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FIELD STUDIES ON THE RECLAMATION OF THE GANDHRA SALINE-
S0DIC 30IL

A, Ghafaor, 5, Mubsmmed and A, Bgof

A field experbment an the reclamation of the Gendhra sasdy
tlay 80il was ocondusted during 1981-B3 on a permanent layout
following the randomized complete blotk design with ricc-wheat
rotation heing irvigated with marginal saline-asdic tubswall water,
The resulte indicated that the submoiling in combination with gyp-
aum is betier than gypaom alone, while subsailing is better than
control for chemival raclamation as wall aa fur rive productivity.
For wheat, gypsum slons was alightly hetter than subaciling +
gypsum, Io terms of cost economios, enbeoiling + gypsum provi-
ded the maximum gross ineomie followed by gypsum, subsoiling

and the control, Huwever, gypeum treattnent gave the higheat
net inoome followed by subsoiling + gypsum, eubsoiling and the
sontrol.

INTRODUCTION

Being situated in the arid and semisrid subtropical zomes, salinity and
sodicity are smongst the dominant ecil problems in Pakistan that canse serious
reduetion in erep production. The salte in such soils originate mainly from the
parent meterial cauaing foasil salinityfecdicity while sscondary or man-mada
saline/aodic aoils have been formed due to unscientific use of land water rescur-
cos,  About €.22 million heetares of the sslt-affected soila oceeur in Pakistan.
Nearly 80% of the sait-afiected acila of the Funjab and 50%; of thet of Pakistan
ate saline-sodie (Mubammed, 1383} and are not easzily reclaimable because of
low permeability to canal water,

Thera ate two possible approaches for utilizing thess problem aails: (1)
meke the soil environment snitahle for enocessful and healthy orop growth, {2)
develop plant apeciea that can grow suocessfully in inhospitable acil environ.
ment. Novertheless, the two approaches are complementary and are naot
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mutually exelusive. The reclamative teoliniques includs the physica!l, chemioal,
hiolagical, bydrotechnological, elactrochemical methods and combinations of
thess techniques. Rasmussen (1973) conducted fisld expoariments apd found
thet gypaum alongwith aubsailing (70 om deep} and ploughing {56 cm deep) with
moulboard plough were encoossful for reclaiming salt-affectad aoils whila stbaoil-
ing only was obeerved to be less effeative for aoil reclamation and for tha
growth of alfalfa Intersceded with smalj grain oropa of wheat and barley, Ina
Pot experiment, Kansar and Muhammad {1972} eompared chemical and biclogioa]
methods of reclamation and found E¥psom to ba the most effective, Avcording
to Muhammed and Khalig (1976), EYpeum treatment took lesa timae for peasing
120 ¢m water through the ssil columns sa ¢ompered #¢ sulphur, presumed apd
FYM. Onlya Jimited number of flald experiments have been aonducted ip
Fakistan on the reclamation of saline-sodic soils inepits of the fact that saline.
aodic a0ils eover 4 majur part of satt-nffected soils in the Indus Plains, Zaidi
ef ai. (1888) and Chandhry ¢ ai, ¢ 1882) have published resnlta of field experi-
ments oo the reclamation of saiine.sodis 8oile,  Moai of these studiey indivatsd
need for further farm level investigations on the vomparigon anid ecomomics of
reclemation of saline-godin soils with gypsum application based op E¥psum
requirement (GR) test,

There is ne single method universally applicable for reclaiming all types
of salt-affected soila beoanse of their complexity and nature of formstion.
Therefore, the present study was undertaken on s Gandhrs saline-sodic soil at
farm level to flad the most practical and sconcmical method for its realamation.

