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ABSTRACT KEYWORDS
This study tries to quantify the impact of salinity on rice production in the Farm performance;
south-west region of Bangladesh. Khorip is the dominant crop season in Production function;
the region. The average production of rice during khorip seasonis4,232 kg Salinity;
ha in low saline areas, whereas, it is 3,760 kg ha® and 2,663 kg ha? for South-west region of
moderate and high saline areas, respectively. The Cobb-Douglas production Bangladesh.

function estimation results find that salinity has a negative and statistically
significant influenceonriceyield. Thisstudy also findsthat salinity intrusion
negatively influences farm profitability aswell asfarm performance. If the
salinity of high saline area can be reduced to the threshold level, farmers
will gain about 685 US$ ha' fromincreased riceyield. Salinity level needsto
be controlled for realizing the benefits from an increase in production.
Drainage, fresh water management for irrigation in time of dry season and
spreading salt tolerant rice varietiesin saline prone area are the controlling
measures againgt salinity intrusion. Land zoning, property rights, tax for
external costs associated with shrimp farming in the coastal areas of the
country may be some command and control approaches to address the
salinity problem. Thesewill ultimately increasefarm profitability inthe saline
affected areas.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Agriculturad production usudly dependsonagricul-
turd inputs, such as, land, labor, capita (machinery and
pesticides), seeds, management practices, soil charac-
tersand dlimatevariables. Inaddition, sdinity level dso
influencesagricultural productionin coastdl areas. The
coasta agriculturd land of Bangladeshisotherwisevery
fertilefor growingrice. However, dinity isasoil hazard
which deterioratesthesoil hedth and fertility satusof the
s0il inthecoastd areas. Such deteriorationresultsinlow

agricultural production, low incomeand consequently
reducesfarm|abor employment inthesouth-west region
of Bangladeshi®. Sdlinity intrusionisagrowing concern
for the south-west region of Bangladesh. It affectsculti-
vation patternin theregion. Sainity ingress causesan
increaseinsoil sdinity, especidly whenthefarmersirri-
gatetheir land with dightly saline surfacewater at the
beginning of thelow flow period. The higher rates of
capillary actionfrom anincreased rate of topsoil aridity
would accentuatethesdinity problem. Shrimpfarmingis
animportant and commonly practiced ventureinthere-
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gion now-a-day. Thefarmersarebecoming moreinter-
ested inshrimp farminginstead of crop production due
itsshort term benefits. Theinundation of agriculturd land
to create shrimp ponds hasreduced the availability of
land for homestead crop, fruit cultivation and livestock
rearingintheregion.

Thesoil salinity classes aremeasured by different
level of EC (dSm?). Crop productivity decreaseswith
theincreaseinthisEC level. Richards® and Kaddah*Y
datethat, the sdlt toleranceleve of ricerangesfrom6to
10dSm. Thestudy of Thiruchelvam and Pathmargjah*d
showsthat exceeding ricethreshold ECleve (indSm?)
insdinity reducesyield by asignificant percentage. Daita
and Jong!” find aconsiderable decreasein paddy and
whesat yiddfor anincreeseinsdinity leve. Inthedivison
of Barisal and Khulna, about 70 percent of thelandis
affected by different leve of sdinity, whichreducesagri-
culturd productivity’®. The peopleof thesouth-west re-
gion of Bangladesh largely depend on agriculture, espe-
cidly onricecultivation. Thecurrently cultivated riceva
rietiesintheregion arenot fit for survival withthein-
creased soil sdinity. Sdinity intrusion adversdly affects
coadtd agricultureof Bangladesh through limiting fresh
water availability. Thesat content of soil and water var-
iesspatidly, seasondly, and according toland e evetion.
Thesdinity leve inflooded water and soil isseverd times
lower in the wet season compared to dry season.
According to Sarwar and Khan®®, both water and soil
sdinity dongthecoastincreasewiththeriseinsealevd.
Haque* showsthat fertility statusof salinesoilsrange
from low to very low in respect to organic matter con-
tent, nitrogen, phosphorusand micronutrientslikezinc
and copper. Alit!l statesthat salinity ingresshasanega
tiveimpact on rice ecosystem and increased soil sdinity
depletes soil Ca, K, Mg, and organic C content.
M oormann and Breemen® demonstratethat cropyied
decreased by 50 percent when soil sdlinity leve (ECvd-
ues) reaches to 6-10 dSm*. Under the said circum-
stances, thisstudy atemptsto quantify theeffect of sdin-
ity on rice production in the south-west region of
Bangladesh.

