ 62W-L\cw»\* ok 005 per cont \c.u-vL-
ke bywicw& ak 001 pwr cendt levdd. E.C.= micromhos/cm



ELECTRICAL CONDUCTIVITY IN MICROMHOS PER CM,

3000

2700 |

2400 1

2100 ;

1800

1500

1200 |

900

600

300

FIGURE-II RELATION BETWEEN SAR VALUES AND E.C. OF WELL
WATERS FROM UNIVERSITY FARM FOR THREE SEASONS,

EC.= 31724 SAR + S4(" 103
E.C. = 842V3 SAR+€23'789.
E-C = 4{ 200 SAR t 80¢'2.7¢

RABI

’

SUMMER

KHARIF

g

10 15

SODIUM ADSORPTION RATIO




FIGURE-III RELATION BETWEEN SAR VALUES AND E.C. OF WELL
WATERS FROM FIVE VILLAGES FOR THREE SEASONS,.

e E.co= II'ISS SAR 4461 733, |

——————— E.C.= 4S5°8l3 SAR T+ 1638°948 .
ke S E-c. = 148378 sAR + 1524333 .|
5 Looo |
] - SWHMER.
o |
2
= |
@ L |
3 |
. ‘s
30 ’ |
A . |
. KHARIE
-
Qo
g 28
H
-
¥] .
A 2400 ' ~- . ) RABL.
3
L’ L
é 280 n
9 -
o — .
v —
0 o v
- @ ~ <
W (eo r ‘ ¢
Voo
goo
4o0 ¢
° v v .
S 0 s

SCPIUM RDECRPTLION RATIO.




PART II

The object of present investlgations, as already indica-
ted earlier, was to study the effect of water salinity with and
without amendments on chemieal characters of two soils, plant
growth, uptake of N, P, K and catlions by Jjowar plant, under pot
culture conditions. The studies were carried out on following

»

a) pH b) Organic Carbon

¢) Electrical conductivity d) Gypsum Requirement

e) Available Phosphorus f) Available Potassium

g) Exc eable Sodium h) Sodium Adsorption Ratlo
Percentage

i) Soluble Sodium Percentage
J) Exchangeable Cations :- 1) Calcium i1) Magnesium

iii) Sodium

k) Water Soluble Wations :- 1) Calcium 1i) Magnesium
1ii) Sodium iv) Potassium

+,2.2 Effect on pls growth and nutrient uptake :

a) Germination b) Height of the plant

c) Emergence of earheads d) Dry matter yield

e) Different elements contents

in plants -
1) Nitrogen ii) Phosphorus i1ii) Potassium
iv) Calcium v) Magnesium vi) Sodium

The results of the effects of soil salinity water salini-~
ty and amendments on soil properties and plant growth are dis-
cussed in succeeding paragraphs.
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“.,2.3 Effect on chemical characters of soils :
1) Soil pH :

The data pertaining to pH values are given in table
4‘2.1.

Table %.,2.1 3 Mean values of pH, Organic Carbon content of
soils as affected by saline water and

amendments,
Treatments pH gggagi.gtCarbon
M.D, 7.854 0.552
P.M, 7.879 0.546
8. ;:700 0.460
G. 7.887 0.2k
Control 8,141 0.kl
5501l 7.99 0.604
N, Soil 7.80 0354
S, Water 7.951 0,491
T, Water 7.833 0.488

The soil salinity and the water salinity had shown
increasing effect on Soil pH by 0.19 and 0.12 units respecti-
vely. The use of sulphur, M.D. P.M. and gypsum as amendments
have decreased soil pH as compared to the control. The addi-
tion of sulphur had shown better effect on reduction of soil
pH i.e. by O+ units as compared to the control. Other amend-
ments showed more or less same effect on decreasing pH wvalue.

Fitis, Lyons and Rhodes (1943), have stated that the
2727 kg of sulphur treatment had marked effect on reduction
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of soil pH, Singh and Sharma (1972), concluded that pH was
greater when solls irrigated with CI+S)+, 0383, C3Sl class waters,

The probable reason for reduction in pH, due to addi-
tion of sulphur is that, sulphur is oxidised into 803 and with
water, it is converted inte H,50, which had acidic effect,

2) Organic carbon :

Organic carbon gives an ldea about total nitrogen con-
tent of soils by G:N ratio. The mean wvalues of organic carbon
content of all treatments are given in Table 4.2.1.

All the amendments, had increased the organie carbon
content of soills as compared to control (O.%l}). The use of
Organic amendments had increased organic carbon content of
soils as compared with the use of chemical amendments.

3) Electrical conductivity of soils :

£,C. is the major character of soil to measure the
soil salinity.

The data regarding the E.C.of soils have been presented
in Taeble 4.2,2,

Table 4.2.2. 3 Electrical conductivity of soils as affected by
saline water and amendments,

Mean SE CD at
~ Saline Soil  Normal Soil

ments S.W. T.W. S.W, T.W. mhos/cn cent

M.D, 872,67 517.00 579.33 223.67 548.1 27.243 75.290
P.M. 1061.67 541,33 377.67 206.67 546.8

S. 744+.33 593.67 9530.00 252.33 520.0
G. 1070.67 315.33 666.00 346.67 599.6
Control 2167.00 1558.00 286.00 154%.00 1041,k

Mean micromhos/cm Soils : Saline ~-940.10 Waters:Saline-835.40
Normal~ 362.20 Tap -466.80

S.E.x 17.230
C.D.al5 per cent 7,617
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Soils, waters, amendments and all interactions are
highly significant except WXA interaction, which is only si-
gnificant. Saline soll and saline water significantly in-
creased the E,.C, of soils. Use of all amendemtns significantly
decreased the E.C., of soils as compared with control,

Many workers found the positive correlationshlp in
between E.C, i,v. and E.C, of solls (Jacobs et al., 1961, Kamwar
and Mehta, 1970; Singh and Bhumbla, 1968), According to
Paliwal (1961), concentration of soil solution increases from
1,03 to 7 times that of irrigation water for sandy to clay
loanm soils.

4) Gypsum requirement of the soil :

Gypsum Requirement is one of the measures, which can
judge the soil salinity. The data regarding the G.R. values
are reported in Table %.2.3.

Table 4,2.3: Gypsum requirement of soils as affected by
saline water and amendments.

Tregt- Saline Soil ~ _Nomxmal Soil Mean S.E. C-Dg
ments mg per + at
S.W. T.W. S.W. T.W, 100 g per cent

MJD. 321,066 206,400 366.933 298.133 298.13 25.262 69,81k
P.M. 206,400 114.666 412,800 34+.000 269.53
S. 309.600 172.00 3%4+.000 114,666 235,06
G. - -  275.200 80.266 88.86
Control 378.400 229,433 366.933 378.400 338.29

Mean mg/100 g Soils : Saline - 193,790 Waters: Saline-298.300
Normal - 298.120 Tap -193.800
S.E.t 35.726

C.D.at 98,732
5 per cent
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From the table %,2,3, it has been observed that soils
and waters had highly significant effect on G.R. and S x A
interaction was also significant. BReduction in G.R, value
was more in case saline soil as compared with normal soil.
Saline water significantly increased the G.R. value of the
solil.