MATERIALS AND METHODS

The Gandhrs sandy clay aoil was selected ut Chak No, 44! B., Kotla
Kahluwae near Shabkot, Tehsil and Diatrict Sheikhupura for conducting the
sxperiment. The soil waa deep, 1t belonged to Halio Camborthids, fina loamy,
wixed calearecus, Hyperthermic family of iuternstions! sgil toxapomy, Follow.
ing trestments were replicated in randomized somplete block design on a perala-
nent layout with rice-wheat rotation on all the treatments having 32 x 14 m
gross plot aize :

Control : Simple lesching with saline-sodio tubewell water,
SFubsotiing (58} 1 50L5 ¢m deep furrows were drawn crogswise, 120.1460 cm
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apart with single tine aubsoilar during January, 108].

typaum (Gyp) :  Seventy to 100 mesh gypanm of about 847 purity at 1004 GR
thalf of the 100% GR of 0-30om soil depth) was broadeast and
mized with surfaca 10om soil with cultivator atthe end of Feb-
ruary and beginning of Merch, 1981, No cortection was mads
for 90% purity of gypsum powder,

Subaailing £ gyp-

sum (55+G¥yp) : Combination of subeoiling and gypeum trestments given

abave,

Tubewell water of marginel quality was applied for leaching and irriga-
ting oropa throughout this study, It had, on the aversge, sn EC = 1.8 mmhosf

e, COy+HCO, = 11 38 mefl, Cl = 3.42 mefl, Cat Mg = 4,22 mefl, I-:Iha. =
14,28 me(l, BSC = 7.18 mel and SAR =9.8, Compositeenil samples from 0-15
and 15.303 om depths were taken from thres randomly nelected sites per subplot
hefors application of trestmants and after harvesting each orop apd wers anaiy-
zed acoording to the etandsed methods (Black, 1965). Thirty to forty daya old,
2.3 rice smedlings hill, wers tranaplanted without puddiing the soil, while wheat
wan planted in' Wadd Water’' (residual moisture from rice} eaca year by broad-
easting about 100 kg seed/ha, The fertilizer rates, time of their applicativn,
sowing and harveeting detes are given in Tabls 1.  All the other cultaral practi-
oed were carried cut uniformly in all she plota. Haif the dose of N a8 urea and
total PO an single superphosphate wetrs applied at the titne of sowing/tranap-
lanting of crope.  ZnSCh at 12.4 kg/he was top dressed on 3.9, 1881, 25 §.1942
end 18,8, 1085 respectively, while Diszinan 22 26 kg'he wae top drestad on 31 8. 1151
to rice 19581 and on 15.8.1983 to rice crop of 1983. Oone spray of 2.47 kg Sevin-
85/ha wad parried out no 24,10 1983 ageinst the infeatation of leaf foldor{ralier,

hairy caterpillar and rice etem borera, The ground water table remained within
1:5.2 2 meters during the course of study,

RERULTS AND DISCUSSION

Application nf pypeum slene of in combination with subsoiling to the
Gandbra sandy clay aoil reduced the sxchangesbls sodium persentage (ESIP) and
pH of the aaturated eni] paste (pH ) to values signifioantly lower than those of
subsciling snd the control (Table 2), while ]l the treatments were equally nfice.
tive for deoreasing the electrien] conduetivity hy the harvest of rice in 1843
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Table 2. Role of various ireaiments in chemical reclamation of GandAra saling.acdic soil zerics
Treatment meszns Diepth means 5.E.

Searona — -

Cont, 55 Gyp 5540¥%p Iy I, Treat, DLepth

EC, x 108
Qriginal aoii 12 6 16.0 17.2 13.2 14,8 15.2 — —
Poat rice, 1681 .Ba 4. Sab 3.3b 6.6a b4 46 G.45* n.33N5
Foat wheat, 108]-682 .8 4.2 5.0 52 5.8 5.3 HIATNS 0. 26N5
Poat rice, 1982 6. En 4h 4,40 4 Ehe .8 &l [ 25%% 0.17TNS
Post wheat, 1982.83 &, O .Dab 4. Tb 4. 6b 5.0 5.2 0.37* 0.26N5
font rice, 1983 i.B 4.0 32 3.z 3.6 3.5 0.24K% L1THS
Exchangeable sodinin parcentage
Original soil 588 65.0 65 & PR fifi_1 a7.1 — —
Poat rics, 19581 45,1a 38.2b A0.6be  31.lo 331.5b 30.0a 173 1.22¥*
Post wheat, 1DE]1-.82 40 4n 45 0s 33.0b J2.8b 370k 43 2a 1,71%* 1,21n*
Post rige, 1982 37.8n 36.is 23.2b 22 2b 26.7h 32.3a 1 49> 1.05%*
Poat wheat, 1982-53 42.2a 38.2b 24,50 24, 0c 2R /b 35.M 1.743* 1,23%%
Pogt rice, 18983 34.6a 13.08 19.4b 16 b 23.2b 28 4a 1.28%* D9l
rHy

