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CHAPTER I 
INTRODUCTION 



GHAPTSI I 

Good and assured water supply is one of the important 

factor for increasing agricultural production. The concen­

tration and composition of dissolved constituents in 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 I63.9 million 

hectares, only 35 million hectares are under irrigation 

(Haigamvala, 1973). Out of the total irrigated area, about 

m..** per cent is covered toy canals, 26 per cent toy open wells, 

7.7 per cent toy tubewells, 16.87 per cent toy 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 waters containing soluble salt is the development of 

salinity, alkalinity or both. 

In Maharashtra, out of 19.^3 million hectares of gross 

area sown, l,h>3 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 Ahmednagar 

district out of 1.32^2 million hectares of gross area sown, 

0.1^537 million hectares are under irrigation. Area irrigated 

by well waters in the district is about Vll5J?.80 hectares and 

in Eahuri taluka it is about 8**62 hectares. 



Jpwar is the main cereal crop grown in -Ahme&nagar 

district. The area of about 21Q¥*0.?1 hectares is under jowar 

cultivation, mainly in rabl season. Of the total area under 

jowar cultivation, about 2068lf.3ifr hectares are under irrigation. 

Success of irrigated agriculture mainly depends upon 

efficient use of irrigation water, without allowing soil sali­

nity, alkalinity or water logging conditions to develop. This 

will need knowledge of quality of irrigation water and its 

suitability to major crops of the region. 

There are also number of methods which have been sugg­

ested for improving saline water in this country for irriga­

tion purpose viz,, 1) by dilution with good quality water, 

2) by treating with amendments like gypsum, farm yard manure, 

pressmud, basic slag etc. to reduce sodium hazard and (3) by 

passing through ion 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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REVIEW OF LITERATURE 



CHAPTER H 

REVIEW m LITERATURE 

The main cause of declining the productivity of lacs 

of acres of land in Punjab, Hajsthan, Uttar Pradesh, Gujrath 

and Maharashtra State, is the influence of salts which are 

present in soils. Now days the irrigation facilities are in­

creasing in the State due to construction of head canals and 

implementation of co-operative lift irrigation schemes. But 

we should use these facilities very wisely and properly. The 

land becomes unproductive due to faulty irrigation practices 

and use of poor quality irrigation water. So to avoid further 

danger of salts accumulation in the soil, 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 Q£ ££&££ : 

The criteria used for the deciding 13ie quality of waters 

has been discussed by Agarwal H.E. and Gupta R.N. (I968). The 

quality of river waters and canal waters in India has been 

found to be very high order,(Mann and Tamhane 1910, Trylor 

fii Si. 1935, Venkataraman I9W., Asghar and Dhawan I9H7, Agarwal 

and Mehrotra 1952, Govind Iyer 1957). Well waters represent 

two sources of underground waters namely - tube wells and shallow 

wells. These waters are usually of varing composition which 

usually depends upon the nature of the substrata and season* 



If 

The major cr i ter ia used for the qualit^of irrigation 

water are s 

1) Salinity expressed in E.G. 

2) S.A.B. 

3) HC0~ 

If) CI 

5) Boron 

6) R.S.C. 

7) s.s.p. 

8) Salt Index 

9) Hardness 

10) Gypsum equivalent 

Sometimes nature of salts present in irrigation water 

is more Important than its concentration. Even we can use the 

doubtful quality water without serious damage to soils and 

crops, if we use it with precautions taken in irrigation and 

soil management (Thorne and Thome 1951). 

According to Scofield (193#)» the maximum boron tole­

rance limit in irrigation water and its classes are given as 

under -

Table 2.1 t Classification of water Boron (ppm). 

h B2 B-
\ B 5 

0.67 0.67-1.33 1.33-2.0 2.0-2.50 2.50 

Magistad and Christens en (19*4-6), have suggested the 

limits of sodium and born standards for irrigation waters* 



60 0.5 

60-75 0.5-2.0 

75 2.0 

Table 2.2 t Limits for Sodium and boron concentrations in 
water. 

Glass S S P Boron content 
^ (ppia)  

I 

I I 

Magistad and Ghrisenson found 0.1¥ ppm of boron in the 

water of the lower Colorado river at Xums, Arinaon and 0.71 ppm 

in water of wells in the Coachella valley t California. 

Smith (19^9)» have stated the suitabil i ty of irrigation 

water according to chloride content. The waters containing 

>5»8 aeq. p©r l i t r e Chloride are not suitable for irrigation 

purposes, 

^ Eaton (1950) i has suggested the Ha l t s for classifica­

tion of water according t o B S C values, as under. 

Table 2.3 s limits for classification of water according to 
E S C values. 

a s c Class value Interpretation 

1.25 mm per litre 

1.25-2.5 mm per litre 

2.5 met per litre 

J Burand (1956), classified kQ waters of Algeria in 

relation to their salinity* boron toxicity and alkalinity. 

Waters baring conductivity upto 0.250 wllUmhoe per cm (C^ 

I Suitable 

I I Marginal 

I I I Unsuitable 

5 
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were most suitable. Waters of 0.250-0.750 millimhos per cm 

(G2) were suitable for most of the plants. Waters with 

0.750-2.250 millimhos per cm (CO 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 (S^) were most sui­

table, water with 10-18 (S2) were dangerous for fine textu­

red and high exchange capacity soils. The waters having 

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

Agarwal, Mehrotra and Ganwar (1956), analysed the 

waters from tJ.P. The quality of well waters were dependent 

upon the nature of substrata and its ground water level. 

Govind; Iyer and Subramanian (i960), analysed waters 

from a locality of Madras for its quality. The canal and 

river waters are of good quality, while those of weHs; are 

of medium quality. 

> Singh and Kanwar (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 soil Irrigated with those waters varied 

from 1.1*2 to 2.90 ppm. which was considered unsafe for sen­

sitive crops. 

Sharma, e£ aj.. (1963), studied the underground waters 

in lower I«uni catchment and arrived at conclusion that nearly 

50 per cent of the waters are saline and *f0 per cent are both 

saline and alkaline on either sides of the river. 
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Bara, Hehta and Fareek (196^), reported toe quality of 

i r r iga t ion waters in Rajasthan. I t was c lass i f ied as sal ine 

and alkal ine. Canal waters are of good quality while well 

waters vary with so i l types from moderately alkaline to highly 

a lkal ine . 

Babrekar ©Jfe a l . (1965), reported that the changes in 

the season brought about fluctuations In pH, I .S .S . content 

and ionic concentrations. AH waters were safe for i rr iga* 

t ion in rainy season because S S P was below 60. They hare 

analysed 1? samples from Agricultural College Dhulia Farm. 

2hey hare also indicated the s u i t a b i l i t y of i r r iga t ion waters 

according to S A K, S S P and E S C values. 

s/ la thani §& a i . (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 I n E . C . , pH, S A R and 

R S C values. 

Tala t l e i aJL. (1966), reported that with the gypsum 

treatanent, B.C. did not increase beyond h millimhos per cm in 

any sa l in i ty class of water. Fa i r correlation of increase in 

E.G. was observed with the increase in sa l in i ty c lass . The 

S. A. R. values, except upto medium alkaline waters, did not 

show any Improvement in quali ty of waters, but 50 per cent or 

more decrease i s found with gypsum treatment. The B S C was 

reduced to n i l . 

j Handa (196!), studied the quali ty of ground water in 

Kutch and stated that the ground waters vary from medium to 
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highly saline and can he used for irrigating plants with mode-

rate to high salt tolerance. Host of the waters with higher 

sodium concentration can he made suitable for irrigation "by 

addition of CaSO^ or some other cheap calcium salt. 

J Landey and Hurty (I967), reported that the quality of 

irrigation waters from Mysore State, They observed high to 

very high salinity in the water samples. 

. Satyanarayan eji si. (I967), gave the seasonal fluctu­

ation in quality of well waters. Two sets of well waters 

were collected - one before the monsoon in the month of June 

and second after the cessation of monsoon, rains in the month 

of October. After the rains, salt concentration in the well 

waters was generally reduced. Soil samples were also collect­

ed from areas irrigated by water of some of these wells and 

analysed to study the effect of continuous use of irrigation 

water on them. The continuous use of saline water did not show 

any apparent effect on w e H drained soils of the area, indicat­

ing that many waters apparently of questionable quality may 

actually be used with success, on light and well-drained soils. 

Shree Ramulu and Thyagara^an (1967), reported that the 

saline well waters in the Periyaa® 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 risk of sodium or salinity hazards. 

y 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 irrigation, namely 

soil texture and permeability and the salt tolerance of crops 

proposed to be irrigated. They suggested that if the sum of 

the class values in respect of conductivity, alkalinity, E S C 

of a given water sample and class values in respect of soil 

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 obtained from different districts were analysed to 

assess their suitability for irrigation, The irrigation waters 

have been found to be free from appreciable amounts of sodium. 

Salinity problem is serious with the waters of all the dis­

tricts which increases with aridity of the tract. 

/ Bhadrapur and Seshagiri (1972), analysed Tungabhadra 

project canal, drainage 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 Hegional Agricultural Research Station, 

Tindivanam in November I969. During 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 l i ke paddy, castor, groundnut 

grown in the l igh t textured so i l s of the farm possessing 

moderate to high so i l permeability. 

Somavanshi and Sinha (1972), tested i r r iga t ion waters 

from 11? places from Gwalior and Bhind, in northern d i s t r i c t s 

of K,P, for su i t ab i l i t y . The dominating cations were divalent 

ions Ca*" and Kj+ and the dominating anions were HCO ,̂ CI, SO^. 

The concentration of Boron was withini permissible l imits but 

tha t of n i t ra tes Taried widely. So the waters of northern 

K.P. are of medium to high sa l in i ty but showed low a.l kali 

hazard. Gwalior waters were be t te r than Bhind waters for 

i r r iga t ion . 

Sharma and Abrol (1973)» hare given the amount of 

gypsum needed which wi l l depend up&n the quality of water. The 

water t es t report w i l l contain data on the RSC expressed in 

meq per l i t r e . I f the B.C. of water < h millimhos per cm and 

the water BSC i s 2 or < 2 then there i s no necessity of adding 

gypsum. But for every additional one meqi per l i t r e B&C value, 

add h quintal gypsum per hectare of land i r r igated Ijy th is 

water. The application of gypsum shall have to be repeated 

every year or every al ternate year depending upon the impro­

vement at tained. 

2.2 Use of ffajJLflftjfater, Xor„crQp production i 

I ) I££ssi on germination : 

MalekT. Kaddah (1962), concluded that s a l in i ty levels 

in i r r iga t ion waters upto 2000 ppm resulted in delayed germi­

nation but had l i t t l e effect on percentage germination. 
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Malek T. Kaddah and Saioa Ghowail (196^), found that 

corn was quite salt tolerant during germination. But increa­

sing salinity delayed germination and had no detrimental 

effect on percentage of linmergence. 

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 in 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. Hone 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. Na2CQ3 and 

N a d salts at 1.5, 3, *t-»5 &to and 5» 8, H atia 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. 16M- showed higher susceptibility 

during germination. 

Singh and Singh (1971)» found the significant negative 

correlations between electrical conductivity and the germina­

tion percentage ( r « -0.6M- ) and SAB and germination 

( r * -0.595)* Na + Mg/Ca of irrigation water was positively 

correlated with Na and Mg in plants. 

I D Effecfe £& ftMMft JS£owJ& 3S4 development : 

Kelley (1963), revealed that CI appears to he decidedly 

toxic to citrus trees. If the 01 concentration of irrigation 

water exceeds 5 meo. per litre the leaves of trees show 
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burning along their margin®®. 

Bains and Milton Fireman (1968), concluded that the 

soil alkalinity or salinity caused drastic reduction in the 

growth of sorghum. The reduction was even greater in the 

presence of both alkalinity and salinity. The effect of alka­

linity and salinity were greater on the non-calcarious soils 

than on the calcarious soils. It is also concluded that the 

adverse effects of salinity and alkalinity on plant growth 

was not reduced by fertilizers. Bather that a partial res­

ponse to fertilizers may be expected where nutrient defici­

encies limit growth more than salt or alkali does. 

Paliwal and Maliwal (1971), found that Maize was sati­

sfactorily grown on irrigation water having salinity upto 28 

meq per litre and SAB of 25 corresponding to EC 0 of 6.5 ffiUli-

mhos per cm and ESS,P„ of 32. Application of normal doses of 

fertilizers and manures was more effective upto moderate levels 

of salinity and E.S,P, Fertilization is of little value on 

highly saline sodic soils. 

Pat el and Dastane (1971 ) t observed the Leaching upto 

10 per cent was favourable when saline irrigations were given 

at a later stage of crop growths 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 

artificially saliaked clay loam soil, the effects of fertili­

zers and Farm Yard Manure on the growth of wheat were studied. 
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Growth, was satisfactory when the soil BCe value was about 

6.5 mini mhos per cm and the exchangeable Na was 33 per 

cent* 

Paliwal (1972), found that there was an increase of 

15 to h$ per cent in the growth of wheat, barley, maize and 

bsdra while irrigating with saline waters having total salt 

concentration upto 28 meq. per litre corresponding to an l.C. 

value of 6-6.5 miHimhos per cm of soil solution and E,S,P, 

of about 30. 

Sinha and Dev (1972), observed that the use of sodium 

water (12.8 meq. per litre Ha) drastically reduced the yield 

of berseem by affecting plant servival and growth. 

xix) g££g£& m aAff3fl>.,Mtr.iMft BEfca&a m& nufrri§nfr 
avail abjp-lity • 

Wahhab and Zahir Bus sain Shah (1952), indicated that 

liming as compared to no treatment has increased the absor­

ption of CaO in the Sorghum plant, Sorghum grain and oats; 

and also the uptake of PgO* and nitrogen. The increase of 

li in the plant is probably due to the fact that calcium sti­

mulates bacterial activity which helps fixation of nitrogen 

in the soil. 