The use of gypsum gave promising decrease in the G.R.
value of soils as compared with other three amendments and
control., While M,D,, P.N, did not differ statistically. The
k.D., P4, and control, also were sulpbur on par. By using
tap water with ms‘um as an amendment, there is reductlon in
the G.R., value of the saline soll.

Phosphorus is one of the major nutrient required by
the plant. The data pertaining to available P content in soils
have been given in Table 4.2, and graphically presented in
Figure IV.

Table k.2.4 : Available Phosphorus content of soils as affected
by saline water and amendments,

Tregt— MM Me;gﬁo 5,E, g.n.at
ments M, M. M, M, m E * ger
MDD, 81.546 56,906 37.546 51.040 56,76 7.740 21.390
P.he 319.733 182.453 74.506 99,146 168.96

S. 42.240 34,026 W+.586 L4.586 L1l.46

G. 22,293 19.946 19.946 86,826 37.25

Control 26.986 W4,586 17.600 64.533 40.25

Mean mg/100 g Solls : Saline - 83,070 Normal - 54%.030

S.E.x  4.895

C.h, at 13.528
5 per cent
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Soils and amendments were highly significant. All
first order interactions were highly significart, The second
order interaction i.e. S X A X W was significant.

In case of soils, saline soil had significantly more
available phogphorus. While in case of amendments, pressmud
has significantly increased avallable P content of soils.
Other amendments did not differ significantly. Saline soil
with the use of pressmud as an amendment has the best effect
in increasing available P content of soils. The reasons may
be that the high P content of pressmud. Shrivastava,Sharafat
Al1 and Dev (1972), found that by addition of Ca in soil, the
availability of P can be increased.

The high values of available P content in soils after
harvesting, may be due to high dose of appllied phosphate
(i,e. 795 kg P per hectare).

ae

Potassium is one of the most important element required
for plant growth. The data regarding exchangeable K content
of soils have been given in Teble 4.2.5 and graphically repre-
sented in Figure V.

Table 4.2.5 : Exchangeable Potassium content of soils as
affected by saline water and amendments,

Treat- Saline Soll = Nogmal Soil Mean §.E. C.D,
ments S.W. T.W, 6.W, T,W. mg/l00 g = at 5 per

n

MDD, 32,508 19.920 23.516 9,960 21.%/6 1,2277 3,3928
P.M. 18,536 11.896 18.398 9.54%5 14.59%
s. 16,046 7.608 15.493 7.331 11.620
G. 13.833 8.023 18.675 7.608 12.035
Control 183121 12,173 15.355 12.035 14,421
Mean mg/100 g Waters : Saline - 19,048 Tap - 9.610
S.E.x 0.7764
C.D.at 5% 2.1456
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Waters and amendments had significantly increased
exchangeable K content in soils at one per cent level. The
SXA interaction was also significant.

Irrigation with saline water have increased exchan-
geable K than the irrigations with tap water. The probable
reason may be the higherl:content of saline water. In case
of amendments, mule dung has shown the Sest inc¢rease in
exchangeable K, while others did not dlffer significantly.

S8aline water contalning KNOB was used by Talati
(1968), for tobacco and rabl vegetables, showed beneficial
effect. The presence of N03 and K ions in irrigation waters
have an ameliorating effect on soils.

The mean values of exchangeable Ca, Mg and Na are
given in Table L4,2,.6.
Table 4,2.6 : Exchangeable Cations (Cainléig, Na) content of

solls as affected by sal water and
amendments.
ST+ preatments
_No,
1 k.D, 273.5% 58.375 47,750
2 P.k, 265 .420 71.500 39.130
3 S, 265.170 58.750 31.041
b G, 285.210 78.333 25.291
5 Control 270.630 59.500 62.583
6 S.Soid 202.316 40,683 55.366
7 N, Soil 3M1.666 89.900 26.950
8 S.Water 265.250 70.966 59.900
9 T Mater 278.730 59.616 20,1416
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i) Calclum :

It is one of the elements which reduce the soill alkali-
nity.

The normal soll has more exchangeable Ca than that of
saline soil. The effect of waters was not so marked. The
exchangeable Ca in the saline soil decreased than the exchan-
geable Ca content of the normal soll,

In case of amendments, gypsum and mule dung have in-
creased exchangeable Ca, while other amendments have decrea~
sed exchangesble Ca content of soils as compared to control.
But magnitude of decrease due t0 pressmud and sulphur was
equal. Gypsum promisingly increased the exchangeable Ca as
compared to mule dung.

Puntamkar, Mehta and Seth (1972), observed that the
exchangeable Calcium was increased upto 17.7 per cent by
application of 20 tonnes gypsum per hectare in saline soll.

ii) Magnesiug *

Magnesium is also soill alkalinity reducing agent. The
mean values of exchangeable Mg are given in Table 4.2.6,

The exchangeable Mg content in normal soils was increa-
sed than that of the exchangeable Mg content in saline soils,

But saline water irrigations increased exchangeable Mg
content of soils as compared with tap water irrigations., The
Teason may be the higher Mg content of saline water as compared
to the tap water,

In case of amendments, gypsum and pressmud have increased
the exchangemble Mg content of soilsas compared to control.
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The addition of sulphur and mule dung as amendments have no
effect on exchangeable Mg content of solls.
iii) Sogium :

It is a very dangerous element if it is present in
excess amount., It leads to the development of alkalinity
in the soil. The mean values of exchangeable Na contents
under various treatments are given in Table 4,2.6.

The saline water has increased the exchangeable Na
content of soils, as compared with the tap water.

The application of €5, 0383, 0381 class waters in-
creased exchangeable sodlum and sodium saturation, (Singh
and Sharma, 197Q).

In case of amendments, the additlion of gypsum promi-
singly decreased the exchangeable Na as compared to the addi-
tion of other amendments.

The sequence of the amendments in decreasing exchang-
eable Na content of scils is as follow :

Gypsum ) Sulphur ) P.M, > MN.D.

Increasing amount of sodium removal from solonetzic
solls witn the application of gypsum was observed by Padhi
et al. (1965). Similarly Puntamkar, kehta and Seth (1972),
reported that by application of 20 tonnes gypsum per hectare
exchangeable sodium was decreased by 1.6 to 10,9 per cent.

The SAR and ESP values of solls are the parameters of
measuring soil salinity and/or alkalinity. The data pertain-
ing to SAR values and ESP wvalues of soils are given in Table
4,2.,7(A) and %.2,7(B) respectively.
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Table 4.2,7(A) : SAR values of soils as affected by saline
vater and amendments.

