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Salt-alfected is a general term for saline, saline-sodic and sodic soils and the
term brackish is mostly used for waters having hazardous levels of EC, SAR and/or
RSC. Salient properties under cach of the categories are shown in Table 1 for soil
and in Table 2 for water proposed by dilferent agencies. A delailed discussion on
water quality for irrigation is given by Ayers and Westcot (1985) and Rhoades and
Loveday (1990) under dillerent situations of the world.

Table 1. Characteristics of salt-affected

soils
Category ECe SAR \ pHs
@S m'y (mmoi L)
Saline > 4 < 13 < 85
Saline-sodic >4 > 13 t8s
Sodic < 4 > 13 > 85
Normal soil <4 <13 < B.S5

(Source: U.S. Salinity Lab. Staff, 1954).

1. EXTENT OF PROBLEM SOILS AND
WATERS

1.1, Soils; There is a lol of controversy about
the extent of salt-affected soils (Muhammed,
1981}, especially the one that falls within the
canal commanded area, CCA (Mian &
Ashral, 1980), The dilference in Lhe exient
of area appears to be due to dillerent meth-
ods of appraising the soils by diflerent agen-
cies (Hussain, 1970) and even the time of
survey may be one source of this dilference.
The more acceptable figures of the extent of
salt-affected soils are those reported by
Muhammed (1983) as shown in Table 3.

1.2. Waters: The quality of groundwater was
asscssed on the basis of total soluble salls
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(TSS) in the beginning. The extent of arcas
possessing groundwalcr of different salini-
ties within 350 [cet is shown in Table 4
(Ahmad & Chaudhry, 1988). It may also be
noted that groundwaler of the reported
quality does not exist within the [ull depth of
350 feet. Generally, in ail the areas top layer:
near to soil surface is relatively belter and
useable excepl al certain sites but ground-
water salinity increases with depth. How-
ever, little work has been planned and ac-
complished to exploit this better quality
shallow groundwater. QI course, the Na-
tional Commission on Agricullure {NCA,
1987) has emphasised the issue. Morcover,
the most hazardous property of the waler,
RSC and SAR, has altogether been ne-
glected in the survey but scientifically nceds
emphasis cven more than TSS. Overall,
about 40 MAF of groundwater of variable
quality is being pumped and used for crop
production in the Indus Plains (NCA, 1937),
Furthermore, the Ca:Mg and Ca:total cation
ratios in water or soil have to be investigaled
for long term effects on soils and crops
(Khan, 1975; Faiz-ullah, 1989; Ghafoor et
al., 1990 a, b and 1991).

Other reports indicate that about 25, 25
and 50% of the present tubewell discharge
in the Punjab is uscable, marginal and unlit,



respectively for irrigation (Malik, 1983; Ma-

lik et al, 1984). So, 75% of the lwbewell wa-
ter needs some additional management for
suslained crop production. Distribution of
tubewells 15 shown in Table 5,

2. PREREQUISITES OF BRACKISH WA
TER USE

Good subsurface drainage and deep
groundwater (>3m) are esscatial for efhi-
cicnt and longtime use of brackish waters.
Horizontal (surface drains, subsurlace
drains, tiles drains) or vertical drainage
(tubewells) may be required for lowering the
subsoil water. Apart from the resalination in
arid/semiarid climales, shallow watertable
resulls in wastage of resource through un-
productive evaporation (Asghar ef al, 1952
& 1962; Muhammed, 1975 & 1983) and can

also induce oxygen stress. It also causes nu-

tritional disturbances for plant growth along
with production of toxic chemicals under the
anaerobic conditions,

The brackish waler can be utilized for
growing crops by following certain site-spe-
cific treatments since such walers may vary
considerably with respect to the concenira-
tion and Lype of salts. The propertics of soils
receiving such watcrs also vary with respecl
to the structure, pore size distribution, spa-
tial arrangement of various pore sizes and
presence as well as depth of dense layer(s)
in the subsoil. The maintenance ol lcaching
{raction (LF) is considered an important
factor for good management ol poor guality
waters. However, higher amount of irriga-
tion water (o achieve the required LF can be
applied as frequent and light irrigations or
as infrequent and heavy irrigations
depending on the crop grown and other
faclors mentioned above,

