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Gypsum particles {5-16, 16-25, 25-60,
60-100 and Finer than 100 mesh) @ 100% GR of
0-15 em =o0il columns and four synthetic waters
{(EC 0.6 + BAR 6, EC 1.0 SAR 12, EC 2.0 + SAR 1B
and EC 4.0 4+ SAR  30), in all possible
comblnations, were used for reclaiming a loamy
clay galine-sodic soil in a laboratory
experiment. The results indicated that the time
t¢ start leaching decreased with increasing
fineness of gypsum particlies and/or brackishness
of syntheclc waters. Under continuous submergance
at 26:2°C total wvolume of water leached through
30 cm scil columns (BD = 1.33 g cec} increased
ea the gypsum particle size decressed and/for
a5 brackishness of water increaged. The removal
of soluble salts (me treatment),’ mg of soluble
Na and Ca increased wit'. increasing the fineness
of gypsum. Rate of removal of the solutes in
leachate was much higher for the gypsum
treatments than the control but decreased with
time.

INTRODUCTION

The water Intake rate mey be very low, and evan
negligible, of the dispersed sodic and saline-sodic scils
particularly during initlal stage of reclamation. The
amelioration of such so0ils involves application of amendménts
containing soluble Ca or those which release calcium From
7aCly in calecareous goll. The reaction of calcium with the



§0il #xehange complex releases sodium which has to be removed
from the site of reaction in order to maintain a favourable
reaction rate.

in some situations use of saline or even saline-sodic
water may be useful for leaching such alkali salts because
this will ensure reasonable soll permeability for timely
reclamation. Under dense sodic soil conditions, even the
use of gypsum may not increase soll permeability due to its
low dissolution rate {Rhoades, 1982), especially when coarsar
grades are used with wview to lower the cost of so0il
Teclamation.

Most of the ground waters 1n the Punjab (75% of the
discharpe of exlsting wells) are saline, saline sodie or
sodie in nature ( Malik et al.,, 1984) according to the
eriteria of U.5. Salinity Lab. Staff (1954). For usling such
waters during soil reclamation, the knowledge of the pattern
and rate of sodiumscaleium removal in leachate Is necessary
because rapld removal of Ka will expedite the reclamation
while that of ralcium will be a wastage. Such information
will be helpful to provide an insight about the calecium
threshold concentration in so0il solution for optimum soil
teclamation. For similar reasons, the present experiment
wag designed to monitor the rate of leaching and solute
removal in leachate during reclamation of a saline-godic
soll using differnt gypsum grades and waters.

MATERIALS AND METHODS

A bulk sample from surface 30 cm layer of tlhe Gandhra
20il series (Loamy clay iIn texture, EC =14 dSm ., SAR=5%9,
pHE-Q.H wag collected, sun dried, ground and pazsed through
a "2 mm sieve. A 30 em high column with 2400 g soil was
prepared ln each of cthe 72 PVC pipes _{ffnxﬂ.?S cm} with almost
a uniform bulk denslty of 1.33 g c¢c. Cypsum powder @ 100%
GR was mixed with the surface 15 cm soil layer before packing
the soll uniformly. Uniform bulk depsity waa achieved by
dropping the pipes four rtimes vertically from a height of
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5 em. The pipes were Teached with 90 em of syncthetic waters
under continuaous submergence at 2622°C. The rime for leaching
iniriation, amount of leachate collected after every Il(rh
day, and the eanalyzes of each leachate Were performed
according to the methods deseribed by the U.5.8alindity Lab,
staff (1954}, The Fipes were arranged in completaly
randomised design with thrae replications and at a uniform
height from the floor.

Cypsum particle size

Gy, = Yo gypsun, Gy = 5 - 16 mesh,
Gz = 16 - 25 mesh, G:, = 25 - &0 mesh,

Synthetic waters

Wi = ECO0.6dsm s sap e, Wy = EC 1.0 dS mls g4 1o

ll'iTg, a EC 2.0m m f M 13, Hfl = EC 4.0 n 11 N

Solubility of gypsum

A known welght (5g) of each E¥psum particle size ywae

mechaniczlly shakan with 100 ml of each synthetic water for -
half an hour at a temperature of 26 °C. The filerate was
titrated againse standard EDTA for soluble Ca + Mg using
NH4O0H + NH4C1 buffer solution ang eriochrome black T

indicaror.

