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ABSTRACT

Amidst the heightened awareness of environmental issuesin the Songkla L ake Basin, widespread
concern has also emerged over potential environmental impacts of inland shrimp farming. Outbreaks of
diseaseinthe coastal areasand the devel opment of low salinity culturetechniques have been major factors
behind the migration of shrimp farming into the basin’sfreshwater areaswell inland from the coast. Over
aperiod of 18 years, from 1982 to 2000, shrimp cultivation areasrose dramatically from 3,491 hato 7,799
ha, equivalent to an increase of 123.4 %. Further analysis has revealed that 3,347 ha, or 77.7 % of the
increase in culture areas came from rice fields. The graphic consequence has been well-demonstrated
problems of soil and water degradation resulting from the culture operations. Farmed soils possessed
several chemical and physical limitations to the establishment of vegetation. The major chemical factors
werelargely associated with high salinity level and low organic carbon content whereas high bulk density
and low saturated hydraulic conductivity were the major physical limitations. Analysisalso revealed that
salinity levelsin soilslocated within 0, 20, 40, 60 and 100 metersdistance from the culture pond werehigh
and well above the suggested critical value of 1.6 mS/cm, indicating that soluble salt could bealimitation
to the establishment of plants on these soils. Besides the salinization of soils, the discharge of untreated
pond effluents caused deterioration of the quality of waterbodiesin close proximity to the pond through
the elevation of salinity level, BOD concentration and suspended solid level. The degradation of soil and
water quality that occurscould render large areas of productiveland unsuitablefor arable crop husbandry.
Moreover, poor water quality could contribute to outbreaks of disease which, in turn, resulting in a
catastrophic collapse of the industry. Management strategy for the reversal of such degradation is
discussed.
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INTRODUCTION 150 kilometers aong the eastern coast of the

Southern Tha Peninsula. The basin consists of

Songkhla Lake Basin covers an area of  threemaintopographicunits: arangeof mountains
approximately 8,463 km?, of which 1,043 km?is  to the west and south of the basin, foothills and
thelake surface, and stretches southwardsfor over  terraces, and broad plainsontheeast and west sides
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of the lake. The lake, which is divided into three
distinct but interconnected waterbodiesviz. Thale
Noi, Thale Luang and Thale Sap Songkla
(NEDECO, 1972), is a shalow coastal lagoon
formed by interaction of land and ocean processes
over geological time (NESDB and NEB, 1985).
Thelakesconnectingtothe Gulf of Thailand through
a narrow channel outlet are subject to seasonal
fluctuationsin salinity (Lesaca, 1977). During the
dry season, salinity level sinthelakewater increase
due to intrusion of seawater from the Gulf of
Thailand. Salinity level in Thale Sap Songklamay
riseto 25 ppt, 15-20 ppt in Thale Luang and almost
zeroin ThaleNoi (DANCED and MOSTE, 1999).

The basin experiences an annual rainfall of
approximately 2,000 mm, with adistinct wet season
from October to January (DANCED and MOSTE,
1998). Morethan 100 streamsof al sizesdrainthe
basin from the western mountain range into the
lakes (Lesaca, 1977). Total annua inflow from
streams to the entire lake system is 5,200 million
m3 (Thimakorn and Vongvisessomjai, 1979).
Storageinthelakesis1,681 millionm3to meansea
level. Only 0.6 % of the basin’stotal land areasis
regarded ashaving severeerosion, while4.0 % has
moderate erosion and 95.4 % has slight erosion
(Tanavud et al., 2000). Sediment rate in the lake
has been estimated at 1.0 mmyr-1(Tanavud et al .,
2000).

The economy of the basinisagricultural in
nature. Rice is cultivated in the lowlands, while
rubber and mixed orchard are cultivated in the
terrace and foothills (Tanavud et al., 1999). The
mountainrangesarecoveredwithevergreenforest.
Over recent years several parts of the range have
been dedicated as wildlife sanctuaries or national
parks. Animal husbandry and fisheries also
contribute to the local economy. The Songkhla
L ake Basin, which was once the richest and most
extensivericegrowingarea, wasformerly described
asthericebowl of southern Thailand (NESDB and
NEB, 1985).

