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Abstract: : The aim of this study was to determine the long term use of sodic waters and gypsum on physico-chemical
properties of coarse textured loamy sand soil. The study consisted of three natural occurring underground sodic waters
and amendment gypsum in various cropping systems. The results demonstrated that sodic water irrigation significantly de-
creased infiltration rate (1.46 & 1.09 cm hr) and soil porosity (35.66 & 33.26 %) and increased soil strength (17.49 &
17.67 kg cm™), pH (9.52 & 9.66), exchangeable sodium percentage (48.00 & 55.00), sodium adsorption ratio (45.14 & 54.10
(mmolf)*?) and calcium carbonate content (2.15 & 2.44 %). The gypsum application significantly improved infiltration rate
(2.20 cm hr'1) and soil porosity (38.7 %) and reduced soil strength (16.74 kg cm-%), soil pH (9.35) exchangeable sodium
percentage (39.00), sodium adsorption ratio (36.93 (mmol/)¥?) over a period of thirty years. A significant CaCOj build up in soil
was also observed with gypsum application (3.28 % 4.56 %) as compared to its content at the start of study. Thus, it is con-
cluded that in coarse textured soils of North west India, sodic waters up to RSC 12.0 me I-1 could safely be used crop
production in combination with gypsum in loamy sand soil without any adverse effect on the physico-chemical charac-
teristics of soil.
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INTRODUCTION the subsequent loss of structure and reduces fihe in

. , , , ) tration rate (Prapagest al., 2012) and increases pH,
The continuous increase in the earth’s populatdn r gaR ang ESP in the soils and decreases crop yields
quires increasing quantities of water for domestie, (Sharma and Minhas, 2004).

du_stnal and agricultural needs_. .Th(.a Progressive 1€ Tthe sodic waters can be gainfully exploited by gsin
quirement of more water for irrigating Crops under o ired amount of amendments, which basically de-
limited water rtlesourcRes h%s ;gg;oTuhselof pooltr[;igual pends upon the magnitude of their residual sodiam c
water in agriculture (Ragab, )-The large amtisin 1, 1516 (RSC) content. Soil amendments like gypsum

criminate use of these waters causes secondany-sali (CaSQ.2H,0) mitigate the adverse effect of sodic
sation and sodification which affects plant growatid waters (Yaduvanshi and Swarup, 2005). It is most

yield. Use of sodic waters influence the crop growt commonly used amendments for sodic soil recla-
due to excessive accumulation of sodium in the .«on and for reducing the harmful effeats
rhizosphere which adversely affects the phySiCO'high sodium irrigation water because of itdulsil-
chemical properties causing nutritional disordessoa ity, low cost, availabilty and cause of Hling
c!ated with high pH/ESP. H|gh cark_)onate (Q?())and (Deshmukh, 2014). The application of gypsum wittlicso
bicarbonate (HCO3 content in sodic water increases irrigation water has been established for raisimps but
the s_odl_um hazard of the water to a level grgdit&nt . questions regarding its continuous use over peridime
that indicated by the higher sodium adsorptionorati had to be answered as gypsum is a direct sourcafm
(SAR). I|-||_gh CO§band HCO&(: also tend to preci)p|- and its addition in soil profile results in its gipitation as
tate calcium carbonate and magnesium car onat%acq and soil may become calcareous in nature. The aim
when the soil solution concentrates during soiirlfy ¢ e study was to assess the long term effesbdic
because of which the concentrations of calcium and; iars ang gypsum on soil properties i.e. infitwatate
magnesium in soil solution are reduced relativesdo porosity, soil strength, soil pH, EC org.;a.nic ca{rknxmn:

dium and the_SAR of the spil solutioln tends to in- tent, SAR , ESP and calcium carbonate contentazray
crease. The high concentration of sodium also GaUSE< 0 soil
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MATERIALS AND METHODS chemical properties using standard procedures excep

calcium carbonate content which was determinedoup t

Study site : The study was conducted at Chaudhary ye genth of 120 cm. Hydraulic conductivity of seaim-
Charan Singh, Haryana Agricultural University, Re-

. . ~ ples was determined under constant water headtas ou
gional Research Station, Bawal, Haryana located injyqq in ySDA Handbook No. 60. In situ observations

the low rainfall zone of southern Haryana (28.18 N, ot jnfiltration rate were estimated with the help o

76.58 E and 266 m above mean sea level), India. Inyoseq top infiltro-meter (Malilet al., 1984). The vol-

general, May - June are the hottest (21-46.8 0 G, of ater required replacing the quantity oferat

temp.) while December-January are the _coldest_ (O'that entered into the soil was recorded as a fonaif