Preperation of synthetic waters

The sa.lg.f_s to develop desired EC+SAR levels in distilled
water were caleulated with the help of qugciratic equacion,

For example a water has an EC = [,n 45 M with SAR = |2
where CazMg was 411  and Cl1:50, was |:] . These ratios

d¥e to be maintained with NaZSD&. CaClz 2Hg0, WaCl and HgSDﬁ.
?Hzﬂ salts, i iz

HEIE T58 =» 10 me |, Suppose CatMg = X me 1 » then X3 = jpoy
meL .
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We know rchat SAR = Hafﬂa+ﬁg?2, where conc. units are me 1.-l
By putting the wvalues : SAR = 10-%/ /fX/7 . After taking
square of both sides angd rearranging2X-184x700 = 0, From chis
quadratic equatiom, the value of ¥ cap be computed as

N b+/F ~dac - 1842/ (-184)" -4x2x200 = 1.1025 me
1. 2a ) 232 3
So CatMg = 1.1025, Ca = 0.8820, Mg = 0.2205 and Na=8.8975 mal.
Then by mulciplying the me i with equivalent weight of a
salt, mg 1] were obtained.

RESULTS AND DISCUSSION
I. Disselution of gypsum in synthetic saline-sodic waters

The data contained in Table | indicate that solubility
of gypsum decreased significantly with each increment in
EC+5AR of water as well as with an increase in gypsum
particle size, The decrease (<l.0me CatMg fy with increasing
brackishness of waters may be due to the common ion effecsg
of Ca,50, or due to low solubility product conatant (2.4x10
at 25"C3 of gypsum (Bresler et al., 19823, _Jhe higher
solubllity of finer gypsum particles (<1.0 me i} may be
through the inecreased contact area between solute and
selvent,

ii. Time for initiation of leaching

The increasing finensss of pgypsum powder and
brackishness of leaching water generally decreased the time
to pass through and starc dripping at the bortom of soil
columns  (Fig.l). The effect of water qualiry enm time of
initiatien of leaching remained much more pronounced for
the control and treatments recelving gvpsum coarser than
Ga (25-60 mesh}, while the grades finer than 60 mesh took
almost similar time for the initiation of leaching. The less
time ko start leaching with the respective treatments appears
toc be the result of increased solute concentration either
due to gypsum application or due to solutes of the leaching
waters. Similar results were reported by Keren and Shainberg
{1981).
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5> em. The pipes were leached with 90 em of synthetic waters
under continucus Eubmergence at 26:2°C. The time for leaching
initiation, amount of leachate collecred after every 10th
day, oand the analyses of each Jleachate were performed
according to the methods described by the U.5.5alinity Lab.
Staff {1954}, The pipes were arranged in complecely
randomised design with three replications and at a uniform
height from the flpgr.

Gypsum particle size

Gy = No gypsum, G, = 5 - 16 mesh,
Ga = &0 -100 mesh, GE = - 100 mesh,

Synthetic waters

V) = ECO0.6d5n ! 5 sar 6, Wy = EC 1.0 d8 m15 gap 15
Wa = EC2.0" # w g W, = EC 4,0 o

Solubitity of gypsum

A known weight (5g) of fach gypsum particle size was

1] 1] 30.

mechanically shaken wich 100 ml of each synthetic water far

half an hour ar a temperature of 26 °C., The filtrate was
titrated against standard EDTA for soluble Ca + Mg using

NH40H + NH,C1 buffer solution and erdochrome black T
Indicator,

Preparation of synthetic woters

The salte to develop desived ECH+SAR levels 1n distilleq
water were calculated with the help of quadratic equation,
For example a warer has an EC = 1.0 45 n with SAR = )2
where CaxMg was  4:1 and Cl:80 wag  1:1 . These vatiog
are to be maintained with Na;Sﬂﬁ, CaClz y2H,Q, NaC! ang HgSDﬁ.
?Hzﬂ salts. -1 i
HEE? TS8 = 10 me 1|, Suppose Ca+Mg » X ma 1 s then Na = jp-x
mey,
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We know that SAR = Na/Cat+Mg/2, where come. units are me 1.-1
By putting the wvalues : BAR = {0~/ fX/2 . After taking
square of both sides and resrranging?X-184x200 = 0, From this
quadratic equatiomn, the value of_X cap be computed as:

o o= -befF e = 1841/(-1847 -4x2x200 - 1.1025 me
l. Za Zx2
So CatMg = 1.1025, Ca = 0.8820, Mg = 0.2205 and Na=R.89753 mel
Then by multiplylng the me 1 2 with equivalent weight of a
galt, mg 174 were cbtained.