It was not until the early 1980s that shrimp
culturesfor black tiger shrimp (Penaeusmonodon)
were introduced by the government as a means of
providing nutrition, improving householdincomes
and enhancing employment opportunities for the
basin’s population (Phillips and Barg, 1999).
Althoughitisundeniablethat thegrowth of shrimp
culture industry has benefited the social and
economic well-being of the peoplein rural areas,
there has also been environmental disruption
generating impacts detrimental to the welfare of
the rural people (Chin and Ong, 1997). While the
establishment of shrimp farming in the basin’s
freshwater areasisbroadly known, therehavebeen
no detailed assessments of the nature and actual
extent of shrimp cultivation areas, and the
environmental impacts generated by the culture
industry.

Itisinthiscontext that thepresent study was
undertaken. The objectives of the study are (i) to
ascertain the nature and areal extent of shrimp
cultivation areasin SongklaL akeBasin, and (ii) to
evaluate theimpacts of shrimp farming on soil and
water environments in the areas of operation.

MATERIALSAND METHODS

Areal extent of shrimp farming

To determine the areal extent of shrimp
farming in Songkla Lake Basin, Geographic
Information Systems (GIS) was used to compile
spatially explicit datalayersthat describethebasin's
land use. All spatia analysis operations were
performedusing PCArcinfo3.5.2and Arcview 3.2
software (ESRI, 1998). To allow for comparisons,
land use was determined for two time periods,
1982 and 2000. The data layers selected as input
data for PC Arclnfo operations included basin
boundary mapsandland usemaps. InArcinfoGIS,
maps can be converted into a digital format by
tracing them with a digitizer. In the present study,
basin boundaries were created in Arcinfo GIS by
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digitizing from the 1:50,000 topographic map
produced by the Royal Thai Survey Department.
The 1982 land use coverage was generated in
Arcinfo GIS by digitizing from a paper map
displaying 1982 land use at a scale of 1:50,000
prepared by the Department of Land Devel opment.
The 2000 land use coverage was digitized from a
paper map visualy interpreted from the 1:50,000
Landsat TM images for Songkla Lake Basin
acquired in 2000. Ground truthing was also
conducted to assist in the imagery classification
and validate the final results. Following the
preparation of land use coveragesfor thetwo dates,
the areas of each type of land use for each period
were calculated using the TABLES and
CALCULATE commandsinPCArclnfo. Changes
in land use between the two inventories were
determined by overlaying land use coverages
between the two dates using PC OVERLAY’s
UNION and INTERSECT commands. Theacreage
of land areaswithin 50 m and 100 m from the edge
of the shrimp ponds were determined using PC
OVERLAY’s BUFFER and CLIP commands.

Impacts of shrimp farming on soil resour ces
To assesstheimpacts of shrimp farming on
soil resources, ashrimp farm, situated at Tambon
Kootao in Hat Yai District (7°06/ N and 100° 27/
E), wasselected asastudy site. Thesite, previously
devoted to rice cultivation, is located adjacent to
Khlong U-Taphaoriver approximately 25kminland
from the coast. To enable a direct comparison
between soils"before" and "after" shrimp farming,
soil samples were taken from pond bottoms and
origina soilsinadjacentricefields. Thesesoilsare
designated as farmed soils and pre-farmed soils
respectively in this study. According to the
Department of Land Development (1973), both
farmed soilsand pre-farmed soilsbelongto Rangae
series and are classified as Thapto-Histic Tropic
Fluvaguents. At each sampling location, three
replicate samples of disturbed and undisturbed

soils at adepth of 15 cm were collected.

The disturbed soil samples were air-dried,
passed through a2 mm sieve, and analyzed for pH,
electrical conductivity, organic matter content, total
nitrogen, available phosphorus, exchangeable
potassium, and texture. Measurements of pH and
electrical conductivity (EC) were made on a 1.5
soil/de-ionized water suspension using a glass
electrode, andaconductivity cell anddirect reading
meter respectively. Soil organic matter content
was measured using the Walkley-Black technique
(Nelsonand Sommers, 1982). TheKjeldahl method
was used for the assessment of total nitrogen
(Bremner and Mulvaney, 1982). Available
phosphorus was measured by the Bray-2 method
(Bray and Kurtz, 1945). Exchangeable potassium
was extracted using ammonium acetate and
determined by atomic absorption
spectrophotometry (Thomas, 1982). The particle
distribution of each soil samplewasdetermined by
the hydrometer method (Gee and Bauder, 1986)
and the results are expressed as percentage sand,
silt, and clay using the USDA size classification.
Bulk densities were measured gravimetrically on
three replicate undisturbed cores, with core
dimensions of 50 mm in diameter by 50 mm in
height. Particledensity of thesolidswasdetermined
by themethod of Blakeand Hartge (1986). Porosity
was calculated from the bulk density and particle
density (Mclntyre, 19744). Plant available water
was evaluated as the difference in water content
held at 0.01 MPaand 1.5 MPa(Mclntyre, 1974b).
Thesignificanceof thedifferencesbetweenfarmed
soilsand pre-farmed soilsinregard to chemical and
physical properties was evaluated using analyses
of variance (ANOVA) and the least significant
difference test (LSD) procedures (Gomez and
Gomez, 1984). Significance was at the P = 0.05
level unless otherwise noted.