1580C temp.) months of th_e year. The site r&=iv ine Dispersion ratio was determined by using
mac_iequate and erratic_precipitation (350-550 mm) pethoq given by Richards (1954).Soil strength was
dur_lng monsoon (July-Septem.ber). _The weather re-yetermined by penetrometer. Soil pH and EC (1:2;
mains almost dry except occasional light showers du soil: water suspension) was determined in soil wate

ing October to Mgrch. Therr(]aafter, !t is quite dily t extract by using pH meter and conductivity metegaic
monsoon arrives in June. The maximum evapo- ran 41 was determined by Walkley and Black' s rapid
spiration rate of 14 mm/day is recordeq in the rhont titration method as described by Jackson(1973) hEnge-

of June. Dgpth (?f under gr_ound water Is at 2(_) m andypje sodium was extracted by 1IN ammonium acetate
quality of irrigation water is brackish except iewf 11 7 0) and sodium estimation was determined using
pocke_ts, good qua_llty water is ave_ulable. . flame photometer (systronics). The ESP of the soil
Experimental details : The experiment was started in was estimated by standard method as outlined in

the m_icro plots of ?_>m_ X 3m size in 1.983' The_ physic USDA, hand book-60 (Richard 1954). Calcium carbenat
chemical characteristics of the experimental fiatdhe |\ - < ostimated by Puri's volumetric method (1949)

start of experiment are shown in Table 1. The field 1,4 replicated data were statistically analyze
experiment was carried out in two factor randomized,, 1 out the significance of treatment afteneth-

block design with three sodic waters and two amend—odS of Panse and Sukhatme ( 1978) .
ments treatmentise. no amendment ( and gypsum

@ 100 per cent neutralization of RSC of irrigation RESULTS AND DISCUSSION
water above 2.8 me |-1 (&). According to Water
quality classification criteria (Eaton,1950), watev-
:‘ggeR\?vgt ; %Q?[hmlg/slgr; glﬁgfﬁgsafaigilzgifgﬁgl experiment which increased significantly to 1.75 lom
Gypsum was applied at 100 per cent of the gypsum'l.W'th. use of 2.8 me I-1 R_SC_ irrigation water. The
requirement (GR) defined as quantity of gypsum to IOe|nﬂltrat|on rate decreased 5|gn|_flcantly from 1.7
applied to neutralize RSC of sodic waters of 12 &6d ifﬁ?ricrgtigrr;1V\7£grlf?ogmcrg gr;(l) vi/ghothaengclrga(l)ﬁrﬁfl_
me I* before pre-sowing irrigation déharif and rabi res e?:tivel (Table 3) Aiaout 16.8 and 37 '7 ert’ cen
crops. The treatments were replicated thrice iwa t pectively (1able o). : P

factor randomized design. The requisite amount ofrec.ju.Ctlon in infiltration rate was observed in plwe-_
gypsum is calculated based on following formula ceiving 12.0 and 16.0 me 1-1 RSC waters, respéxztlve
Amount of Gypsum (kg h9 = 65 x RSC of irriga- as compared to control (RSC 2.8 me 1-1). The raatuct
tion water (RSC of irrigation water 2.8) in infiltration rate in soils irrigated with high $C wa-

X Number of igr’rigations to‘ be applied ters of 12.0 and 16.0 mel-1 could be due to the in-

The chemical composition of three sodic waters with g;iassei 'nSE"SP d(ilaglrii(?r)l' ':222 sc;dlurrg ;?gcesnvtvrgtl'iﬁn
varying residual sodium carbonate (RSC) of 2.8012. b goreg 9
and 16.0me I-1 used for study is given in Tabl&tie (Warrenceet al., 2003)' The forces that bind clay par-
croppin.g systems of the zone namely fallow-wheat ticles together are disrupted when too many lame s
pearl millet-wheat, cowpea-mustard,  cluster bean.dilum ions come between them. When this separation

wheat, fallow- mustard, chillies - wheat, American occurs, the clay particles expand, causing sweking

cotton- wheat, desi cotton-mustard, sorghum (fodder SO!I dispersion, ultimat_ely c_Iogging the micro p@lig
mustard sorg’hum (fodder) - wheat’ pearl milletusm soil and decreases infiltration rate. Sharp reducin

tard, dhaincha seed-wheat, sonamukhi (annual) anaﬁflltratlon rate of soil irrigated with sodic watevas

kalmegh- chandersur were taken. The recommende(g:;zn%tﬁzxed bgulrznmgnﬁrz]\'/égogg ﬁ%ﬁgﬁggn&; in
package of practices was followed to raise all sriop gyp P

various cropping systems. sodic water !r_rlgated s_0|Is. The |nf|ltrat!on_rata—
Soil sampling and analysis :The soil samples were creased significantly with gypsum application from