Treat- _.all.;}s.__.c.ll _Ij_o_mﬁ;___S_Q_Q__ Mean s.BE. C.D,at
ments S.W. sM, T,W, x 5 per
cent

k..  1.35% 0,737 0.671 0,111 0,719 0,03068 0,0848

Polie 1.257 0.568 0,431 0.085 0,58%

S 0,967 0.450 0O.449 0,080 0.489

G. 0.735 0.299 0.388 0.059 0,371

Control 1.880 1,017 0.771 0.191 0.953

hean Soils : Saline -~ 0,927 Waters : Saline - 0,891
Normal - 0.319 Tap - 0.3%5

S.E. + 0.01939

ED.at 0,0536
5 per cent

Table %.2,7(B) 1 ESP values of soils as affected by saline
water and amendments.

Ireat- .S_a.lmg.,cu__ &nma;__.o;.l Mean S.k. C.D.at
ments 9. % + 5 per
cent

IHQDQ 25o166 114'0686 100273 2.003 l3.032 0.361 0.996
Pol‘lo 22.663 110690 70826 10573 100938

8, 19.160 9.456 7.986 1.520 9.430

G. 1,323 6.153 6,330 1.083 6.972

Control 31.326 18.823 12,493 2,476 16.280
Mean % Soils & Saline - 17.349 Waters : Saline - 15.715

Normal - 5,316 Tap - 6.94%7

S.E, & 0.228

C.D.at 0.630
5 per cent
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A1l factors and first order interactions were highly
significant. Saline soil and saline water have increased the
SAR and ESP values of solls, significantly as compared to the
normal soil and tap water respectively. All the amendments have
significantly decreased SAR and ESP values of solls. Gypsum
has given best effect in decreasing SAR and ESP values of
solls.

Paliwal and Maliwal (1971), observed that the SAR of
irrigation water was significantly correlated with ESP value
of soll, Similar observations were made by Yadav (1970-71),
Singh (1966), and Jacobs gt al. (1961). SAR and ESP values
of soills were directly proportional to the sodium content
of irrigation water and soll, while inversaly proportional
to the Ca and Mg contents of irrigation water and soil.

9) Water soluble cations :

The mean values of water soluble cations are given in
Table W.2,.8.

Table 4.2.8 : Water soluble cations (Ca,lig,Na,K) content in
solls as affected by saline water and amendments.

_392 Treatments 2 Wate Mg ble T I a
1 M,D, 7 450 1,503 9.500 1.90%
2 Pulu, 13.730 2.283 7.510 1.420
3 S, 15.150 1.565 7710 1.16%
4 G. 20.470 2.158 5.990 l.392
5 Control 9.320 0.948 5.810 1.397
6 S.,Soil 14,480 1.94%3 9.740 1.575
7 N, Soil 11.600 1,440 5,770 1.099
8 S,Water 16.110 1.693 11,320 1.825
9 T, Water 10.230 1.689 4,180 0.849
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i) Calgium :

Water salinity has increased the water soluble Ca con-
tent of soils., The probable reason may be that the Na present
in ssline water might exchanger the adsorbed Ca by soil and
get it free in soluble form. All the amendments have increa-
sed water soluble Ca as compared to control, except M.D. The
effect of other three amendments in increasing water soluble
Ca i3 in the following order; Gypsum , Sulphur > P.h. Water
soluble Ca content in saline soll has been increased than the
water soluble ca content in non saline soill,

11) ¥agnesium !

Water salinity had more or less no effect on water
solublgl,\gontent of soils. The addition of amendments have
increased water soluble kg content of soils as compared to the
control, Gypsum and P.h. had better effect in increasing kg
content of soils than that of sulphur and M.D,

111) Sodium ¢

Water salinity and soll salinity have increased the
vater soluble Na content of soils in high amounts, The water
soluble Na was increased by addition of all the amendments
except the addition of gypsum, which has more or less no effect
on water soluble Na content of soil.

iv) Eotassium @

Water salinity has increased the water solulle K content
of soils The probable reason may be the higher K content of
saline water than that of tap water. The addition of M.D. and
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P.M. have increased water soluble K as compared with control.
Gypsum has more or less no effect on water soluble K content
of soils.

10) Solu sl 311,,’..:

The SSP is also one parameter to measure the soil
salinity or alkalinity. The data regarding SSP values of
soils are presented in Table 4.2.9.

Table 4,2.9 : SSP values of soils as affected by saline
water and amendments.

Treat-~ Saline Soll _ Noymal Soil ~ Mean  S.E, C.D,at
ments S.W. T.,W. S.W. TN, % x 5 per cent

M,D, %7.63 46,91 53.61 19.4% 41,89 0,7968 2.202
P.M. 26.66 33.78 W4+,06 14,59 29.77

8. ¥5.1% 29,0+ 31.83 8.96 28.7%

G, 27.08 19.84% 39.15 10,47 24,13
Control 49,22 50,07 54%.60 21,51 43.85

Mean % 8oils ¢ Saline - 37.530 Waters : Saline - 41,900
Normal - 29,820 Tap - 25.530

S.E, + 0.5039

c.D.at 1.3925
5 per cent

Soils, waters, amendments and all interactions have
highly significant effect on SSP wvalues of soils except WXA
interaction vhich was significant at 5 per cent.

Soil salinity and water salinity bhave significantly
increased the SSP values of soils, vwhile amendments have
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significantly decreased the SSP values of splls, except mule
dung. The addition of mule dung did not affect S0P values
of soils, But pressmud and sulphur have decreased SSP values
of soile as compared to mule dung and control. Gypsum has
the best effect in decreasing SSP values of solls.

L properties of

The chemical properties of two soils (Control treat-
ments) collected after the completion of the pot culture
experiment are presented in Table 4.2.10.

The following observations have been made after com-
paring the slssme chemical properties with initlal soil pro-
perties.

1) pH :

pH values of normal soill irrigated with saline water
have been increased while pH values of saline soll irrigated
with saline water have been slightly decreased.

11) Electrical conductivity :

In case of normal soil, E.C. was increased, but in case
of saline soll E.C. was decreased by irrigations with saline
waters. The probable reason may be the leaching of salts, due
to use of ample quantity of irrigation water.