If the groundwater is deep and the
fields are levelled, rain water is a natural
source for the periodic leaching of soil
salinity. 1f the groundwater is shallow
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(within 1m), the monsoon rain may become
a source of waterlogging. The problem may
become more intense if water quality i1s very
poor and soils are fine lextured. However,
for sodic and saline-sodic soils, an economi-
cal Ca-source is essenlial if lo be irrigated
with brackish watcr,

3, EFFECT OF BRACKISH WATERS ON
SOILS AND PLANT GROWTH

3.1, Unamended water on normal soils: Un-
der average managcment practices, brackish
irrigation water increases the soil EC, |
SAR/ESP along with physical deterioration
of soils. Consequently, most ol the crops
sulfer badly and glycophytes may even fail or
at lcast become uneconomical 10 grow
(Hussain and Ahmad, 1966; Bhatli et al,
1977 & 1981; Khan ef gi., 1986; Hussain and
Asghar, 1988a & b). However, some cultural
practices may help for better soil and plant
conditions.

The literature indicales that soil SAR
increased significantly in direct proportion
to SAR,, . The EC, and pHs also increased
relatively al a lower rate (Qayyum, 1973;
Qayyum and Niazi, 1975, DcMooy et al,
1975; Haider and Faroogi, 1975; Haider et
al, 1976). Here maize germinated satisfac-
torily with waters of TDS < 1500 ppm and
SAR,, < 20. However, Hussain (1985) re-
ported that the yiclds of maize, berscem,
cotton and sorghum were not alfected
statistically when grown in the above
sequence using waters of 0.86, 2.0, 2.5 and
3.0 dS m’! EC with SAR of 3.7, 20.0, 24.0
and 26.8, respectively.

For medium and coarse textured soils,
a waler having 830 ppm TDS, < 7 SAR and
< 1.25 me L' RSC did not creaie any
problem regarding soils and crops
(Chaudhry & Rana, 1975). Higher valucs of
these paramcters [or irrigation water causcd
an increase in soil dcterioration but was
manageable up to 12 ycars for a variety of



agronomic crops si.mply by the use of FYM,
Similar results have been reported by Hus-

sain and Asghar (1988 a & b) from their’

ficld studies. But in a pot experiment, FYM
up 1o 20 tons ha’l failed to improve maize
and wheat yiclds when irrigatd with saline
(EC = 1-4 dS m)) or sodic (SAR = 5-35)
walers (Salim er ¢/, 1986 & 1987). Haider
and Farooqi (1974), Haider and Hussain
(1981) and Qayyum and Sabir (1975 & 1976)
studied and confirmed the safe use of
brackish walers having TDS < 2000 ppm,
SAR < 10 and RSC < 2.5 me L for the
production of field crops on medium tex-
tured soils provided good management was
practised. Chaudhry and Rafiq (1983) and
Ali et al. (1981) also expressed similar views
regarding only the TDS of irrigation water.
Some pot experiments {Muhammed et
al, 1977, Muhammed and Raul, 1983;
Yasin, 1983; Yasin ef a/, 1988) have shown
good promise of maintaining a leaching
fraction (0.1-0.19) as a good managcment
practice. Under field conditions (Bhatti ef
al., 1977, Bhatti, 1986), however, at low LF
(< 0.20) there was litile check on the build
up in soil EC, and SAR. Even the soil be-
came sodic (SAR > 13) within about four
years under canal water trealment with 10
and 20% lcaching requirement (LR). But at
‘higher LR (30-60%), the practice worked
fairly to help grow salt tolerant crops. It ap-
pears that under such a high LF, most of the
water evaporated rather passing through the
s0il which resulted in accumulation of salts
in the surface layer of soil. Mixing canal
waler with brackish water to a final total dis-
solved salts (TDS) of 1000 ppm produced
reasonable crop yields. Anyhow, Mona Re-
clamation  Experiment  Projet  Stall
(MREPS) obtaincd good yields of wheat
and sorghum being irrigated with Bhera
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drain water (EC = 448-832 ppm, SAR =
1.3-5.6, RSC = 0.0-2.4 me L1} by maintain-
ing LR of 15-30% (Chaudhry et al, 1987,
Haider and Hussain, 1981).