Kalek T. Kaddah and Salma I. Ghowail (196*0, revealed 

that the sum of total cation 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. Ihe reciprocal relationship between Ca + Mg were 



quite pronounced. Sodium salts induced moderate lowering 

both Ca and Mg in tops. Ma in tops was generally low and was 

little affected by addition of other salts, 

I*unln and Gallatin (196$), observed that cation 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 Kg 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 H and P contents of plant were also 

affected by soil salinity. In most instances, at a given 

salinity level crop yields tend to be higher where soils are 

adequately fertilized than where some nutrient deficiency 

exists. Although optimum levels of fertility are desirable 

when using saline water for irrigation, one should not forget 

that high rates of fertilization contribute significantly to 

soil salinity. 

Talati C1968), observed that there is beneficial effect 

of saline water Irrigation on crop performance like tobacco and 

j&bj. vegetables, in Gu^rath State. 

langdale and Thomas (1971), concluded that there was no 

response obtained from P fertilization. Significant inter­

actions oecured for both dry matter and protein-H yields with 

soil salinity and N supply treatments. Soil salinity of 5.3 

and 6*6 miHimhos per cm yielded the most dry matter and 

protein - K, respectively in the presence of H fertilizers. 

Dry matter and protein synthesis were seriously restricted at 
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the V+,k- iai.lli.mhos per em salinity, however salinity levels 

did not restrict M absorption by coastal bermudagrass. 

Paliwal and Hallwal (1971), found that the absorption 

of S, P, Ca, Kg, Fe, Mn and CHO content decreased and Na in­

creased in case of maize with the increase of salinity and 

E.S.P. uptake of N,P, Ca and Mg correlated negatively with 

the E.S.P. of soils and of Ka correlated positively with tto© 

E.S.P. and soluble Ha content. 

Paliwal (1971), observed that the NO, content of irri-

1 gation waters which significantly •e-Sfarelated with the avalla-
/ 

hie nitrogen of the irrigated soils, seejas to create a favou-

rable environment in root zone under saline substrata, 

Poonia, Virmani and Bhumbla (1972), revealed t&at in­

creasing levels of Na saturation in the substrate have a 

definite depressive effect on the uptake of applied as well as 

native Ca by the plant. Tim Ca content in the plant is posi­

tively and Na negatively related with the yield of crop. 

Shrivastava and Sharafat Ali and Dev (I972), found that 

the availability of H and P in a slightly alkaline soil (pH 

7,5) and in a strongly alkaline soil (pH 10.0) was increased 

by the addition of 8-16 seq Ca followed by 3 wetting and dry­

ing cycles. 

Xadav (I972), observed the grain yield of wheat de­

creased with increased conductivity of irrigation water beyond 

8 milliffihos per cm in sandy soil at Jobner, but leaching to 

the extent of 15 per cent was found beneficial for attaining 

lower salt status and higher yield. 

http://iai.lli.mhos
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IV) Effect of salftne, tffttjMT. Oft POtt, properties : 

Puffeles (1939)t observed that if the very saline 

water is used for irrigation under favourable climatic and 

drainage 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. (191+0), observed that 

the presence of absorbed Ha in soils tends to affect their 

physical properties adversely. The ratio of la 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 

Ha will be absorbed, but as this ratio exceeds 2 to 1 the 

absorption of Na tends to increase proportionately. If the 

soil is Ca saturated, less Na will be absorbed from a given 

solution. If it is Mg saturated, very little Na is absorbed 

from saline soils in which the ratio of Na/Ca is not greater 

than 2tl, it does not follow that the application of a com­

paratively dilute saline irrigation water containing Na and 

Ca «• Mg in the ratio of 2:1 w i n have not deleterious effects 

on the soil. 

Hausenbuiller si aJL. (I96O), analysed the soils and 

compared with composition of irrigation water. Significant 

correlation were obtained between exchangeable Ha in soil 

and RSC content, SSP and SAR of the waters. The HCOZ + COl 
3 3 

ions increased the effective salinity of water while increas­

ing the SSP through precipitation of soluble Ca and Kg. 
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Jacobs g£ aJL. (196D, observed that the regression 

equation between ECQ of soil and EC i w for 26 soils is : 

lCe x 10
3 » 1.08 ( EC i w xioh * O.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 ?/S 

SAB of irrigation water. The eiuation is B.S.P. = 0,^5 + 

1#35 SARiw. The correlation co-efficient (0.81) is signi­

ficant at 0.01 per cent level. 

Paliwal and Maliwal (1971)* observed that the E.G., 

Ca, Mg, Na and K contents of poor quality, alkaline irriga­

tion waters from 86 wells were significantly correlated with 

those of the saturation extracts of the soils which were 

irrigated with them. The SAB 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 SAB and exchangeable Ha ratio. 

Singh and Sharma (1970), concluded in investigations 

with C^ S^, C^S, and C^S^ waters, light textured soils were 

less affected than heavier soils. Silt + clay increased with 

depth, CaCO,, pH, exchangeable Ha and Ha saturation were 

greater and pore space was reduced in irrigated soils. 

V) Reclamation c-1 saltoe â d, a l M X spJOs. : 

Kibe and Narayan (19^1),noted that fairly large areas 

of cultivable land in the Bombay, Karnatak was getting almost 

barron. They added some of the more common amendments like 

F.X.M., green manure, gypsum, sulphur etc. to saline soil 

kept in pots and &st&£ grow** in them. The effect of these 

treatments were studied. 
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Ta la t i ( 1 9 W , applied different amendments l ike gypsum, 

sulphur, sheep manure, F.Y.M., compost, o i l cakes and molasses 

singly and in various combinations, in sal ty so i l s of Baramati 

of Bombay deccan. Gypsum at 2-3 tonnes per acre gave s igni­

ficant increase in y ie lds . 

1) M<foUP*l 0-ff Prgfrfflc, matter : 

Mathur, Singh, Bhshnoi and Brajendra Singh (1973)» con­

cluded that the F.Y.M. greatly increased the yield of paddy 

even in the rery f i r s t year over control. The significant in ­

crease in yield of paddy due to P.I.K. continued in the 2nd 

and 3rd years too. Application of CaSO^ decrease the yield in 

f i r s t year hut increase was significant from second year onwards. 

CaCl^ showed significant increase in yield af ter 3 years. 

2) Exes^sM; v . 

Dhar and Hukher^ee (I936), emphasized the application of 

molasses and pressmud in reclaining alkali soils. Their experi­

mental results showed that highly alkaline soils CpH 10.8) can 

be reclained by the application of molasses. 

Talati (19^7)* proved much more promising from the re­

clamation stand point is pressmud, a waste product of cane 

sugar factory. This material contains on an average 5o-55 per 

cent organic matter, 0.8 to 1.0 per cent H, 2.J to 3.0 per cent 

phosphrie acid 0.8 to 1.0 per cent K and 6.8 per cent lime. 

Used either alone or with molasses on markedly alkaline soils 

at the rate of 2 to 5 tonnes per acre, it was proved successful 

in Mysore, U.P., Bihar and Bombay presidency. 
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3) Sulphur,, ; 

I*ipman (1916), made the suggestion that the change of 

sulphur to ̂ S O ^ in the soil caused "by the action of micro­

organisms might be employed for converting Ka2C0^ into the 

IfcuSOu and making productive the barron alkali lands, 

domas (1936), reclained "black alkali soils with sul­

phur. He used fire different kinds of sulphur in the lahora-

tory experiment and four in the field experiments. Ihese were t 

i) Sulphur inoculated with the oxidising baefcerium, 

?hlphac3Jq,u£ £h40jOd£n&. 

ii) uninoculated finely ground elemental sulphur 

H i ) 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 results as compared to the 

other treatments. 

Basu and Tagare (19^3), found that the best reelaining 

agent for alkaline soils is a mixture of sulphur and F.I.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 hut it proves less effective when compared with sulphur-

F.Y.M. mixture. 

Fitts, Lyons and Ehodes (19^3), stated that on the eal-

carious soil slick spots in Nebraska only, the 2?27 kg of sul­

phur treatment had a marked effect on the pH and exchangeable 

Ha 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 

saline-alkali soil. He used green manure "by d£a£B£33&, and 

F.X.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 oTer 

sum of individuals. Of all the treatments tested. Sulphur • 

ilfealggka *• green manure has given the best results. the 

bsnefieial effect of various treatments are in the order of 

sulphur + dhaincha y sulphur * F.Y.&. « gypsum + dhaincha 

)?gypsum 4- F.X.M. > sulphur j> gypsum ̂ > dhaincha F.Y.H, 

control. 

*0 fi,ypsum i 

Leather (191*0, conducted experiments with different 

treatments and came to the conclusion that the only treat­

ment which could reclaimed the 'Usar land* was application 

of gypsum. 

lamhane and Krishna (1930), found that CaSO^ has given 

the best results. It was also observed that in the case of 

CaSOj^ treatment, phosphate was not leached. 

Islur (19*4-1), wrote a® regards reclamation of alkali 

lands, CaSO^ is only popular chemical at present recommended 

a H over the world. The usual maximum dose in the Deccan is 

3 tonnes per acre. 

Graveland and Toogood (I963), found that the gypsum 

was an effective ameliorating agent only when exchangeable Ma 

was <20 - 5 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 its saturated concentration. 

Padhi si &L* (19&5)* stated that there was increase 

in water percolation and Ha removal from solonetzic soils 

with the application of gypsum. 

Funtamkar, Hehta and Seth (1972), observed that the 

gypsum and manure increased the yield of wheat (Sonora (h) 

separately and highest yield of wheat was recorded with 20 

tonnes of gypsum per hectare alone. Exchangeable sodium 

decreased by 1.6 to 10.9 per cent while exchangeable calcium 

increased upto 17.7 per cent. 



 
 
 
 
 
 
 
 

 



CHAPTER III 
MATERIALS, METHODS AND EXPERIMENTAL 



CHAPTER in 

HATERIAX& METHODS AND EXPER3&EUTAL 

The investigation© 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, Mahatma Phule Krishi Vidyapeeth, 

Rahuri and its vicinity. 

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

csa-if). 

PARS I 

Quality, of WftLl wafers 

3.1 MftftflgfoAg : 

3.1.1 .foJJlegtlpn,, of wa.frer sample, : 

The well water samples were collected from the Mahatma 

Phule Krishi Vldyapeeth, Central Campus Farm, Rahuri and i t s 

adjoining areas i . e . from Rahuri Factory, Digras, Pimpri Avghad, 

Sade and Khadambe vi l lages from Rahuri taluka. The samples were 

collected during three seasons i . e . kharif, i&bj, and summer 

( f i r s t week of July, 1973, f i r s t week of November 1973 and in 

f i r s t week of March 197*f). The deta i ls of location of wells , 

survey numbers e t c . are given in table No. 3.1 and in map of 

Mahatma Phule Krishi Vidyapeeth, Rahuri. 

While collecting the samples, the bot t les were rinsed 

thoroughly twice with the water samples to be collected. Nearly 

one l i t r e of water samples were collected in clean p las t ic 

bo t t l e s , stoppered t ight ly and brought to the laboratory for 

analysis . 
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lable 3.1 * Physical Information Regarding Selected Wells. 

Sr . V i l l a - Sur-
Bo. ge vey 

Ho. 

1 2 3 

S o i l Depth Diarae-
type i n t e r i n 

meters meters 

* 5 6 

Water BuHd-
bear- ed Hon 
ing Build-
forma- ed 
t i o n 

7 8 

Water 
- i s Remark 

used 
o r 
not 

9 10 

1 76 B H,Black 15 10 H.P. L Used P o l l u t r a t e d 
by melassis 

2 RAHURI 76 A M.Black 18 * L.Stone L Used -

3 FACTOR* 70 M.Black 22 5 H.P. L Used -

* 6* M.Black 16 3 Graval L Used -

5 93 L a t e r i t i c 15 * Sand L Used mm 

6 1 Calcarious 12 7 L.Stone UL Used m 

7 DIGRAS 1*2-
1*3 

M.Black 10 3 L.Stone L Used -

3 1*6 Calcarious 12 5 L .Stone L Used mm 

9 96 M.Black 12 3 L.Stone L Used mm 

10 PIKPRI 1*9/2 M.Black 12 8 L.Stone L Used «•» 

11 AVAGHAD 115 M.Black 15 * L.Stone L Used -

12 150 M. Black 15 5 L.Stone L Used -

13 153 M.Black 15 5.5 S.Stone L Used ^ 

l l f SADS 1*7 Al luv ia l 15 5 H.P. L Used -

15 150 M.Elack 12 5 Graval L Used -

16 12* M.Black 13 5 S.Stone L Used 0m 

17 119/1 D.Black 17 5 H.P. L Used •mm 

1 8 KRADAMBE12lf M.Black 1* 5 H.P. L Used -

19 X51/3 M.Black 13 6 H.P. L Used -

20 103/3 R.Brown 16 5 Sand L Used mm 
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The water samples were f i l te red through ordinary f i l t e r paper 

and then used for chemical analysis . npl<v LIBRflRY 

3*2 Lethfrdf, for water analysis * 1 111! I 

3 . 2 . 1 $>B t T00412 

The pH of water was determined with the help of Bectoan 

pH meter with glass electrode assembly (Piper 1966). 

3.2.2 Elect r ica l conductivity : 

I t was determined with the help of conductivity meter 

(Elico) having c e l l constant 1.1 (U.S.D.A,, 1951*). 

3*2.3 Aitea^njfcy : 

Alkalinity was determined by the potentiometric t i t r a ­

t ion method at two equivalent points i . e . a t pH h.h and ^.2 

(Larson and Heniley, 1955). 

3.2.H- §S£Sffi : 

Boron was determined using carmine indicator and red 

colour intensi ty was measured on spectronic 20 a t 5@5 mi l l i ­

micron (Hatcher and Wilcox, 1950). 