Satyanarayana gt al.(1967), observed that continuous
use of saline water did not show any apparent effect on well
drained solls, indlcating that many waters apparently of ques-
tionable quality may actually be used with success on well
drained soils.
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Table %,2.10 : Effect of saline water on chemical properties

of soils.
%gz Property Unit Initia] sodls Soils afger
1 pH - 8.250 8.000 £.200 8.150
2 E.C, mzhos/cm 2,640  0.d42 2,167 0.286
3 Organic Per cent 0.584% 0.330 0.563 0.343
Carbon
% G.R, mg/100g 894.400 206,400 378.400 366.733
5 Available P. mg/100 g 2h.640 10,560 26.987 17.600
6 Eczggiggeable ng/100 g 340.740 484,990 331.203 465.526
Ca mg/100 g 113.870 341.870 166.66% 319,997
Mg mg/100 g 73.370 100.870 W7.W4y  77.497
Nz, ng/100 g 146.500 37.000 100,247  53.290
X mg/100 g 7.000  5.250 16,955 @ 14+.742
SAR - lr 845 0.505  1.759 0.691
ESP Per cent 42,995  7.629 30.268  11.lh47
Water ng/100 g 179.650 13.010 19.918 12,695
soluble
cations
Ca mg/100 g 56.130 8,130  8.336 5.003
Mg mg/100 g 2,630  1.130  0.663 0.503
Na. mg/100 g 120,000 3,000  9.753 6.376
K ng/100 g 0.890 0.750 1.166 0.813
10 &SSP Per cent 66.797 23.059 49,223 49,82

1i1) Organic Carbon :

The organic carbon contents of both the soils collected after
the harvesting of cropigruwn by irrigating with saline water were
found to be more or less equal,
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iv) Gypsum requirement i

The G.R. of saline soll was reduced while that of
normal soil was lncreased.

v) Ayailable phosphorus :

Available P content of both soils collected after har-
vest of the crop have been increased. But magnitude of increa-
se in normal soil was higher as compared to saline soll, The
probable reason for increase in available P in both the solls
may be due to addition of higher dose of P fertilizer initlally
(75 kg P per hectare).

vi) Exchangeable cations :

There was decrease in total exchangeable cations in
both the soils. But magnitude was greater in case of saline
soll. Exchangeable calcium content of both the soils were
decreased by 25 mg/100 g of soil, Exchangeable magnesium was
also decreased in both the soils, In case of sodium, it was
increased in normal soil and decreased in saline soll. The
reason may be that the SSP values of Saline scil was 66.797
per cent., 8o there was more possibility of leaching of sodium.
The potassium content of both the soils was highly increased.
It may be due to the higher K content of saline water i.e.
2.355 meq per litre.

Both these values were lncreased in case of normal soil,

while these were decreased in saline soil.
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viii) Water soluble eations :

These were increased in case of nomal soll while they
were decreased in case of saline soil. The Ca and Na were
increased in normal soil, while they were decreased in saline
soil. Magnesium was decreased in both the soils. As regards
K, it was increased in both the soils becauséf&ﬁes higher K
content of saline water than that of tap water,

ix) Soluble sodium percentage :

The SSP of saline soil was reduced while of normal
soil, it was highly increased.

%.2,5 Effect on jowar plant :

1) Germination :

At 6 days after sowing 8%.33 per cent germination took
place. This indicates that there was not so much influence of
saline water on the germination of jowazx.

The data regarding germination of Jowar at 6 days after
sowing are given in Table 4.2.11.

Table W.2,11 3 Effect of water salinity and amendments on ger-

mination of jowar crop at 6 days after sowing
in saline and non saline soils.

Treat- Saline .Se@ij} Normal Soil NMean ©S.,E, C,D.at
S.W I.W, S.W, I.W X

ments oW . Ars. 5 per
Tran, cent

h.D.  61.223 72.783 68.853 75.000 69.465 9.1365 25.2496
Pulie 59.006 68.853 68.853 83.853 70.142

S. 61,223 57.000 70.776 61.223 62.556

G. 61.713 59.706 66.636 83.853 71.311

Control 59.216 63.930 72.783 70.076 66.502

Mean Soils : Saline - 62.466 Waters : Saline - 65.029
Ars.Iran. Normal - 72,191 Tap - 69.628
S.E.x 1.9117

C.D,at 5.2831
5 per cent
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At six days after sowing, the germination of Jjowar was
significantly reduced in saline soll, The reason may be that
the osmotic pressure of soil solution is increased which will
affect the absorption of water and mutrients required for ger-
mination,

Malek T, Kaddah (1962), Malek T. Kaddah, and Salma I,
Ghowail (1964), Lall and Deore had stated that the increassing
levels of salinity delayed germination and had no detrimental
effect on pewessh goermination percentage, Singh and Singh
(1972), found the negative correlation in between E.C. and
germination percentage.

.a

2) Morpholog

The effect of water salinity, soil salinity and
different amendments under study on the morphological chara~
cters of jowar are discussed below,

I) Height

The observations on height recorded at 35, 70 and 90
days after sowing are presented below.

1) Ihixty five days :

The data pertaining to the height of jgwar plant at 35
days after sowing are given in Table &,2.12(A).

Solls, water andamendments have highly significant effect
on height of the plant. 8aline soil and saline water have
reduced the height of plants as compared to the normal soil and
tap water respectively. In case of the amendments, pressmud
has the best effect in increasing height of plants, There vas
no statigtical difference among M.D., Sulphur and gypsum which

wvere used as amendments.



Table k4.

N

2.,12(4) s+ Effect of water salinity and amendments
on helght of Jjowar plants at 35 days after
sowing in saline and non saline solls.

Treat- w Normal Sgil Mean S.,E, CD.at 5
ments S, T.W. S.W, T W, om t, per cent
}.D. 7.95 947  9.52 11.07 9.500 0.3583 0,9901
Polus 8,80 10,97 10.87 12,47 10.77%
8. 9.33 8.68 8.89 11.00 9.476
G. 7.55 9.87 10.27  9.20 9.221
Control 5.20 6.80 8.68 8.47 7.288
Mean em Soils : Saline - 8.k62 Waters : Saline - 8.705
Nommal - 10.042 Tap - 9.798
S.E, £ 0,2264

C.D.at §
per cent 0.6256

11) Seveniy dayg :

The data regarding to height of plants, at 70 days
after sowing are presented in Table 4+.2,12(B).
Table 4%,2,12(B) : Effect of water salinity and amendments on

height of jowar plants at 70 days after
sowing in saline and non saline soils.

Treat= %mﬁm&_ Normal Soil =~ Mean S.E. CeD.at 5
ments S, TM, S.W, T,W, aem + per cent
M.D.e 17.00 19.00 21.10 21.27 19.592 0.797% 2.2036
PJu. 17.53 21.97 20,83 23.53 20.967
8. 18.40 17.70 20.37 21.47 19.483
G. 14,10  18.73 20.27 18.07 17.792
Control 10.53 12,73 17.30 17.40 14,492
Mean em Soils : Saline -~ 16.79
Normal - 20,16
S.E.+ 0.5043
C.D.at 11,3936

5 per cent
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Soils and amendments have highly significant effect
while S x W interaction has significant effect on height of
the plant at 70 days after sowing. Soil salinity has reduced
height of the plant. The amendments namely F.l., M.D. and
sulphur have increased height of plants significantly over
gypsum and controlj while M.D. sulphur, gypsum have signifi-
cantly increased height of plant over control.

11i) Nipety days :

The data regarding height of plants at 90 days afler
sowing are presented in Table 4,2.12(C).

Table 4,2.12(C) 3 Effect of water salinity and amendments on

heiggt of Jowar plants at 90 days after
sowing in saline and non saline soils.