Crop rotations without including 2
high-water requircment crop were not suit-
able (Haider et al,, 1973; Rehman and Hus-
sain, 1981) Lo arrest the soil sodication and
salination because of brackish water ir-
rigalion. Almost simiar conclusions have
been drawn by Bhatli (1986). Of course,
planting cotton on slopping beds was found
better than flat sowing (Chaudhry and
Haider, 1983).

In other studies (Ahmad et al, 1985 &
1986; Ahmad and Abdullah, 1981), L. fisca,
P. turgidum and sesbania were grown on
sandy soils. They applied diluted sea water
(final EC,, = 4.5-14.0 dS m!) for irrigation,
There was an increase in Na, Ca and Mg
conceniration in  plants. Plant specics
differed in sall tolerance. However, maxi-
mum biomass production was recorded in
late summer, i.e. when the temperature was
relatively lower and the ‘monsoon’ season
was ovcr, NIAB (1987) and Akhtar et al,
(1988) reporicd good improvement in
salinc-sodic soil properties and biomass of
L. fusca under flicld conditions grown with
brackish water.

The above discussion indicates thal
most of the experiments have been
conducted at MREP, There were small
number of combinations of EC, SAR and
RSC at their different levels. Phe other
factors, like soil texture, LF, crop rotation,
manure application etc. were not well
elaborated. This necessilates that some
detailed studies should be conducled vnder
different agro-ccological zones of the
Punjab/Pakistan to reach at certain water
quality parameters.



Table 2. Criteria for the water quality

a. U.S. Salinity Lab. Staff (1954)
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Category EC (& mhos cm™) SAR Remarks

Low problem < 10 Little likely-hood of salinity
and sodicity development.

Medium problem 250-750 10-18 There will be appreciable
sodium hazard in fine textured
soils, especially [or high calion
cxchange capacily soils, Walcr
can be used on coarse textured
or organic soils with good
permeability.

High problem 750-2250 18-26 - This water may produce
harmful levels of exchangablc
sodium in most soils. Applica-
tion of ammendments, good
drainage, high lcaching and
addition of organic matter may
become essential.

Very high probelm > 26 This water is generally unsal-
isfaclory. Application of pgyp-
sim may mike the use of this
water Teasible occasionally.

b. Yunus (1977)

Category TSS (mg L) SAR RSC (mc L) Remarks

Suitable < 1000 < 10 <25 For Indus Plains of

Marginal 1000-2000 10-18 2.5-50 Pakistan, WAPDA

Hazardous > 2000 > 18 > 50 recommendalions.