3.2.5 Itoteegs : 

It was determined by titrating with E.D.T.A., using 

E.B.I. as dn indicator (Patton and Eeeder, 1956). 

3.2.6 Câ cJtum, .and.MflgmsJlMt * 

These were determined by E.D.T.A. titrimetric method 

using k M. laGH, MB^Cl-M^OH as buffers and ammonium purpurate, 

E.B.T. as indicators respectively (Katz and Navone, 196^). 

3.2.7 Sodium and Potassium : 

These were estimated by the flam© photometric method, 

using standard solutions of NaCi and KD1 respectively (Fox, 

195D. 
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3 .2 .8 ghlQrjd;e : 

I t was determined by argentometric method using 

potassium chromate as in indicator (Haren, I889, A.O.A.C.1950). 

3.2.9 Carbonates 9M Bjcajfrppatjeg, : 

These were estimated by volumetric method titrating 

with standard %2&<\ using phenolphthalein and methyl orange 

indicators respectively (A.P.B.A., A.W.W.A., W.P.C.F,,i97l), 

3.2.10 smphatss : 

It was determined by turbidity method. Barium Chloride 

tubidity was measured on spectronic 20 at 420 millimicron 

wavelenth (Rossum and Villarruz, 196I), 

3.2.11 KUratftS : 

It was estimated by phenoldisulphonic acid method on 

spectronic 20 at 410 millimicron refering to standard AgSO^ 

solution (Taras, 1950). 

A n constants like SAB, SSP, BSC were calculated in 

terms of meq per litre. 

Wa 
i) SAR » — 

v 2 

ii) SSP * S* X  

Ca + Mg + Ma + K 1 

iii) BSC e (C03 + HCtO - (Ca + Mg) 

A H values of constituents are taken in terms of meq 

per litre. 
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Pot Culture Experiment 

3.3 Material? : 

3.3.1 collection of. SoU- sample £or m% culture : 

Two different soils, one saline and the other non-

saline in character were used for this investigation. Surface 

soil samples (0-15 cm), from survey Nos, 61 and 2k at Central 

Campus, Bahuri in the month of June 1973- Physio-Chemical 

properties of the soils are given in table No. 302(a) & (b). 

Sr. 
I o . P a r t i c l e type Percent on i 

S.No. 61 

l i r dry bas i s 

S.No. 2*f 

1 Sand 27.82 25.13 

2 S i l t (By difference) *f2.10 23.15 

3 Clay 30.08 51.72 

if Textural c l a s s by 
t r i a n g u l a r method 

Clay loam Clayey 

It will be seen from table 3.2(a) & (b) that the soil 

from survey Wo. 61 is clay loam in texture and fairly rich in 

all nutrients than that of the soil from survey Ho. 2**-. The 

levelling was done in survey No. 2^ in March, 1973. ^he ESP 

and SSP of soils from survey No. Zh and 61 were 7.629, H-2.995 

and 23.059, 66.797 respectively. 
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Table 3.2(b) : I n i t i a l Physico-chemical Properties of soils , 

S r . Property- Unit I n i t i a l s o i l s 
Mo, Property- Unit 

Sal ine 
S.Ho. 61 

formal 
S.No. 2k-

1 Moisture Per cent 1^.900 13.600 

2 pE mm 8.250 8.000 

3 E.C. ssahos/cm 2.#f0 G.Hf2 

h Organic Carbon Per cent 0.5#fr 0.330 

5 Free CaCO, Per cent 2.1*00 3.900 

6 G.R. mg/100 g 89*f.*f00 206. HOO 

7 e.s.c. meq/lOO g te.lfcLO 52.**90 

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

9 Available P mg/100 g 2lf.6HO 10.560 

10 Exchangeable 
Cations 

mg/100 g 3^0.7^ *f8*K990 

Ca mg/100 g 113.870 3^1.870 

Kg mg/100 g 73.370 100.870 

Ha mg/100 g 11+6.500 37.000 

K mg/100 g 7.000 5.250 

11 SAE - H-.S^ 0.505 

12 ESP Per cent *+2.995 7.629 

13 Water soluble 
ca t ions 

mg/100 g 179.650 13.010 

Ca mg/100 g 56.130 8.130 

Kg mg/100 g 2.630 1.130 

Na mg/100 g 120.000 3.000 

K mg/100 g 0.890 0.750 

1U- SSP Per cent 66.797 23.059 
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3.3.2 yeitUigeffs : 

The f e r t i l i z e r s used in the present investigations were 

of chemically pure and the i r chemical composition i s given in 

table No. 3 .3 . 

Table 3,3 t Chemical composition of f e r t i l i z e r s used. 

!£• Part iculars Total N Total PgQ^ Total ^ 0 
per cent p e r c e n t p # r c e n t 

1 Ammonium sulphate 20.00 

2 Ammonium dihydrogen 16.20 6l.?0 
orthophosphate 

3 Potassium sulphate - - H-6.10 

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 s o i l s . 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 deta i ls of chemical characterise and quantit ies 

of amendments used are given in table No. 3.^Ca) and (b ) . 
Table 3.^(a) ; Chemical composition of Amendments used. 

",„ <fohsfrttujiM. „; .„n ,ftft* ftffig gr^ssmud , Gypsum ,.,„ ffulpfcuF" 
Calcium per cent 1.20 3.60 23.28 
Organic carbon per cent 17.33 33.90 
Nitrogen mg per 100 g 4-10 1290 
Phosphorus mg per 100 g 66 18*f8 
Potassium mg per 100 g 166 2H82 
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Table 3.*f(b) s Quantities of Amen&aents added. 

Aiaeddments So i l from S.No.21*- So i l from S.N0.6I 
g/8 Kg 

s o i l 
tonne s/ha g/8 kg 

s o i l 
Tonnes/ha 

Mule dung 208.65 $7.9* 90^.06 2 ^ . 3 0 

Pressmud 106.67 29 •if2 1*62.20 127.**6 

Sulphur 3.07 0.8M-7 13.31 3.67 

Gypsum 16.51 ^.55 71.55 19.73 

3.3.1* M a t e s s 

ihe too types of waters were used for irrigating the 

soils. One water of C-S, Class which was saline in character, 

artificially prepared in laboratory by addition of different 

chemicals and other water was tap water having C., S., Class. The 

quantities of chemicals added for preparing saline water are 

given in table Ho. 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. 

Si a"**** Quantity added in 
mg per l i t r e 

1 Calcium Ni t r a t e l*f.0Q 

2 Magnesium Sulphate 130.00 
3 Sodium Chloride 197.00 
*f Sodium Carbonate 106.00 

5 Sodium bicarbonate 39^.00 

6 Potassium Ni t r a t e 6.00 
7 Potassium Sulphate 200.00 
8 Ammonium Chloride 120.00 
9 Boric ac id 6.00 
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Table 3,6 t Chemical composition of waters used. 

& Character Dnit ^ « £ * 

1 pH - 7.50 8.75 

2 Electrical 
conductivity 

millimhos/cm 0.171 1.750-1.800 

3 Calcium meq/litre 0.900 0.115 

h Magnesium meq/litre 0.300 1.037 

5 Sodium meq/litre 1.957 11.762 

6 Potassium meq/litre 0.029 2.355 

7 Carbonates meq/litre Traces 1.998 

8 Bicarbondtes meq/litre 2.500 If. 689 

9 Chlorides meq/litre 6.300 7.321 

10 Sulphates meq/litre 5.000 3.330 

11 Kitrates meq/litre 0.036 0.108 

12 Boron mg/litre 0.080 1.000 

13 SAE «* 2.509 17.800 

m- SSP Per cent 6l.*f20 77.030 

15 BSC meq/litre + 1.300 +5.535 
16 Mater class - C1 S1 

c3s3 

3 A Efitftpfls for^Anggygls, • 

3.^.1 Preparation of so i l sample : 

After harvesting the 3s&3£. crop, so i l samples were 

collected from 0-20 cm. layer from each pot separately. Samples 

were a i r dried and pounded in the wooden mortor and pes t le , 

passed through a 2 mm sieve and then used for chemical analysis, 
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I t was determined by dehydrating known weighed so i l 

a t 105°e in an e lec t r i ca l oven (A.O.A.C. 1950). 

3.^-3 Mfi.chaniffial, anatolg, s 

I t was done by pippette method. S i l t percentage was 

determined by difference ( U.S.B.A. 195^). 

3.^+.^ Qrganlff, carton : 

I t was estimated by method as described by Walkley 

and Black using diphenylamine as an indicator, 193^. 

3.^5 PS : 
This was determined by using i*2£» soU water r a t io , 

saturation extract on Beekman pH meter with glass electrode 

assembly (Piper, 1966). 

3.^.6 iftectrjcaA conduclilTlty : 

I t was determined with the help of conductivity meter 

(Elico) having ce l l constant 1.1. Soil-water r a t io was 1*2£ 

(U.5.D.A., 1 9 ^ ) . 

3.^.7 Gjpsuja Reatoeffiffit : 

I t was estimated by adding 100 ml saturated gypsum 

solution to 5 g so i l and t i t r a t e d with standard E.D.I .A. 

solution using E.B.I , as an indicator (Schoonover, 1952). 

3A.8 Cotton, Sxchaflfie capiM&ty « 

I t was determined by CaClg extractant method using 

centrifuge as described by Hesse, 1971. 

3A.9 ffafral jfttrpgen ; 

I t was estimated by macrokjeldhal method (Piper, 1966). 
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3.^.10 Available 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 66o milli­

micron (Olsen, e£ al. 1951*-). 

3'^.U Available .Potassium : 

Using normal neutral ammonium acetate solution as an 

extractant 5 gram of soil sample was taken and 25 ml of ammo­

nium aeetate was added. Then shaken for 5 minutes and filtered. 

Two drops of butyl alcohol was added and K was determined on 

the flame photometer (fox* 1951)• 

3A.12 Exchangeable Cations : 

The extract obtained for determination of exchangeable 

*K* was directly used for the determinations of exchangeable 

cations. 

1) MdCfrffi* tf*fl MagnjsjLum : 

These were determined by E.D.T.A. titrimetrie method 

using h N. NaOH, NH^Cl - HB> OH mixture as buffers and ammo­

nium purpurate, E*B,T. as indicators respectively (Katz and 

Mavone, 1964-). 

2) Sodium : 

It was estimated by the flame photometric method, using 

standard solution of KaCl (Fox, 1951). 

3.^.13 Water soluble cations ; 

The soil water suspension (1*2,5) vas prepared and 

filtered it after 30 minutes constant stirring. The extract 

obtained was used for analysis of Ca, Kg, Ka and K. 
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1) Calcjup a^Mftgnessjum, : 

These were determined by E.D.I.A. titrimetrlc method 

using k- K. NaQHjHH^Cl - N^OH mixture as buffers and ammonium 

purpurate, E.B.T. as indicators respectively (Katz and Havone, 

196*4-). 

2) S^djup afl4 Potassium : 

These were estijaated by the flame photometric method, 

using standard solutions of KaCl and KC1 respectively as 

reference (Fox, 19J>1). 

3 . ^ . 1 ^ ?xe.paraMan of p3tf$ Jgaalfia * 

The whole plants from each pot were a i r dried and 

ground in Willey's mi l l . The ground sample was used for de­

termination of t o t a l nitrogen. The ground material was also 

taken for wet digestion for determination of Phosphorus and 

Ca, Kg, Na, K cat ions. 

3.^.15 % t digestion i 

One gram of well mixed plant powder vas taken in conical 

flasks and 20 ml of n i t r i c acid was added. Contents were then 

s l igh t ly heated, cooled and then 10 ml of perchloric acid was 

added. The material was digested un t i l l i t t l e colourless solu­

t ion obtained. I t was then coaled and by addition of d i s t i l l e d 

water,volume was made to 100 ml . , f i l t e red . This acid extract 

was used for determination of phosphorus, Ca, kg, Ha and K. 

(loth and Associates, I 9 W . 

3.^.16 iQftaa Hifrrogei* : 

I t was estimated by micro-kjeldhal method (A.O.A.C., 

19^0). 
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3.^.17 Phosphorus * 

The phosphorus was determined from the diacid extract 

by measuring the intensi ty of the vanadophosphomolybdate 

yellow colour on spectronic 20 at ^ 0 millimicron (Jackson, 

196?). 

3 ^ . 1 8 Spdjum &P!L?Q$M.%i>m 1 

These were estimated by the flame-photometric method 

using standard solutions of HaCl and KC1 respectively (Fox, 

1951). 

3 A . 19 ggAclum and ^gResgluffi : 

.These were determined by E.D.T.A. t l t r ime t r l e method 

using k K. HaQH, HH^Cl - IB^OH mixture as buffers and ammonium 

purpurate, E.B.T. as indicators respectively (Katz and Navone, 

196*0. 

3.5 StfttajtaoajL Analyst : 

The statistical Analysis ef varience method, correla­

tion-coefficient and line of regression were done as per the 

methods described by Fanase and Sukhatme, I96I. 

3.6 Experimental : 

The earthen pots used in the experiment had a height 

of 35 cm 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 cm thick and were numbered serially. 

Eight kilo of air dried soil was filled in each pot. 
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T en pots were f i l l ed with so i l saline in character and other 

ten pots were f i l l ed with normal so i l in each repl icat ion. 

The deta i l s 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 

f i l l ed in pots . The basal dose of f e r t i l i ze r s was also well 

mixed with s o i l s . Then the pots number from 1 to 5 and 6 to 

10 from each so i l type were I r r igated with a r t i f i c i a l l y pre­

pared saline water and tap water respectively. The drainage 

system of the pots were kept excellent. In a l l there were 

20 treatments and each treatment was replicated 3 times. 