MATERIALSAND METHODS

Sudy area
This study randomly selected three study sites
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namely: Kathaltola of Dumuria upazla, Hogladanga
of Batiaghata upazila, and Parchalna of Dacope
upazlainthe south-west region of Bangladesh. These
three sitesrepresent |low saline, moderately salineand
high saline areas having 2-8 dSm'%, 9-16 dSm%, and
16" dSm™ EC value, respectively. In Kathaltola of
Dumuria upazla, the EC vaueisunder thethreshold
level?® for rice production; whereas, in Hogladanga
of Batiaghata upazla, it isabovethetolerancelevel
for rice production; and in Parchalna of Dacope
upazla, thesoil salinity isextremedy highwhich severdy
affectsrice production. Approximately 65, 57 and 66
percent households of thelow, moderate and high sa-
linestudy sites, respectively depend on agriculture?.
Sudy method

Thisstudy usesboth the secondary and primary data
to address the study objective. The database of con-
cerned upazla gatisticsoffice, Soil Resource Devel op-
ment Ingtitute (SRDI), published books, journdsandre-
portsarethe main secondary information sourcesof this
study. A gtratified random sampling procedureisused to
select primary survey respondersin thestudy sites. Oc-
cupation and land ownership arethemain strata. A total
of 90 samplesare sdected for thisstudy taking 30 from
each of thethree study sites. Primary datahasbeen col-
lected onrice production, cropping pattern, input use,
cost and returnfrom ricecultivation of thelargest plot of
land from each respondent through using astructured
questionnareintimeof khorip season. It isthedominant
crop seasoninthesethreestudy Stes.

TABLE 1: Areaof cultivableland and soil salinity of thestudy
area

Upazla Total Cultivated Saline Saline
area(ha) area(ha) area(ha) land (%)
Dumuria 44,797 34,878 30,611 68
Batiaghata 23,622 17,340 16,380 69
Dacope 28,557 22,757 22,760 80

N.B.: ‘ha’ refersto ‘Hectare’ which is used for land measure-
ment; Source: SRDI (2010)24

In order to assessthe salinity-induced effectson
riceyields, aCobb-Douglasform of production func-
tionisestimated (equation 1).

In(Y)=ag+ a;Ln(L) + a;Ln(S) +
azLn(F) + asLn(M) + asD; + agD- @
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Here, Yisyield of rice (kg ha?), Sisseed used (kg ha
Y, Fisfertilized used (kg hat) and M represents cost
of machinery (includescost of chemicasand machin-
ery use) inUS$ hat (1 US$ = 73 Bangladeshi Takaat
thetimeof survey). D, refersto dummy variablesfor
different soil sdlinity classes. Consderinglow sdinere-
gion asareference, this study usestwo dummies: D,
for moderately salineregion and D, for highly saline
region.

Thisstudy attemptsto estimate the changein pro-
ductionfor achangeinsdinity level. Thericeyidd data
isanalyzed per soil sdlinity classto assessthe damages
caused by sdinity intrusonintermsof thericeyiedand
earnings of the farmer. To assessthe performance of
thefarmersengagedinricecultivationinthestudy Sites,
aliner functiona form (equation 2) isestimated to ex-
pressthereationship of thefarmers’ performance with
different sdineaffected|and, cropping patternandland
Sizeasexplanatory measures.

P=Bog+PiLS+BCP + 3D+ LD +u (2
Here, P = Performanceof thefarmers, LS=Land size
(inhectare), and CP = Cropping pattern. Equation 2
dsoincludesthesdinity related dummies (D, and D,)
of equation 1 asexplanatory variables. Thisstudy con-
sdersprofit-salesratio asthe performance measuring
indicator (P), where, profit isdefined asnet return (sales
— cost of production in the same piece of land). Sales
vaueper hectareiscd culated through multiplying rice
yieldin kg hat and market price of ricein US$ kg
The cropping pattern (CP) isexpressed by thetimes of
cultivation of aland in the sameyear. The CP value
rangesfrom 1-3for single, doubleand triple crops per
year inthe samepieceof land.