<. Depl. of Agriculture, Punjab

Suitable < 800 <8 < 1.25

Marginal 800-1000 8-10 1.25-2.5

Hazardous > 1000 > 10 > 2.5
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d. Directorate of Land Reclamation
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TSS (mg L) SAR RSC (me L-1)
Suitable Up to 1000 Upto 10 Upto25
e. FAO (Reported by Yunus, 1977)
Specific Ion Toxicty
Category EC SAR g
(& mhos cm™1) Na Cl B
-------- (1113 g p— (mg L'1)
No problem < 700 < 16 <3 4 0.75
Increasing problem 700-3000 16-24 39 4-10 0.75-2.0
Severe problem > 3000 > 24 >9 > 10 220
f. FAO (Ayers and Westcot, 1985)
Potential irrigation Degree of restriction on use
problem
None Moderate Severe
Salinity, EC,, (dS m1) < 0.7 0.7-30 > 3.0
Infiltration
SAR = 0-3 & EC,, (dS m™1) = >07 0.7-02 < (.2
" = 36 = »12 1.2-0.3 < 0.3
n = 612 = >19 1.9-0.5 < 0.5
o= 12-20 = »29 29-13 <13
= 20-40 = > 50 5.0-29 <29
g. Hussain (1973)
TDS (mg L) SAR RSC (me L)
Good a. < 1000 < 10 < 2.5
b. <750 <7 <25
Marginal a.  1000-2000 10-15 2.5-5.0
b. 750-1500 7-12 2550
Hazardous a. > 2000 > 15 > 50
b. > 1500 > 12 > 50

a. For oplimum management conditions.
b. For cxisting on-farm management conditions.
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h. Sheikh (1989)
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Category EC SAR RSC Remarks
(4 mhos cm-1) (me L)

Useable 0-1500 0-10 0.0-2.5 To be used as such or on
dilution with canal waler.

Marginal 1500-3000 10-18 2.5-5.0 To be used after mixing
with canal watcr in 1:1
ratio.

Hazardous > 3000 > 18 > 50 To be used after hgher
dilution with canal walcr
or chemical amendments,

i. Republic Engineering Corporation (1974)

Category EC (dS m}) SAR Remarks

Good < 1.50 0-10 Safe 1o use under average manage-

menl,

Marginal 1.50-2.70 10-14 To be used aller mixing with canal

walcr in the ratio of 1:1.
Hazardous > 2700 > 14 To be used under special manage-

ment praclices like higher dilution,
application of amendmeants and
higher leaching.

Otherwise [ormulation of water gquality
standards {Table 2) is a natural consequence
but of no value to the farmers unless sup-

ported by research results.

12, Amended water on normal soils:
Brackish water passed through gypsum
stone-lined water courses (Ahmad et al,
1979; Ahmad and Kemper, 1976; Kampcr ¢t
al, 1975, Hanil et @i, 1975; Qureshi ¢ af,
1975) can safely be applied (o raise the crops
from normal soils. Even such water treat-
ments proved useful for reclamation of
saline-sodic [iclds (Hussain ¢f al, 1986;
Ghaloor er af., 1987}, Improvement in water
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quality alter passing through the lined water
courses is shown in Table 4.

Onc irrigation with unamended tubc-
well water and onc (o two with amended
walcr have been reported sale as far as soil
properlies arc concerncd (Qureshi ef al,
1977). However, any numbcer of irrigations
were [ound satisfactory lor the wheat yicld.
Similar results have been reporied for wheat
(Aslam ef al, 1977; Salim et af, 1986 &
1987, Cheema et al., 1988) and maize (Hanil
et al, 1975 Salim e al, 1986 & 1987,
Cheema et al.,, 1988 & 1989).
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Table 3. Extent and categories of salt-affected soils (thousand acres)

Province Saline Salinc-sodic Sodic Total  Gypsilerrous
salinc-sodic
Punjab 1245.8 5142.0 - 0529.1 1413
Sindh 33154 23484 69.7 6571.2 8377
NWFP 12389 356 - 12899 154
Balochistan 4323 3195 - 974.2 222.4
Pakistan 6232.4 7845.5 69.7 15364.4 12168

(Source: Muhammed, 1983)

Table 4. Areas within different groundwater salinity

Region " % of area with TDS (ppm or mg L'T)
Gross
area (MA) up to 1000 1000-1500 1500-3000 > 3000

a. Up to 350 feet depth

Punjab 2432 55.7 13.8 13.5 170
Sindh +

Balochistan 15.43 9.8 53 8.8 76.1
NWEP 0.99 824 5.2 124 .
Pakistan 40.73 389 10.4 119 38.9

b. Up o 125 [eet depth

Punjab 24.32 635.4 122 9.8 126
Sindh +

Balochistan 15.43 17.2 6.6 13.8 624
NWFP 0.99 824 52 124 -
Pakistan 40.73 471.5 9.9 11.4 31.2