Therefore, the t o t a l number of the pots in the experiment were 

60. The design was completely randomised design. Presowing 

i r r iga t ion was given on 26th September 1973. Ten seeds of 

CSĤ  variety of fowar were dibbled in each pot insuring uni­

form spacing. The germination took place within 7 &ay» after 

sowing and five healthy plants in each pot were allowed to 

grow after 30 days from sowing. The pots were kept in p las t ic 

cloth house after 30 days from sowing. 

3*6.1 &6fa,Ug c-f. cultural, practices : 

i ) fiate of sowing * 27th September, 1973. 

i i ) Basal dose : Total doses - ft-125, P-75 and &-7? 

kg per hectare were given. Out of which N-90, ¥-75 and &-62 

kg per hectare was given on 26th September, 1973 as basal dose. 

i l l ) Top dressjjng : After 30 days i . e . on 28th October, 

1973» 35 kg per hectare H was given. After 60 days, t i p 

burning along with margines of leaves were observed in plants 
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grown on soil from S.No. 2*K So, K was added at the rate of 

15 Kg per hectare in the form of ^ % for both the soils, 

iv) giant, projectJLQfi Erasures, ; Endrine was sprayed 

with the concentration of 0.05 per cent after 8, 20, k0t k-6, 

6h9 77 and 85 days from sowing. 

v) HjiterculturinF : Surface soil from each pot was 

stirred for better airaction and leaching. Interculturing 

was done after *K), 65, 75 and 85 days from sowing. 

•i) Irrigation s Irrigations were given as under t-

After 8, 12, 21, 28, 35, **i days from sowing at tiie 

rate of 0.5 litre per pot and after **7, 52, 57, 62, 66, 70, 

71*, 78, 83, 86, 89, 92, 95, 98, 101, 10*f, 107, 109, H 2 and 

115 days from sowing at the rate of 1.0 litre per pot. Totally 

26 irrigations were given and 23 litres of water was given to 

each pot. 

vii) Harvesting s Harvesting was done 121 days after 

sowing i.e. 23rd January, 1971*. 

The morphological character namely height of the plant 

was taken after 35» 70 and 90 days from sowing. Germination 

and earhead emergence observations were also recorded. Dry 

matter yield was recorded. Soils collected after harvesting 

were analysed for pH, E.G., Organic Carbon, G.R., exchangeable 

cations and water soluble cations namely Ca, Mg, Ha and K, and 

available Phospfeorus. Plant samples were analysed for total 

nitrogen, phosphorus and Ca, Kg, Ha, 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 s o i l s . 

2) Effect of saline water and amendments on germina­

t ion of Jowar crop in sal ine and non-saline s o i l s . 

3) Effect of saline water and amendments on $sm£ crop 

growth i . e . height of the plant , emergence of earheads and dry 

matter yield a t maturity stage in saline and non-saline s o i l s . 

h) Effect of saline water and amendments on N, P, K, Ca, 

Kg, Ma content of jowar plant at maturity stage in saline and 

non-saline s o i l s . 

3.6.3 Abbreviations V&$& *fi %e present investigations, * 

3.6.3.1 Part-I : 

1) fl.P. - Hard pan 2) L.Stone - Lime Stone 

3) S.Stone - Sand Stone h) L - Lined 

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

7) M.- Medium 8) H - Hard 

9) V.E. - Very Hard 10) N5 - Mot suitable 

3.6.3.2 Part II : 

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

3) S. - Sulphur k) G. - Gypsum 

5) C. - Control 6) S.s. - Saline Soil 

7) W.S. - Kormal Soil 8) S.W. - Saline Water 

9) I.W. - Tap water 
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CHAPTER IV 

RESULTS AID DISCUSSION 

PART I 

Seapona3^g3,^gt^tiofi8, in Q u ^ W y of Mftjq Wafers : 

The ground well water samples collected from Rahuri 

Factory, Digras, Pimpari Avaghad, Sade and Khadambe villages 

and from Kahatma Phule Krishl 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 blockwise are given in the Appendix II. Similarly, 

percentage classification of well waters on the basis 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, 

if.1.1 Cations s 

1) Calcium : 

The Calcium content of well waters from Rahuri Factory, 

Digras, Khadambe and five blocks of the University farm showed 

continues increase from ftftfafl-f, to £&££ and rabl to summer 

seasons. But Calcium content of well waters from Sade and 

Pimpari Avaghad showed no definite trend In i t s fluctuation 

as per seasons. 

2) Magnesium : 

The Magnesium content of well waters from Rahuri Factory, 



Mgras, Pimpari Avaghad, Sade, Blocks A, B-I, B-II increased 

during rabi 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 eon-

tineous increase from kharif to rsfci and rabi to summer 

seasons. 

3) SpdAas * 

The sodium content of well waters from a H five villa­

ges and blocks B-I, B-II and C increased in rabi season. But 

there was no definite trend in increase of sodi^acontent of 

well waters from the block A and Dairy as per seasons. On an 

average sodiam was the dominating cation in well waters. 

*0 Potassium : 

The potassium content of well waters from all the 

villages (except Bahuri Factory) and the blocks were found to 

be increased in rabi and summer seasons than the K content 

of well waters during kharif season. 

The cations contents of well waters from five villa­

ges and all the blocks of University farm at Bahuri showed 

fluctuation during three seasons, Similar trend was obser­

ved by Babrekar ejfc aX. (1965) and Satyanarayana §& ^.(1967). 

^.1.2 Aniens t 

X) paxbonates. : 

The Carbonates contents of well waters from Rahuri 

Factory, Sade, Khadambe, blocks A, B-II, C and Dairy increased 

during summer season, while carbonates content of well waters 

from Digras, Pimpari Avaghad and Block B-I increased during 

kha£i£ season. 
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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) Ch3.or;ide§ : 

The Cfoloride 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 rabi season, 

h) Sulphates : 

The average sulphates contents of well waters from all 

the five villages and the blocks of University farm increased 

with the season from kjaarjj: to rabi and j&bj, to summer. 

5) titrates : 

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 definite 

trend observed in fluctuation of the nitrate content. 

The analytical values regarding the anions content of 

well waters from all the villages and the blocks of the Univer­

sity farm at Bahuri showed fluctuation during three seasons. 

Similar trend was also observed by Babrekar ejt aj,. (I965D and 

Satyanarayana g£ &2. (1967). 

**.1.3 PS Value » 

The pH values of 93 per cent of well waters from a H the 



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. 

h-.l.k- â trtcal,, QonducMvity • 

Electrical conductivity is an index of salinity. The 

E.C. values of well waters from five villages showed no change 

during kharjLf and EabJLseasons. But E.C. was found to be in­

creased during summer 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-I I and C blocks seasonwise. But the w e H 

waters from Dairy block showed increase in E.C. values from 

kharjtf to summer seasons. About 9^ per cent of well waters 

from all the blocks of the University farm and about 72 per 

cent of well waters from the adjoining villages had E.C.below 

2250 micromhos per cm. 

*KI.$ Mosm i 

Boron is essential to the normal growth of all plant, 

but exceedingly toxic at concentration slightly above optimum 

limit (O.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 y«ar. Average boron content of well waters from all the 

villages and the blocks, slightly decreased during rabi season. 

From the Appendix III, it is observed that 81.83 per cent of 
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the well waters are of good quality on the basis of boron con­

tent and suitable for most of the crops as per Scofield, 1936. 

^.1.6 Alkalinity : 

Alkalinity is expressed in terms of mg per litre of 

CaCCK. The average alkalinity values of well waters from five 

villages and University farm were 3^1.5^ and 2^.97 mg P©r 

litre respectively, Alkalinity of all the well waters in­

creased with the season i.e. from kharif to rab̂ . and rabi to 

summer. 

^.1.7 Hardne.̂ . * 

It is expressed in terms of mg per litre of CaCO,, The 

average hardness values of all the well waters are above 180 

mg per litre and these waters may be called as 'very hard1 water. 

**.1.S 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 a H the blocks 

were 5.161 and *f.381 respectively. 

On the basis of SAR values of well waters from all the 

blocks of University farm, it is observed that 80 per cent well 

waters are under (S^) class which is most suitable for all the 

soils and 9.5 per cent well waters are under (S2) class. The 

SAR values of weH waters from five villages, it is seen that 

55 per cent weH waters are under (S1) 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 J>urand, 1956. 
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^.1.9 Belationship between SAR and B.C. values of Water » 

The relationships between SAB and E.G. values of well 

waters from five vi l lages and from the University farm for 

three seasons are given in theifcable ^ . 1 . 1 . 

From the table ^ . l . l , i t i s observed that the SJffi. values 

and th© E.C. values of well waters showed a positive correla­

t ion throughout the year. The correlat ion co-efficients for 

waters from the University farm were s t a t i s t i c a l l y significant 

for three seasons. But the correlation co-efficients for the 

well waters collected seasonwise from five vil lages were s ta­

t i s t i c a l l y non significant . The correlation co-efficient of 

waters from the University farm during rabi season was highly 

significantj while for other two seasons, i t was signif icant . 

The regression equations for a l l the waters are presented in 

table *f. l . l and also represented graphically in Figure I I and 

I I I . 

**.1.10 Soluble, goddam Percentage s 

SSP values for a l l well waters from five vi l lages were 

below 60 per cent throughout the year, except the well waters 

from Sade. The SSP values of weH waters from Sade during 

idrarif, l&bl and summer seasons were 6if.07, 66.3^, and 66.51 

per cent respectively. The average SSP values of well waters 

from the University farm were below 60 per cent which indicate 

that the water may be safely used for i r r iga t ion . 

^.1.11 gsffidual Spdj,um, garbomtf.es, i 

The average BSC values of a l l the well waters under study 

were below 1.25 meq per l i t r e and are probably safe for i r r iga­

t ion as per Eaton, 1950. 

http://garbomtf.es


Table **.1.1 S Relationships between SAB ana B.C. Values of Well waters for three 
seasons. 

Relationship Seasons 

Place 

University 
farm blocks 

Correlation 
coefficient 

•mXm*mX*)SSM3m^mimi' 

Cal . 'gable. 
0.05 0.01 
Per cent per cent 

Eegresslon equation 

Summer 

0.*fr?0 2A975* B.C.« 3l.72k SAR • 5 ^ . 1 0 3 

0.530 2.830?** 2.G7**- 2»819 E.C.= 8k. 228? SAR •*• 639-7891*-

0.500 2.707* E.C.« 1^6.2 SAR + 806.278 

Adjoining 
T i l l ages t o 
t h e IftilTrersity liabi 

Summer 

0.352 1.10k 

0.182 0.793 

0.29k 1.306k 

2.101 2.878 

E.C.e 91.155 SAR + lk6 l . 733 

K.C.* Jf5.813 SAR + 1638.0**8 

E.C.*lk8.378 SAR + 1521+.3989 

E.C.ss micromhos/cm 



FIGURE-II RELATION BITMSEI SAB VALUES AND 3*0. OF WELL 

WATERS im'A UNIVERSITY FARK FOR THREE SEASONS. 



FIGIBE-III RELATION BETVJ1EB SAR VALUES AKD E . C , Of WELL 

VAT3R8 I'BOM P O T VILLAGES FOR THHBE SEASONS. 

• - B e ^ -nS'812 SAR + \£28'*ti& 



The object of present investigations, as already indica* 

ted earlier, was t© study the effect of water salinity with and 

without amendments on chemical characters of two soils, plant 

growth, uptake of N, P, K and cations by 4fli£a£ plant, under pot 

culture conditions. The studies were carried out on following 

lines :-

*+.2.1 .Qh.eiaic.aA, properties, flf ,so,tts J 

a) pH b) Organic Carbon 

c) Electr ical conductivity d) Gypsum Requirement 

e) Available Phosphorus f) Available Potassium 

g) Exchangeable Sodium h) Sodium Adsorption Batio 

Percentage 

i ) Soluble Sodium Percentage 

j ) Exchangeable Cations : - 1) Calcium 11) Magnesium 

i l l ) Sodium 

k) Water Soluble Bations s- i ) Calcium i i ) Kagnesium 

i l l ) Sodium iv) Potassium 

^•2.2 gfflsfr, on ptenfc grqwt^ and, niyfrrj.ent £$%£&& • 

a) Germination b) Height of the plant 

c) Saergence of earheads d) Dry matter yield 
e) Different elements contents 

in plants :-

i ) Nitrogen i i ) Phosphorus i l l ) Potassium 

iv) Calcium v) Kagnesium v i ) Sodium 

The resul ts of the effects of so i l sa l in i ty water sa l in i ­

ty and amendments on so i l properties and plant growth are d i s ­

cussed in succeeding paragraphs. 
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^.2.3 Bfiflpcft, on ffheMcftl chamcters o.f gp33,E * 

1) SQJJ. pH : 

The data pertaining to pH values are given in table 

* * . 2 , 1 . 

Table **.2.1 ; Mean values of pH, Organic Carbon content of 
soils as affected by saline water and 
amendments. 

Treatments pH Organic Carbon 
per cent 

M.D. 7.851* 0.552 

P.M. 7.879 0.51*6 

S. 7.700 0.1*60 

G. 7.887 0.1*2** 

Con t ro l 8.11*1 0.^*11* 

S . S o i l 7.99 0.601* 

2Sf. S o i l 7.80 0.39* 

S . Water 7.951 0.1*91 

T . Water 7.833 0.1*88 

The soil salinity and the water salinity had shown 

increasing effect on Soil pH by 0.I9 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.M* units as compared to the control. Other amend­

ments showed more or less same effect on decreasing pH value. 

Fitts, Lyons and Ehodes (19!*3), have stated that the 

2727 kg of sulphur treatment had marked effect on reduction 
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of soil pH. Singh and Shanaa (1972), concluded that pH was 

greater when soils irrigated with G^\, C^S- C,S1 class waters. 