RESULTSAND DISCUSSION

Thesdinity intrusionisan aarming phenomenon
for the south-west region of Bangladesh. Bangladesh
hasacoadtlineof 710kmdongtheBay of Bengd which
isbeinginfluenced directly or indirectly by tida water,
salinity intrusion and cyclone/storm surge. Parvez!®l
statesthat ahigher level sdinity persistsin the coastal
districts of Bangladesh, namely, Khulna, Satkhira,
Patuakhali, Bagerhat, Cox’s Bazar, Barguna, Bhola,
Noakhdi, Chittagong and Laxmipur. Among theseten
districts, Khulnaistheworst affected by salinity!®.
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Accordingto Faiz et al.[*® ascited in Haider et al .[*Z,
approximately one-fifth of thetota areaof Bangladesh,
which liesaround the northern part of the Bay of Ben-
ga (20°252 t0 23°207 N latitudeand 88°352 to 920242
E longitude) isserioudy affected by salinewater intru-
sion. According to the sainity survey, about 1.02 mil-
lion hectares areas of Bangladesh (i.e. 70 percent of
total cultivated land in the southern coastal areas) is
affected by various degrees of salinity*®. The highly
saline proneareaextends over one-fourth of thetotal
salinity affected areasinthe coastd regionwheresain-
ity has encroached upon 3 percent morelandsto 1.056
million hectaresin 2009 from 1.02 million hectaresin
the beginning of thedecade®!. Thesdinity inthe coastal
areasincreases at thetime of cultivating bororicedur-
ing thedry season. Salinity remains high during No-
vember-May season and reachesto peak inApril-May.
It declinesasmonsoon comes, dlowingfarmersinthe
region to grow transplanted aman rice (in time of
Khorip season). The salinity of the coastal areas of
Bangladeshis higher than the other areas of the coun-
try. Salinity in the coasta region greatly hampersthe
agricultural productioninthisregion, specialy it ham-
perstherice production.

Salinity inthestudy area

Thespatial variationsin sdinity level arefoundin
thestudy area. Thesoil sdlinity of thesouth-west region
of Bangladeshisincreasing over thetimeperiod. Ac-
cording the SRDI database, morethan two-third land
of thethree study sitesi.e. Dumuria, Batiaghata and
Dacopeissaineaffected (TABLE 1). Salinesoil con-
tains solublesaltsin concentration that interferewith
the growth of most crop plants.

Thelevd of sdinity inthestudy Stesvariessignifi-
cantly. Dacopeisthe highly salineareahaving up to
22.18dSm™ EC valueof soil insomeplaces. About 40
percent of the cultivated land inthisupazilaishighly
sdineaffected, having morethan 16 dSmr* EC level
(Figure 1). In Dumuria and Batiaghata, the areacov-
erageunder higher sdlinity level iscomparatively lower.
Thepeopleof Dumuriaand Batiaghata arefacing com-
paratively lesscongrantsinrice productionfromsain-
ity perspective. About one-third land in these two
upazlasisunder thethreshold level of salinity (8dSnr
1. Themoderateleved sdlinity (8-16dSm) covers29,
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30 and 44 percent land of Dumuria, Batiaghata and
Dacope, respectively.
Riceproductioninthestudy area

SHinity affectsthephysologicd processof theplants
which ultimatdly affectscrop production. Transplanted
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amanriceisthedominant cropinthestudy Stesinkhorip
season. Thefield survey findingsindicatethat therice
yiddisvery low inthehighly saline affected areas of
Dacopeupazla. Theaverageyiedismoderatein mod-
erately saline Batiaghata upazilaanditisthehighestin
thelow sdineDumuriaupazla (TABLE 2).

TABLE 2: Averageyield and production inthestudy area

Dumuria Upazila

Batiaghata Upazila Dacope Upazila

K athaltola (1.70 dSm™) Hogladanga (12.80 dSm™) Parchalna (22.18 dSm™)
Variable Name Mean CV (%) Mean CV (%) Mean CV (%)
Yied (Kgha) 4232 12.89 3760 11.58 2663 28.51
Fertilizer (Kgha™) 139 33.77 162 40.56 295 38.45
Seed (Kg ha') 147 17.45 160 24.44 131 50.87
Labor (Noha?) 133 16.86 130 7.78 143 14.96
Machinery (US$ ha) 52 13.86 62 16.57 66 24.86