Treat- Saline Soil  Nommal Soil = Mean &. E,
ments S.W. TI.W, S.We T.W. cn *

M. D. 38.00 30,00 34%.50 37.33 3125

P.he  33.00 31,50 35.00 32.50 33.000

S. 41,00 47,50 38.66 27.83 38.750

G. ¥7.50 50,00 36.50 30.83 41.208
Control 41.33 42.00 38.66 24,00 36,500
Mean cm Saline Soill - 40,18 Normal Soil - 33.25
S.E.+ 1.503

C.D.at L.154

5 per
cent

Solls have highly significant effect on height of
Jowar plant, Saline soll has significantly increased height
of the Jowar plant at 90 days after sowing.0ther treatments
were statistically nonsignificant.
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Effect of saline water and amendments on the height of
Jowar plants grown in saline and nonsaline soils is graphica-
1lly represented in FigureVl,

Bain and Milton Fireman (1968), Sinha and Dev (1972),
observed that soll salinity or alkalinity drastically reduced
the growth of sorghum and berseem respectively. But Paliwal
and Maliwal (1971), found that maize was satisfactorily grown
on irrigation water having salinity upto 28 meq per litre and
SAR of 25, Paliwal (1972), also stated that there was increa-
se of 19 to 4% per cent in the growth of wheat, barley, maize
and bajra while irrlgating with saline waters upto 28 meq per
litre salinity.

3) Epergence of earheads :

At 88 and 112 days after sowing the masw®em® cumergence of
earheads were 30 per cent and 63.33 per cent respectively.

1) Eightyelght days

The data pertaining to emergence of earheads at 88 days
after sowing are presented in Table 4,2,13(A).

Soils and amendments are highly significant while S8 x A
interaction is significant. Saline soil has significantly
increased the emegence of earheads. The use of P.-.., M.D. and
sulphur as amendments have increased the emergence of earheads
as compared to gypsum and control. There was no statistical
difference in between P,M, and M.D. and sulphur in increasing

the emergence of earheads.
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Table &,2.13(A) : Effect of water salinity and amendments on
emergence of earheads of jgwar crop at 88
days after sowing in saline and nonsaline
soils.

Treat- 8 ) _gxggl_~g11~ Fean S.E, C.D.at 9
ments S, T.W, S.W, W, Ars. + per cent
TIran,

kD, 5%.22 55.37 18.85 25,00 38.362 4,46 12,3378
P.k‘to 71015 72.29 26.15 26.56 l|-9.038

S. 46.92 41,7% 33.%9 26.15 37.053
G 36.93 21,93 17.71 8.85 21,355
Contral 8085 8.85 8065 - 6.61"‘0

ﬁean Saline Soil - 41,827 Normal Soil - 19.163
rs,
Tran.

S.E.t 2.8235

C.D.at 7.803
5 per cent

i1) One hundred and twelve days :

The data regarding emergence of earheads at 112 days
after sowing are given in table 4.2.13(B).
Table 4,2.13(B) 3 Effect of saline water and amendments on

emergence of earheads of Jjgowar crop at 112
days after sowing in saline and non-saline

-S0il.
. Sallne Soil _szal_,g;;_ Mean S.E. C.D.at 5
glgxeﬂa’;g S.W. T.wW. S.W, I.W, Ars. + per cent

kD, 81l.15 90.00 28.85 30,00 37.500 h,38%3 12,116
P.Ms 90.00 90.00 81.15 38.85 75.000
S. 90.00 81.96 56.51 34,22 65.673
G. 90,00 90.00 34%.63 17.71i 58.084
Control 55.37 59.22 41,93 26.56 45.769

Mean Ars,.Tran. Soils ~ Saline - 81, '769 Waters:Saline ~ 6%.958
Normal - 39.37h Tap -~ 59.852
S.E.x 2.7729

C.D.at 7.663
2 per cent
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Soils and amendments, S x A interaction were highly
significant while waters and 8 x W interaction were signifi-
cant. Saline soil and saline water have statistlcally
increased theanergence of earheads as compared o normel soil
and tap water respectively. The addition of P.l. and sulphur
have statistically increased emergence of earheads as com-
pared to the addition of other amendments, These two amend-
ments were also on par with each other. Sulphur and gypsum
vere alsc on par with each other, but were significantly
superior over control.

) Dry matter yleld :

The dry matter yleld gives an idea about the effect
on yield, The data pertaining to dry matter yleld are given
in table 4,2,1% and graphically presented in Figure VII,
Table &.2.,1k 3 gg{imatter yield of Jjgwar crop as affected by

ne water and amendments in saline and
non-gsaline soils.

Ireat- §ggigg_§g%1_ Ngﬁmg; Sg%; M S.E. C.P.at
ments S.W., T.W, S.W, TN, g7§§ént + per 2eng
M.D. 4,846 3.700 5.120 3.126 4.198 0.3563 0.9847
P.M. 54966 5.260 5,320 &,473 5.259
S, 6,126 6,073 6.880 4.000 5.770
G. 6.33 6,667 6,220 3.733 5.843

Control 5.253 4W.773 6.600 2.773 4.850

Mean Soils - Saline - 5,530 Waters - Saline - 5,897

g/plant Normal ~ k4,824 Tap -  b.458
SoEoi 002253

GOD.at 0‘6226
5 per cent
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Waters and 8 x W interaction were highly significant,
while solls and amendments were significant. Soil salinity
and water salinity have significantly increased the dry
matter yield of Jjowar. The reason may be the high fertility
status of saline soil and higher K and No3 content of saline
water. The addition of gypsum, sulphur and pressmud have
significantly increased the dry matter yield than the addi-
tion mule dung and control. Gypsum, suWlphur, and P.M,,
control did not differ significantly.

Lunin and Gallatin (1965), observed that at a given
salinity level crop yields tend to be higher where solls are
adequately fertilized than where some nutrient difficiency
exists, Talati (1968), revealed that there was beneficial
effect of saline irrigation wvater on crop performance like
tobacco and rapi vegetables, in Gujrath State. In Farukhabad
district of Uttar Pradesh, very high yields of cash crop like
potato and tobacco have been obtained without any fertilizer
by using saline waters having high nitrate content (Mehrotra,
1969). Bhumbla gt al. (1964), reported that in sandy soils
appreciable reduction in yield of wheat and naize fodder
occured only when the &.C, of water was more than 11,000 micro-
mhos and in this soil, SAR upto 16 did not have much effect.

5) Different elemets content in the plant :

The effect of water salinity with and without amend-
ments on the content on N, P, K, Ca, Mg and Ila in the jowar
plant grown on saline and non-saline soils have been discussed
as under.



70

i) Nitrogen :

Nitrogen is one of the important constituent of protein,
The data pertaining to nitrogen content of jowar plants are
presented in table 4.2.,19 and graphically represented in
Figure VIII.
Table +.2.15 ¢t Nitrogen content of jowar plants as affected

by saline water and amendments in saline and
non-saline soils,

Treat- Saline Soil = DNormal Soil Mean  S.E. C.D.at §
ments S.W, T.W. SWe ToWe mg/ + per cent
100 g

M.D. 879.60 822.66 815,66 ¥34,33 738.08 6,7684 18.705

P.M. 990.00 685.33 945.66 331.00 738.00

8.  1010.00 %93.33 1074%.00 1287.00 966.00

G. 813.00 W1k,66 887.33 120.33 558.83

Control 975.33 385.00 746.66 410.00 629.25
Mean Soils : Saline - 746.900 Waters : Saline -~ 907.067
mg/100 g

Normal -~ 705.200 Tap - 538.367

S.E.x  L4.2807

C.D.at 11.830
5 per cent

From the data given in table %,2.15, it is observed
that all treatments and interactions were highly significant
except 5 x W interaction.