The probable reason for reduction in pH, due to addi­

tion of sulphur is that, sulphur is oxidised into SO, and with 

water, it is converted into ̂ $ 0 ^ which had acidic effect. 

2} Organic carbon, ; 

Organic carbon givea an idea about total nitrogen eon-

tent of soils by QtN ratio. The mean values of organic carbon 

content of all treatments are given in Table ^.2»1. 

All the amendments, had increased the organic carbon 

content of soils as compared to control (Q.1*!^). 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 : 

E.G. is the ma^or character of soil to measure the 

soil salinity. 

The data regarding the E.G.of soils have been presented 

in Table M-.2.2. 

Table **,2.2. J Electrical conductivity of soils as affected by 
saline water and amendments, 

— I H — • • • • • » ! — . 1 W I H I W I . . ' — • « — , - • — ^ — — — »l| ! •— I M ' M I I W — • 11—111 1 » l l » » . . . . • . . • • i . 1 II • — • N l • - < M Mil i — •• • » • ! ! • . 1 1 1 . . - - — I • * III II I—l.—lll > 1 . w W m W U l M m W iMlll — • « • • • 

Treat- fiflUng B0«, Normal S Q U J J g J ^ ^ ^ * 
ments s ^ T > w # g^w # T # w # ^^Q/^ ~ c e n t 

M.D. 872.67 517.00 579.33 223.67 5*+8.1 27.2U3 75.290 

P.M. 1061.67 5^1.33 377.67 206.67 5 ^ . 8 

S. 7 ^ . 3 3 553.67 530.00 252.33 520.0 
G. 1070.67 315.33 666.00 3**6»67 599-6 
Control 2167.00 1558.00 286.00 15^.00 10 -̂l.M-
Mean micromhos/cm Soils t Saline -9^0.10 Waters:Saline-835.**0 

Hormal- 362.20 Tap -1+66.80 
S.E.±, 17.230 
G.D.aJ5 per cent H7.6I7 



S o i l s , wa te r s , amendments and a l l i n t e r ac t i ons are 

h ighly s ign i f i can t except WXA i n t e r a c t i o n , which i s only s i ­

gn i f i can t . Sa l ine s o i l and s a l i ne water s i g n i f i c a n t l y i n ­

creased the B.C. of s o i l s , tfse of a l l amendemtns s i g n i f i c a n t l y 

decreased the E.G. of so i l s as compared with c o n t r o l . 

Many workers found the p o s i t i v e co r re l a t ionsh ip i n 

between E.G. i .w. and E.G. of s o i l s (Jacobs £k &£.. I 961 , Kanwar 

and Mehta, 1970} Singh and Bhumbla, 1968), According t o 

Pal iwal (196I) , concentrat ion of s o i l so lu t ion increases from 

1.03 t o 7 times t h a t of i r r i g a t i o n water for sandy t o c lay 

loam s o i l s . 

**•) Gypsum requirement of the SQ;U. • 

Gypsum Requirement i s one of the measures, which can 

3udge the s o i l s a l i n i t y . The data regarding the G.R, values 

a re reported i n Table ^ . 2 . 3 . 

Table ^ . 2 .3 i Gypsum requirement of s o i l s as affected by 
s a l i n e water and amendments. 

Trea t - Saline, Spi^ „ fformAJ. Sot t Mean S.E. CD. 
ments s w T W s w T w mg per + a t 5 

*»w. i .w. b.w. i .w . 1 0 Q g per cent 

K.D. 321.066 206.1+00 366.933 298.133 298.13 25.262 69.811f 

P.K. 206.if00 11M-.666 ^12.800 3 ^ . 0 0 0 269.53 

S. 309.600 172.00 3*^*000 11^.666 235.06 

G. 275.200 80.266 88.86 

Control 378.**00 229.^33 366.933 378.*f00 338.29 

Mean mg/100 g So i l s J Sal ine - 193.790 Waters: SaHne-298.300 
Hormal - 298.120 Tap -193.800 

S.E.+ 35.726 
C.D.at 98.732 

5 per cent 
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From the table *+.2,3, i t has been observed that soi ls 

and waters had highly significant effect on G.R. and S % A 

interaction was also signif icant . Beduction in G.B, Value 

was more in case saline so i l as compared with normal s o i l . 

Saline water significantly increased the G.R, value of the 

soil* 

The use of gypsum gave promising decrease in the G.B. 

value of soi ls as compared with other three amendments and 

control . While M.D., P.K, did not differ s t a t i s t i c a l l y . She 

h.D*, PJ*« and control , also were sulphur on par . By using 

tap water with gypsum as an amendment, there Is reduction i n 

the G.B, value of the saline s o i l , 

5) Available, ptoftgjtowa .swntenft of soils. $ 

Phosphorus i s one of the major nutrient required by 

the plant, 2he data pertaining to available P content in soi ls 

have been given in Table k.2.H- and graphically presented i n 

Figure I ? . 

Sable k*2*k s Available Phosphorus content of soils as affected 
by saline water and amendments. 

—•inw*ti i |i ill mi i n •••imi'ii.i 11 m*< wi « w i —,•••• IIWMMHIII i ml —••wMiiiw.••••>•»• t ».niwini«—i,iniiiww»*^"—i'«" iw>"»in •»' — ••——•»—••wi—m—imminn i wm—iu'wui W>MI'MI»I'H»H.WI "mm nwm.n I'wwumn"*!, W H I M . — i i -

Treat- .SaA^ft,ppJA ffcfflaj,,§pU.. Mean S,E. CD.a t 
ments 8 , W . O T S . W . 3 P . W . mg/100 g ± 5 per 

—IW—IIW'WW—•—••«—i<••! iinin.ilinn .i—^api,.w«wii..w>^i.i>»^..»—I.I.WBM—»».»i^i—• .• m u m « — — n — » — » i w , i mn i—i. ,i >••!••—,..—, P M . . W < » « > I I • w i M w i m w o w i ' •II.IH«..H••..-im*+*m«»»»^«^*X*wFi!ilmm'w*uv*.mm 

M.D. 81.5**6 56.906 37,5**6 51.0^0 56.76 7.7**Q 21.390 
P.fc. 319.733 182.^53 7^.506 9 9 , 1 ^ I68.96 
S. **2.2*f0 3^.026 ¥ K 5 8 6 U^.586 k-lM 
G. 22,293 1 9 . 9 ^ 19.9^6 86,826 37.25 

Control 26.986 M*>586 17,600 6^.533 **0.25 
Mean mg/100 g Soils t Saline * 83.070 Hormal - 5^.030 

S.E.+ if,895 
C.D. at 13.528 
5 per cent 
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Soils and amendments were highly significant . All 

f i r s t order interactions were highly significant . The second 

order interaction i . e . S X A X W was signif icant . 

In case of s o i l s , sal ine so i l had significantly more 

available phosphorus. While in case of amendments, pressmud 

has significantly increased available P content of s o i l s . 

Other amendments did not differ significantly. Saline soi l 

with the use of pressmud as an amendment has the best effect 

in increasing available P content of so i l s . The reasons may 

be that the high P content of pressmud. Shrivastava,Sharafat 

A.li and Dev (1972), found that by addition of Ca in so i l , the 

ava i lab i l i ty of P can be increased. 

The high values of available p content in soi ls after 

harvesting, may be due to high dose of applied phosphate 

( i . e . 75 kg P per hectare) . 

6) Kjschaflgeablft, potass jLum : 

Potassium i s one of the most important element required 

for plant growth. The data regarding exchangeable K content 

of soi ls have been given in Table *+.2.5 and graphically repre­

sented in Figure V. 

Table *f.2.5 i Exchangeable Potassium content of soi ls as 
affected by sal ine water and amendments. 

" f rea t l SalfcW SpUl HprfflaA S Q U Mean" S.E. CD. 
ments S.W. T.W. S.W. T.W. mg/100 g + at 5 per 
K.D. 32.^08 19.920 "23.516 9t960 <&*,+YS> 1.2277 3?3928 
P.M. 18.536 11.896 18.398 9.5^5 1^.59^ 
S. I6.0*f6 7.608 15.^93 7.331 11.620 
C 13.833 8.023 18.675 7.608 12.035 

Control 18321 12.173 15-355 12.035 l ^ . t o 
Mean mg/100 g Waters J Saline - 19.0146 Tap - 9.&LQ 

S.E.+ Q.77#fr 
CD.at 5 % 2.1>+56 
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Waters and amendments had significantly increased 

exchangeable K content in soi ls at one per cent level . The 

SXA interaction was also s ignif icant . 

I r r igat ion with saline water have increased exchan­

geable K than the i r r igat ions with tap water. The probable 

reason may be the higher ̂ content of saline water. In cast 

of amendments, mule dung has shown the best increase i n 

exchangeable K, while others did not differ s ignif icantly. 

Saline water containing KKÔ  was used by Tala t i 

(1968), for tobacco and j&bJL vegetables, showed beneficial 

effect . The presence of HCU and K ions in i r r iga t ion waters 

have an ameliorating effect on s o i l s . 

7) ffaBhftingfftfM^ c a i r n s : 

The mean values of exchangeable Ca, Kg and Ha are 

given in Table h.Z.6. 

Table **,2.6 : Exchangeable Cations <Ca, Mg, Ha) content of 
so i l s as affected by saline water and 
amendments. 

S r . 
Ho. 

Treatments 
E^fofrng9ftfrXft smt&ppg m% p e r 2»0P, g 

Ca Me Na 

1 M.D. 273.9* 58.375 U7.750 
2 P.fc. 265.**20 71.500 39.130 
3 s. 265.170 58.750 31.0*KL 
^ G. 285.210 78.333 25.291 
5 Control 270.630 59.500 62.583 
6 S.SoU 202.316 *K).683 55.366 
7 H. So i l 3^1.666 89.900 26.950 
8 S.Water 265.250 70.966 59.900 
9 T.Water 278.730 59.616 20.^16 
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i) fifAc-JUtt i 

It is one of the elements which reduce the soil alkali­

nity. 

The normal soil 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 soil. 

In case of amendments, gypsum and mule dung have in­

creased exchangeable Ca, while other amendments have decrea­

sed exchangeable Ca content of soils as compared to control. 

But magnitude of decrease due to 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 soil. 

li) Hagqesjuffl : 

Magnesium is also soil alkalinity reducing agent. The 

mean values of exchangeable Kg are given in Table *f.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 

reason may be the higher Kg content of saline water as compared 

to the tap water* 

In case of amendments, gypsum and pressmud havtincreased 

the exchangeable Mg content of soi3sa$ compared to control. 
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The addition of sulphur and mule dung as amendments have no 

effect on exchangeable Mg content of soils. 

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 ^.2.6. 

The saline water has increased the exchangeable Na 

content of soils, as compared with the tap water. 

The application of \ \ > C3S3» C3S1 cl&BS waters in­

creased exchangeable sodium and sodium saturation, (Singh 

and Sharma, 1970). 

In case of amendments, the addition 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 Ha content of soils is as follow : 

Gypsum > Sulphur > P.M. )> h.D. 

Increasing amount of sodium removal from solonetzic 

soils with the application of gypsum was observed by Padhi 

ejL aJL. (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. 

3) S Q O A W Aajorpfrtaft BatiP and ExcjBIJgejfcJa Sodium, Percent-

The SAB and ESP values of soils are the parameters of 

measuring soil salinity and/or alkalinity. The data pertain­

ing to SAR values and ESP values of sons are given in Table 

*t-#2«7(A) and *K2.7(B) respectively. 
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Table *t«2«7(A) s SAB values of soi ls as affected by sal ine 
water and amendments. 

Treat- Saline so i l Normal Soil Kean S.E. CD.at 
ments S.W. T.W. S . W . T . W . + 5 per 

essi 

K.D. x.35»f 0.737 0.671 0.111 0.719 0.03068 0 . 0 8 ^ 

P.K. 1.257 0.568 0.^31 0.085 0.58^ 

S. 0,967 O.^O 0.Mf9 0.080 0.*f89 

G. 0.735 0.299 0.388 0.059 0.371 

Control 1.880 1.017 0.771 0.I9I 0.953 

Kean Soils : Saline - O.927 Waters : Saline - O.89I 
Normal - 0,319 Tap - 0.355 

8.E. + 0.S1939 

£.D.at 0.0536 
5 per cent 

Table ^.2.7(B) t ESP values of so i l s as affected by saline 
water and amendments. 

Trea t ­
ments S.W. T.W. 

ItaWtl &QU Mean 
S.W. T.W. % 

S.K. 
+ 

C.D.at 
5 per 
cent 

K.JP. 25.166 l*f.686 10.273 2.003 13.032 0.361 0.996 

P.K. 22.663 H.69O 7.826 1.573 10.938 

s. 19.160 9.h% 7.586 1.520 9.^30 

G. 1^.323 6.153 6,330 1.083 6.972 

Control 31.326 18.823 12.1*93 2.if76 16.280 

Mean % 

S.E. + 

So i l s : 

0.228 

Sa l ine 
Normal 

- 17.3^5 Waters : Sa l ine - 15.715 
- 5.316 Tap - 6.91*7 

C D . a t 0.630 
5 per cent 
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A H factors and first order interactions were highly 

significant. Saline soil and saline water have increased the 

SAR and ESP values of soils, significantly as compared to the 

normal soil and tap water respectively. &11 the amendments have 

significantly decreased SAR and ESP values of soils. Gypsum 

has given best effect in decreasing SAR and ESP values of 

soils. 

Pallwal and Maliwal (197X>» observed that the SAR of 

irrigation water was significantly correlated with ESP valu© 

of soil. Similar observations were made by Xadav (1970-71), 

Singh (1966), and Jacobs s& sX* (I96D. SAR and ESP values 

of soils were directly proportional to the sodium content 

of irrigation water and soil, while inversaly proportional 

to the Ca and Mg contents of irrigation water and soil. 

9) Water ŝ luble_ca,ftlons : 

The mean values of water soluble cations are given in 

Table k.2.8. 

