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ABSTRACT
Salinization of productive agricultural lands in southwestern coastal Bangladesh and
their reclamation are getting distinet importance w the local people as well as policy
makers. Salinization has been cstablished as t(he prime cansc of environmental
degradation in the region and there is an urgency to find out a water management
praclice which is cconomically beneficial. socially acceptable und environmentally
sustainable, Keeping these viewpoints, this study was undertaken o evaluaw the
present statuses of different agro-waler management practices in Dumuria Upazila. to
carry out laboratory analyses of selecied soil and water quality parameters of
agricultural fields, and to ossess the environmental consequences of those farming
practices. Four different types of agro-water management practices (AWMPs) with
three shers under cach practice were selected for investipation. Several important soil
and water quality parameters (temperature, salinity. pH, RC, TDS. DO, 1ICOy, Ca",
Mg™, CI, Na" K', 5045, NOy, cte.) during the pre- and post-boro scason of 2009-
10 were analvzed to calculate the mean soil and water qualily change indicators
{MSQI, MWQL). Besides these, management parameters, such as cropping patteru,
irrigation, water exchange, use of lerlilizer. use of pesticide, number of years of boro
cultivation, vegetation on gher dykes. ete., and cconomics of production wore
considered for evaluation of best practices among different AWMPs wing multi-
criteria analysis (MCA). The highest deterioration of soil guality was found In the
Type-3 AWMP and the lowest in the Type-2 AWMP. In case of waler quality, the
order of deterloration was found to be: I'ype-3 AWMP > Type-4 AWMP = Type-2
AWMEP = Type-1 AWMP. The degree of corelabion of economic paramelers with
quality and management parameters was used to give weightage of paramelers in
MCA — a strong relation (P < 0.01) was given a high weightage and a moderate
relation ((LO1 < P < 0.10) was given a low weightage. Thus the Type-2 AWMP got
the highest total average score and appeared to be the best AWMP. This was due to
the community management approach for controlling saline water into the ghers, use
of more organic fertilizer, use of IPM techniques, less cropping intcnsity, less
deilerioration of soil and water quality, higher economic return, ete. 3o, [rinm s
study it can be said that the communal approach in watcr management for HY'V boro
tice cultivation with a crop rotation of golda-bagda-white fish 15 the best AWMP

among the current practices in the study arca
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. CHAPTER ONE
INTRODUCTION

1.1 Background of The Study
The south-west coastal regiop of Bangladesh is characterized by the Sunderban

(world’s Jargest mangrove forest), shrimp cultivation and salinity. The coaslal
environment has undcrgone rapid changes in rceent years. Such changes in the state of
the environment have been multifaccted with the destruction of mangrove forests, and
comversion and encroachment of agricultural land to shnmp farming and other uses.
Transformation of rice ficlds into shomp farms has changed the land use/ cover ol the
denscly populated coastal arcas in tropical Asia and Latin Amenea in the world
(Flaherty et af., 1999). While the cost of shrimp production in Bangladesh {1k. 280/
kg) iz onc of the highest in Asia, the net profil from shrimp is 12 times higher than
thal of high viclding variety (HYV} ricc (Shang ef af., 1998). Because of its high
profit, shrimp farming has emerged as the most attractive land use practice that
contribules lo the cconemic development of the coastal districts of the country
(Hossain ef «l., 2004). The south-west coastal districts, cspecially Satkhira, Khulna

and Bagerhat, arc the most promising areas for shrimp cultivation in Bangladesh.

The unplanned and rapid expansion of shrimp farms during the last two decades has
pravoked conflicts among the three dominant resource-dependent livelihoods of the
coastal neighborhood — the agriculture, the shrimp farming and the fishing.
Salinivalion and loss of soil ferility could have been traced from a drastic declination
ol rice production from around 40.000 lon Lo only 36 ton in Satkhira within a span off
ten years Itom 1976 to 1986 as saltwater canals Irom shrimp ponds cut across paddy
ficlds (Shiva, 2000). This can be lermed as, according to the local villagers, prawn
revolution at the cost of the rice. This conversion sometimes induced environmental
degradation and social unrest, and il mught not deliver sustainable benelits to small
farm-holders (Magid and Gupta, 1997). Thos there is an wrgency of advocabting or
prescribing altemative agro-watcr management practices lor sustainable production

system(s) for food secunty and livelihood of the marginal coastal {armers.
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Nandy et gl (2007) reporicd a trerlul of traditional and improved traditional shrunp
farming practices sincc 1980s al Paikgachha, Koyra, Dacope. Dumuria, and
Baliaghata Upazilas of Khulna district. The high profit (rom shrimp production has
overridden all positive impacts of the green revolution planned through Coastal
FEmbankment Project (CEP} of 1960s in these regions. Shrimp farming, whether
extensive, scmi-intensive or intensive. thrives well in saline ccosystem and cxers
wide range of adverse impacts on another crop when conjugates with rice cultivation.
As for example, Shang ef @l (1998) reported a rapid depletion of the organic matler
content of the soil due to extensive shrimp farming. Prolonged saline water logging in
shrimp ponds accelerates leaching of base minerals, and increases salinily and acidity

of soil (Douglas, 1994; llaherty ef af , 1999, Landon, 1991).

Rice plants cannot tolerate excessive salinity (EC> 47 dS/m) and acidity (pH= 4} as
they reduce its vegetative growth and yield (Mass and HolTman, 1977; Kyuina, 2004,
Ponnamperuma ¢f af.. 1973). Highly saline and acidic soil and water also adversely
afTect the aquatic species living in rice ecosystem (Ilaherty et of , 1999; Greenland,
1997 Khamn and Flowers, 1995; Welfare e af,, 1996). Most of the shrimp farmers of
thesc regions are found 10 disregard the significant relation of soil-water environunent
to crop growth cither intentionally or ignorantly. Depletion of organic C, Ca?*, Mg™
and K" and cnrichment of N and P arc attributed to prolonged waterlogged condiions,
Elflucnt from aquaculture ponds are typically enriched with suspended organie solids,
C, N, and P. This may contribute significanily to clevated nutrient loadings in coastal
environments and, in particular, to change in soil and water environment {Paez-Csuna
ef af , 1997; Dierberg and Kiattisimkul. 1996; Chua ef af . 1989). As an effect of
these, anoxic sedimenis can be built up, benthic diversity can be impaired, and
eutrophication of coastal waters can occur (Folke and Kautsky, 1992). To address
healthy water condition in shrimp ghers, several physico-chemical parameters viv.,
pH, transparency, temperaturc, dissolved oaygen, biological oxygen demand.
phosphate, bicarbonate, chloride, salinity, total dissolved solid, and electrical
conductivity, etc., should be within the optimun range ixed by the analysts. Wahab
ef al. (2003) found that low pH and low salimity in water were mostly accompanied
with low growth performance of shrimp. Whaiever, there are substantial evidences
which indicate that shrimp {mming has resulted in environmental degradation,

restoration costs have conservatively been estimated al 30% of the total revenues



derived from shrimp aquaculture. The real cost might be much higher than the
prediction, and some of the environumental impacts that have been altributed to shrimp

culture. such as biediversity loss, are irreversible.