Original auil a0 7 B.5 8.9 .8 8.8 i il
Post rice, 1981 5.6a 808 8.2b 8.1b 5.2b 5.4a 008 0.06*
Poat wheat, 1081-B2 B fa 8 fn B ib £ 4b £.4b .8 0.04we 0.03*
Post rice, 1082 5.0a 8.6a 8.5b §.4b 8.5b 8.5a G07* 0 Q5w
FPost wheat, 1982-83 B.6a E.fa 8.2 R.2h 8.4h 8.5s 1 0.03*
Foat rice, 1953 £.8a 8,58 8.2b 8.2b 8.3b 8.5a 0.08% 0. 05%*

Figures followed by the azme letter (#) arc not statiatically different at P=53%;
*4 = Significant at P=1%;

K5 = Non-significant.

* »= Sipnificant st P =57;
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The reduction in ESP waa more alter rico in 1081 than affer wheat in 188]1.-32,
The reduction in ESP with subsoiling and simple leaching (eontrol) was due to
“valence dilution'’ as expiained by Eaton and Sokolofi (1935), and aleo dus to
Ca Mg supplisd in tubewsli irrigtivn watar a3 well ag ig aingle ruperphosphate,
Chemical a0il improvement (pH & 13P) was elowed down significantly with in-
creasing depth end time in all the treatmenta,

Chaudhry et al. [1032) eoncluded that gypaum at 1003; GR+20 tons FYM/
he wan the best treatraent for the chemioal avil improvemeont snd growth, while
growing Leptockicn fusea and 20 cm deap tillage wera the lemat efficient treat-
ments,

Application of gypsum alone or in combination with anbrailing improved
paddy to steaw ratio (Table 33, indicating grain formation to be more sensitive to
falinity and especiaily to aodivity than the vogetative growth, This fact was
alao supported by the data on atorility percentage {not presented here) which
was higher in the control snd subsoiling treatmenta than gypoum treated plote,
In feat, there was no paddy vield from the Grat rice erop in the untreated plota
feonkrol).

For wheat produstion the effactiveness of theas traatments was very simi-
larta that for rice crops although rice is considered to be = better vrop during the
reslamation of saline-sodic zoils eapecially for the fine textured ones. Generally,
both for chemical soil improvement and erop productivity, gypsum and aubsoiling
+ pypsum treatments ware statistically auperior to subaciling and control with
non-significant differences amoag gypsum vs, subaciling + g¥psutn and subsoiling
va. contral.  Rasmussen (1973} abtained similar resuits,

RKeclsmation of the Gandhra and similar scils is guite expensive, time
conalmiog and difficult because of their fine texture and high ESP level (Tabla 3},
During the preeent experiment, tho cost of gypanm was Tecovered from the three
ctopa sown sfter the application of the trustmenta (Table 4). After five cropa,
the groas income was the highest {rom dubsciling + gypsum treatwent followed
by gypsum, aubsciling and control, while the et income was higher from gypsum
thun subsoiling + gypsum treatment dus to higher GR of the latter, The uso of
R¥[uin becomes much more attractive and ceonomical if appreciation in the
valus of land due to reclamstion is considered (Singh, 1980). "The improved scil
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Table 3. (rop reapanse to reclamation trealments on Gaxdhra saline-sgdic soil series

Riea Wheat

Treatment Irrigationl TDM Paddy TPaddy Itripation!  TOM (irain

(om) kgfha {om) ——kp/ha——

Straw
IRRL-8 (1851) LU-26 (19581.82)
Contrul 162.7 34b o — fil.G 280L Gib
Bubsuiling 174.7 1080b 314% 0.42 61.0 4060 1050
{rypaum 184.7 45683 1518 4,58 6l.0 4363a 1390,
Subeoiling + Gypnm 180.7 4060 15272 (ER £1.0 3251a 1l84a
3.k, 2= 501 4%¢ DI T** —_ — G0 64* [l O
IRRI-& {1382) L1205 (1BE2.83)
Control 121.7 1780 8i8b 054 67.6 2115h 804k
Subaviling 127.7 is21b 340k 098 7.4 24680 106lh
Gypaum 169.7 3808sb 2054 1.17 67.6 fldla 3788
Subeciling + Gypsum 162.7 5180a 2517a 1.18 7.6 U ERETY 35d8a
5 E. — 4T 303 5 — — 12190+ 5T
K =-287 {1583)