In addition, three replicate samples of
disturbed soilsweretaken fromthetop 15cmat O,
20, 40, 60, 80 and 100 meters distances from the
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culture pond. These samples were analyzed for
electrical conductivity (EC) using a conductivity
cell and direct reading meter.

Impacts of shrimp farming on water resour ces

In order to elucidate the impacts of shrimp
culture on water resources, three sampling sites
were established in proximity to a shrimp pond.
The sites included source water from which the
water was taken to fill the pond enclosures, pond
water in which Penaeus monodon was cultivated
and receiving water immediately outsidetheponds
in which pond water was discharged. Samplings
were carried out during the fourth months of the
growout period. At each sampling location, three
replicatewater sampleswerecollectedin0.75litre
polyethylene bottles from the middle of the water
column. The samples wereimmediately analyzed
for dissolved oxygen (DO) using adissol ved oxygen
meter (HACH model DO 175). The rest of the
water sampleswerestored oniceandtransferredto
thelaboratory for further analyses. pH and el ectrical
conductivity (EC) were measured using a
microprocessor pH meter (WTW model pH 537)
and microprocessor conductivity meter (WTW
model LF 137), respectively. Turbidity was
determined using a turbidimeter (HACH model
2100). Estimates of total suspended solids (TSS)
were obtained from the mass of materialsretained
onWhatman No. 42filter paper. Analysisof nitrate
nitrogen, orthophosphate, and biological oxygen
demand (BOD) was performed by the Department
of Aquatic Science, Prince of SongklaUniversity,
as per methods outlined in the American Public
Health Association (1989).

RESULTSAND DISCUSSION
Areal extent of shrimp farmingin SongklalL ake
Basin
Itwasnot until theearly 1980sthat Songkla
L akeBasin experienced asubstantial growth of the

shrimp culture industry (Flaherty et al., 1999). In
1982, areas devoted to shrimp farming covered an
estimated 3,491 ha, equivaent to 0.47 % of the
total area of the basin (Table 1). At that time, the
development of shrimp farming was limited to a
relatively narrow band of coastal land in Ranote
District (Figure1). Thisisbecauselargevolumeof
seawater are needed to fill the pond enclosuresfor
raising shrimp and to offset losses from water
seepage and evaporation during the growth-period
(Szuster and Flaherty, 2000). Over aperiod of 18
years, from 1982 to 2000, shrimp culture areas
dramatically rose from 3,491 ha to 7,799 ha,
equivalent to an increase of 123.4 % (Table 1).
Giventhat all of the shrimp pondsin the basin are
currently in operation and a hectare of pond yields
6 metric tonnes of shrimp per annum, the basin's
shrimp production increased from 20,946 metric
tonnes in 1982 to 46,794 metric tonnes in 2000.
Thisrepresents an annual increase of 1,436 metric
tonnes. In 2000, the basin's annual shrimp
production accounted for about 19.5 % of the
country’s total production. If atypical price for a
metric ton of shrimp is $ US 6,950 (C.P. Group,
2000), atotal estimate of $ US 325,218,300 can be
obtained in 2000. It is interesting to note that a
farmer with one hectare of his holding devoted to
the shrimp culture would have a gross annual
income of $ US 41,700. This is 165 times the
incomeof atypical ricefarmer inthebasin, assuming
that a hectare of rice fields yields 2.34 metric
tonnesand atypical pricefor ametricton of riceis
$ US 108.09 (Office of Agricultural Economics,
2001). This economic analysis of shrimp
production, however, doesnot takeinto account its
long-termadversesocia and environmental impacts
associated with the farming activity (Flaherty et
al., 2000).

