Agricultural and Marine Sciences, 9(1):17-19 (2004)
22004 Sultan Qaboos University

Assessment of Groundwater Salinization and
Soil Degradation in Abdally Farms, Kuwait

M. Al-Rashed* and M. Al-Senafy

Water Resources Division, Kuwait Institute for Scientific Research

wNaaall g510 9 dyull jedlig A9l olwll a>gle pasiti
S\ Ll | dozes 9 duilyJ] Aoxo

)l adngn) szl Al ol (sle ool Sy asiaig lell 2lisll Gl e casSll ddgs g & taols
a9l llsdl o Lgiuw s asslal alds elsll o asSe san Voo v v s (sllo> 08 Jilaolly .oopidl obia csle:
8 ninll ymdl alio go blzell o, JSdu oledl 0i8 pazeawss eleall (eS wlichby wssl Acgase g
gl oluall Usixe (sdes dndl ale 5,1 ond Amglall Al 15 gl oleall plasewl o3l pasis ] Al
auileouSll Sl ely=] o5 5 Loy (bylizo G50 TO Go Ayilly dgadl oluol) Aliss duc 10+ gasr pi aas dllily
axglo glas,ly adganll oleall Aucgi oo B3k § Buiilin AV 3929 ol Awlall caals 185 Cluall aip) Auilisally
lsa 8,13] pae (o] s sleu] (Seus Ael )l il Aabaie Guaali dio 3Ll Lpsl wlogleall wds (ailly @l
x_r..:u.d“ L"ﬂ_,..a“ alia ',a|J;:-"g'.'_....|L_| 5._.w|__-...l..|| - ] l;u..:l_g1 J8g Aelaty Lg.n|_'l..'$:i_su| AALh Puse.a LJS_M.U h.,_qul aleall
a.8g22| oluall Ggjseag @l 3845 ginly «Jeolxall (o galy £855 Lole Jgazll aucljll paleW LW axlasll

wiadgll i ol

ABSTRACT: Kuwait is a part of the arid and semi arid region, where irrigation is necessary for any
realistic agricultural activities. There are no surface fresh water resources in Kuwait. Fresh water is
provided from desalination of seawater. However, this water is used mainly for potable purposes. A total
of 100,000 cubic meters of brackish groundwater is annually produced from the Kuwait Group and
Dammam Formation aquifers, This water is mainly used for mixing at 5-10% with distilled water and for
irrigation of specific crops. The aim of this study was to assess the impact of brackish groundwater
irrigation on groundwater and soil. A total of 161 water and soil samples from 25 selected farms were
collected and analyzed for chemical and physical parameters. It was concluded that soil salinity was
directly proportional to that of groundwater and a high increase in soil salinity was recognized since the
establishment of the farms in Abdally, That was mainly related to the mismanagement of groundwater
resources, which causes soil degradation in addition to the losses and inefficiency in water usage. It is
recommended to use tertiary treated wastewater for irrigation activities in order to have a wider range of
crops to be grown and to prevent the deterioration in both soil and groundwater resources.
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Salinjty problems are generally more pronounced in
arid and semi-arid regions because there is not
sufficient annual rainfall to flush salts from the crop-
rooting zone. In such areas, an additional problem
arises from the combination of high evaporation and the
shallow depth of groundwater. The main source of salts
in soils, such as those in Kuwait, are weathering of
fossil salts and groundwater, which brings up and
redistributes its soluble contents on the ground surface.
Deterioration in the quality of groundwater, especially
increases in its salinity and sodicity, will exasperate soil
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problems, which intensify the pressure to use more
water, thus damaging both the water and soil resources.
The essential concern in farming practices in arid and
semi-arid regions is to maintain soil moisture at the
lowest possible stress level for growing plants. This is
accomplished through controlled irrigation schemes
and within the constraints imposed by soil properties
and water quality.

Soil moisture stress is a function of interactions
between osmotic potential, which is proportional to the
salt concentration in the soil water, and soil matrix
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potential, related to soil texture and the amount of
irrigation water applied (Rhoades, 1987). To control these
stress factors appropriate leaching should be used to
achieve downward salt transport out of the root zone as
means to bring osmotic pressure to the lowest practical
level. In addition, soil moisture should be maintained at
levels that can lead to the maximum crop vield potential.
Immigation technologies, methods and frequency of
application, leaching requirements and adequate drainage
are the keys to successful and sustainable exploitation of
walter and soil resources (Mashali, 1997). The aim of this
study was to assess the impact of brackish groundwater
irrigation on groundwater and soil.

Materials and Methods

The collection of groundwater and soil samples from
the selected farms in the Abdally area in the northeastern
comner of Kuwait was the first step towards the goals of
this study. Figure 1 shows the location of the study area.
The sampling activities were conducted in swnmer and
winter to take into consideration the seasonal weather
variations. Collection and preservation of representative
groundwater samples was carried out in accordance with
standard operating procedures. During the winter season,
42 groundwater samples were collected from 25 selected
farms. In summer, there were no reference samples (non-
irrigated) and 24 groundwater samples were collected.
Using the peak salinity tests, 71 soil samples out of 335
collected samples in the winter season were selected for
further laboratory analysis. The peak salinity tests were
conducted by collecting soil samples for each 20 em of the
root zone, testing its extract in the laboratory for salinity
and selecting the most saline soils extracts. During the
summer season, reference soil samples were not collected
because change in soil quality was not expected to be
encountered without the application of irrigation water. A
total of 24 soil samples were collected. The collected
groundwater and soil samples were analyzed in the field
and the laboratory for chemical and physical characters.
The groundwater and soil samples were analyzed for
electrical conductivity (EC), soluble cations and anions,
boron (B), and hydrogen-ion activity (pH). On the basis of
the results of the analyses, soil types were classified in the
study area.