standard deviation

B: Coefficient of variation (CV)% =
N-B 7 f (V)% mean

vey (2011) and SRDI (201024
Riceiscultivated during dry season in the study
gtesthroughsimilar process. Thisstudy attemptstofind
out theresponsesof salinity onriceproduction. It as-
sumesthat salinity build-up directly influences crop
yields. A Cobb-Douglasform of production function
(equation 1) isusedinthisstudy to establishtherela
tionship between sdinity and rice production.
Sincefertilizer gpplication hasadirect effect on sa
linity, itisconsidered separatdly instead of addinginto
cgpital. TheCobb-Douglasproductionfunctionincludes
two typesof explanatory variables: |abor, seed, fertil-
izer and capitd areyiddincreasing variables, wheress,

x 100; Source: Author’s compilation based on field sur-

soil sdlinityisayield decreasingvariable. Theestimated
R2of the production function indicatesthat 85 percent
of thetotal variation of riceyield isexplained by the
considered explanatory variables. Theregression co-
efficients of the explanatory variables have expected
sgns. Moreover, the coefficientsof all but labor of the
considered explanatory variablesare Satistically sig-
nificant (TABLE 3).

Thenegativeproduction el agticity of soil sdlinity (o,
anda,) indicatesthedeclineinriceyieldfor anincrease
inthe soil salinity of the study sites. The coefficient of
D, (o, =-0.19) indicatesthat holding other things con-

® Dacope ® Batiaghata Dumuiia
10000 9100
8000 - 7010 7110
£ 3464
2 6000 46 -
Z Y 4349 4111
E 4000 - 2830
£ oo I 1140 050
-
h 0
S1=2.0-4.0 | S2=4.1- 8.0 | S3=8.1-12.0 |S4=12.1-16.0| S5= -16.0
Source: SRDI (2010)* dSm-1 dSm-1 dSm-1 dSm-1 dSm-1

Sofl Salinity Class

Figurel: Spatial variation of salinity level in thestudy area
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TABLE 3: Production function estimation

Sour ce SS df MS Number of observation = 90
Model 5.383 6 0.897 F(6,83) = 80.76
Prob>F= 0
Residual 0.922 83 0.011 R-squared = 0.85
Total 6.306 89 0.071 Adjusted R-squared = 0.84
Ln (Y): Yield Symbol Coefficient Std. Error t P>t
[ ntercept o 1.601 0.409 3.92 0.000
Ln (L): Labor oy 0.065 0.102 0.63 0.527
Ln (S): Seed o 0.295** 0.057 5.15 0.000
Ln (F): Fertilizer 03 0.089* 0.042 211 0.038
Ln (M): Machinery 0y 0.212* 0.084 2.54 0.013
D, for moderately salineregion o5 -0.188** 0.031 -6.19 0.000
D, for highly saline region [V -0.552+* 0.047 -11.81 0.000

N.B: ** and * represent 1% and 5% level of significance; Source: Author’s calculation

TABLE 4: Performanceand farmingindicator

Kathaltola (Low salinearea) Hogladanga (M oderatesalinearea) Parchalna (High saline area)

Indicators
Mean CV (%) Mean CV (%) Mean CV (%)
Profit (US$ ha?) 1057 14.14 792 17.28 372 29.69
Sales (US$ ha') 1344 11.08 1225 12.78 857 24.65
Performance 0.78 5.57 0.64 8.17 0.43 14.55
Land size (ha) 0.72 58.62 0.89 106.82 0.87 64.91
Cropping Pattern 2.37 20.72 1.70 31.47 1.07 23.79
. standard deviation
N.B: Performance= Profit-salesratio; Coef ficient of variation (CV)% = ey x 100; Source: Author’s
calculation
TABLE 5: Performanceestimation
Sour ce SS df MS Number of observation = 90
Model 1.913 4 0.478 F(485) = 169.93
Prob>F= 0
Residua 0.239 85 0.003 R-squared = 0.89
Total 2.152 85 0.024 Adjusted R-squared = 0.88
(P): Performance Symbol Coefficient Std. Err. t P>t
Intercept Bo 0.815 0.032 25.46 0.000
(LS): Land size B1 0.014* 0.009 1.66 0.100
(CP): Cropping pattern B2 -0.017 0.013 -1.29 0.199
D, for moderately salineregion B3 -0.157*** 0.017 -9.41 0.000
D, for highly salineregion Ba -0.379*** 0.023 -16.79 0.000