RESULTS AND DIECUSSION
1. Dissolution of gypsum in synthetic saline-sodic waters

The data contained in Table 1 indlcate that solubility
of gypsum decreased ailgnificantly with each increment in
EC+5AR of water as well as with an increase 1in gypsum
particle size. The decrease {(<l.0me CatMg I} with increasing
brackishness of watersz may be due to the common ion effectg
of €a,50, or due to low solubility product constant {2,4x10
at 25 Cﬁ of gypsum (Bresler et al., 1982). The higher
solubility of finer gypsum particles (<1.0 me 1) may be
through the increased contact area between solute and
solvent,

fi. Time for initiation of leaching

The increasing fineness of gypsum powder and
brackishnesz of leaching water generally decreased cthe time
tec pass through and =tart dripping at the bottom of soil
coalumng (Fig.l). The effect of water quality on time bf
initiarion of leaching remained much more pronounced for
the control and treatwents receiving gypsum coarser than
Ga (25-60 mesh), while the grades finer than 60 mesh teok
almost similar time for the Initiacion of leaching. The less
time to start leaching with the respective treatments appeatrs
te be the result of increased seolute concentration either
due ko gypsum application or due te sclutes of the leaching
waters. B5imilar results were reported by Keren and Shainberg
{19817 .
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Tahle 1. Dissolution of gypsum grodes in synthetic woters
(me3l Ca + Mg).

Cupsum EC 0.6 1.0 2.0 4.0

grade

{mesh} SAR 6.G 12.0 18.0 30.0 Mean
5-16 26.13 26,00 25.88 25.76 25,94 e

16-25 26,25 26.13 26.02 25.95 46.00 4

25-60 26,37 26.25 26.15 26.07 26,21 ¢

60=-100 26,58 28,43 20,28 26,15 26,36 b
=100 *26.82 26.55 26.43 26.37 2B.54 a

Mean 2,43 a 26.47 b 26.15 ¢ 26,06 d

Mgans f(column or tow} followed by the same letters (s) are
not statistically differenc at P= 5%,

*odk k& w e
3E: Waters = 0,024 , Gypsum grades = £.026 , W X G = 0.053

iff. Amount of fegchate

The 1leachate was collected and measured everv 10ch
dav after the start of leaching{data not reporced) . Wich
kW, & Wz, the pattern and rate of leaching remained almost
similar throughowt the study pericd for all the gypsum
grades. The use of Ws & W, produced almost similar results
for all the gypsum grades. f%e differences between the gypsum
t>eatments and the control pertalniog to the volume of
' achate were more consploupus with WyandW, than those with

. ~ad Wp. Tt appears that the soil solutivn concentration
wzter  due to  gypsum  (Keren et al.,, 1%80) or mineral
» -:hering (Rhoades, 1968) along with salinity of applied
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water caused these differences. The gypsum disscolution was
higher In W and W, than in Wy and W, and the increasing
fineness promoted the solution concentration (Table 1)}. Thus
the Increased disselutlon of gypsum released higher amounts
of . which, chrough augmenting floceulatian, increased the
rate of leaching and hence the wolume of leachate.

iv. Chemical composition of leachgte

a. Total softs: All the gypsum sizes removed more salts from
the gaill than the control {data not presented). Most probably
this was due to the higher amounts of leachate with gypsum
treatnents. Howevar, the difference in salt removal decreased
as the brackishness (EC+SAR) of leaching solution increased.
Moreover, the solute concentration was much higher im the
initial leachate which decreased with time for all the
treatments, Similar results were reported by Chaudhry (1984),

b. Sodium:The removal of sodium 1in leachate {Fig.2) was
less for the control than that for the gypsum treatments
with all the waters used. This was probably due te lower
amount of leachate from the control columns. However, the
differences in Xa removal decreased as the brackishrness of
water increased.

The surface area of gypsum particles that comes in
contact with soil-water syatem, increases as the particle
size decreases. Consequently, the dissolution of gypsum may
increase with decrease 1in particle size. As a result of
higher =o0il solution concentration, the improved hydraulic
conductiviey will lead to more rtemoval of salts locluding
sodium. The Na- Ca exchange will produce a sink for seluble
Ca. Hence the Ca-depleted soil solution will help pgypsum
dissolution because of rhe decreased common ion effect. As
a resylt of integrated effect, the tremoval of sodium from
the soll columns will increase which, in turn,will help
timely =ail reclamation.

C.Calcium+magnesitim:The calcium plus magnesium removed in
leaf:h_%:e from the control soil eolumns was lower than that
PR
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in s.osvicites from the gypsem treated seil columns with all
the watess {Fig.3). Under lecal =soill conditions, this seems
natural hecause eof the dominance of hydrus mica in the clay
fraccion (MeNeal, 198R) which has a8 low rate of catisn
exchenge partialy due to its low CEC and the nen-espanding
nature C3carv, L%64Y. Thus altl the scoluble calcium released
from the anplied gypsum might have not been utilized to react
with vxchangeable %a and hence was leached out of the soll.

As the water concentration (EC + SAR) increased, the
leaching losses of Ca increased for G, to G. treatments and
values were very close among themselves with g and W,. To
overcome these Gat+Mg losses, prades of gypsum even coarser
than Gy may be sultable for soil reclamation where
galine-zodic  wacers, 1ike W,, are ovailable, but cthe
reclamation time may slightly inmcrease, However, under field
voaditlons, the soil profiles are desp enough to utilize
this Ca + Mg ir draining water.
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