Table k.2.8 s Water soluble cations (Ca,Mg,Ba,K) content in 
so i l s as affected by saline water and amendments. 

lT' Treatments - 7 Wa^er s o ^ l e cations (mg/lgp g) 

1 K.D. 7.1*50 1.503 9.500 1.905 
2 P.&. 13.730 2,283 7.510 l.k20 
3 S. 15.150 1.565 7.710 1.16k 
k G. 20.1*70 2.158 5.990 1.392 
5 Control 9.320 0.91*8 5.810 1.357 
6 s .Soil Ik, 1*80 1.91*3 9.7k0 1.575 
7 N. Soil U.600 l.M*0 5.770 I.O99 
8 S.Water 16.110 1.693 11.320 1.825 
9 T. Water 10.230 I.689 k.180 0.8**9 
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Water salinity has increased the water soluble Ca con­

tent of soils. The probable reason may be that the Ha present 

in saline water might exchange' 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 is in the following order; Gypsum "> Sulphur "> P.K. Water 

soluble Ca content in saline soil has been increased than the 

water soluble ca content in non saline soil. 

ii) Elajnesfrum, i 

Water salinity had more or less no effect on water 
Mg 

soluble ̂content of soils. The addition of amendments have 

increased water soluble kg content of soils as compared to the 

control. Gypsum and P.K. had better effect in increasing Kg 

content of soils than that of sulphur and M,D. 

ill) Sfidigm, : 

Water salinity and soil salinity have increased the 

water soluble Na content of soils in high amounts. The water 

soluble Ha was increased by addition of all the amendments 

except the addition of gypsum, which has more or less no effect 

on water soluble Ha content of soil, 

iv) Potassium : 

Water salinity has increased the water soluHe K content 

of soil* The probable reason may be the higher K content of 

saline water than that of tap water. The addition of K.D. and 
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P.M. nave increased water soluble K as compared with control. 

Gypsum has more or less no effect on water soluble K content 

of soils. 

10) Soluble Sodium, Pftrcent.agf. 9S Sv JAP J 

The SSP i s also one parameter to measure the so i l 

sa l in i ty or a lka l in i ty . The data regarding SSP values of 

soi ls are presented in Table 4-. 2 .9. 

Table if.2.9 J SSP values of so i l s as affected by sal ine 
water and amendments. 

Treat . Sgqifie. $QU ®Qmti Soti^ Mean SJB. C.D.at 
ments S.W. T.W. S.W. T.W. % + 5 per cent 

K.D. H-7.63 ^ . 9 1 53.61 19.W H-1.89 O.7968 2.202 

P.K. 26.66 33*78 ¥*.06 l*f.?9 29.77 

S. h$.lM> 29.0^ 31.83 8.96 28.71* 

G. 27.08 19.81*- 39.15 10.^-7 2^.13 

Control **9.22 50.07 5^.60 21.51 itf.85 

Mean % Soils t Saline - 37.530 Waters : Saline - 4-1.900 
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 values of soils except WXA, 

interaction which was significant at 5 per cent. 

Soil salinity and water salinity have significantly 

increased the SSP values of soils, while amendments have 
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significantly decreased the $SP values of soils, except mule 

dung. She addition of mule dung did not affect SSP values 

of soils. But pressmud and sulphur have decreased SSP values 

of soils as compared to mule dung and control. Gypsum has 

the best effect in decreasing SSP values of soils. 

k-.2.h Effect, Of saline wafrey on cfa.emJ.caX ;prpp,ext,i,ejs.,fl.fi 
8,0334 (Control).? 

The chemical properties of two soils (Control treat­

ments) collected after the completion of the pot culture 

experiment are presented in Table ^.2.10. 

The following observations have been made after com­

paring the &am chemical properties with initial soil pro­

perties. 

i) pi i 

pH values of normal so i l I r r igated with sal ine water 

have been increased while pH values of saline so i l i r r igated 

with saline water have been s l igh t ly decreased. 

i i ) E3,qctatefl3t conductivity • 

In case of noimal s o i l , E.C. was increased, but in case 

of saline so i l E.C. was decreased by i r r igat ions with saline 

waters. The probable reason may be the leaching of s a l t s , due 

t o use of ample quantity of i r r iga t ion water. 

Satyanarayana §& a l . (1967), observed that continuous 

use of saline water did not show any apparent effect on well 

drained so i l s , indicating that many waters apparently of ques­

tionable quality may actually be used with success on well 

drained so i l s . 
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Table ^.2.10 s Effect of saline water on chemical properties 
of so i l s . 

Sr 
Ho * Property 

• 
Unit I n i t i a l s o i l s So i l s af$er * Property 

• 
Unit 

Ser ine SftUflW,, 

1 pH „ 8.2$0 8.000 8.200 8.150 

2 E.G. affihos/cm 2.6*+0 0.13+2 2.167 0.286 

3 Organic 
Carbon 

Per cent 0.58*+ 0.330 0.563 0.3*+3 

k G.E. mg/lOOg 89If.,f00 206.1+00 378.MX) 366.733 

5 Avai lable P. mg/100 g ^.o^K) 10.560 26.987 17.600 

6 Exchangeable 
Cations 

1 mg/100 g 3 ^ 0 . 7 ^ *+8*f.990 331.203 ^65.526 

Ca mg/100 g 113.870 3^1.870 166.661*. 319.997 

Mg mg/100 g 73.370 100.870 h?.W7 77.**97 

Ma mg/100 g l>+6.500 37.000 100.2&7 53.290 

K mg/100 g 7.000 5.250 16.955 lh*7hz 

7 am - h.8k$ 0.505 1.759 O.691 

8 ESP Per eent te.995 7.629 30.268 l l . ¥+7 

9 Water 
soluble 
ca t ions 

mg/100 g 179.650 13.010 I 9 . 9 I 8 12.695 

Ca mg/100 g 56,130 8,130 8.336 5.003 

Hg mg/100 g 2.630 1.130 0.663 O.503 

Ma mg/100 g 120.000 3.000 9.753 6.376 

K mg/100 g 0.890 0.750 1.166 0.813 

10 ssp Per cent 66.797 23.059 ^9.223 M^.BZh 

i i i ) Qrga nie^Carbgn ; 

The organic carbon contents of both the soils collected after 

the harvesting of crop grown 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 so i l was reduced while that of 

normal so i l was increased. 

•> ftff&WU phosphorus : 

Available I' content of both soi ls collected after har­

vest of the crop have been increased. But magnitude of increa­

se in normal so i l was higher as compared to saline s o i l . The 

probable reason for increase in available P in both the soils 

may be due to addition of higher dose of P f e r t i l i z e r i n i t i a l l y 

(75 kg ? per hectare) . 

n ) Basfaangftabke, canons, : 

There was decrease in t o t a l exchangeable cations in 

both the s o i l s . But magnitude was greater in case of saline 

s o i l . Exchangeable calcium content of both the soils were 

decreased by 25 mg/100 g of s o i l . Exchangeable magnesium was 

also decreased in both the s o i l s . In case of sodium, i t was 

increased in normal so i l and decreased in sal ine so i l . The 

reason may be tha t the $SP values of Saline so i l was 66.797 

per cent. So there was more poss ib i l i ty of leaching of sodium. 

The potassium content of both the soi ls was highly increased. 

I t may be due to the higher K content of saline water i . e . 

2.355 oieq. per l i t r e . 

v i i ) Sodium Adsorption Ratio and Exchangeable sodium 
Perce^ ta^ : 

Both these values were increased in case of noitnal s o i l , 

while these were decreased in sal ine so i l . 
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viii) Water soluble cations : 

These were increased in case of nozmal soil while they 

were decreased in case of saline soil. The Ca and Ha were 

increased in normal soil, while they were decreased in saline 

soil. Magnesium was decreased in both the soils. As regards 
of 

K, it was increased in both the soils because At£e> 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 m iowar 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 Jowar. 

The data regarding germination of im3£ at 6 days after 

sowing are given in Table if.2.11. 
Table H-.2.11 i Effect of water salinity and amendments on ger­

mination of jfiK&r. crop at 6 days after sowing 
in saline and non saline soils. 

• — — • I — I • •!• II. • I . I H . I I W I — l — • • H I - • • • • • • • • * !•• • • II, M l - • ! , «—••• B l i l I • I H I I .1.1 • • • • . - . • • • • I I . M I — , - I — .-.•••.HI—l.fc. fc i — — 1i —•.••••^..i.—.NW'IW" IW» 

Treat- Sajln^ /%»& formal S Q U Mean S.E. C.D.at 
ments S.W. T.W. S.W. T.W. Ars. ± 5 per 
- ? r m t sfnfr „.,. 

L.D. 61.223 72.783 68.853 75.000 6 9 . ^ 5 9.1365 25.21*96 
P.K. 59.006 68.8J3 68.853 83.853 ?0.1*f2 
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 - 62.1*66 Waters : Saline - 65.029 
Ars.Tran. Hormal - 72.191 lap - 69.628 
S.E.+ 1,9117 
C.D.at 5.2831 
5 per cent 
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At six days after sowing, the germination of Sm&K was 

s ignif icantly reduced in sal ine s o i l . The reason may be that 

the osmotic pressure of soi l solution i s increased which wi l l 

affect the absorption of water and nutrients required for ger­

mination. 

Malek T. Kaddah (1962), Kalek T. Kaddah, and Salma I . 

Qaowail (l$6*f), Lall and Deore had stated that the increasing 

levels of sa l in i ty delayed germination and had no detrimental 

effect on p e a n l germination percentage, Singh and Singh 

(1972), found the negative correlat ion in between B.C. and 

germination percentage, 

2) ^.mhflloslcal characters pf pXanfes : 

The effect of water sa l in i ty , so i l sa l in i ty and 

different amendments under study on the morphological chara­

cters of $ma£ are discussed below, 

I ) HejLg&fe. -

The observations on height recorded at 3J?, 70 and 90 

days af ter sowing are presented below. 

1) t h i r t y five days : 

The data pertaining to the height of jfijESX plant a t 3£ 

days after sowing are given in Table **.2.12(A). 

Soi l s , water andanftndments have highly significant effect 

on height of the p lant . Saline so i l and sal ine water have 

reduced the height of plants as compared to the normal so i l and 

tap water respectively. In case of the amendments, pressmud 

has the best effect in increasing height of p lan ts . There was 

no s t a t i s t i c a l difference among MJD., Sulphur and gypsum which 

were used as amendments. 
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iab le ^.2.12(A) t Effect of water sa l in i ty and amendments 
on height of $sm£ plants a t 35 &ays after 
sowing in saline and non sal ine so i l s . 

Treat* Saline Soil 
S.W. T.VI. 

Mean S.E. 

i. 
CD.at 5 

ments S.W. T.W. S.W. T.VI. 
Mean S.E. 

i. per cent 

M.D. 7.95 9.^7 9.52 11.0? 9-500 0.3583 0.9901 

P.K. 8.80 10.97 10.87 12,^7 10.775 

S. 9.33 8.68 8.89 11.00 9.1*76 

G. 7.55 9.87 10.27 9.20 9.221 

Control 5.20 6.80 8.68 8.if-7 7.288 

Mean cm Soils t Saline - 8.**62 Waters t Saline - 8.705 
Normal - 10.0^2 Tap - 9.798 

S.E. ± 0.22&* 

CD.at 5 A fcp^ 
per cent w»Wfc*'v 

i i ) Sgymty teyg- : 

The data regarding to height of plants , a t 70 days 

af ter sowing are presented in Table l»-.2.12(B). 

Table H>2.12(B) s Effect of water sa l in i ty and amendments on 
height of $SM3£. plants at 70 days af ter 
sowing in sal ine and non sal ine so i l s . 

Treat- qal toi Sgil tom* Soil K*an S.E. CeD.at g 
ments S.W. 0 7 S.W. T.W. cm ± per cent 

M.D. 17.00 19.00 21.10 21.27 19.592 0.7971*- 2.2036 

P.M. 17.53 21.97 20,83 23.53 20.967 
S. 18.MO 17.70 20.37 21.**7 1 9 . ^ 3 
G. lif.10 18.73 20.27 18.07 17.792 

Control 10.53 12.73 17.30 17.^0 lif.1+92 
Mean cm Soils s Saline - 16.75 

iiormal - 20.16 
S.B.dt 0.50^3 
CD. at 1.3936 
5 per cent 
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Soils and amendments have highly significant effect 

while S x W interact ion has significant effect on height of 

the plant a t 70 days after sowing. Soil sa l in i ty has reduced 

height of the p lant . The amendments namely P.K., M.D. and 

sulphur have increased height of plants significantly over 

gypsum and control? while K.B. sulphur, gypsum have s igni f i ­

cantly increased height of plant over control. 

I l l ) Hifflfty days : 

The data regarding height of plants at 90 days after 

sowing are presented in Table ¥.2.12(C). 

Table ¥.2.12(C) t Effect of water sa l in i ty and amendments on 
height of jowar plants at 90 days af ter 
sowing in sal ine and non sal ine so i l s , 

^rea t - Sa^ne Soil ffoffial SQU Mean 6 . E. 
ments 6.W. T.W. s.W. T.W. cm + 

K.D. 38.00 30.00 3^.50 37.33 3^.125 

P.K. 33.OO 31.50 35.00 32.50 33.000 

S. ¥1.00 ¥7,50 38.66 27.83 38.750 

G. W.50 50.00 36.50 30.83 ¥l.2G8 

Control ¥1.33 ¥2,00 38.66 2¥.00 36.500 

Mean cm Saline Soil - ¥0.18 Hormal Soil - 33.25 

S.E.+ 1.503 

CD. a t ¥.15¥ 
5 per 
cent 

Soils have highly significant effect on height of 

jojgax plant . Saline so i l has significantly increased height 

of the ^owar plant a t 90 days af ter sowing.Other treatments 

were s t a t i s t i c a l l y nonsignificant. 
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Effect of saline water and amendments on the height of 

JQK&r. plants grown in saline and nonsaline so i l s i s graphica­

l l y represented in F igured . 