On the other hand, farmers of Batiaghata and Dacop Uparilas in Khulna Distriet arc
trying 1o get rid of the bare land curse by cultivating paddy and ignoring bagda
cultivation. Alhough the study sreas arc in peographical vicinity of the
aforcmentioned areas and the livelihood paiterns are almost the same, the land use
patlerns were found to mismatch to some exient, cspecially in case of shrimp
gultivation. The patterns of agro-water management arc differsnt in Sobhana and
Khamia Unions of Dumuria Ulpazila, though the source of water is the same Bhadra
River. The river has o diurmal tidal regime. During flood tide. the water level could be
1-3 m high from thc mean level, provided that a smoolb hyposaline condition 1s
maintained in the monsoon season with an average electrical conductivity < 1.0 dS/m
during July-December and < 4.0 dS/m during January-February (SRDI, 2003).
According 10 SRIY {2003}, outrange (FC of 5-13 dS/m) of that salinity level in other
months is highly harmful for the soil fertility in the neighborhood agro-production
arcas of the Bhadra River which flows across Dumuria Upazila and falls into the
Poshur River; and to say, the level of salinity is favorable for shrimp cultivation in
these two unions. The saline water utilization is simply controlled by the sluice gates
built in the interface of the river and the canal. Inlets and outlets buill inlu the carthen
dykes of the ghers control the entry or exit of saline waler inio the ghers, otherwise
pumped as needed. The cntey of saline water is generally restricted during the dry
seazon as because the high salinity level makes the water unsuitable for immigation,
Then golda and rice dominated farm cultivators find convenient (w0 use Shallow

Tubewell (STW?) waicr.

The shrimp cultivation implics polda (freshwater prawn} or bagda (brackish water
tiger shrimp) cultivation or the both. In the study area, inlegration of diffcrent farming
components is a usual phenomenon, like golda—mixed bagda and white fish, rice—
mixed golda, bagda and white fish. nee—mixed golda and whitc fish, and rice—
mixed bagda and white fish, etc., in 4 sequential fashion of farming. Different famming
practices have different management measures which have significant impactl on the

production as well as on the environment. The major concern is that the overlying



conflicts among these groups are making the production system unstable in the

locality as well as in the southwestern Bangladesh as a whole.

Initially, most ol the fanners did welcome the saline water in the coastal agro-
production lands from a viewpeint to metamorphose those lands into shrimp ghers.
Long-term retention of ihis saline water into the enclosed ghers posed a threat to soil
[ertitity and crop production at a time when everyone has already to pay much of it.
Furlhermore, in recent limes, frequent disease problem and low qualily hatchery-
produced sccds following low production of shrimp and cconomic loss have
discouraged the Jocal farmers in shrimp farming. Thus interest in YV rice
production is being backed due to the price hike of rice. As a result, such practices
have made the lotal cnvironment now-a-days favorable for crop production and the
cconomic end social status of the villagers are expected to be in hine with the

sustainable environment.

Henee. the community management approaches to conirol the river water access mto
the ghers, which has already been started in the said areas, i a powerful social tool to
resolve the problems related to the sustainability issues in thosc saline-prone areas.
Expericnces elsewhere proved that the use of shori-duration, high-vielding rce
varictics, the effective use of rainwater and proper crop scheduling that matches crop
water Tequirements with the water supply and quality dynamics can increase the
cropping intensity and productivity of rice lands in coastal areas (Tuong ef af, 1991;
My ef af . 1995), Mondal (1997) successtully grew HYV rice in the wet season in the
coastal zone areas of Dangladesh. Allerwards, he rcvealed that the river waler in
Khulna District remained suitable for trrigation far into the dry season unhl mid-
February. Storing river waler in the on-farm reservoir canals in the monsoon Lo ensure
available freshwater supply for irrigating the YV rice fields in the subsequent dry
season could ereale an avenue for resolving the existing resource utilization conflicts

and conlusions in the coastal lands.

The precise extent of the envirommenial detcrioration associated with shnmp
aquaculture development remains largely unquantified duc to the lack of reliable data
over time. Although diversified works on the consequences of horizontal expansion of

shrimp culture in southwest coastal regiom have becn reported in many literalures,



very few syslematic analyses of envirommental parameters following scicnfific
melhodology have cver been made to reckon the impairment. Several studies on
shrimp fanning in Bangladesh have recognized it as highly profiluble land usc
practice, in turn, it destroys the mangrove fiwest, increases soil acidily, salinity and
water pollution, affects rice cultivation, and increases rural unemployment, inequalily
and social violence; and that there is a preat need for mulii-disciplinary empirical
research to explore its further impacis and development prospects (Deb. 1998,
Guimaraes and de Campos, 198%; Hossain et af, 2004; Rahman, 1994). Even though
the nvesligations on the impact of shnmp farming on soil properiies. water
properlies, rice production, and piscing and nom-piscine species inherent in rice
eCOsYSlem are very important to ensure the nalion’s future food sceurity in the face of
rapid population growth, but thosc have not yet been covered to a great extent in the

past studics.

At present the farmers of the study arca are trying to cope with environmental
sustainability by practicing rice—mixed shrimp and white fish farming i shrimp
vhers, From the present apro-water management practices (AWMPs), farmers are
getting benelit environmentally, cconomically and socially in Dumuria Upazila of
Klmlna district. This research is undertaken to assess the environmental congequences
of different agro-water management practices in Dunuria Uparila using soil and
water guality indicalors. The study was conducted to find oul the best suitable

AWMP, which can be taken as the lirst step towards sustainability.

1.2 Objectives of the Siudy and Possible Qutcome
The specific objectives of the study are as follows:
a) To evaluate the present statuses of different agro-waler management practiccs
in Dumuna Upazila;
b) To carrv out laboratory analyses of selected soil and waler guality parameters
of agricultural fizlds; and

¢) To assess the environmental consequences of those Larming practices.

This study sought to find out such a farming practice which will adopt, to cope with
the belter farming practiccs. to achieve sustainabilily ol land usc in the south-west

coasial region of Bangladesh.



1.3 Limitations of the Study

Some limitations were noled while conducting this research and they are listed below:

I, It was not possible to measure the changes of soil and water quality of V-3, R-
1. B-1, and B-2 ghers These ghers were shified fram the cultivation of HYV
boro rice to shrimp cultivation at 45 to 60 days after transplanting of paddy.

il.  Two sample ghers {R-1 and V-3} were excluded from multi-criteria analysis

(MCA) of dilTercnt AWMDPs because of the above limitations.

I  In this study, onty HYV boro rice yield of each gher was Laken as economic

criteria in evaluating the best farming praciice.

1.4 Organization of the Thesis
This thesis contains five chapters. The organization of different chapters iy described

helow:

Chapter One: This chapter contains the hackground of the study. objectives and

limitations.