{Source: Ahmad & Chaudhry, 1988)

279



Table 5. Province-wise  distribution of
tubewells in Pakistan
Private Puldic Total
Province tubeweils tubewelis
Punjab 166361 10535 1768%G
Sindh * * 17356
NWEFP 4493 735 5228
Balochistan 7433 131 7384
Pakistan 178307 11401 2070064

Total discharged0 MAF.
* Dala not available

(Source: Ahmad and Chaudhry, 1988)
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Haider and Faroogi (1972), Haider et
al. (1978), Hussain et al. (1979 & 1981) and
Salim et al. (1986) investigated the sovil-ap-
plicd gypsum powdcr on the basis of gypsun
requircment (GR) of water. They recom-
mended that 50-75% GR of water has o be
met with in order to avoid the deterioration
of soil as well as yiclds of wheat and maize.
Similar views have been expressed by Jilani
ef al. (1988 & 1989) lor maize and by
Cheema ef al. (1988 & 1989) for wheal pro-
duction.

Chaudhry ef al. (19842 and 1985) ob-
tained better paddy yickd il water was al-
lowed Lo pass through a gypsum stone lined
water course than that with soil-applied gyp-

Table 6, Water amendment through gypsum stone-lined water course

Un-amended water

Amgended water

Source
EC SAR RSC EC SAR RSC
(dS m-1 (me LY (dSm™) (me L)
3.6 210 115 4.0 15.8 6.0 Qureshieral, 1975
3.5 19.5 129 39 120 6.5 Qureshi et al, 1977
1.8 10.2 7.1 2.1 8.7 4.6  Ghaloor et al., 1987

Ahmad and Kemper (1976) and Kem-
per et al. (1975) concluded that an incrcase
in Ca conccntration was inversely propos-
tional to the square rool of the water {low
velocily and the size of stones in the water
course. Ghaloor ef al. (1988a & b, 1989} in-
dicated that gypsum dissolution increascd
generally with increasing the particle finc-
ness and EC of synthetic solutions, Solubility
was highcer in NaCl than that in solutions of
salt mixture (NaCl, Na,SQ,, CaCl,, MgSQ0,).
These results indicate that in high SAR wa-
icr, dissolution of gypsum stone or sovil-ap-
plied coarse gypsum parlicles may work sat-
islactorily.
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sum powder, both the rates being equivalent
to 100% GR of water, However, wheat yield
was betier with soil application. In spite of
an increase in SAR, EC, and pHs of the
control plots. Similar views were expresed by
others (Chaudbry et al,, 1986 b; Muhammed
and Amin, 1965).

Treatment of waler (EC = 1624 ppm,
SAR = 8.2, RSC = 3.4 me L) with CaCl,,
gypsum, H;50, and HCI at rates equivalent
to watcr GR in pols produced similar maize
[odder on coarse, medium and {ine textured
soils during the [irst year. During the 2nd
year, CaCl; produced betler yicld than that
with the other amcndments (Jilani et al,



1988). In another pot experiment, maizc
fodder yield with 1 brackish and 2 canal
water irrigations and vice versa were statisti-
cally similar from coarse, medium and fine
textured soils. Even 3 irrigations with 1ube-
well brackish watcer and one with canal water
and vice versa produced similar maize fod-
der.

In a ficld experiment (Cheema et ai,
1988) with soil-applicd H,S0,, gypsum, S,
CaCl, and HCI at rates equivalent to 100%
GR of the total water applicd obtained sim-
ilar wheat yicld. Mecting 50% water GR
with gypsum when sodic and canal walter jr-
rigations varied [rom 1 to 3, in all possiblc
combinalions, also produced slatistically
similar yield of wheat.