In 2000, it was found that new cultivation
areashave emerged along the estuaries of themain
rivers some distance upstream from the coast and/
ortheSongkhlalakes(Figure?2). Theestablishment



330 Kasetsart J. (Nat. Sci.) 35 (3)

of shrimp farming in the basin's freshwater
environment has occurred as aresult of outbreaks
of disease along the coast and the development of
low salinity culture techniques for shrimp
cultivation (Flaherty et al., 2000). The growth of
low-salinity shrimp culture in freshwater aress,
whichisreferredtoasinland shrimpfarminginthis
paper, has generated widespread concern over the
degradation of soil andwater resourcesintheareas
of operation.

Coincident with an increase in shrimp
culture areas has been a decrease in rice growing
areasand mangroveforests. Indeed, between 1982
and 2000, mangrove forests in the basin declined
from3,221 hato406 ha, whichrepresentsadecrease
of 87.4 % (Table 1). Hussain (1995) reported that
large areas of mangroveforestsin the South China
Sea countries have already been converted into
shrimp farms and the process is continuing. The
depletion of mangroves contributes to the loss of
habitat and nursery areafor aquatic speciesaswell
asreducesshorelinestability during storms(IUCN,
1983; Field, 1995). Likewise, rice growing areas
also reduced from 208,599 to 164,209 ha,
representing a decrease of 21.3 %. It should be
noted, however, that the biggest changes in land
usein SongklaL ake Basin between 1982 and 2000
werein forested and rubber areas (Table 1).

An overlay of land use coverage for 1982
with that for 2000 revealed that 3,347 ha, or 77.7
% of the increase in shrimp farm areas in 2000,
came from rice fields in 1982 (Table 2). The
establishment of shrimp culture operations in the
rice growing areas of southern Thailand has
generated widespread concernover thesalinization
of ricefieldsadjacent to culture ponds (Flaherty et
al., 1999).

It has been reported that seepage of saline
water and discharge of pond effluents canincrease
salinity level in soils up to 100 meters from the
edge of the shrimp ponds (MOSTE, 1999). If the
soilswithin 50 metersradiusof the pondsaretaken

as affected areas, it can be estimated through the
use of PC OVERLAY commands in PC Arclnfo
that soil subject to salinization impacts was 2,271
ha (Table 3). Further analysis also revealed that
1,127 ha, equivalentto 49.6 %, of theaffected soil s,
isrice fields. In addition, if the soils within 100
meters radius of the pond are taken as affected
areas, land area subject to salinization isincreased
t04,138 ha(Table3), of which 1,977 ha, or 47.8 %,
of the affected areasisrice fields. If the figure of
1,977 hais taken as the affected rice fields, then
4,626 metrictonnesof rice, equivalent toavalueof
approximately $ US 500,024 would have been lost
through salinization of soils, assuming ahectare of
rice fields yields 2.34 metric tonnes and the price
for ametricton of riceis$US108.09. It should be
noted that productivity losses due to salinization
effects on soils may last several years.

Impacts of shrimp farming on soil resour ces
Chemical and physical characterization of
the pre-farmed and farmed soilswas conducted to
allow acomparison betweenthetwo soilsinregard
to their properties as well as to define potential
limitations to plant growth in these soils. The pH
values for both pre-farmed and farmed soils were
4.30and 4.98, respectively (Table4). Thepossible
reasonsfor thiscould bethat theculturepondswere
built on siteswhere soilsare acid sulfate soils. The
low pH levelsin these two soilsmay have resulted
from sulfuric acid generated by exposed pyrite.
Acidity of pond bottom soils may subsequently
reduce the pH of the pond water (Zweig et al.,
1999; Boyd and Zimmermann, 2000) which, in
turn, reduces growth and survival of cultured
shrimps and decreases natural food production
(algaegrowth) withinthecultureponds(Poernomo
and Singh, 1982). Generally, limeisappliedto the
pond bottom soils to raise the alkalinity of pond
water, thereby removing carbondeficiencies, which
limit phytoplankton growth (Boyd and Bowman,
1997). Hence, thesignificantly greater pHinfarmed
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soils compared with that in pre-farmed soil can be
explained by this. The ECisrecognized asauseful
parameter for appraising soil salinity inrelation to
plant growth. High salinity inhibitsplant growth by
reducing the osmotic pressure gradient between
theplant and soil solutions, restrictingtheability of
theplant totake up water (Moore, 1998). It should
be noted that the EC valuefor thefarmed soilswas
significantly higher compared to levelsin the pre-
farmed soils (Table 4), most likely as a result of
depositionand accumul ation of saltsfrom seawater
that are brought in to support the operation of the
shrimp farms (Szuster and Flaherty, 2000). With
EC valuehigher thanthe suggested critical valueof
1.6 mS/cm, plantsgrown onthefarmed soilswould
be restricted by soluble salt (Hunt and Gilkes,
1992). Thisfinding is consistent with the work of
Szuster and Flaherty (2000) who reported that
salinization can occur through the deposition and
accumulation in saltsin soilslocated immediately
beneath the pond enclosure.