Saline soil and saline water have significantly
increased the N comntent of Jowar plant. The addition of
sulphur showed best results in increasing N content of Jowar
plant, Gypsum was found to be inferior in increasing
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N content of plant even in comparison with control., Mule
dung and pressmud were on par :?.ncreasing N content of Jjowar
plant. Paliwal (1971), observed that the N03 content of
irrigation water was significantly correlated with available
N of the irrigated soils and create favourable envirorment
in root zone for absorption under saline substrata.

11) Phosphorus :

Phosphorus is another important compound present in
plant. The data regarding P content of plants are given in
table 4.2,16 and graphically represented in Figure IX.

Table 4,2,16 : Phosphorus content of jowar plants as affected

by saline water and amendments in saline and
non-saline solls.

Treat- Saline Soil = Norpal Spll Mean S.E. C.D.at 5
ments S, TM, SW. T.W., mg/ + per cent
100 g

N.D. 1150 683 659 %67 739.6 37.116 102,573

P.M. 690 657 690 682 679.6

S. 467 473 626 602 542.0

G. 753 650 L6y 714  645.9
Control 508 370 618 450 L486.6
Mean Waters ¢ Saline - 662,90 Tap - 974%.70
ng/100 g 9 ap - 57%.7

S.E.x 23.47%

CoDcat 5 &0858
per cent

Amendments and first order interactions like S x A and
W x A were highly significant., While waters have significant
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effect on P content of the plant., Irrigations with saline
water have increased P content of jowar plant as compared
to the irrigations with tap water. The addition of M.D.,
P... and gypsum have significantly increased P content of
jowar over addition of sulphur and comtrol. The amendments,
i,e, k.D,, P.M, and gypsum were on par with respect to their
effect on P content of jowar planat.

Wahhab and Zahir Hussain Shabh (1952), observed that
the liming as compared to no treatment had increased the
uptake of P205 in sorghum plant. Iunin and Gallatin (1965),
also reported that the P content of plants were affected by
soil salinity.

1i11) Catlon contents of plants :

The cations in plants are most essentlial for the
physiologicel functions of plants. The average values of
calecium, magnesium and sodium content of jowar plant are
given in table 4,2,17(A).

Table 4.,2.17(A) : Mean values of calcium, magnesium and
sodium content of jowar plants as affected

by saline water and amengments in saline
and non-saline solls.

eatments 8 peg/l00 g g mes/ 1l g mg/l00 g
M.D. 1005,00 212.00 11,670
Polis 80,00 276.00 12.750
S. 588.33 192,00 10,730
G. 625,00 263,00 10.94%0
C. 890.00 270.00 11,040
S. Soil 622.00 221,60 11.625
N, Soil 1041.33 263,60 11.625
§. Water 836,67 278.00 14,375
T. Water 826.67 207.20 8.875
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a) Caleium :

The calcium content of Jowar plants grown in normal
soll was increased than the calclum content of Jjowar plant
grown in saline soll, There was no such effect on Ca content
of plant by application of saline water and tap water. Mule
dung has showed good effect in Increasing Ca content of
plant as compared to the control, while other amendments
have decreased the calcium content of jowar plant.

b) Magnesiwp :

The Mg content of Jjowar plants grown in normal soil
was increased than the Mg content of jowar plants grown in
saline soil, But irrigations with saline water have increa-
sed the Mg content of plants over irrigations with tap
water., In case of amendments, only pressmud has increased
kg content of plant over control. Other smendments have
decreased lg content of joway plants.

¢) Sedlup ¢

Sodium content of jgowar plants grown in saline and non-
saline soils did not differ at all. But irrigations with
8aline water have increased Na content of plants than that of
tap water irrigations. The addition of M.,D,, and P.M, have
increased the sodium content of plants while the addition of
sulphur and gypsum have decreased it over control.

d) Potassiup :

The data pertaining to K content of jowar plants are
given in table 4.2,17(B) and graphically represented in
Figure X.
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Table %.2.17(B) : Potassium content of jowar plants as
affected by saline water and the amend-
ments in saline and non-saline solls.

Treat- §m§g_;%__ gg%ﬂm Mean S.E. C.D,at §
nents SJW, T W, S, T,W, ng/ + per cent

100 g

K.D, 15%9.33 1148,16 1992.00 95450 1411,00 128,3857 354.81
P.h.  2185.67 2365.50 1922.83 1701.50 2043.87

8. 2268.67 1051.33 1092.83 1577.00 1479.45

G, 1577.00 926.83 1383.33 1687.67 1393.70
Control 1314,16 1604,67 1189.67 1335.50 1411.00

S.B.x

The amendments were highly significant in increasing K con-
tent of plant, while SxWxA interaction was significant, The addi-
tion of pressmud has significantly increased the K content of
plants over the addition of ell other treatments. The rsazon may ‘'«
that the K content of added pressmud was higher.

lunin and Gellatin (1965), observed that the Ca and Mg con-
tents of the leaves were more affected by salinity than those of
the stems, where Na and K contents of stems were unore affected
than those of leaves. Pallwal and Maliwal (1971), found that the
uptake of Ca and Mg is negatively correlated with the ESP of soils
and of Na positlivaly corrszlated with the BSP and soluble Na con-
tent. Poonia, Vimani and Bhumbla (1972), revealed tha‘ increasing
levels of Na saturation in the soil had a definite depressive
effect on the uptake of applied as well as native calcium by the
plant,









CHAPTER V
GENERAL DISCUSS ION

The quality of irrigation waters has close relation-
ship with the crop production. In Maharashtra State,the
major source of irrigation is well waters, Lands have become
unproductive due to use of poor quality of waters and faulty
irrigation practices, The present investigation was therefore
undertaken with the object of assessing seasonal fluctuations
in quality of well waters from University fam and adjoining
villages and to Study the use of poor quality of well waters
for crop production.

The results of the present investigations are discu-
ssed in brief as below :-

Suitability of well waters can be judged by different
characteristics which have been already discussed in the
previous chapter, But mearly from analytical report of well
waters, it 1s not possible to definitely comment about its
suitability. For deciding the suitability of wellwaters,
other factors like soll permeability, soil texture, salts
present in the soil and salt tolerance of crops to be grown,
should be considered., The suitability of well waters azﬁ.ysed
under the present investigation have been broadly discussed
here on the basis of some important criteria.

About 9% per cent of well waters from all the blocks
of the University farm and 72 per cent of well waters from
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the adjoining villages have electrical conductiviiy below
2250 mieromhos/cm and can be successfully used for crop
production for considerable time with proper management.
(Annonymous, 1954).