Chapter Two: A vast lieralure review has heen completed with the shrimp-rice
sustainability trends. The nepative and posilive impacts of shnmyp and ricc-shrimp

cultivation practices on soil and water cnvironment are reviewcd in this chapter.

Chapter Three: This chapter is structured with a general description of the study
arca, the method of water and seil sampling, and the social survey techique. The

methods and materials used in the research are ¢learly described.

Chapter Four: This chapter is structurcd with the results and discussions of the
research. Uhe results and discussion cover exisling agro-water management praclices
(AWMPS) in the study area, environmental quality parameters (soil and waler), and

the sustmability of different AWMPs.



Chapter Five: The conclusions of the study are made in this chapter and a set of

recommendations for further study s also presented.



CHAPTER TWO
LITERATURE REVIEW

2.1 Shrimp Cultivation in South Western Coastal Regien of Bangladesh

Land use in coastal Bangladesh is diverse, competilive and conflicting. Agriculture.
shrimp farming, sall production. furestry, ship-breaking yards, ports, ndustry.
seitlements and wellands arc some of the uses. Land uses have pone through major
changes. Land use in the 1930s had been mainly for paddy cultivation, bul salinity
intrusion and tidal flooding prevented further intensification. Hence. in the 1960s-
19803, the World Bank and others helped with large-scale polderization in order to
boost rice production in southwestern Banpladesh. A decade later, dramage
congestion inside and heavy sillation outside the polders made the southwestern area
unsuitable both for agriculture. and, in extreme cases, cven for human habitation.
Howcver, as the region has a history of traditional shrimp farming. polders provided
an opporunity for intcnsive shrimp farming. Crop land and mangroves were
ransformed to shrimp farming (Islam, 2007). Undoubiedly, the shrimp culturc
industry eamns valuable forcign exchange for developing countrics and generales jobs
across the indusiry from fry gatherers 10 growers and processors (Primavera, 1994).
In 1995 more than 7.00.000 tones of marinc shrimp were farmed worldwide, with
around §0% from Asia (Roscnberry, 1993).The contribution of farming to global
shrimp production has risen from a mere 6% in 1970 to 26% in 1990, Farmed shrimp
contributed 27% of total world shrimp preduction in 1993 with g volume of 712000
tonga (FAD, 1997).

Shrimp culture, nowadays, plays a central pan in the {isheries sub-sector in
Bangladesh by creating a substantial employment on shrimp larms as well as
increasing in activities such as trade and commerce, processing and marketing and
cxport. Shrimp cultivation cxperienced a speciacular boost from next to nothing in the
early 1970s to become a major export carning industry by the mid 1980s { Dalta et al.,
2009). Analysis of the last decade’s export iterms of Bangladesh reveals that, shrinip
has teplaced raw jute as the dominant export ilem in the primary goods category
recently, and now shrimp export contributes nearly halt of our primary export itcms.

Alauddin and Tisdel (1997) described this export *boom’ as the ellecis of various



government policies and high demand of shrimp n other countrics. Despite of this
*so-called® importance of shrimp aquaculture in the {r:::-untry; debates, disparitics and
criticisms have been following this seclor since its very birth, First of all, the profils
generated (rom shrimp exports are not broadly shared throughout the chain—as there
arc marked difTercnces in the benefits middlemen and farmers acerue in comtrast to
the surplus acquired by [ry catchers. Secondly, shrimp culture is characterived by
social inequality, disparity, rice versus shrimp conlliets, inadequate and ill
implementation of policics, conflicts of power and privilege, ecological threats and
damages, insufficient structure. lack of clarity in understanding, peoples’ protest and
Wood shade, conflicts on saline water brecach and so on. Furthermore, gendet
disparities permcate the chain leading to cccupational segmentation, wage inequalily,

and increased job insecurity for wonen.

Table 2.1 Shrimp Culture Scenarie in Southwest Bangladesh

District Number ATca Bagda Colda
of Ghers | (Heetor) Num ber Area Number Area
of Ghers | (Heetor) | ol Ghers | (Heclot)
Satkvra 15,848 52,304 15,820 51,638 K28 761
Bagerhal 52,311 39.424 18.050 43 208 34261 16.216
Khula 37.908 51,667 4 606 38,906 33,302 12,761
T'otal 1.06,067 1,63.490 38476 133,752 68,391 20,738

(Source: DoF, 2003}
Shrimp is cultured in the southwest of Banpladesh, mainly in the Khulna-5atkhira-
Bagerhat region (KSB region). Tt is also cultured in the districls of Chiltagony and
Cox’s Razaar in the southeast. The organization of production is quite different in the
two regions. In the latter the land use trade-off is between shrimp and sall and in the
KSB region the trade off is generally between rice (mainly Aman} and shrmp. A
large part of the KSB repion is semi-saline. According to the studies by fishery
researchers (MoF, 1996; Xan, 1996 and Arlo, 1992} main forms of shnmp farming in
the world are extensive, semi-intensive, intensive and super-intensive, These forms of
larming are selected based on natural conditions, soil properties, water source,
wealher, climate, hydrological conditions. socio-gconomic conditions, local level of

education, technical skills, capital investment, etc.

Prescntly, the total number of these brackish-water shnmp aquaculturc farms is

16028, covering an area of 130654 ha of coastal Banyladesh land (DoF, 2002). Rapid
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conversion of dry season pasture land nto shrimp fapming is contmbuting to the
adverse cffcet on our coastal ecosystem. In the Chokona Sunderbans the shrimp
cullure at the cost of mangrove forest not only causing loss of bio-diversity but has
undermined the very basis of shrimp culiure by disturbing (he natural nutrient cycle.
Decreasing rice production from around 40000 ton in 1976 (o only 36 ton In 1986 in
Among sevcral species available in the coastal replons. Peraews monodon {locally
known as bagda chingri) is the preferred species for brackish-water shrimp farming
and aftracts a very high price in international markets. In Bangladesh. # monodon
comprises 60% of [urmed shrimp production, followed by the giant freshwater prawn,
Muerobrachkium  rosenbergil (zalda chingri) which accounts for 25% of production
(Rosenberry, 1995; Ahmed. 1996). A detail of the arca coverage may be seen below
in Table 2.2,

Tablc 2.2 Shrimp Culture Coverage in Southwestern Region of Bangladesh

Type of . .
Shrinmp Instrict Upazila
L Tala. Satkhira, Debhata, Kaligonj. Assasum and
Satkhira
Bagda Shayamnagar
{=alinc Koyra, Patkgacha. Rupsha, Battagahta, Dacope and
Khulna . !
waler gome parts of Dumuria
shrimp) ] Mongla, Rampal and Southern parts of Fakirhat,
Bagerhat Bagerhal and Morclganj
Golda Jessore | Keshabpur, Monitampur and Abhoynagar
{fresh Khulna | lerokhada and parts of Dumuria
watcr Ragerhat Muollzhal, Chitolmari and the northern portions of
prawn) g Bagerhat. Fakichat and More)gan]