The salinization effects on soils in the

vicinity of shrimp farm were also evident in this
study. As seen in Table 5, salinity levels in soils
located within 0O, 20, 40, 60, 80 and 100 meters
distance from the edge of the culture pond were
high and well above the suggested critical value of
1.6mS/cm, indicatingthat solublesalt level swithin
these soils limit plant growth. High salinity levels
in these soils could be attributed to the seepage of
saline water from the culture ponds and/or the
discharge of saline pond effluents directly into
adjacent waterbodies as well as land areas
immediately adjacent to the ponds (Szuster and
Flaherty, 2000). In addition, shrimp farmers often
removeaccumul ated sediment depositsthat remain
on the pond bottoms after harvest and dispose to
vacant landsinthevicinity of shrimpfarms(Miller
et al., 1999). Salt leaches from this sediment can
salinize nearby soil and groundwater resources
(Boydand Tucker, 1998). However, thedistanceof
the salt-affected areas from the ponds should be
assessed with caution. Thisisbecausethe physical
properties of soils that influence the volume and

Table 1  Estimates of land use and land use change in Songkla Lake Basin between 1982 and 2000.
Land use categories Ared" (ha)
1982 2000 Change
1. Forest 146,568 86,225 - 60,343
2. Rubber 292,610 404,531 + 111,921
3. Ricefield 208,599 164,209 - 44,390
4. Fruit orchards 21,412 126 - 21,286
5. Perennia crops 1,196 881 - 315
6. Shrimp farming 3,491 7,799 +4,308
7. Mangrove forest 3,221 406 - 2,815
8. Fresh water swamp forest 24,821 18,682 - 6,139
9. Miscellaneous 7,725 1,908 -5,817
10. Water bodies 1,334 2,632 + 1,298
11. Urban/ built up area 30,990 54,568 + 23,578
Total 741,967 741,967

* excludes lake surface
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rateof water flow through soil poresvariesspatially
(Scott, 2000). However, the high salinity levels of
soilsin theimmediate vicinity of the ponds are of
sufficient concern to warrant an initiation of
environmentally sound shrimp cultivation practice
that reduce concentrations of potentia pollutants
in pond effluentsand/or aclosure of al the shrimp
pondsoperatinginfreshwater areas. Thesdlinization
of soils generated by shrimp cultivation has also
been reported by Csavas (1995), Tookwinas et al.
(1997) and Im-Erb et al. (2001).

The organic carbon figure for farmed soils
issignificantly lower than that for pre-farmed soils
(Table4). Thelow organic carbon level in farmed
soils was likely to be the result of the removal of
surface soils that were subsequently used for the
construction of pond embankments when ponds
are initially constructed. With organic carbon
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contents lower than 1 %, farmed soils would be
expected to haveunstablestructure(Moore, 1998).
Further, the shortage of organic carbon in farmed
soils curtails the supply of available nitrogen and
phosphorus (Pulford, 1991). Higher content of
organic carbon in pre-farmed soils could be
attributed to vegetation remains. According to
Landon (1991), CEC values for pre-farmed and
farmed soilsare considered to be mediumand low,
respectively. Thegreater organic carbon contentin
pre-farmed soil accounts, in general, for its high
value of CEC.

The total nitrogen in farmed soils, which
was significantly lower than that in pre-farmed
soils, was lower than the critical level of 0.15 %
(Moore, 1998). Likewise, phosphorusconcentration
in farmed soils falls below the 4 mg/kg minimum
threshold (Landon, 1991), suggesting a probable

Table2 Theacreage of land areas under different usesin 1982 that were converted to shrimp farming

in 2000.

Y ear 1982 2000
Land use Rice  Rubber Mangrove Orchards Shrimp Swamp  Urban MiscellaneousShrimp
Area (ha) 3,347 161 466 25 2,836 370 267 327 7,799
Table3 Areas affected by shrimp farming in 2000.