Bain and Milton Fireman (1968), Sinha and £er (1972), 

observed that so i l sa l in i ty or allsalinity dras t ica l ly reduced 

the growth of sorghum and berseem respectively. But Paliwal 

and Kaliwal (1971), found that maize was sa t i s fac tor i ly grown 

on i r r iga t ion water having sa l in i ty upto 28 meet per l i t r e and 

SAR of 2?. Paliwal (1972), also stated that there was increa­

se of 15 to **5> per cent in the growth of wheat, barley, maize 
Ml^L toaJm while i r r igat ing with sal ine waters upto 28 meq per 

l i t r e sa l in i ty . 

3) Epgrgsncft Q$ ea,rb.ea,ds : 

At 88 and 112 days after sowing the paaMft emergence of 

earheads were 30 per cent and 63.33 per cent respectively. 

i ) Eighty ejgfrt days : 

The data pertaining to emergence of earheads at 88 days 

af ter sowing are presented in Table **.2.13(A). 

Soils and amendments are highly significant while S 2 A 

interact ion i s s ignif icant . Saline so i l has significantly 

Increased the emegence of earheads. The use of P.L., M.D. and 

sulphur as amendments have increased the emergence of earheads 

as compared to gypsum and control . There was no s t a t i s t i c a l 

difference in between P»K. and M.D. and sulphur in increasing 

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

Treat­
ments 

§s£Ua$ fto Jul . 
SM7 T.W. 

Nownal Soil 
M . W , J. , W « 

Kean S.E. C.D.at 5 
Ars, + per cent 
Tran. 

h.D. 5*K22 55.37 18.85 25.00 38.362 Kk-&& 12.3378 

P.h. 71.15 72.29 26.15 26.56 H9.038 

s. **6.92 k-1.7h> 3 3 . ^ 26.15 37.053 

G. 36.93 21.93 17.71 8.85 21.355 

Control 8.8? 8.85 8.85 - 6.6*f0 

Mean 
Ars. 
Tran. 

Saline Soil - 1*1.827 Hormal Soil - I9.I63 

S«E.^ 2.8235 

CD. a t 7.803 
5 per cent 

• • 

The data regarding emergence of earheads at 112 days 

after sowing are given in table **.2.13(B). 

Table h, 2.13(B) t Effect of saline water and amendments on 
emergence of earheads of iow&r. crop at 112 
days after sowing in saline and non-saline 

• — '• • • ! " 1 — ' ~ ~ — 1 **^*rf?*»p* * , • , II „ null .1.1 lull r r i j l . l l l l . l I I.I) III I B " , ! II U I I 

Treat­
ments S.W. T.W. 

Homtfi Spjl Mean 
S.W. T.W. Ars. 

S.E. 
+ 

CD.at 5 
per cent 

fc.D. 
P.M. 
S. 
G. 

81.15 
90.00 
90.00 
90.00 

90.00 

90.00 

8I.96 

90.00 
Control 55.37 59.22 
Mean Ars.Tran. Soils -

S.E. i 2.7729 
G.D.at 7.663 

28.85 30.00 57^500 ^-.38^3 12.116 
81.15 38.85 75.000 
56.51 3^.22 65.673 
3^.63 17.71 58.08^ 
*fl.93 26.56 ^5.769 
Saline - 81.769 Waters iSaHne - 6»f.958 
Hormal - 39.37^ Tap - 55.852 
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Soils and amendments, 8 x A interact ion were highly 

significant while waters and S x W interact ion were s igni f i ­

cant. Saline so i l and saline water have s t a t i s t i c a l l y 

increased themergence of ©arheads a® compared to normal so i l 

and tap water respectively. The addition of P.h. and sulphur 

have s t a t i s t i c a l l y 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 

were also on par with each other, hut were significantly 

superior over control . 

**») Dry matter ylqld. * 
The dry matter yield gives an idea about the effect 

on yield. The data pertaining to dry matter yield are givan 

in table 4-.2.1H- and graphically presented in Figure VH. 

Tahl© if.2.11* J Dry matter yield of 4fl&SX crop as affected by 
sal ine water and amendments in saline and 
non-saline so i l s . 

Treat- gfUfr** fiojU, Normal Soi l Mean S.E. CD.at 5 
ments S.W. T.W. a,U,T.W. g/plant + per cent 

M.D. .̂8**6 3.700 5*120 3.126 if.198 0.3563 0.98*4-7 

P.M. 5.966 5.260 5.320 ^ 7 3 5.^5 

S. 6,126 6.073 6.880 *f.000 5*770 

G. 6.33 6.667 6.220 3.733 5.8^3 

Control 5.253 ^.773 6.600 2.773 *K850 

Mean Soils - Saline - 5.530 Waters - Saline - 5.897 
g/plant Hormal - J+.821+ Tav - ^.^58 
S.E.+ 0.2253 
CD. a t 0.6226 
5 per cent 
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Waters and S s « interact ion were highly significant , 

while so i l s and amendments v»re signif icant . Soi l sa l in i ty 

and water sa l in i ty hare significantly increased the dry 

matter yield of dSKSX* The reason may he the high f e r t i l i t y 

statu* of saline so i l and higher X and HO3 content of saline 

water. The addition of gypsum, sulphur and pressmud hare 

significantly increased the dry matter yield than the addi­

t ion mule dung and control. Gypsum, sulphur, and P.M., 

control did not differ s ignif icantly. 

Lunin and Gallatin (1965), observed that a t a given 

sa l in i ty level crop yields tend to he higher where soil* are 

adequately fe r t i l i zed than where some nutrient difficiency 

ex i s t s . Talat i (I968), revealed that there was beneficial 

effect of saline i r r iga t ion water on crop performance l ike 

tobacco and rabi vegetables, in Gujrath Sta te . In Farukhabad 

d i s t r i c t of Uttar Pradesh, very high yields of cash crop l ike 

potato and. tobacco have been obtained without any f e r t i l i z e r 

by using saline waters having high n i t ra te content (Hehrotxa, 

I969) . Bhumbla e£ a i . (196^), reported that i n sandy soi ls 

appreciable reduction in yield of wheat and maize fodder 

occured only when the E.C, of water was more than 11,000 micro-

mhos and in th is s o i l , SAR upto 16 did not have much effect. 

5) PXSS^mk fl3faft3ta contact in, tt».,pAaP]e '• 

The effect of water sa l in i ty with and without amend­

ments on the content on K, P, K, Ca, Kg and Ha in the iowar 

plant grown on sal ine and non-saline soUs have been discussed 

as under. 
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i) nitrogen : 

Nitrogen is one of the important constituent of protein. 

The data pertaining to nitrogen content of jowar plants are 

presented in table **.2.15 a»d graphically represented in 

Figure VHI. 

Table *f.2»l5 t Nitrogen content of jpyax plants as affected 
by sal ine water and amendments i n sal ine and 
non-saline so i l s . 

Treat- Saline Soil ftffiwl $QU Mean S.B. C.D.at 5 
ments S.W. T.W. S.W. T.w. mg/ ± per cent 

100 g 

M.J). 879.60 822.66 815.66 ^3^.33 738.08 6.768** 18.705 

P.M. 990.00 685.33 9^ .66 331.00 738.00 

S. 1010.00 1*93.33 W^.OO 1287.00 966.00 

G. 813.00 >fllf.66 887.33 120.33 558.83 

Control 975.33 385.00 7^6.66 iflO.00 629.25 

Mean Soils s Saline - 7^6.900 Waters ; Saline - 9O7.O67 
mg/100 g 

Hormal - 705.200 Tap - 538.367 
S.E.± k-.2807 
C.D.at 11.830 
5 per cent 

From the data given in table *f»2.l5, it is observed 

that all treatments and interactions were highly significant 

except S x W interaction. 

Saline soil and saline water have significantly 

increased the H content of jowar plant. The addition of 

sulphur showed best results in increasing N content of fowar 

plant. Gypsum was found to be inferior in increasing 
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H content of plant even in comparison with control. Kule 

dung and pressmud were on par Aincrea sing N content of isMS£ 

plant. Paliwal (1971), observed that the NO., content of 

irrigation water was significantly correlated with available 

U of the irrigated soils and create favourable environment 

in root zone for absorption under saline substrata. 

ii) Phosphorus : 

Phosphorus is another important compound present in 

plant. The data regarding P content of plants are given in 

table **.2.16 and graphically represented in Figure IX. 

Table M-.2.16 i Phosphorus content of jowar plants as affected 
by saline water and amendments in saline and 
non-saline soils. 

Treat­
ments S.W. T.W. 

Iformal Soil 
S.w. T.W. 

Mean 
mg/ 
100 g 

S.E. C.D.at 5 
+ per cent 

h.D. 1150 683 659 **67 739.6 37.116 102.573 

P.M. 690 657 690 682 679.6 

s. >f67 **73 626 602 5^.0 

G. 753 650 1*67 71^ 6^5.9 

Control 508 370 618 J+50 if86.6 

Mean 
mg/100 g 

Waters t Saline - 662.90 Tap - 57^.70 

S.E.& 23. 7̂** 

C.D.at 5 
per cent 

6*K858 

Amendments and first order interactions like S x A and 

W x A were highly significant. Vlhile 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.C., 

P.K. and gypsum hare significantly increased P content of 

JflSSX over addition of sulphur and control. She amendments, 

i.e. fc.D,f P.M. and gypsum were on par with respect to their 

effect on P content of jojax plant. 

Wahhab and Zahlr Hussain Shah (1952), observed that 

the liming as compared to no treatment had increased the 

uptake of PgCW in sorghum plant. liunin and Gallatin (I965), 

also reported that the P content of plants were affected by 

soil salinity. 

iii) Cation jSfln̂ ejrfes of P̂ anjfeg, t 

The cations in plants are most essential for the 

physiological functions of plants. The average values of 

calcium, magnesium and sodium content of jpwar plant are 

given in table ^.2.17(A). 

Table **.2.17(A) t Mean values of calcium, magnesium and 
sodium content of ismx. plants as affected 
by saline water and amendments in saline 
and non-saline soils. 

Treatments Ca mg/100 g Ms; mg/100 g Ha mg/100 s? 
M.D. 100^.00 212.00 H . 6 7 0 
P.K. 81*0.00 276.00 12.750 

s. 588.33 192,00 10.730 
G. 625.00 263.00 1 0 . 9 ^ 
C. 890.00 270.00 22..&+0 
S, Soi l 622.00 221.60 11.625 
N. So i l iom.33 263.60 11.625 
S. Water 836.67 278.00 1 .̂375 
T. Water 826.67 207.20 8.875 
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The calcium content of jowar plants grown in normal 

soil was increased than the calcium content of jowar plant 

grown in saline soil. !£here 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 

hare decreased the calcium content of jowar plant. 

Ihe Mg content of Jflvaj. plants grown in normal soil 

was increased than the Mg content of JaHftr. plants grown in 

saline soil. But irrigations with saline water have increa­

sed the Kg content of plants over irrigations with tap 

water. In case of amendments, only pressmud has increased 

Lg content of plant over control. Other amendments have 

decreased kg content of jowar plants. 

c) SftfllUB : 

Sodium content of jowar plants grown in saline and non-

saline soils did not differ at all. But irrigations with 

saline water have increased Ha content of plants than that of 

tap water irrigations. The addition of H.D., and P.M. have 

increased the sodium content of plants while the addition of 

sulphur and gypsum have decreased it over control. 

!£he data pertaining to K content of jowar plants are 

given in table h.Z,17(B) and graphically represented in 

Figure X. 
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Table **.2«17(B) i Potassium content of lsm£ plants as 
affected "by saline water and the amend­
ments in saline and non-saline soils. 

Treat- Saline Soil Hormal Soil Mean S.E. C.D.at 5 
ments S.W,T.W. S.W.T.W. mg/ ± per cent 

100 g 

K.D, 15H9.33 3J&8.16 I992.OO 95^0 1*01.00 128.3857 35^.81 

P.fc. 218^.67 2365.50 1922.83 1701.50 20^3.87 

S. 2268.67 1051.33 1092.83 1577.00 lH-79.^5 

G. 1577.00 926.83 1383.33 1687.67 1393.70 

Control 131^16 160^.67 H89.67 1335.50 m i l . 0 0 

S.E»£ 

The amendments were highly significant in increasing K con­

tent of plant , while SsJfaA interaction was signif icant . The addi­

t ion of pressmud has significantly increased the K content of 

plants over the addition of a l l other treatments. The reason may J'^ 

that the K content of added pressmud was higher. 

Lunin and Gallatin (1965)} observed that the Ga and Mg con­

tents of the leaves were more affected by sa l in i ty than those of 

the stems, where Na and K contents of stems were more affected 

than those of leaves. Paliwal and Haliwal (1971), found that tbe 

uptake of Ca and Mg is negatively correlated with the ESP of soi ls 

and of Na posit ively correlated with the BSP and soluble Ha con­

tent . Poonia, Yixmani and Bhumbla (1972), revealed that increasing 

levels of Ma saturation in the so i l had a definite depressive 

effect on the uptake of applied as well as native calcium by the 

plant . 



 
 
 
 
 
 
 
 

 



CHAPTER V 
GENERAL DISCUSSION 



CH4PTER T 

GENERAL BISCUSSIOH 

The quali ty of i r r iga t ion waters has close relat ion­

ship with the crop production. In Maharashtra Sta te , the 

major source of i r r iga t ion is well waters. Lands have become 

unproductive due to use of poor quality of waters and faulty 

i r r iga t ion pract ices , the present investigation was therefore 

undertaken with the object of assessing seasonal fluctuations 

in quality of well waters from University farm and adjoining 

vi l lages and to study the use of poor quality of well waters 

for crop production. 