: . 0.37 to 2.55 cm hr-1 and from 0.26 to 1.93 cm lm-1
collected from different treatment plots from 0-1%-

30, 30-45, 45-60, 60-90 and 90-120 cm after harvest 12.0 and 16.0 me 1-1 RSC irrigation water irrigated

wheat crop inRabi 2012-13. The surface soil samples zgglsc \r;:tgfcit;\r/iege(;rhseoill ngrefeﬂiclgélg:]atgnerm;um
0-15 cm were analyzed for different soil physico- 9 Yy app ayp
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Table 1. Physico-chemical characteristics of experimerddlat the start of experiment.

Soll Soll pH EC(1:2) CaCO;s Organic CEC Infiltration
depth Texture (1:2) dsm (%) carbon Cmol (P") kg* rate

(cm) (%) (cmhr-1
0-15 LS 9.25 0.50 Traces 0.13 3.9 1.15
15-30 LS 9.30 0.70 Traces 0.06 4.0 -

Values are mean of three replicates.

Table 2. Chemical composition of tube well waters tested(¢a are mean of three replicates).

Sodic EC RSC CQ@ HCO; Cr ca™ l\/ng'Jr SAR pH
water (dsSm?) (mé) (mmol™})* (1:2)
1. 1.72 2.8 Nil 7.8 7.2 1.7 3.3 7.6 7.9
2. 1.93 12.0 Nil 14.0 5.6 0.4 1.6 19.3 8.1
3. 2.20 16.0 1.6 16.0 8.2 0.7 1.3 19.8 8.9

Table 3. Effect of sodic waters and gypsum on infiltratrate, porosity and dispersion ratio.

Sodic Infiltration rate Porosity Dispersion ratio
water (cm hr?) (%)
(me rl) Go Gioo Mean Go Gioo Mean Go Gio Mean
0
2.8 1.75 1.75 1.75 38.89 38.89 38.89 0.17 - 0.17
12.0 0.37 2.55 1.46 31.87 39.45 35.66 0.20 0.19 0.20
16.0 0.26 1.93 1.09 28.70 37.81 33.26 0.21 0.20 0.21
Mean 0.79 2.24 33.15 38.72 0.20 0.19
CD(05) Sodic water-0.06 Sodic water-1.14 Sodic water-0.01
Gypsum-0.06 Gypsum-1.14 Gypsum-NS
Sodic water x Gypsum-0.10 Sodic water x Gypsum-1.97 Sodic water x Gypsum-NS

Values are mean of three replicates.

Table 4.Effect of sodic waters and gypsum on soil streng@ and organic carbon content.

Sodic Soil strength (kg cm-1) EC(dS i} OC content (%)
water Go Gioo Mean Go Gioo Mean Go Gigo Mean
(me
2.8 15.53 15.53 15.53 0.36 0.36 0.36 0.29 0.29 0.29
12.0 17.70 17.27 17.49 0.38 0.35 0.37 0.26 0.30 0.28
16.0 17.90 17.43 17.67 0.42 0.33 0.38 0.22 0.23 0.23
Mean 17.04 16.74 0.39 0.35 0.26 0.27
CD(05) Sodic water-0.50 Sodic water-0.01 Sodic water-0.01
Gypsum-0.50 Gypsum-0.01 Gypsum-0.01
Sodic water x Gypsum-0.91 Sodic water x Gypsum-0.02 Sodic water x Gypsum-0.02

Values are mean of three replicates.

Table 5. Effect of sodic waters and gypsum on soil stieng€ and organic carbon content

Sodic Soil pH ESP SAR
water Go Gioo Mean Go Gioo Mean Go Gioo Mean
(me M
2.8 9.18 9.18 9.18 32.00 32.00 32.00 31.55 31.55 31.55
12.0 9.78 9.26 9.52 56.00 39.00 48.00 52.98 37.29 45.14
16.0 9.89 9.43 9.66 63.00 45.00 55.00 66.23 41.96 54.10
Mean 9.61 9.35 50.00 39.00 50.25 36.93
CD(05) Sodic water-0.07 Sodic water-1.51 Sodic water-1.34
Gypsum-0.07 Gypsum-1.51 Gypsum-1.34
Sodic water x Gypsum-0.12 Sodicwater x Gypsum-2.62 Sodic water x Gypsum-2.32

mean of three replicates.

could be attributed to their ameliorative effectsswil ing of separates by the Ca2+ ions, released dsohg
infiltration rate which can be due to cementingidbi  bilisation of gypsum (Deshmukh, 2014). The interac-
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Table 6. Effect of sodic waters and gypsum on calciumaardontent (mean of three replicates).