Land use typesin 2000 Affected areas (ha)

50 meters from pond edge 100 meters from pond edge

1. Ricefields 1,127 1,977
2. Forest - -
3. Rubber 83 176
4. Mangrove forests 12 28
5. Fresh water swamp 232 456
6. Urban/built up area 440 805
7. Water bodies 1 4
8. Miscellaneous 376 693
Tota 2,271 4,139
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deficiency. The higher concentrations of total
nitrogen and available phosphorus in pre-farmed
soilsmay have resulted from acombination of the
fertilizers and vegetation remains on rice fields
Thepotassium levelsin both soilswerefoundto be
higher than critical values of 0.15 meg/100 g, and
thereforedeficiency wasunlikely (Landon, 1991).
Toensuresuccessful establishment of plantsonthe
farmed soils after cessation of shrimp farming, the
shortage of both nitrogen and phosphorushasto be
rectified by applying chemical fertilizers,
maintaining soil organic matter, and growing
nitrogen-fixing species.

The physical characteristics of the soils
collected from farmed soils and pre-farmed soils
arepresented in Table 5. Thefarmed soilsand pre-
farmed soils had clay percentage of 31.4 and 57.8
and their textural classeswere clay loam and clay,
respectively. According to Boyd and Bowman
(1997), pond soils should contain 20-30 % clay-
size particles to provide a barrier to seepage. Dry
bulk density, porosity and hydraulic conductivity
areimportant parametersdetermining thetransport
of air and water into the rooting zone (Rowell,
1994). The higher the soil bulk density the more
compacted the soil and the lower the porosity
(Scott, 2000). Thesignificantly higher bulk density
in farmed soils indicated that compaction has
occurred, probably as a result of tractor wheel
passage under wet field conditions during pond
construction (Batey, 1988). Compaction problems
in abandoned farmed |ands could be amajor factor
in rehabilitation failure and alleviation requires
good mechanical loosening practices. Theair-filled
porosity of farmed soils was below the critical
value of 10 %, indicating that oxygen supply could
becomelimitingtoroot growth (Mullins, 1991). In
addition, farmed soilshad lower valuesof available
water percentage than the pre-farmed soils (Table
5), apparently asaresult of higher bulk density and
lower organic carbon contents. However, the
available water valuesfor both soils are above the

acknowledged critical threshold value of 12 %,
indicating that both soils would retain sufficient
moisture in most years to allow satisfactory plant
growth. According to Hunt and Gilkes (1992),
valuesof saturated hydraulic conductivity for both
soils were considered to be extremely slow, and
hence seasonal waterlogging could beaproblemin
plants grown in these sails.

L aboratory characterization of farmed soils
havedemonstrated that thepracticeof inland shrimp
farming contributesto theloss of soil quality inthe
area of operation. The degradation of lands that
were used for shrimp production poses a serious
threat tothewelfareof thelocal populationwhoare
reliant upon this resource for their livelihoods.
Since in most cases land which has been made
derelict by shrimp farming wasin agricultural use,
rehabilitationto arablefarming after theconclusion
of shrimp cultivation is perhaps the most common
land use objective. However, the cost of
rehabilitating erstwhile farmed lands could be
substantial (Department of Land Development,
1999) and may takeseveral years(Bhattaand Bhat,
1998). Inthisregard, relevant government agencies
should support further research studies on farmed
landrehabilitationthat canbeachievedat affordable
costs and in atimely manner.

I mpacts of shrimp farming on water resour ces

Thepropertiesof sourcewater, pond water,
and receiving watersare presented in Table 6. The
pH value for pond water was significantly higher
than that for source water or receiving waters. The
high pH valuein pond water could be attributed to
the application of lime to raise the pH level of
acidic pond water in order to improve survival,
reproduction and growth of shrimp (Boyd, 1990;
Boyd and Bowman, 1997). According to thewater
quality standardfor coastal aquacultureestablished
by the Department of Fisheries(1994), theideal pH
levelsfor shrimp cultivation range from 6.5 - 8.5.
Asseenin Table6, pond water had asalt content of
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4.40 ppt, which was significantly higher than that
of the sourcewater. The higher salinity level inthe
pond water was attributed to seawater added to
them to adjust salinity to an optimum level for
cultivating shrimp (Tsai, 1989). According to
Szuster and Flaherty (2000), the salt levelsfor the
low-salinity shrimp culture should be in the range
of 4 to10 ppt. The exchange of pond water with

outside water to maintain good water quality and
the usual practice of discharging salinepond water
directly into adjacent receiving waters at harvest
probably accounted for the higher salinity levelsin
receiving waters compared with the source water.