Overall, the review indicates that water
or soil-application of gypsum equivalent (o
waler GR is a prerequisite and cconomical
for growing crops on normal soils with
brackish water. Although depending upon
the crop and soil type, ratc of application
may become different. Anyhow, therc is no
clue about the quality of the producc on
long term basis. Other Ca sources, dircetly
or indircetly, may be uscd if found economi-
cal and application is fcasiblc.

33. Unamended brackish water on treated
saline-sodic soils: Ficld cxperiments have
indicated that when saline-sodic soils were
treated with gypsum, H;S0,, HCl and CaCl,
al rates equivalent (o soil GR (50-100%
GR), a brackish water (EC = 1.8 dS w7,
SAR = 10.0, RSC = 7.1 me¢ L) reclaimed
the Khurrianwala and Gandhra soils within
L5 and 2.5 years, respectively. With sub-
soiling the Khurrianwala sandy loam /sandy
clay loam soil was improved with rice-wheat
crops bul in a longer period of time
(Ghaloor ¢t af, 1985 a, b and 19806;
Muhammecd and Ghaloor, 1986;
Mubammed ef al, 1988). Bhatti (1986) also
concluded that brackish water up to TDS of
2000 ppm can be used 1o grow maize,
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sorghum and millct on a soil amended with
H:80, or gypsum at rates equivalent (o the
soil GR. However, gypsum application has
been found cconomical in all the above
studics. Some decrcase in EC,, and SAR of
coarse textured soils bul an increase in EC,
and SAR of finc textured saline-sodic soils
was reported by Haider and Faroogi (1975),

Haider and Hussain (1976) reported
that pressmud application (o a saline-sodic
soil significantly reduccd the soil SAR, Wa-
ter infiltration rale increased statistically,
Yicld of wheat, cotton, sorghum, maize,
allalla and clover increascd considerably
with pressmud treatment being irrigated
wilh high-SAR waters. Similarly, Haq and
Dabin (1981) observed that fresh aifalfa
green manure (GM) was a good soil
amendment. The incrcased soil infiltration
wilth GM resulied due to Ca from dissolu-
tion of soil lime (CaCO,) in responsc to CO,
evolution during decay process. This Ca
proved sulficient (o counteract the ill-effects
of marginal quality irrigation water. In othcr
laboratlory cxperiments (Ghafoor et al,
1988a & 1989), with high EC, and SAR wa-
lers (EC = 0.6-40 dS m'!, SAR = 6-30)
without RSC successfully reclaimed a satine-
sodic soil recciving 16-25 mesh gypsum
powder equivalent 10 100% GR for 15 em
soil columns only.

These studics lead 10 conclude that
brackish water can be safcly used for grow-
ing salt tolcrant crops, a common praclice
during reclamation of salt-alTected soils, un-
der both the laboratory and licld conditions.
However, in none of the investigations,
uality of produce, period for which the soil
reclamation will last and groundwater pollu-
tion has been monitored. Similarly, because
of the centralized sites of experimentalion at
Mona and Faisalabad, results may not be



applicable on a wider range of soil, water
and crop Lypes.

3.4. Amended water on treated saline-sodic
soils: Very few field experiments have been
reported in literature. About 183 mcires
long water coursc was lined with gypsum
stones, weighing 5-30 kg, The water passcd
through it (Table 6) was used for growing
rice-wheat crops during reclamation of the
Gandhra series treated with gypsum @ 73%
soil GR wilh and without subsoiling. Under
the agro-climatic conditions of this ficld ex-
periment (Hussain ef al, 1986; Ghaloor ef
al., 1987), gypsum (-70 mesh} with and with-
out subsoiling recmained the best trealment
for soil improvement and crop yiclds from
1981-1984 using water of EC = 1.8 dS m™!,
SAR = 100 and RSC = 7.1 me L'\