{Source: Tutu. 2001)
Over the recent decades, transformation of dee field into shrimip farms has been a
major land use/land cover change in coaslal areas of Bangladesh (Ali, 2006). On the
one hand, high population pressure induced smallholders o intensify rice production
hy shifing from low yiclding variely 10 HYVs of rice {Ali. 1987, Turner and Al
1996). Om the other hand, increased global market demand for cultured shrimp and its
high profit has induccd tropical farmers (o transform part of their rice ficlds ino
shrimp ponds and thus transformed into dual farmers (Pingali er af., 1997} Although
the environmental consequences of such transformation is to some exient understood
by the local communitics and shrimp farmers, the deteriorating conditions of the

environmenl is onc of the key role players in provoking shrimp farming in the region
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along with the most important calalyst called ‘quick profit”. Hence, it is important to
understand the environmental consequences of such land transformation: whether this
would disrupt the ecological conditions and sustainability of rice production; and how
that would affect the farmers mixed production behavior {Ali, 2006).
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(Source: Islam, 2007)
Figure 2.1 Land Us¢ Change during 1975-2005 in a Southwestern Region

Field studies from Islam (2007) and Karim (2006} reveals, most of the lands under
agriculture were double c¢ropped, and Lo some extent lriple ¢ropped in Khulna,
Salkhira and Bagerhat districts, i.e. southwestern belt of Bangladesh. The cropping
pattern starled 1o change gradually from mixed Boro and Aman cultivation lo
monoculture of Bero in this area since the introduction of the shrimp culture in 1980s.
Local varieties of rice like Ratna, Hirra were Lraditionally used for the rice cultivation
in Boro season. Nowadays, high yielding varieties like BR-11, 28, 34 and some other
varieties have replaced the traditional varieties. This transformation is mainly
provoked by some facts like: the yield reduction of local traditional varieties due to
salinity and water logging, continuously hike of price of ferlilizer and pesticides and
low price of rice, quick profit from shrimp etc. Saline water round the year also shows
a negative impagt on grain size flling locally called as “chitta para™ which frequently
appears in the Boro harvesiing scason most of the time. Despite of the negative
environmental impacts of shrimp ‘gher’ on agricnltural land, which according to the
loca] farmers are dne to salinity mainly (Islam, 2007) for a case study in Dumuria,
Khulna), factors like quick profit and cash flow has mainly evolved as the main stay
behind the wide spread praciice of shrimp culture,
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Figure 2.2 Siate of Paddy versus Shrimp Yield and Income in a Southwestern
Region of Bangladesh
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Ali (2006) documented how the coasinl saline landscape of the country became
transformed fram a rice dominated region to a shrimp dominated area. During 1 975-
2000, the country's shrimp gher aren has increased from 20,000 10 141, 000 ha; and
shrimp expont revenue has grown from US$4.0 million to US$360 million (BBS,
2002). Beeause of its high profit, shrimp farming hay emerged as the most ohirective
land use practice that contributes to the economic development of the coastal districts
of the country (Hossain ef al., 2004).

The cropping panem has changed from YRMV paddy farming to RPG farming
systen pfter the intoduction of gher farming (Toufique, 2002). In Bangladesh,
freshwater pravn farming firn steried in the southwest region in the early 19703
(Mazid, 1994). Finally a few pioneers, sonre time between 1he late1970s and the mid
19805, devetoped the first prown cultivation in rice yields in low lying agricultuml
lerd. [n the late1980s, this farming practice began to be adopted widely in the original
location in the Fakithat aren, where prawns were grown along with carps and rice
{(Kamp end Brand, 1994). The expansion of prawn cultivation has been dramatic, ond
since1 990 adoption hns accelemted, spreading to other southwest districts such as
Khulnpa and Saitkhim Bmckish-water shrimp farming has aliered the physical,



ccological (aquatic and terrestrial) and socio-cconomic environment. A schematic
flow disgram {lFigure 2.3} describes the various functions and interrelationships

among the processes, cffects and changes of each subcomponent.

— Proness
Input saline water Shrimp farming Cutput by-product
Situation !Waleﬂcnggmg l Soil wates guatily degradation
= =ifecis
(S [P
| Changes
Physical Aguatic Terrestrial Socio-economic
emnviranment enyirmammant envirchment gnwilanmert

{Source: Karim. 2006).

Figure 2.3 A Diagrammatic Model of Overall Function and Implications of
Dagda Farming in Rampal Upazila

Freshwater prawn farming in Bangladesh had not been associated wilh any of the
negative environmental conscquences for which marine shnmp production has
received so much erticism (Csavas, 1993; Phillips, Lin and Beveridge, 1993). | he
development of prawn farming has broughi about several environmental impacls duc

to ghers consiruction, wild post larvac colleclion and snail harvesting (Figure 2.4).
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Figure 2.4 Fovironmental Impacts of Freshwater Prawn Farming in Gher
Systems
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Figure 2.5 A Diagrammatic Model of Direet And Indireet Effects of Shrimp

Farming in Khuolna

Fipure 2.5 was showed that the interrclationship of the direct and ndirect effects of
shrimp farming on physical. ecological, socio-economic and envirommental conditions
in Khulna. The conversion of agriculture to shrimp farming created a physical and
ccological jmbalance, which has largely destroyed (he narural ecosysiem of the study

areq (Karim. 2006).

Howcver, shrimp farming in the world has faced many difficultics due to impacts of
cnvironmental pollution. and shrimp epidemics, resulling in great damage; for
example, in China in 1991, shrimp vield reached 145,000 ton reducing to only 50,008
ton in 1993, in Indonesia from 140,000 ton in 1991 1o 50,000 ton in 1998, in Taiwan
lrom 90,000 ton in 1987 to 9000 ton in 1990 {ACIAR, 199%). Poernomo (1989)
identificd reasons for lailures of shrimp cullure as: lmproper sile selection. poor
design and lay ouls of ponds. Improper planning resulted in a poor irrigation system,
and many shrimp farners faced problems in obtaining the right quantity and guality

of seawaler and freshwater (Hanal, 2004).

'L he general impression is that the pre-sheimp environment was static and pristine.

Lhis is false, Pre-shrimp agri-environment changed from time to time and from place



15

to place. There arc two things that come up sharply from this lteramre review
undertaken by BCAS (2001). First, there were changes before shrimp farming was
introduccd in this region. A pristine picture of an environmental harmony in a pre-
shrimp state of nature is a myth. The complex interactions between the nature and the
community have always been therc. Shrimp came to the community as a new
dimension ai a time while they were alrcady exposed to changes and interacted with
the local elites, bureaueracy and Lhe like. Second, shrimp is just one component of the
rural system although it has wider impact on land owncrship, property rights,
livelihoods, consumption, exchange and the like. Without shnmp, the commumnity had
to address other environmental problems associated with managing commons,
demographic pressure on nawral resources and so on. In fact before shrimp
aquaculture stared in Chakoria in the southeast of Bangladesh, cxpansion of

agriculiure and demographic pressure resulted in rapid depletion of the (orests.