Pondwater turbidity wassignificantly higher
than that for source water or receiving waters.
Eroded sediments from the pond sides, uneaten

Tabled4 Physical and chemical properties of pre-farmed and farmed soils.

Soil properties Pre-farmed soils Farmed soils
1. Chemical properties
PH 4.30a 4.98b
EC (mS/cm) 0.23a 2.04b
Organic carbon (%) 3.69a 0.26b
CEC (meg/100 g soil) 16.64a 5.71b
Total nitrogen (%) 0.30a 0.10b
Available Phosphorus (mg/kg) 7.23a 1.38b
Exchangeable Potassium (meg/100g soil) 0.26a 0.22a
2. Physical properties
Texture Clay Clay loam
Sand (%) 16.01a 24.89%b
Silt (%) 26.18a 43.74b
Clay (%) 57.82a 31.37b
Bulk density (g/cm3) 1.15a 1.62b
Particle density (g/cm3) 2.73a 2.76a
Air-filled porosity at field capacity (%) 27.94a 8.14b
Plant available water (%) 16.06a 12.60b
Saturated hydraulic conductivity (m/day) 0.19a 0.01b

*Within a column, means followed by the same letter within each properties are not significantly different at the 0.05 level of

significance.

Table5 Meanelectrical conductivity of soilstakenfrom0, 20, 40, 60, 80 and 100 metersdistancesfrom
the edge of the culture pond. Numbers in brackets represent Standard Deviation.

Distance from pond edge Om 20m 40m 60 m 80m 100 m
Electrical conductivity (mS/cm) 5.24 4.42 5.10 4.05 5.65 5.10
(0.08) (0.01) (0.01) (0.01) (0.01) (0.02)
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feedand plankton probably accountedfor thehigher
turbidity values of the pond water (Boyd et al.,
1994). Theturbidity value of pond water was high
and well above the maximum permissible
concentrations of 400 mg/l recommended by
Chaiyakam and Predalumpabut (1994), indicating
highpollutionpotential of dischargefromtheponds.
DO value for pond water was significantly higher
than that for source water or receiving waters
(Table 6). The DO value for pond water was high
and well above the required minimum of 4.0 ppm
(Department of Fisheries, 1994). This was likely
the result of the use of paddlewheel aerators to
maintain the pond's optimum oxygen level
(Department of Fisheries, 1999). BOD
concentrations for pond water were significantly
higher than that for source water (Table 6), most
likely dueto the decay of uneaten feed, vegetation
and plankton (Lee, 1997) and plankton respiration
(Seim, et al., 1997). Even though receiving waters
had significantly lower BOD concentrations than
pondwater, itsBOD val ueexceeded theacceptable
limitsof 10 mg/I recommended by the Department
of Fisheries (1994). Assimilative capacity of
receiving waters and flush by the wet season flood
probably accounted for the significantly lower
BOD valuein receiving waters compared to value
inthepondwater (Predal umpaburt and Chaiyakam,
1994). It should be noted that high concentrations
of BOD in pond water and receiving waters found
in this study are similar to those reported by
Pongthanapanich (1999).

TheTSSva uesfor pondwater andreceiving
water weresignificantly higher than that for source
water (Table 6). The major sources of suspended
solids in pond water and pond effluents are
suspended soil particles and particulate organic
matter resulting from live plankton and detritus
(Boyd and Tucker, 1998). The observed increment
inthe TSSvaluesin receiving waters compared to
that in source water was probably a direct
consequence of the discharge pond effluents. The

concentrations of nitrate in pond water were
significantly higher than the corresponding values
for sourcewater (Table6). Similarly, asignificantly
higher concentration of orthophosphate was also
recorded in pond water, compared with the source
water. Elevated level s of thesetwo nutrientsin the
pondwater weremost likely aresult of thefertilizers
applied, decomposed feedsand faecal matter inthe
culture ponds (Boonsong and Eiumnoh, 1995;
Bhatta and Bhat, 1998). However, concentrations
of nitrate and orthophosphate recorded in pond
water and receiving waters were quite low
(Chaiyakam and Predalumpabut, 1994; Boyd and
Tucker, 1998), indicating that eutrophication and
excessive growth of algae and aguatic plants may
not be a problem (Zweig et al., 1999; Boyd and
Zimmermann, 2000).