The resul ts of the present investigations are discu­

ssed in brief as below :-

I) Seasonal, fluctuations jn quality. o,f, we?j. wfttexs. 
and i t s su i t ab i l i ty Qfl frfo.e basis of 4if£er.enJ 
S£it e ri& s 

Su i tab i l i ty of well waters can be judged by different 

character is t ics which have been already discussed in the 

previous chapter. But mearly from analytical report of well 

waters, i t i s not possible to definitely comment about i t s 

su i t ab i l i t y . For deciding the su i t ab i l i ty of well waters, 

other factors l i k e soi l permeability, soi l texture, sa l t s 

present in the s o i l and s a l t tolerance of crops to be grown, 

should be considered. The su i t ab i l i t y of well waters an^ysed 

under the present investigation have been broadly discussed 

here on the basis of some important c r i t e r i a . 

About 9*f per cent of well waters from a l l the blocks 

of the University farm and 72 per cent of well waters from 



76 

the adjoining villages have electrical conductivity below 

22^0 mieromhos/cm and can he successfully used for crop 

production for considerable time with proper management. 

(Annonymous, I951*). 

The SAR values of 80 per cent of well waters were 

under S^ class which can be safely used for irrigation on 

almost all soils with little danger of the development of 

harmful levels of exchangeable sodium as described by Durand, 

<19J>6). While 20 per cent well waters have SAK 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 soils with good permeability as suggested 

by Agarwal and Gupta, CI968). 

The average ESC 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 (&cofieM,193^). 

The average boron content of a H the well waters from five 

villages and all the blocks of the University farm are within 

the safe limit. From the Appendix III, it is observed that 

81.83 per cent of the well waters are ef 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 &g boron/litre) for semi-

tolerant crops. 
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From the Appendix I, some samples (Sr.Hos. l, 8, 9, 10, 

11, 12, l*t-, 15, 17, 20, 25, 26, 28, 29, 36, h$t kk-) are of 

doubtful quality, considering their SAR and the E.G. values. 

These waters can he successfully used by taking possible 

precautions as follows «-

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 w e H drained soils (Satyanarayana, 

Sk Si* 1967). When soils are irrigated with saline waters, the 

E.G. of soils was found to be increased with increase in clay 

content of soils (Singh and Bhumbla, 1968). 

2) Gypsum can be added in soils to be irrigated with 

these saline waters to reduce sodium hazard. The BSC values 

above 2 meq/litre require the addition of k> Q/na gypsum in the 

soil for every addition of one meq/litre of BSC 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 (Aimonymous, 1972). 

XX) ffSfl of »Mm ¥frter, for jqwar crop pr&jtegjapja ; 

Saline water irrigation affects the soil properties 

and hence the crop growth which ultimately affect the yield. 

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.E., 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 irriga­

tions with tap water. Similar observations were made by 

Jacobs, sjk si. (1961), Singh and Bhumbla (I968), Kanwar and 

Mehta (1970). The exchangeable Kg, Ha and K were also 

increased due to saline water irrigations to the soils. The 

reason may be the higher contents of Kg, 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 Sharma (1970), have stated that by using *,<&» 

water for irrigation purposes, the exchangeable sodium and 

sodium saturation in soils were increased. The SAB. and the ESP 

values of soils were increased by irrigation with saline waters. 

Similar trend was observed by Paliwal and Kaliwal (I97D, 

Yadav (1972). 

The dry matter yield of crop was increased by saline 

irrigation. The reason may be that the higier K and NQ~ con­

tent of saline water and high fertilizer doses. Lunln and 

Gallatin (1965), observed that salinity has increased the 

yield where soils are adequately fertilized. The nitrogen 

and phosphorus contents of plants were also increased by saline 

water irrigations. Lunin and Gallatin (1965), stated that the 

H and P content of plants were also affected by soil and water 

salinity. The cations content in the plant were also increased. 
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The morphological character namely the height of the 

plant, was reduced toy the saline water irrigations. Bain, 

Milton Fireman (1968), and Sinha,Dev (1972) also observed 

that the growth of sorghum plants was seduced by salinity. 

By the addition of mule dung in soil as an amendment, 

organic carbon content of soils, exchangeable Ca, K| water 

soluble Ua, K contents of soils and Ca, Na, P contents of 

3SKax 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. 

There was increase in the phosphorus, exchangeable 

Kg, water soluble Kg, Ma, K contents of soils and P, Ka, K 

contents of plants due to the addition of pressmud. The 

emergence of earheads and dry matter yield were also increased 

by addition of pressmud. 

The use of sulphur has increased the emergence of ear-

heads dry matter yield 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 (19^3), 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 Kg which helps to reduce the 

sodium hazard. The exchangeable la, G.R., SAR, ESP, SSP values 
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of soils were decreased markedly. Nitrogen and phosphorus 

content of plants were also decreased. Fltts, ej. aJL. (19i»-3)> 

Padhi, tfc ai. (I965), and Puntamkar, g& &1.< 1972) , have 

observed that the exchangeable sodium content of soils were 

decreased by the addition of gypsum which ultimately decrea­

sed the G.B., SAR, ESP values of soils. 

From the results obtained in the present investiga­

tion, it may be stated that the moderately saline waters 

having C^S. class with higher K and HO- content may be used 

with the addition of gypsum, sulphur and pressmud as amend­

ments on saline and non-saline soils with higher fertiliza­

tion and excellent drainage conditions. This may help to 

increase the exchangeable Ca and Kg; water soluble Ca, Kg 

and K contents of soils and may help to reduce the pH, ele­

ctrical conductivity, exchangeable sodium and ultimately 

SAE, ISP, G.E. and SSP values of soils. It also may help to 

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

SfeKABY. AM) CONCLUSIONS 

PART I 

Seasonal fluctuations in .quality of well waters 

The water samples were collected from Rahuri Factory, 

Bigras, Pimparl Avaghad, Sade and Ihadambe villages and from 

the University farm during kharif, rabi and summer seasons. 

The results of the chemical analysis of the samples are summ­

onsed as under : 

1) The cation and anion contents of well waters from 

five villages and all blocks of the University farm showed 

fluctuation during kharif, rabi and summer seasons. 

2) The pH values of well waters were not much affected 

during seasons. The average pH value of well waters from five 

villages was 7.9$. The pH value of the well waters from the 

University farm was 8.0J>. This shows that all well waters are 

alkaline in nature. 

3) The average E.G. value of well waters from five 

villages was 197** micromhos/cm and ff.C. value of well waters 

of University farm was 90^ micromhos/cm. 

k) The boron content of all the well waters was less 

than 1«33 mg/litre i.e. B-II 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 0,*fl*f and 0,390 mg/ 

litre respectively. 

*>) Alkalinity of all well waters increased with the 

seasons i.e. from kharlf to rabi and rabi to summer. 
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The average values of wen waters from five vi l lages and the 

University farm for a lkal ini ty were 3^1.9*- an& 2k$^h mg/ 

l i t r e respectively. 

6) The well waters from five vil lages and University 

farm were very hard, i . e . above 180 mg/ll tre CaCO .̂ ¥ery 

few water samples were under soft and medium hardness c lass . 

7) The SAR values were high in kharlf followed by rahi 

and summer seasons. The average value of SAR for well waters 

from five vi l lages and University farm were 5^161 and *f.381» 

respectively. On the basis of SAR values, about 80 per cent 

well waters from University farm and 55 per cent weH waters 

from five vi l lages may be placed in S^ class (low sodium 

c l a s s ) . 

8) There was positive correlation between SAR and BC 

values of waters throughout the year, but in case of well 

waters from University farm, i t was found to be s t a t i s t i c a l l y 

significant while in case of adjoining area, i t was found 

to be non-significant for a l l seasons. 

9) The average BSC values for well waters from five 

vi l lages and a l l blocks of University farm were below 1.25 

meq/ l i t re . 

10) The average SSP values of well waters from a l l the 

five vi l lages . (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, lk-t 

15, 17, 20, 25, 26, 28, 29, 36, **3» W were found of doubtful 

quality for i r r iga t ion , considering the i r SAR and B.C.values. 
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Ifoe, WMt,ft* MflJLnfi y.ftter for prop pro.du.fiftlQifr 

The pot culture experiment was undertaken to assess 

the effect of sal ine water and amendments on chemical proper­

t i e s of so i l s , plant growth and nutrient content of $£MM£ 

plants , The observations recorded in these studies are 

summerised below. 

A) ffffeefc on chjmlcai properties, of spas : 
D pg J 

With increase in salt concentration in the irrigation 

water, there was an increase in soil pH. Sulphur showed 

maadmum decrease in pH, i.e. "by O.Mf units. 

2) Electrical conductivity : 

Irrigation with saline water hare increase electrical 

conductivity of soils, while addition of sulphur as an amend­

ment has decreased electrical conductivity as compared with 

the addition of other amendments. 

3) Organic carbon : 

The use of both the organic amendments have also helped 

t o increase organic carbon consent of soi ls as compared to the 

use of chemical amendments. 

*••) Gypsum r§qu>rercenfr s 

Irr igat ions with saline water have increased the G.B. 

values of s o i l s . The gypsum was found to be one of the best 

amendments which reduced the G.B. values of s o i l s . 

5) Available, itotitoffUf * 

I r r igat ions with saline and tap water have no effect on 
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the available phosphorus content of soils, The use of press-

mud as an amendment has increased the available phosphorus 

content of soils than the use of other amendments. 

6) Exchangeable, ppfcMff&HP « 

The use of saline water for i r r iga t ion and mule dung 

as an amendment have increased the exchangeable potassium 

content of soi ls as compared with the use of other treatments. 

7) E^haageable cations (C&, hg», Nft) : 

Irr igat ions with saline water have decreased exchan­

geable calcium content of s o i l s , while i t has increased excha­

ngeable magnesium and sodium content of so i l s . 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 s o i l s . The addition 

of gypsum alone has significantly decreased exchangeable sodium. 

8) Sodium Adsorption RaftJQ and, Exchangeable Spdjifa 
Eercenj^ge Values : 

The use of saline water for i r r iga t ion has increased 

the SAR and ESP values of so i l s . The addition of different 

amendments have decreased the SAR and ESP values of so i l s . 

The addition of gypsum was found significantly superior t o 

a l l other amendments in reducing the SAR and ESP values of 

s o i l s . 

9> Water soluble cations, : 

I r r igat ions with saline water have increased the water 

soluble Ca, Ha and K contents of so i l s , while water soluble Kg 

content remained unchanged. The addition of gypsum has incr­

eased the water soluble Ca and Kg contents of soi ls while Na 
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and K content were unchanged. The addition of different 

amendments hare increased'the water soluble Ca and Kg except 

mule dung, which has decreased the water soluble calcium con­

tent of s o i l s . Except gypsum, the use of other amendments 

have increased the water soluble sodium content of so i l s . The 

addition of mule dung and pressmud have increased the water 

soluble K content of s o i l s . 

10) Spj.ubjf s&dAW percentage values of soa,s : 

Saline water i r r igat ions have increased the SSP values 

of s o i l s . The addition of amendments have decreased the SSP 

values of s o i l s , except the addition of mule dung. The use 

of gypsum as on amendment has showed be t te r performance in 

decreasing SSP values of s o i l s . 

B) fiUftftt OA lowjir, plant : 

X) GermfeiaUo-fl * 

The percentage germination of 3owar was not affected 

by the use of sal ine water for i r r iga t ion . Soil sa l in i ty 

has reduced the germination percentage at 6 days after sowing. 

The TUS© of amendments have not shown any effect on germina­

t ion percentage. 

2) gejlgtot of foe plant : 

At 35 days after sowing, so i l sa l in i ty and water s a i l -

ni ty have reduced the height of the plant , WhUe the addition 

of pressmud has Increased the height of p lants . At seventy 

days after sowing, so i l sa l in i ty has reduced the height of 

p lants , while the use organic amendments and sulphur have 

increased i t . At 90 days af ter sowing, only so i l sa l in i ty has 

reduced the height of plants . 



The soil salinity, the use of pressmud, nolle 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, soil salinity, pressmud and 

sulphur hare enhanced the emergence of earheads in $£M8£ crop. 

The use of saline water has increased the dry matter 

yield of Jowar as compared with the yield of jowar obtained 

hy use of tap water. Similarly soil salinity has increased 

dry matter yield of jowar. as compared with the yield of &2Ha£ 

in normal soil. The use of gypsum, sulphur, pressmud have 

increased the dry matter yield of .1owar as compared with the 

use of mule dung. 

5) j^j^jyatg-jasatfntM. .Jovar. p3aatg. * 
i) mtrogsfl s 
Irrigations with saline water and soil salinity hare 

increased the nitrogen content of jowar, plants, while the use 

of gypsum as an amendment has decreased it as compared with 

N content of jowar plants under other treatments. 

ii) Phosphorus • 

Saline water irrigations and the use of mule dung, 

pressmud, gypsum hare increased the phosphorus content of 

plants as compared with the phosphorus content of plants grown 

by us tog tap water and sulphur. The soil salinity has no 

effect on phosphorus content of plants. 
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i i i ) Total cations i 

Soil s a l i n i t y has decreased the Ca and Kg content in 

the plant , while Na and K content were not affected. Saline 

water i r r igat ions have increased toe content of Mg and Ha 

while the content of Ca and K in plants remained unchanged, 

The use of pressmud has increased toe Mg and K content of 

p lants , while mule dung has increased Ca content of plants . 

Both the organic amendments have increased toe sodium con­

ten t of plants . 

After considering the above observations f i t can he 

stated tha t the good yield of .iowar crop can b© obtained 

by using moderately saline water ( C$&- class) having more 

K+and NO- content and with addition of gypsum, sulphur, 

pressmud and high doses of H, P, K f e r t i l i z e r s . 
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