2.1.1 Environmental impact

An array of environmental concems have been documenied that ranpe from sall water
intrusion. alleration of drainage patierns. mangrove deforestanion, loss of barrier
scrvices. changes in nutrient recycling, and contamination from runolf associated with
feeding and fertilization practices (Datla ef af., 2009). The following illustrates some

of the major issues concerning envirenmental impacts of the shrimp aquaculture,

Shrimp farning has been cxpanding here and there in an unplanned way in the cntire
coastal belt without considering whether the area is high saline zone, medium salinc
zone or low saline zone by nature. This has incrcascd the salinity in areas where the
salinity usually is low {Islam ef al.. 1998). Non salinc soils have been tumed into
slightly saline {2-4 dS/m) or moderate saline (4-8 dS/m) and arc not suitable for crop
cultivation anymorc. Some parts even are lefl fallow (Islam, 1999). During the
months of May and June the salinity rises to 16125 ppm in most of the rivers in
Khulna «one, water is used for the shrimp cultivation. In the months of December and
January when the ghers dry up, a layer of white salt becomes visible on the soil, The
laver contains salt up to 12900 ppm, which is badly harmfal for the production of
paddy and oiher crops (Saha ¢f «f., 2000, The predominant soil texture is clay and
silty ¢lay, with mostly slightly acid to alkaline conditions (pH 35.4-8.0). Clay

dominates over silt (36%) and sand {2%). There is less variation in soil pH Jn



16

agricultural areas thun there is in shrimp farming areas. Conversely there Is a greater
variation in soil salinity {up to 13 ppt) in shrimp farming areas than in agricultural
areas (2.8-4 ppt). Organic matter contents are higher in agricultural areas. and lower
(aboul 2.7%) in shrimp farming arcas. The N. P, K and Ca levels are low to moderate
in shrimp farming arcas, whereas Mg, S, and B are moderate to high. In agricultural
areas the overall soil fertility is low and soil salinity is the major havard to be

overcome (Alam and Phillips, 2004 ),

Islam (1999} studied on soils and water in swme arcas under Khulna division some
changes in the physical condition can be indentified which may affect the ecology in
the area. The air and water lemperature in the shrimp [arming areas was [ound to be
slightly higher than non—shrimp farming areas. This is not favorable for the fresh
waler fish. Some changes in the plankton can also be seen according to the study. In
the salinc area the fresh water plankton were nol found anymore, but marine
phytoplankton though. Further on the density of zooplunkion was lower in the shrimp

farming areas than in the non—shrimp farming arcas.

Ali {2004) examined the impact of shrimp larming on rice ccosystem in a village in
Southwestern Bangladesh. The village Damarpola has experienced transtormation of
274 ha (79%) of iis prime quality rice fields into shrimp farms during the period
between 1985 and 2003, Prolonged shrimp farming for 5-. 10-, and 15-vear peniod has
increased soil salinity, acidity, and depleted soil Ca, K, My, and organic C content of
all three types of soils in the willapes 1o a variable degree and causcd soil degradation
that significan(y allected the rice yield. Declined yield and acreage of rice jonily
reduced the total production of rice and animal fodder. Seil degradation and loss of

actrcage under rice have threatened the sustainability of the village rice ecosystemn.

One of the majer problems caused by shrimp farming development and faced by not
only shrimp farmers themmselves bul also local people living in and around the farming
areas arc water pollution (Doa et «f, 2006). The quality and quantity of available
water are major factors controlling shomp production. Water quality 1s critical during
the early lifc stages in the hatchery and during grow out in ponds. In peneral watcr
for shrimp culture should be free from agricultural and industrial pollution and be

within the necessary salinity and temperature range for the shrimp species bemg
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cultured. The water quality requircments for shrimp culture have been broadly defined
in several publications (Boyd, 1989). There is evidence that shrimp culture itself is
threstened by growing water pollution in Asia and Latin America (Chua ef af., 1989

Aiken, 1930},

The amount of water required for shrimp culture depends on the nature of the culture
system. Dxtensive pond culture relies largely on tidal (fow and sites are usually
selected such that ihere is adequate in (lowing water and the ponds are drainable
during pericds of low tide (Csavas. 1989). The requircment of waler incrcases with
intensification because intensive culture need to remove substantially more waste
mctabolites and supply oxygen at high stocking and [eeding rates (Phillips er af.,
1993}, Shrimp {arming cxpansion has changed the process of flowing of clean river
watcr into sea and reduced the self-cleaning ability of waters. But most seriously, due
atrention has nol yet been paid to wasle water/effluent treatment. Some farming areas
are in lack of appropriatc water exchange system or waler treatment syslem,
deteriorating water quality in farming ponds. In many areas, effluents from disease
infection ponds become a water supply source of other adjacenl ponds, leading to
disease outbreak and water pollution of the whole farming arca. Bad waler quality is
mainly responsible for shrimp epidemies (Doa et af, 2006). In the first six months of
2003, in the coastal arcas of Thai Pinh and Nam Dinh Provinces in Northern Vietmam,
on Meretrix merefric culture sites (normally outside shrimp farming arcas). many
Meretrix meretrix have been found dead, leading to great capital loss ol larmers, some
even can not pay their bank loans. The reason is that this species and some other
molluscs have been poisoned by cffluents with toxic chemicals from shrimp pond

nearby (Hong. 2(43).

There is a noliceable lack of variation in the waler quality over the study area, with a
high degree of uniformity of salinily, watcr temperature, transparency, ammonia,
nitrite and disselved oxygen coment. The low level of oxygen at 1.5 mg/l is duc to the
shallow depth of the water and detcriorating bottom conditions. Water salinity is
lowest in the agricultural areas and highest in the shrimp farming areas and ponds.
The average pH level at 6.5 to 7.8 is observed throughout the different salimty areas,
but the carbon dioxide content increases from highly saline (16.67 ppt) to lower salinc

(21.67 pot) areas. Nitrite conient alse decreases from highly saline (0.103 ppt) to
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lower saline {0.071 ppt) areas. A variation in salinity is also noticcable throughout the
year, with the highest salinity at 24 ppt in May and the lowest at 6 ppt in October 1n
the study of Alam and Philips {2004).

Salinily intrusion has become ome of the most significant ccological and socio-
economic problems to the coastal communities. The process of salinity intrusion in
the coaslal arcas under shrimp culture is more a management related issue rather than
scientific. Initially the socially empowcred and thus privileged persens try lo grab
lands from marginal farmers for shrimp culmre. They (oods the whole area with
saline water when [lails. 'This process forced the marginal farmers Lo cither give his‘her
land for shrimp culture or make a shrimp funm of his‘her own as rice cultivation
becomes a impossibility under such conditions; thus with the introduction ol shrimp
the environment become saline. This cavses fodder and fuel crisis and crisis ol
seedlings as rice and plants start dying in saline conditions. As a consequence,
communities need to import fodder, fue! wood, fresh water, seedlings ete. from
oulside the locality that implies extra money to pay. Ali (2006) observed that low-lifl

irrigation pump also responsible for significant salinity increase.