Conkral 137.6 4006 2508 (.68
Subsoiling L46.5 G871 2763 0,68
{Fypsum 148.6 B178 4030 0.93
Subeoiling 4+ Giypzum 152 & E925 30689 (.80

5 E.

1568, 6N5 52T .9N3 =

Grain

Straw

9 30
035
0.47
a.a7

{.nn
074
0.67
.61

1. Trrigation water inclodes rainfall es well;

at P=5%

N5 =non-sipnificant,

figures followed by the same letter {2) are not statietically different
or % —gignificant at P w630 ** =cignificant at F=13;
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health aa & result of amendment application may last 4.10 years (Flgabaly, 1970
sud Obrejanu et af,, 1970) under average mansgement, Thia further makes the
nse of gypsum favourabls for the snil reolamation, Also, the marginal saline-
sodie water (sitnilar to one wsed in this etudy) can be nsed sncecesfully for
growing wheat and rice during reclamation. The use of such watcrs will incresss

the dissolution rate of applied gypsum and thus sccelerate the reclamation of
aeline-godic soils for ressonable crop yield,

ACKNOWLEDGEMENT

The free of cout supply of gypsum powder at Ishanderabed {Daudkhel) by
the NFC of Pakistan Ltd, is gratefully acknowledged. The aunthors nre indeb-
ted for the help of the etafi of the Department of Soil Seignoe and VWater
Mwnagement Reasarch Froject during the conduct of thia atudy,

REFERENCES

Biack, C.4A, (Ed). 1065, Meihods of Soil Analyrie, American Society of Agro-
pomy, Madizon, Wizconsin, USA.

Chaudhry, M.R., Ihsapullah, 4 Hamid and M.A. Javid, 1882, Role of inorga-
nic and organie amendments in the reclamation of saline-sodio asoil,
WAPLA Publiration No. 124, Mona Colony, Bhalwal, Pakistan.

Haton, F.M. and V_P. Sokolofi, 1936. Adsorbod sodium in 8cils s affected by
pail to water ratio,  Sofl Sei. 40 ; 237247,

Elgabaly, M.M. 1970, Reclamation and management of salt-alfected aoila,
Proc. Salinity Semivar. Dec, §-14, Baghdad, Irag.

Kausar, M. A, and 5, Muhammerd, 1072, Compariann of hiclogical and chemicald
methods far reclaiming saline-sodie soila, Pakiaten J. Soi, Res, 24:252-246,

Mnhammed, 8, and A, Khalig. 1875, Comparieon of biological and chemiesl
methuds for reclaiming ssline-sodis eeile, Bull. Irrig. Drainage and
Flood Ceontrol Bes, Council, (Lahore), 5§ : 50-54,

Muhammed, S, 1883, Salt-Aflected Soils and Their Heclamation, Prosidential
Address, See. of Agri. & Forestry, 28th Pakistan Sei. Tonf., Dea, 26-30.
Uaiversity of Karachi, Kersohi, Pakistan,

Obrejanu, 5., V. Oprea and G, Sandu, 1870, Tmprovement of solunetzes and

eolenetzio goils in Durope, Sov, Sell Sei, 2 (4) @ 486-478,

162



Eoamussen, W. W, 1992, Dreep tillage for improving saline-sodie soila in Idaha,
Proo. of the 28th Annue! Meeting of the Soil Conservation Society
Americs (Plants, Animals aod Man), Sep. 30-Oot. 3, 1973, Hot Springs,
Arkansas,

Singh, M. 1981. An appraiss! of the economics nf reclamation of alkali soils,
Proo, Intern. Symposiom on Salt-Affected Soile Feb. 18.21, 1980, Cantral
Boil Salinity Res. lnat., Karnal, India.

Znidi, H.8,, Nue-ud-Din, M. A, Qayyom and K. D, Gowans. 1968, Reclamation
of saline-slksli soil in the Upper Indus Basip. Pakistan J. Sci. 26:170-177,

163