3.5, Using brackish water with different
Ca:Mg ratins: Khan (1975) pointed out that
high Mg in soils may be considered for their
classilication, Chaudhry ¢t al. (1986a) ob-
served maximum increase in infillration rate
and a dccreasc in SAR and EC, with watcr
having Ca:Mg ratios of 2:1 and 1:1. There
was a considerable increase in soil SAR and
EC,. with walter of 1:2 ratio and Lhis ratio
also decreascd wheal and paddy yields sig-
nificantly. However, Faizullah (1989) ob-
taincd no response regarding wheat yicld
and ESP of a saline-sodic soil being irrigated
with brackish water (EC = 2 dS m*], SAR =
12) with Cu:Mg ratios of 4:1, 2:1, 1.2, 1:4 and
1:6. In another experiment, Ghaloor et al.
(1990 a, b & 1991) have reported safe use ol
high Mg water for soil reclamation but there
were some adverse effcets on the crop
growth by higher proportion of Mg in ir-
rigation walcr.

3.6. Role of fertilizer application for using
bruckish water: Chaudhry ef of. (1984Dh) ap-
plied nitrogen @ 75, 125 and 175 kg ha'l and
waler with TDS of 736, 1{}56, 1408 and 2000
ppm for growing rice and wheat. They ob-
served an increase in infiltration rate, but
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yields of paddy and wheat decrcascd by 7 (o
17% as the TDS increased from 736 1o 2000
ppm.

Use of Ca-containing and Ca-free N
aimdd P fertilizers for growing rice and wheat
crops during reclamation using  brackish
waler (EC = 1.8 dS m’, SAR = 10.0, RSC
= 7.1 me L) did not prove their worth
(Hussain, 1982; Ali, 1984), The soil amelio-
ratlion was just equivalcnt Lo the Ca contents
in the fertilizers, irrigation water and from
the dissolution of soil lime.,

Some imprevement in the yields of
wheat and paddy has been reported with the
higher doscs of NPK fertilizers on saline-
sodic medium (o coarse lextured soils during
reclamation using water of unknown quality
at Pindi Bhattian (Anonymous, 1988). NIAB
(1987 obtained good yield of Kallar grass
on a salt-affected soil (EC. = 13.6 dS m!,
SAR = 175, pHs = 10.3) grown with water
of EC = 1.4dS m™!, SAR 7.6, RSC = 9.7 me
L'! and fertilized with 62 kg N ha},

3.7, Miscellaneous studies: 11 is gencrally
accepted  hypothesis  that with  incrcasing
depth from the surface and distance from a
river, there is an increase in brackishncss
(EC, SAR) of groundwatcr, particularly in
arid and scmiarid regions. It could be rea-
sonable 1o assume that continuous pumping
of groundwatcr may deteriorate the quality
of water. However, limited studics (Hussain
et al, 1980; Hussain and Asghar, 1988 a &
b) have indicaled no such deterioration in
watcr gualily.
4. Conclusions: On the basis of the lit-
erature revicwed, it could be concluded that
most of the studics arc site-specilic and
short term in naturc and indicate inconsis-
tencies for such an cxpcrimentation which is
of primary importance to gencralize the
rescarch results, However, findings may be
summarized as undoer:
1, Brackish waters showed dilferent ad-
verse cifects depending upon the soil
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type, crop nature and management
practices on normal soils. Crops having
high-watcr requirements or more sall
tolerance were less adversely affected
on coarse lextured soils.

2. Brackish waters improved the soil
propertics and growth of crops during
carly phases of reclamation of salt-al-
fected soils, without the application of
amendments. Resulls on long term el-
[ects are not availabie,

3. Using amended waler, cither passed
through gypsum stone-lined water
coursc  or applying an equivalent
amount of amendments, both on (he
normal and sali-affected  soils, has
shown considerable usclullness.

4. Brackish water for salt-alfected soils,

 wreated with an amendment @ soil GR,
has shown good rcsults but necessitates
further experimentation,

5. Use of brackish waters, farming sys-
tems, role of fertilizers and other man-
agement practices ete. like  planting
techniques, irrigation mcthods, tillage
practices still necd studies on a wider
scale particularly at farmer level.
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