It has been observed thal 10-40% of the gher water 1 exchanged cvery day o remove
waste metabolites - direct discharge of which creates waier and soil pollution (Deb,
1998). Kongkeo (1990} estimated that one metric ton of shrimp at a semi-intensive
[urm requires between 50 and 60 million lters of water to raise them. The waste
contains disselved metabolites, padiculate matters, unused {ish fecd, various forms of
chemical, microorganism, fedilizer, faeces ete (Deb, 1998). The amount of pollutant
discharge increases while preparing the ghers [or next crops. Phillips ef af., (1993)
reported ihat the traditional shrimp culture is not expected to represent any significant
load of nutrients to the surroundings as such culture relies on natural feed, moderately
slimulated by input of menure and [eriilizers. Such culture might sigmificantly
removes of nuirient from coastal cnvironment (Beveridge and Philips, 1993}
However, in an exlensive mixed shrimp — mangrove forestry farm in Vietnam, Along

et a. (20000 estimated a higher nutrient output than input,

Unlike the sipnificant effluent load from arlificial feed-supplied intensive and semi-

intensive shrimp ghers with high water exchange rate (Hopkins et af,, 1993), the
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exlensive shrimp culiure in Bangladesh seems to act as a sink for particulales and
nutrients, However. semi-intcnsive systems are cvolving rapidly in rccent years in
Bangladesh (lslam ¢ @, 2004) because of the little available room for further
horizontal expansion. Farm intensification withoul basic understandings of the system
might lead to adverse consequences such as higher morlality from disease outbreak
associated with increased ammonia concentrations as already reported (Wahab ef al..

2003).

Impact of intensilication of shrimp culture on the surrounding cnvironment 15 an
impomant concern (or sustainability of the system as & whole. A partial mass budget
in selectc-:} scui-intensive shrimp farms indicales that the systern discharging about
1000 kg ha/eyele of pollutants to the swrounding waters. There ure concerns that
scmi-intensive shrimp aquaculture may contribute to eutrophication with increased
nitrogen loading as has been observed by Jackson ef al. (2003). They found that 22%
of the N input was converted to harvesled shrimp, 14% remained in the sediment
while most of the remainder (57%) was discharged to the environment. Only 3% of N
input was unaccounted for, and assumed (o be lost to the almosphere via

demitnfication or volatilization of ammonia.

2.1.2 Sustainability of shrimp cultis ation

Over ihe last two decades, shrimp farming has emerged as a major industry in
Bangladesh. The impact of the process has cconomic, social and cnvironmental
dimensions. All of these may have serious implications for sustmnability. not anly of
shnimp farming itself, but of the rural community in the coastal arcas of Bangladesh.
The relationship betweep shrnimp aquaculture and the environment in Bangladesh
needs to be systematically addressed as the sustainable development of the industry
hecomes a priority. Sustainable coastal aquaculture requires adequate consideration of
the interactions among social, economic and ecological changes. which accompany
development. This can be achieved through an integrated approach or planning and
management of coastal aquacullure within the coastal systems (Das, 1992). In many
areas of Asia, tradilional culturing invelves a poly culture of fish and shrimp
jntimately linked to harmonious usc of the coastal ecosystem. Existence of such
integrated ccosystems for several hundred vears testifies their sustainability (Balley.

1988). For the sustainability of shrimp culture the best option i to follow rotational
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cropping of shrimp and fish culture or a poly culiure of both, depending on the
suitability of the area. 'Ihis culture will maintain ecological balance by serving as
jdeal habitat. media for propagation and growth of food organism and recycling of
nuirients from decomposed compounds. Characteristics of such integrated farming
include:;
e Conirol to maintain full vertical utilization of the water column,
+ A rational proportion of those organisms that occupy different trophic levels
and parts of water column,
e Full utilization of various kinds of fiods including wastes.
» Maintenance of high productivity of cullivated specie in ponds during most
parl of the year
+ Preserving appropriate living conditions in pond management (Li, 1987).
Adoption of such cropping pattern will help {0 reduce the scale and magnitude of
cnvironmenial impacts. Government agencies and non-government organizations
must come forward to demonstrale the utility of such environmentally fricndly

farming system (Deh, 1998)

Bul the picture is somewhere divergence with the above characteristics in shrimp
cullivation in Dangladesh {Alauddin and Tizdell, 1998). The process of shrimp
cultivation epitomizes conflicting resource-usc patterns. Extensive shrunp farming
gystems require more land than intensive ones. Given the extreme scarcity of arable
land in Bangladesh, this threatens Banpladesh’s ability to expand and sustain rice
supply as well as salt productions. Increased salinily and soit acidification as a result
of shrimp culture are belicved to have led to decreased rice yields. Furthermore,
declining shrimp vields duc to continuous use ol the same land and use of chemicals
are impediments to sustainable land-use in the shrimp belt with polentially serious
implications on the sustainability of rural communitics and their livelihoods. Where
sustainability is defincd as “development that mects the needs ol the present without
compromising their own needs...” (WCED, 1987), The process of agncultural
development has led o enviranmental changes which has undermined the sustainable
livetihood of people in many less developed countrics {LDCs), including Bangladesh
{Ahmed and Doelemean 1995; Alauddin et al. 1995; Alauddin and Tisdell 1997,
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A recent study (Nijera Kori, 1996) documents displacement of small and marginal
farmers. increaging landlessness and pross human rights vielations as problems
resulting from (he process of shrimp farming. However, there has been little
discussion of the effccts of emvironmental changes using rigorous analytical
techniques [c.g. All. 1991: Chowdhury, 1988). Rahman (1993} correctly ideniified
imporiant environmental problems associated with shrimp cultivation but, like many
carlier studies, did not analyze their effccts on the sustainability of shrimp farming,
While suffering from limitations mentioncd above, the available literaturc dose
identify (1) uneven gains between gher owners and land owners; (2) the
environmental elfects of shrimp culiure resulting in decline rice yields; (3} loss of
green vegetation; (4) increased salinity; and (5) decline and loss of indigenous

specics of fish.

The issues of cnvironmenial sustainability ol prawn cultivation. while clearly not as
negative as thosc of marine shrimp culture in Bangladesh. are nevertheless poorly
understood. Therefore research would be required as quantitative and qualitative
cnvironmental impacts for sustainable prawn farming (Abmed er af., 2008). In the
study of Alauddin and Hamid (1996) it was argued (hat sustainable development of
the shrimp indusiry could be achieved by explicitly taking into account the long-term
and cumulative eflects of the factors embedded in the integrated shrimp—rice fanning
system. This paper suggests two research strategies: (1} a robust approach to the
complicated and interlocking issucs of integrated shrimp-rice farming. which
develops indicators lor measuring the sustainability of shrimp lorming and could be
used by shoimp producers at the farm level; and (2) an approach that offers pohey
guidelines to respond effectively to changes in different variahles that detenmine and

allect shrimp farming.