Soil Depth RSC 2.8 RSC 12.0 RSC16.0

(cm) Go Go Gioo Go Gioo
0.15 0.56 0.67 0.94 0.84 1.21
15-30 0.73 0.95 1.59 1.07 1.86
30-45 0.88 1.39 1.71 1.60 2.64
45-60 1.18 1.99 2.42 1.97 3.27
60-90 1.68 2.19 2.74 2.41 3.86

90-12.00 1.73 2.15 3.28 2.44 4.56

CD (05) RSC-0.07, Gypsum-0.07, RSCxGypsum-0.11

tion effects of RSC x gypsum was significant in af-

fecting the infiltration rate of soil.
Soil porosity decreased with increasing RSC ofai
tion water from 38.89 to 35.66 to 33.26 per certhwi

levels and amendments on soil EC was found to be
significant. Decrease of EC in upper soil layerhwit
gypsum application may be attributed to the leaghin
of soluble slats in gypsum treated plots due teeiased

an increase in RSC level from 2.8 mel-1 to 12.0 topermeability of the soil. These results are in agrent

16.0 me 1-1, respectively (Table 3). The reduction
porosity of soils irrigated with high RSC water2 @

with those of Mishraet al. (2003) and Prapaget al.
(2012). The mean organic carbon was 0.29, 0.28 and

and 16.0 mel-1) could be attributed to higher degre 0.23 per cent under 2.8, 12.0 and 16.0 RSC levels.

of dispersion of soil particles with increasing éewf
RSC in irrigation water and subsequently resetéing
reorganization of the dispersed soil particles ating
to their sizes and clogging the available pore espage
sulting in high bulk density and hence lower soilgsity
(Emdacet al., 2006 and Ezligt al., 2010). Gypsum appli-
cation improved soil porosity from 31.87 to 39.4%a

(Table 4) and increased with gypsum applicatiomfro
0.26 to 0.27 %). Singkt al. (2011) also observed that
application of gypsum under sodic water irrigations
enhanced the crop yield and improved soil propertie
like organic carbon content and EC. Deshmukh ( 2014
stated that the increase in yield due to the agipic of
gypsum may be attributed due to less absorpticsoof

from 28.70 to 37.81 per cent in 12.0 and 16.0 mel-1dium by the plants in the presence of gypsum and in

RSC irrigation water irrigated soils, respectivelhe
increase in porosity by adding gypsum could bebattr
uted to the reduction in dispersion of colloidattjotes.
The interaction effect of RSC x gypsum was fouigd si
nificant.

creased solublization of gypsum with depth and thus
better plant growth and higher organic carbon aante
Soil pH, exchangeable sodium percentage and so-
dium adsorption ratio: The mean soil pH was 9.18,
9.52 and 9.66 irrigated with 2.8, 12.0 and 16.01rle

The dispersion ratio increased with increasing RSCRSC water, respectively (Table 5). The soil pH with
levels and decreased with application of amendment12.0 mef* (9.78) and 16.0 me*l(9.89) RSC waters

It was 0.17, 0.20 and 0.21 under 2.8, 12.0 and 16.@vithout any amendment was significantly higher than
RSC mel-1 levels in irrigation waters, respectively the initial pH value of soil (9.25) when the expeent

(Table 3). It is undoubtedly due to more dispersibn
clay particles caused by higher amount of sodium co
tent in irrigation waters having high level of Rgexlit

et al., 2010). It decreased from 0.20 to 0.19 with gyp-

was started in 1983.The gypsum application dectkase
it to 9.26 and 9.43 indicating the significant effef

the gypsum in controlling sodicity hazard of high

RSC waters. Neutralization of RSC of sodic water of

sum application. The interactive RSC x gypsum was12.0 me 1-1 with gypsum maintained the pH values of

found to be non-significant.