The SAR values of 80 per cent of well waters were
under Sl class which can be safely used for irrigation on
almost all solls with little danger of the development of
harmful levels of exchangeable sodium as described by Durand,
(1956). While 20 per cent well waters have SAR values above
ten which indicates high concentration of sodium ions and
use of these waters for irrigation needs due precautions in
management practices., These waters may be used on coarse
textured or organic solls with good permeability as suggested
by Agarwal and Gupta, (1968).

The average RSC values of the well waters from all the
villages and all the blocks from the University farm are found
to be within the safe limit i.e. below 1.25 meq/litre as
described by Eaton,(1950).

Boron is an essential element to plant growth, but is
exceedingly toxic at concentrations slightly above optimum
. limit i.e. 0,33 mg/litre for sensitive crops (Scofield,193).
The average boron content of all the well waters from five
villages and all the blocks of the University farm are within
the safe limit. From the Appendix III, 1t 1s observed that
81.83 per cent of the well waters are @f good quality i.e,
under class B-I i.e. (0.67 mg boron/litre) and remaining are
under B-II Class i.e. 0.67 to 1.33 mg boron/litre) for semi-
tolerant crops.
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From the Appendix I, some samples (Sr.Nos, 1, 8, 9, 10,
11, 12, 1k, 15, 17, 20, 25, 26, 28, 29, 36, 43, 44) are of
doubtful quality, considering their SAR and the E,C, values,
These waters can be successfully used by taking possible
precautions as follows i~

1) These waters may be used on low textured soils like
sandy soils and also in medium textured soils providing well
drainage conditions, The continuous use of saline water did
not show any apparent effect on well drained soils(Satyanarayana,
et al. 1967). When soils are irrigated with saline waters, the
E.C. of solls was found to be increased with increase in clay
content of solls (Singh and Bhumbla, 1968).

2) Gypsum can be added in soils to be irrigated with
these saline waters to reduce sodium hazard. The RSC values
above 2 meq/litre require the addition of 4 Q/ha gypsum in the
soil for every addition of one meq/litre of RSC value of irri-
gation water (Sharma and Abrol, 1973).

3) These saline waters, can be successfully used on
saline soils for crop production by addition of gypsum in
saline water for initial irrigations and later irrigations
with good quality waters, which will increase the hydraulic
conductivity of soils (Amnonymous, 1972).

Saline water irrigation affects the soll properties
and hence the ¢rop growth wvhich Wltimately affect the yleld.
The effect of saline water irrigations on soil properties and

plant growth and the use of amendments to increase crop
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production in saline and non-saline soils have been discussed
below -

Irrigations with saline water increased the organic
carbon, G,R., water soluble cation and SSP values of soils,
Electrical conductivity of soil water extract was also incr-
eased due to irrigations with saline water than the lrriga-
tions with tap water, Similar observations were made by
Jacobs, gt al. (1961), Singh and Bhumbla (1968), Karnwar and
Mehta (1970). The exchangeable Mg, Na and K were also
inereased due to saline water irrigations to the soils. The
reason may be the higher contents of Mg, Na and K in saline
water than in tap water. Talati (1968), observed that the
high K content of irrigation water has an ameloriating effect
on soils. ©Singh and Shamma (1978), have stated that by using sqln
water for irrigation purposes, the exchangeable sodlum and
sodium saturation in soils were increased. The SAR and the ESP
values of soils were lnereased by irrigation with saline waters.
Similay trend was observed by Paliwal and Maliwal (1971),

Yadav (1972).

The dry matier yield of crop was increased by saline
irrigation. The reason may be that the higher K and I\Io3 con-
tent of saline water and high fertilizer doses. Iunin and
Gallatin (1965), observed that salinity has increased the
yield where solls are adequately fertilized. The nitrogen
and phosphorus contents of plants were also inereased by saline
water irrigations. Iunin and Gallatin (1965), stated that the
N and P content of plants were also affected by soil and vater
salinity. The catlons content in the plant were also increased.
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The morphological character namely the height of the
plant, was reduced by the saline water irrigations. Bain,
Milton Fireman (1968), and Sinha,Dev (1972) also observed
that the growth of sorghum plants was mduced by salinity.

By the addition of mule dung in soil as an amendment,
organic carbon content of soils, exchangeable Ca, K; water
soluble Na, K contents of soils and Ca, Na, P contents of
jowar plants were increased. The height of plants and emer-
gence of earheads were also increased by the use of mule
dung, The dry matter yield of jowar crop and water soluble
Ca content of soils were found to be decreased by the addi-
tion of mule dung.

Ihere was increase in the phosphorus, exchangeable
Mg, water soluble Mg, Na, K contents of soils and P, Na, K
contents of plants due to the addition of pressmud, The
emergence of earheads and dry matter yield vere also inereased
by addition of pressmud.

The use of sulphur has increased the emergemnce 6f ear-
heads dry matter yileld and nitrogen content of sorghum. While
pH, electrical conductivity of soils and cation content of
plants were decreased by the addition of sulphur in the soils,
Fitts, Lyons and Rhodes (1943), stated that sulphur treatment
had marked effect on the reduction of soil pH,

The addition of gypsum showed very good performance in
the reclamation of saline soils. There was increase in exchan-
geable and water soluble Ca and Mg which helps to reduce the
sodlum hazard. The exchangeable Na, G.R.,, SAR, ESP, 58P values
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of soils were decreased markedly. Nitrogen and phosphorus
content of plants were also decreased. Fitts, et al.(1943),
Padhi, et al. (1965), and Puntamkar, gt al.(1972) , have
observed that the exchangeable sodlum content of soils were
decreased by the addition of gypsum which ultimately decrea-
sed the G.R.,, €AR, ESP values of soils.

From the results obtained in the present investiga-~
tion, it may be stated that the moderately saline vwaters
having 0333 class with higher K and NOB content may be used
vith the addition of gypsum, sulphur and pressmud as amend-
ments on salineg and non-saline soils with higher fertiliza-
tion and excellent drainage condlitions. This may help to
inerease the exchangeable Ca and Mg; water soluble Ca, Mg
and K contents of soils and may help to reduce the pH, ele-
ctrical conductivity, exchangesble sodium and ul{imately
S8AR, ESP, G.R. and GSP values of solls. It also may help to

better crop production on saline soils and non-saline soils.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

PART I
Seasonal fluctuations in quality of well waters

The water samples were collected from Rahuri Factory,
Digras, Pimpari Avaghad, Sade and Khadambe villages and from
the University farm during kharif, rabl and summer seasons.
The results of the chemical anszlysls of the samples are summ-
erised as under

1) The cation and anion contents of well waters from
five villages and all blocks of the University farm showed
fluctuation during xharif, rabi and summer seasons.

2) The pH values of well waters were not much affected
during seasons. The average pH value of well wa’ce{s from five
villages was 7.95. The pH value of the well w;‘;'.ers from the
University farm was 8.05. This shows that all well waters are
alkaline in nature.