While there is a great potential for rice-shrimp and fish farming. a number of issues
were identified affecting its sustaipability inchuding the lack of technical knowledge
of farmers, high production costs and natural disasters (ood and drought). Moreover,
rice-fish farming technology has not vet contributed substantially to food security in
Bangladesh due 1o its low level of adoption. The lower levels of rice-shrimp farming
adoption were found among poorer households. It scems that the benefit of rice-fish

farming technology accumulate to belier-off fanners unless institutional and
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organizational support is provided to resource-poor farmers. Intervention o improve
agricultural water management affect poverly through several pathways; improved
productivity and production, cmployment generations. keeping food prices within the
affordable range for the rural and urban poor, mulliplier cffeets, reducing
vulnerabilily, nutritional effects. equity impacis. multiple uses, and cffects on the

snvironment and human health.

It is therefore worthwhile to find means ol providing institutional and organirational
suppon 1o poorer farmers, in terms of (raining facilities and extension services lor
sustainable rice-shrimp and fish farming, Training and technical support would help

to improve profitability and reduce risks.

2.2 Present Apro-Water Managemcnt Practices and its Sustainability

In Bangladesh two types of ghers farming are operated; onc is bagda and another is
rice-galda culture. Bagda phers farming is large in size and scale, and needs saline
water, wheress golda ghers farming is comparatively small in size and scale. and need
fresh water (Barmon, 2006). In altemale shrimp-rice farming onc crop Aman rice (e.g
local varieties and HYV) is grown belween August / September to Deceniber, which
is followed by crop of shrimp in between February to JTuly/August. Under this system
shrimp is completely harvested by August or September before the water salinity
drops below the tolerant limit of Pengeus monodon. Afier the transplantation of 1.
Aman, rain waler is allowed to accumulate inside the gher to flood the land, whrer the

fin-fishes arc allowed Lo grow until harvest (Islam ef of., 2003).

Interesting land usc like agro-fisheries (rice-fish culture) is gaining popularity in
Khulna district (Saheed. 2003). A new cropping system with a rainfed rice crop
during the wet season and an additional irmigated rice crop during the dry season (from
mid-November to mid- April) was conceptualized and implemented by Mondal ef al.,
(2006} in Khulan rcoion. In ather areas of K8B region under the Salkhira district,
shrimp farming continued almost year round due lo the presence of moderate 0 high
salinity in the water (Alam, 2002). There arc a few studies ihat focus on the impactls
of RPG farming on laber demand and houschold income (Barmon er @/, 2004), and
the impact of shomp gher farming on the environment (Asadusamman ef @f., 1998,

Nijera Kori, 1996; and Bhattacharya et af., 1999) and ecology (Datta and Sannamat,
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2001} in the coastal region in Bangladesh, Thus from these studics it is {uund that a

large number of gher owners arc also involved in rice agriculture n K81 region.

Afer the iniroduction of rice- prawn (golda) gher (RPG} fapming system, the
eropping patterns have changed in southwestern coasial region of Bangladesh. Rice-
prawn gher (RPG) farming is an indigenons technology which is a combined form of
aguaculture and agricutiure. The term “rice-prewn gher” refers to a modification of
paddy field that has been used for prawn and MV paddy cultivation. The wholc land
of gher is Gilled up with rain-water from June 1o December and resemble to 4 pond
and during this time, farmers cultivate prawn (Macrobruchium rosenbergii) and
fishes. The entire land becomes dry naturally [rom January to April except canals.
The canals retain sufficicnt water for MV fore paddy during this (ime. Rice-prawn
sher (RPG) farming system is an indigenous agricultural technology solely developed
by farmers since mid 1980s. Now the farmers are producing prawn and MV paddy in
thc RPG [arming system (Barmon ef al. 2007). Prior to the RPG farming, the
southwest region cxperienced a period of severe environmental change during 1960s
and 1980s because of the construction of embankments and polders that caused
permmment watcrlog and increased saline intrusion and the farmers were not able 1o

produce any agricultural crops (Kendrick, 1994},

In fact the ghor owners did not altogether moved away from rice agriculture,
Following this pattern., onc crop of transplanted Aman s grown between September
and November during mansoon season when the water of the river becomes fresh and
sweet. From February to August a crop of shrimp is cultured, when the waler ot the
surrounding rivers becomes saline. Though the yield performance of the local variety
was Jess {1.9 tonfha ) than the HY'V (2.5 ton/ha) in Khulna region , farmers preferred
to cultivalc local variety in Aman scason for its indigenous characters like taller plant
height, insect, disease, water logging and salt tolerance capacity, more tasty as well as
less production cost (Miah ef af.. 2004). This is possible because il 1s & scmi-saline
zone and Aman is still cultivated in a large tract of land. But morc important 15 the
[act that the conlicl between Aman and shrimp production has been avoided at the
cost of lower Aman productivity (Toufique, 2002). If numaged properly there should

not be any conflict beiween rice and shnmp.
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In Bangladesh about 80% of aquaculture production of manne shrimp (P monodon)
contes from the southwest inter-tidal coastal flatlands. where shrimp is grown in the
dry season (February to mid-August). in rotation with rice, which 1s grown in the wet
scason {mid-Angnst to December} when water salinity is lowered by rainfall (Islum e
al., 2005). In the dry scason, salinify is high and rice cultivation is hardly possible. It
is (he right time for raising shrimp. Allempts to grow rice in this season have been a
failure in this region. Tn the wet season (excessive rainy salinity of water is loo low for
raising shrimp. This is the right time to grow rice — Aman (Toufique. 2002). The
current {arming practice was chatacterized by extensive culture systems with low
input use, leading to low productivity levels. The different farm management
practices were noticed among the different categories of farm ownership (Alam and

Philips, 2004},

According to Barmon ¢f af. (2006} estimation of land productivity of modern varieties
(MV) paddy production under RPG and year-round modern varieties (YRMV) paddy
farming systems in the southwest Bangladesh showed that the RPG fanming system
has significant impacts on inputs used in MV Boro paddy production. The findings of
the study indicate that more chemical foetilizers were used in per ha MV Bore paddy
production under YRMYV paddy farming in comparisen with RPG farming. Similarly,
per ha cost ol irrigation, pesticides and land preparation were also higher m MV Roro
paddy production under YRMV paddy ferming system compared to RPG farming
system. The inputs usage for MV #lore paddy production under two farming systems
showed statistically signilicant difference with each others. Although fower inputs
were being used in MV Bore paddy production under RPG farming system. yield was
higher (statistically sipnificant) than YRP MV paddy farming system. Therefore, it
could be coneluded that land productivity of MV paddy production under RPG

farming system was significanily higher than YRMV paddy farming system.