Results and Discussion

GROUNDWATER: Groundwater suitability for irrigation
is contingent upon the expected effects of the water on
both the plants and the soil. Saline soils may harm plant
growth physically by limiting the uptake of water through
modification of osmotic processes, or chemically by
metabolic reactions such as those caused by toxic
constituents (Todd, 1980). The pH average values for all
the collected samples during both winter and summer
seasons were considered neutral and mostly around 7.3,
rarely going above 8.0 or below 6.0 at 25°C. Groundwater
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Figure 1. Location map of the Abdally farming area.

reached its maximum salinity (17,500 mg/l) in winter,
which reflects the effect of retumn flow from the irrigation
practices as winter is the main cultivation season.
Additionally, the over pumping in this season leads to
rising of more saline water in the pumped aquifer.
Carbonate  concentrations were negligible, and
bicarbonate range was normal and varied between 69 and
210 mg/l. Table 1 presents the summary of summer and
winter groundwater analyses. The increase in sulfate and
chloride during the winter was due to the natural leaching
process because of the increase in irrigation practices.
The increase in boron concentration in summer may be
due to the distribution of evaporite deposits as a result of
high evaporation rates and low rainfall. Boron
concentrations within the Abdally area were within the
safe limits for irrigation (< 1.0 mg/l). Sodium average
concentration increased in summer as a result of an
increase in evaporation. Potassium concentrations were
much lower than sodium and almost the same in winter
and summer. This was also noticed for calcium; the
average concentration for both seasons was 540 mg/l.

TABLE 1
Summary of groundwater analyses in the Abdally area.
Parameter Summer Winter
mg Maximum  Minimum Maximum  Minimum

TDS 14900 STO0 17500 5200
HCO- 186 85 210 69
50, * 3854 1168 4437 1320
Cl- 5835 1582 6136 1050
B 1 ] 1 0
MNa~ 4263 94 5837 920
K~ 33 1 3l 8
Ca® 759 42 771 308
Mg ™ 33 g 20 7
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TABLE 2

Summary of soil extracts analyses in the Abdally area,

Parameter Summer Winter
mg/] Maximum  Minimum Maximum  Minimum
S0, * 7485 2459 4963 2
1 G424 765 3558 30
B 2 ] 1 0
Ma® 6512 1407 4174 4
K* 360 11 3ab B
Ca:: 1018 267 1210 40
Mg * 34 2 54 0

This could suggest that solubility products of the
aquifer material control the concentration of potassium
and calcium. Magnesium concenftrations were greater
during summer and that could be due to excess leaching
of soil during winter irrigation, through which
magnesium ions are forced to leave high exchange
capacity surfaces,

SOIL: Soil salinity, represented by the EC of soil extracts,
varied between 5 and 25 dS8/m. Tt increased in the irrigated
soil, which is an indication of the effect of irrigation with
brackish water since the establishment of the farming
area. Soil salinity coincided with the groundwater salinity
of the study area, which increases towards the northwest
and southeast, There was no systematic relation between
soil salinity and depth of the water table. Table 2 shows
the summary of the soil extract analyses during winter and
summer  seasons, Carbonate and  bicarbonate
concentrations were negligible. Sulfate and chloride
concentrations were higher in imigated arcas and within
these areas they were higher in summer owing to high
evapotranspiration rates. This leaves the return flow with
higher concentration of sulfate and chloride. Sodium
concentration was also higher in the irigated areas and
higher in summer. Sodium is hardly flushed by irigation
and leaching because it is retained by adsorption on
mineral surfaces, especially by minerals having high
cation exchange capacities, such as clay. There was no
change in potassium concentrations, neither between
summer and winter, nor between irrigated and non
irrigated native soil. Calcium average concentrations were
relatively higher for the native soil because of the
cementing nature of caleium carbonate that can be partly
flushed away due to imrigation. Soil was classified
according to a combined classification of U.S. Salinity
Laboratory (1954) and CSIRO (1989). Irrigated soils are
mostly saline and strongly sodic, while native soils are
mostly saline and non-sodic. Irrigated soil samples
showed more sodicity during summer.
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Conclusion

Salt affected soils impose a serious constraint to
crop production on almost all cultivated land in Kuwait.
Salinity problems are mainly due to inadequate water
management. Most of the native soils in Kuwait are not
saline, except in some coastal areas. The utilization of
brackish groundwater in open field irrigation under
high rates of evapotranspiration contributed over time
to buildup of soil salinity and a high degree of sodicity.
When comparing the salinity of native soils to soils in
close proximity to irrigated soils, which have been
exploited for the past 40 years since the establishment
of Abdally farms, there was a clear increase in the soil
salinity levels. Many of the farms mobilized large
investments for the development of irrigation systems
to enable local agriculture production to meet
increasing food demands. Unfortunately, adequate
irrigation management to control the buildup in soil
salinity was not adopted. This caused soil degradation
and increased salinization, in addition to the losses and
inefficiency in water use. Groundwater has deteriorated
since the expansion of agricultural activities in Abdally;
moreover, controlled irrigation practices, which are
commonly believed to be three times higher than what
is required, resulted in the creation of serious hazards to
the soil environment. It is reconmended to use treated
wastewater, which will allow the agricultural activities
in Abdally area to have a wider range of crops to be
grown. In addition, their yield will improve as salinity
will be reduced. Such practices will also prevent the
deterioration in both soil and groundwater resources.
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