3) The average E.C. value of well waters from five
villages was 1974 micromhos/cm and &.C. value of well waters
of University farm was 904 micromhos/cm.

) The boron content of all the well waters was less
than 1.33 mg/litre i.s. B~-Il boron class of water which is
supposed to be safe for all crops as per Scofield, (193%). The
average values of boron contents in well waters from five
villages and the University farm were O.41% and 0.390 mg/
litre respectively.

5) Alkalinity of all well waters increased with the
geasons i.e. from kharif to prabi and papl to sumnmer,
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The average values of well waters from five villages and the
University farm for alkalinity were 341.54% and 249.974% mg/
litre respectively.

6) The well waters from five villages and University
farm were very hard, i.e. above 180 mg/litre CaC0,. Very
few water samples were under soft and medium hardness class.

7) The SAR values were high in xharif followed by rabi
and summer seascns, The average value of SAR for well waters
from five villages and University farm were 5.161 and %.381,
respectively. On the basis of SAR wvalues, about 80 per cent
well waters from University farm and 59 per cent well waters
from five villages may be placed in Sl class (low sodium
class).

8) There was positive correlation between SAR and EC
values of waters throughout the year, but in case of well
waters from University farm, it was found to be statistically
significant while in case of adjoining area, it was found
to be non-significant for all seasons,

9) The average RSC values for well waters from five
villages and all blocks of University famm were below 1.25
meqg/litre,

10) The average SSP values of well waters from all the
five villages. (except Sade) and the well waters from University
farm were found to be below 60 per cent,

Some water samples (Sample Nos. 1, 8, 9, 10, 11, 12, 1%,
15, 17, 20, 25, 26, 28, 29, 36, 43, 44) were found of doubtful
quality for irrigation, considering their SAR and E.C.values,



The pot culture experiment was undertaken to assess
the effect of saline water and amenldments on chemical proper-
ties of solls, plant growth and nutrient content of Jowar
plants, The obgervations recorded in these studies are
summerised below.

A) Effe

8

1) pH :

With increase in salt concentration in the irrigation
water, there was an increcase in soil pH. Sulphur shovwed
maxipum decrease in pH, i.e. by O.W+ units,

2) Electyical conductivity 3

Irrigation with saline water have increase electrical
conductivitly of soils, while addition of sulphur as an amend-
ment has decreased electrical conductivlity as compared with
the addition of other amendments.

3) Organic carbop :

Ihe use of both the organic amendments have also helped
to increase organic carton content of soils as compared to the
use of chemical amendments.

k) Gypsum yequirement :

Irrigations with saline water have increased the G.R.
values of soils. The gypsum was found to be one of the best
amendments which reduced the G.R, values of soils,

5) Aya;

Irrigations with saline and tap water have no effect on
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the available phosphorus content of solls., The use of press-
mud as an amendment has inereased the available phosphorus
contermt of soils than the use of other amenduents.

6) Exchangeable potassiup :

The use of saline water for irrigation and mule dung
as an amendment have increased the exchangeable potassium
content of solls as compared with the use of other treatments,

7) Exghapgeable catlons (Ca, Mg, Na) 3

Irrigations with saline water have decreased exchan-
geable calcium content of soils, while it has increased excha-
ngeable magnesium and sodium content of soils. The use of
gypsum and mule dung as amendments have increased the exchang-
eable calcium, The addition of gypsum and pressmud have incr-
eased exchangeable mangesium content of soils. The addition
of gypsum alone has significantly decreased exchangeable sodium,

The use of saline water for irrigation has increased
the SAR and ESP values of soils, The addition of different
amendments have decreased the SAR and ESP values of soils,
The addition of gypsum was found significantly superior to
all other amendments in reducing the SAR and ESP values of
soils.

9) Water soluble cat :

Irrigations with saline water have increased the water
soluble Ca, Na and K contents of soills, while water soluble Mg
content remained unchanged. The addition of gypsum has incr-
eased the vater soluble Ca and Mg contents of soils while Na
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and K content were unchanged. The addition of different
amendments have increased’ the water soluble Ca and lMg except
mule dung, which has decreased the water soluble calcium con-
tent of soils. Except gypsum, the use of other amendments
have increased the water soluble sodium content of soils, The
additlion of mule dung and pressmud have increased the water
soluble K content of soils.

10) Sg

Saline water irrigations have increased the SSP values
of soils. The addition of amendments have decreased the SSP
values of soils, except the addition of mule dung., The use

of gypsum as on amendment has showed better performance in
decreasing SSP wvalues of soils.,
B) Effect on jowar plant :

1) Germination @

The percentage germination of Jjowar was not affected
by the use of saline water for irrigation. Soil salinity
has reduced the germination percentage at 6 days after sowing.
The use of amendments have not shown any effect on germina-
tion percentage.

2) Helght of the plant :

At 35 days after sowing, soil salinity and water sali-
nity have reduced the height of the plant, While the addition
of pressmud has increased the height of plants, At seventy
days after sowing, soll salinity has reduced the height of
plants, while the usef;rganic amendments and sulphur have
increased it., At 90 days after sowing, only soil salinity has
reduced the height of plants.
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3) Emergence of earheads :

The soil salinity, the use of pressmud, mule dung and
sulphur have increased the emergence of earheads of jowar
crop at 88 days after sowing, At 112 days after sowing, the
irrigations with saline water, soll salinity, pressmud and
sulphur have enhanced the emergence of earheads in Jjgwar crop.

%) Ihe dry matter yleld :

The use of saline water has increased the dry matter
yield of Jowar as compared with the yield of jowar obtained
by use of tap water., Similarly soil salinity has increased
dry matter yield of jowar as compared with the yleld of jowar
in nommal soil. The use of gypsum, sulphur, pressmud have
increased the dry matter yield of jowar as compared with the
use of mule dung.

5) Nutrients contentin Jjowar plants :

1) Nitrogen

Irrigations with saline water and soil salinity have
increased the nitrogen content of Jjowar, plants, while the use
of gypsum as an amendment has decreased it as compared with
N content of jowar plants under other treatments.

ii) FPhosphorus :

Saline water lrrigations and the use of mule dung,
pressmud, gypsum have increased the phosphorus content of
plante as compared with the phosphorus content of plants grown
by using tap water and sulphur. The soil salinity has no
effect on phosphorus content of plants,
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1ii) Total catlons
Soil salinity has decreased the Ca and hg content in

the plant, while Na and K content were not affected. Saline
vater irrigations have increased the content of Mg and Na
while the content of Ca and K in plants remained unchanged.,
The use of pressmud has increased the Mg and XK content of
plants, while mule dung has increased Ca content of plants.
Both the organic amendments have increased the sodium con-
tent of plants,

After consldering the above observations, it can be
stated that the good yleld of jowar c¢rop can be obtained
by using moderately saline water ( Cg’S3 class) having more
K and NO3 content and with additlon of gypsum, sulphur,
pressmud and high doses of Ny, P, K fertilizers,
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