N.B.: Dependent Variable: Performance; *** and * represent 1% and 10% level of significance; Source: Author’s calculation

stant, riceyieldinthemoderatesdineareais 17%[=1-
exp(-0.19)] lower thantheyieldinthelow saline area.
Similarly, the coefficient of D, (a,, =-0.55) indicates
that holding other thingsconstant, riceyieldinthehigh
sdineareais42% [=1-exp(-0.55)] lower thantheyidd

inthelow sadinearea. Soil sdinity that comesfromthe
shdlow salinewater usein dry season declinestherice
production™®, Higher degreeof salinity which arises
from poor land and water management and expansion
of theagriculturd frontier into margind dry landsresults
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lower production. The present study showsthat high,
medium andlow soil sdinity generatelow, mediumand
high rice production. The study of Dixit and Chen*
shows 40 percent and 46 percent reduction in number
of grainsat medium and high sdlinity levelsin compari-
sonwiththelow salinity level. Salinity causesayield
reduction by affecting the number and weight of
graing®d,

Performanceanalysis

Salinity has negativeinfluence on thefarm perfor-
mance. The profit-salesratioisused in thisstudy to
measurefarm performance. Higher productivity might
be associated with higher net return or profit per hect-
are. Thericeproduction per hectareislower inthehighly
sdineareaand vice-versa. Thus, profit per hectareis
higher inlow sdinesitecompared tomoderateand high
sdlinestudy sites(TABLE 4). Land sizeand cropping
pattern of the respondents of thethree placesarea so
different.

Land size, cropping pattern and soil salinity influ-
encethefarm performance. The estimated R?of model
4 (TABLEDY) indicatesthat 89 percent of thetota varia-
tionin performanceisexplained by thevariaionin soil
salinity level, land sizeand cropping pattern. The esti-
mated regress on coefficient of salinity level clearlyin-
dicatesinversereationship between sdinity level and
farm performanceandthisrdationshipisdatigicadly 9g-
nificant (TABLE 5). More specifically, the coefficient
of D,andD, (B,=-0.16 & B,=-0.38) indicate statis-
ticaly significant inverserel ationship between sdinity
and farm performance. Land sizehasstatistically sig-
nificant positiveinfluenceonfarm performance. Crop-
ping patternisinversely related with thefarm perfor-
mance, thoughitisnot Satistically sgnificant.

The study resultsshowsthat compared to thelow
sdlinearea, profit-salesratio of moderate and high sa-
line areas are 16 percent and 38 percent lower, re-
gpectively. Thefarmersincreasetheuseof fertilizer and
other productioninputsto copewith thesalinity inthe
high sdineareas, whichincurs higher production cost.
Lower production per hectare along with higher pro-
duction costinthehighly sdineaffected areasreduces
the performance (profit-salesratio) ascompared tothe
low salineareas. Thanh et a .2 estimatethat the salin-
ity cogtsof shrimpfarminginVietnamintheformof lost
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paddy production, dam construction cost and delayed
cost of plantingisUS$0.15 per hectareinthe Mekong
delta. Increased sdinity of soil hasnegative economic
impactsincluding areductionin grazing land and re-
duced crop productivity?3.

CONCLUSION

Thesalinity of the coastal areasof Bangladeshis
higher than the other areas of the country. The study
results confirm theresearch hypothesisi.e. anincrease
inthe soil salinity decreases rice production and net
returnsfromrice productioninthestudy sites. Thesta:
tistically significant negativerelationship between ol
sdinity and rice producti on questionstheeconomic vi-
ability of cultivatingriceinthehighly salineareas. A
higher soil sdineaffected regioninducesdecreasngre-
turnsinrice cultivation, which reduces productive ca-
pacity of crop-land thereby decreasing agriculturd prof-
itability and farm performance. Soil salinity needsto be
controlled for redlizing thebenefitsfromanincreasein
rice production. The possibility of rainwater harvesting
and storing to fulfill thedemand of freshwater for irri-
gation during dry season may beexplored. Soil salinity
needsto be controlled by the farmersthrough proper
efforts, such as, drainage, water management, organic
manuregpplication and management of thephysica fac-
torsof soil. Thecurrently cultivated ricevarietiesare
not much st tolerant. Therefore, R& D effort for inno-
vating and spreading sdlt tolerant rice varietiesfor the
high saline areas needsto be explored. The govern-
ment needsto deviceclear policiesregarding land zon-
ing, property right, payment for external costs associ-
ated with shrimp farming inthe coastal areasof thecoun-
try to properly handlethe humaninduced sdinity intru-
son. Moreover, implementation and coordination of the
concerned policiesattractspecid attention for making
theagricultura production sysleminthecoastd regions
ugtainable.
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