Soil strength, electrical conductivity and organic
carbon : A significant increase in soil strength was
observed up to RSC level of 12.0 me 1-1(Table A T
soil strength was 15.53, 17.49 and 17.67 kg cmiBen
plots irrigated with 2.8, 12.0 and 16.0 me 1-1 RBEc
gation waters, respectively. Application of amendtne

the soil statistically at par to 2.8 me 1-1 RSGnater
without gypsum after the harvest of crop . Therite
tion effect of RSC levels and amendment on soil pH
was found to be significant. Significant effect@fp-
sum application (GR) in decreasing the soil pH may
be attributed to the fact that Ca2+ ions from gypsu
might have replaced exchangeable Na+ from the ex-

gypsum significantly decreased soil strength and wa change complex of soil resulting in decreased ESP

17.04 and 16.74 kg cm-2 under&d Gqo treat-
ments, respectively. The interaction effect of RSC
gypsum was found significanthe EC of soil also sig-
nificantly increased from 0.36 to 0.38 dSm-1with in
creasing RSC from 2.8 to 12.0 and 16.0 me I-1,e®sp
tively. Application of gypsum with sodic water oSR
12.0 me 1-1 maintained the EC level statisticahyilar
to that of good quality water (2.8 RSC) without gym

and hence the pH of soil (Ezét al., 2010; Singh and
Singh, 2014). Significant interaction between dfe
RSC waters and amendments on soil pH could, there-
fore, be obvious as there had been varying prapuati

of sodium bicarbonate contents in different RSC wa-
ters used with different amendments and crop rota-
tions.

The soil ESP was 32, 48 and 55 respectively, in 2.8

application (Table 4). The interaction between RSC12.0 and 16.0 RSC mehwater irrigated soils. The
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application of gypsum decreased the soil ESP to 3%inuously for thirty years. The effect of gypsumim

and 45. The interaction between RSC levels and gyp-creasing CaCO3 in soil profile was obvious because
sum after harvest of crop was found to be significa gypsum is a direct source of calcium and its addiin

The build up of high ESP in soil under high RSCesgt  sodic water treated plots resulted in its precijpitaas
(12.0 and 16.0 mel-1) may be attributed to high so-CaCO3 and increased its accumulation in different
dium bicarbonate contents of these waters and propo depths of a profile of loamy sand soil (Suarez,6100
tionately greater amount of Na+ ions from soil solu .
tion exchanged from exchangeable Ca2+ on the soilConCIUSIon

exchange complex. The highly significant effect of Continuous use of sodic waters of 12.0 and 16.0 mel
gypsum in controlling ESP of soil may be attributed 1 RSC for three decades without gypsum decreased
the fact that Ca2+ ions from gypsum exchanged forinfiltration rate and porosity of coarse textureail s
adsorbed Na+, resulting in decrease in ESP. &t whereas soil pH, ESP, SAR, CaCO3 content, disper-
(2010) and Prapaget al. (2012 also observed that the = sjon ratio and soil strength showed an increagiesygt
application of gypsum significantly decreased tI®PE  with increasing RSC of irrigation watefBhe adverse
values which can be ascribed to desalinizationltesu effect of sodic water of RSC 16.0 me I-1 on soder

ing from increased exchange-able efficiency of 'Ca erties was more pronounced compared to sodic water
on the exchange complex. The reduced ESP coulthf RSC 12.0 me I-1. Addition of gypsum significantl
also imply greater effective solubility of gypsumce®  improved infiltration rate and porosity of soiligated

the cation exchange in the thoroughly mixed treatme with high RSC waters and decreased soil pH, ESP,
acted as sink, thus, encouraging further dissolitiche SAR, dispersion ratio and soil strength. Gypsumniiapp
satisfaction of their solubility product (Yudhuvansind cation with sodic water of 16.0 mel-1 RSC was not
Swarup, 2005). much effective in offsetting the harmful effect sd-

The SAR of soil increased with increasing RSC i§ar  dicity on soil properties as compared to 12.0 mel-1
tion waters. The mean SAR was 31.55, 45.14 and)54.1RSC water. The calcium carbonate build up in saiw
under 2.8, 12.0 and 16.0 RSC levels and applicatfon observed with gypsum application and its content fu
gypsum decreased the SAR from 50.25 to 36.93 respegher increased with soil depth and RSC of irrigatio
tively, indicating a significant effect of amendrhén  waters but the soil was still non-calcareous urstelic
controlling sodicity (Table 5). Significant intet@n be-  water irrigation with RSC 12.0 mel-1 and 16.0 el
tween RSC levels and amendments was observedfi-Signi Thus, it is concluded that in coarse textured sofls
cantly higher SAR under 12.0 and 16.0 RSC waters aplorth west India, sodic waters up to RSC 12.0 rhe -
compared to that under 2.8 RSC water may be aétdiia  could safely be used crop production in combination
higher concentration of Na+ ions in soil solutiower the  with gypsum in loamy sand soil without any adverse

high RSC water treatments. effect on the physico-chemical characteristicodf s

A close relationship between soil pH, SAR and ESP

with SAR of irrigation water exists. The sodium $on ACKNOWLEDGEMENTS
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