It is apparent from the water analyses that
shrimp farming activities deteriorated the quality
of waterbodies in close proximity to the culture
ponds, most likely through the discharge of saline
pond effluentsrich in TSS and BOD during water
exchange to maintain the growing environment,
and draining of grow-out ponds at harvest.
Deterioration in the quality of waterbodies could
affect options for crop irrigation (Dierberg and
Kiattsimkul, 1996) and generate conflicts in
resource use between rice farmers and shrimp
producers(Szuster and Flaherty, 2000). Inaddition,
water quality deterioration could contribute to
outbreaks of disease which, in turn, result in a
catastrophic collapse of theindustry (Coreaet al.,
1998).

In conclusion, the results of the present
study have clearly indicated that the expansion of
inland shrimp farming in the Songkla L ake Basin,
while bringing considerable economic benefits,
has also brought about environmental and social
costs. Shrimp culture operations perturb the long-
term viability of the basins biophysical
environments, primarily through the losses of soil
andwater quality. Theseawater addedtotheculture
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ponds to obtain suitable pond salinity level for
raising shrimpincreased solublesaltlevel sof pond
bottom soils. In addition, seepage of saline water
from the culture ponds raised salinity levels of
surfacesoilsintheimmediate vicinity of theponds
beyond tolerable limits for crop production,
generating conflicts with the rice farmers.
Moreover, therel easeof largequantitiesof untreated
pond effluents directly into waterbodies in close
proximity totheculturepondscausingdeterioration
of its quality. The perturbation in the freshwater
environment and the conflicts in resource use
between rice farmers and shrimp producers that
occur poseadirect threat to thewelfare of thelocal
population. Thus, the practice of inland shrimp
farming must be prohibited in order to restore the
right toahealthy environment and thelivelihood of
current aswell as future generations of the basin's
population.

Approachesto the problem

To address the expansion of inland shrimp
farming that threatened the environmental
sustainability, theRoyal Thai Governmentimposed
the ban on shrimp farming in the country's
freshwater areasin July 1998 (National Statistical

Office, 1999; Miller et al., 1999). Moreover, the
Department of Land Development has created a
zoning map to designate fresh water areas where
shrimp farming is not permitted (Anecksamphant,
2001). Withthiszoning plan, relevant government
departments would be able to oversee and control
inland shrimp cultivation in order to mitigate its
impacts on the freshwater environment. However,
the effort to enforce the zoning plan by the
government departments has been largely
ineffective (Szuster and Flaherty, 2000). This has
allowedthesmall-scaleshrimpfarmers, whobelieve
that shrimp culture providesameansby whichthey
can obtain farm incomes many times higher than
that provided by rice farming, to operate in the
freshwater areasusing culturepracticesthat degrade
the soil and water environments. The enforcement
capacity of responsible agencies must, therefore,
be strengthen through increased budget and
personnel, improved technologies such as
Geographic Information Systems and remote
sensing, and better coordination between local
government agencies. In addition, it should be
recognized that the most crucial points in making
the zoning plan successful is the full and active
participation of the general public, Tambon

Table6 Water propertiesin source water, pond water and receiving waters.

Properties Source water Pond water Receiving water
pH 6.61a 8.77b 6.84a
Salinity (ppt) 0.10a 4.40b 4.47b
Turbidity (NTU) 38.77a 70.83b 16.67c

DO (mgl/l) 4.53a 6.52b 5.16¢
BOD (mg/l) 4.00a 26.33b 13.67c
TSS (mg/l) 336.67a 5,860.00b 6,283.33b
Nitrate (mg/l) 0.009a 0.188b 0.005a
Orthophosphate (mg/l) 0.018a 0.028b 0.024a

e Within a column, means followed by the same letter within each property are not significantly different at the 0.05 level of

significance.
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Administration Organization, NGO and local
farmers in the planning, implementation and
refinement of this zoning plan. Cooperative and
collaborative relationship with these parties will
help ensure the protection of the soil and water
quality in freshwater areas that represent the
agricultural heartland of the Songkla Lake Basin.

Of equal importancetothezoningplanisan
improvement in shrimp producers awareness of
the adverse environmental impacts that inland
shrimp farming could have on their communities
and/or on their own production in return. The
development of public awareness programme to
educate, inform and warn shrimp raisers about the
potential environmental consequences of shrimp
farming would be one the critical elements for
longer-term environmental stability and
sustainability of the cultureindustry inthe Songkla
Lake Basin.
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