Though alternate rice-shrimp system is one of the more ccologically sustainahle
approaches to shrimp farming, production of shrimp in the rice-shrimp system in
Rangladesh is low. from 29 to 277 kg/ha (Islam ef af., 2004), with a threat of frequent
shrimp crop failures duc to disease outbreaks. The rice production in this system is
also low. ranging from 1.0 to 3.0 tha (Karim, 2006). which is considerably lower than

the potential (Mondal ef ai., 2006). But Chowdhury et @l (2006} concluded in his
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study that the intcgrated shrimp-rice farming s more sustainable than only shnmp
farming. He developed a triangular model of sustainability where he remarks shrinp-
rice mixed culture rather than newly adopting semi-inlensive shrimp cullure as more

environmentally sound {Figure 2.6},

Ecanocmically
viah'le

-——- Shrimp-rce

—_— Only-shnmp

Socially
acceptabde

Enviraamontally
soung

Figure 2.6 Triangular models of shnmp culture and its
sustainatnlity {Chowdhury. 2006}

Islam et af. {2003) found that the shrimp-salt farming is more profitable compared to
shrimp-rice farming. There are two ways o incrcase shrimp production, such as either
by constructing new farms or improving the exisling farm Lo intensive ways or duing
the both. Islam ef ¢f., (2003) found the decision of choosing between thesc options
depends on econemic considerations. A study condueting by Islum (2007) concluded
that, the decision function of choosing among shrimp, shrimp-rice or rice depends on
ceonomic benelits. However, nowadays some marginal farmers from the farthest
corners of south  west Bangladesh are lrequently rep@r:ted 10 be demonstrating on
‘back to rce Tarming” (Nandy et of., 2007) beeause food secunty has become the

decisive factor in those areas.

The relationship belween cconomic return from shrimp culture and nternational
market demand could be established by analyzing the history of the evoluhion of the
shrimp scctor industry in Bangladesh. Dangladesh shrimp sector is an export-oricnted
sector: therefore depends on international market demand for its sunvival. A backup

plan musi be necded to survive if the international market fails.
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Sustainability of the shrimp sector depends on mainly two functional questions: how
much the coastal environment would suppert shimp culture? And how long the
international markel demand would be active? Up till now we have nol observed any

rescarch articles — however hoth these are researchable problems!

So saline water proofing by structural management like coastal embankment projects,
danis. sluices, and coastal area zoning, as well as non-structural management
stratcgics could change the land usc and other activities, which would be vision of a
gustainable livelihood and environment for Dangladesh { Rahman and Bhattacharya,
2006 ). Finally, not anly a positive government policy can help lo promote sustainable
development of rice-shomp & fish farming throughout the country, but also

technological and institutional help should be needed.



CHAPTER THREE
MATERIALS AND METHODS

3.1 General Description of the Study Area

In Bangladesh the south-weslern coastal region is an imporant place for shrimp
cultivation especially the Khulna district. Shrimp culture always had a special place n
the people’s traditional livelihood practices in this region simply becausc of the high
level of salinity and availability of low inundated lands. In the early stages of
devclopment, shrimp farming was restricted lo (he peripheral land between flood
embankments and the main miver systems. At first. bagda cultivation was staried
oulside the embankments. Afler a few vears, it entered inlo the cmbankments. and
gradually shrimp culture started on the mainland in a large scale. The cxpansion was
rapid. As there is an international markel [or it and the shrimp cultivation requires less

labor, and a huge profil is possible against a very low investment.

Dumuria Upazila of’ Khulna district was selecled as the study area in the research.
lirom this Uparila two unions were selected such as Khamia and Scbhana, which
were cncircled by polder number 25 (west) and 26. respectively. These two unions are
siluated on the bank of the Bhadra River. The criteria for selection of Kharnia and
Sobhana unions were: (i) this area was vulnerable to salinity intrusion because of
extensive and improved exiengive shrimp culture, and (ii) the area was situated very
close to the Bhadra River and the same river water was used in both the areas though
the apro-water management approaches were different. The present major identificd
agricultural land uses of these arcas arc: Shrimp—ransplanied Boro / Boro—
integrated shrimp and transplanted Asman. Doro rice cultivation became the common
land use pattern in Dumuria Upazila since last 3 years. Several agricultural constraints
are identified in this area. The dominant soil. land and waler relaled constraints are —
slight to moderate salinity, scarcity of quality irrigation waler during dry scason,
limited scope of ground water and river water upliltiment for irrigation. prolonged
artificial water logging with saline waler [or agnaculture, late draining condition in
early dry season, moderately deep flooding in monsoon scason in some areas,
relatively high flooding depth during monsoon season for HY'Y transplanted Aman

crop {SRDL, 2003)
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Figure 3.1 shows (he geographical location of the study arca. The sludy was
condueted in two unions — Kharnia and Sobhana (Figure 3.1). The two unions are well
known for cultivation of shrimp as an agricultural crop, cullivation of Bore rice in the
Rahi season consecutively. From each of these two unions, 1wo villages were selected
by purposive sampling. The villages were Ranai and Bhadradia {rom Kharnia Union,
and Jiallali and Badurgachi from Sobhana Union. The Mouza No.31, No.40, No.89
and No.101 which arc comprise the four villages respectively Ranai, Bbalradia,
Jioltoli and Badurgachi (SRD1. 2008). There were four sluice gates in lour villages.
These arc used to check ithe entry of water from the Bhadra River to Shingar beel at
Ranai village. Muchikata khal at Jialtoli village, Radurgachi khal at Badurgachi and
Vadradia khai at Bhadradia village.

All ggricultural lands in Dumuria Upazila became ghers (shrimp culture pond) to
produce shori term economic return since 1980s, As a result, most of the agriculiural
lands became fallow lands over time. At present. the small farmers of the selected
villages arc not interested in bagda cultivation and want to conirol ihe saline watcr
intrusion from the Bhadra River into rice ficlds. Farmers had been irying to cultivate
paddy though the production level was low last year. Here the soil quality of this
region had great impact on dee yield. The soil of the area is dominated by salinity.
The salinity of the soil is mainly due to sheimp cultivation wilh saline water of
flooding depth of 60-120 em. In Dumuria Upazila, the soil is kept Nooded for 5-8
months with saline water for shrimp cultivation (SRDL 2008). Mest of the lands of
the study arca (about 61%) are medium high lands. About 17% of the arca has highly
saline soil. Only about 5% of the area has non-saline goil. The soil classification of the
study arca goes under the Ganges Floodplain and the Ganges 1idal Iloodplain which
are medium low lands. The Ganges Floodplain is charaeterized by silty-clay soil with
no salimty 10 moderale salimty, low content of nilrogen, phosphorus and potassium
and high content of magnesium and sulfur. whereas the Ganges Tidal Floodplain is
alsa chamcterized by silty-clay seil. but with low w high sahnity. very low nitrogen,
low phosphorus and potassium, and very high caleium, magnesium and iron content
(SRDL 2008). The following Table 3.1 provides the general soil characteristics of the

gtudy arca.



Table 3.1 Physico-Chemical Characteristic and Nutrient Status of Soil in Dumuria Upazila

Particle Size i . 1 . . . .
DSmlh Distribation (%) Texmure Maero Nutrient bdicro Nutrient CEC OM | pH
ept N K 5 B Cu Fe in h% L] R g 100
cm) | Sand | Silt] Clay ‘ : - T ER L (o
(cm) | Sand | Silt) Clay | o Moo T meq/100 pm soil opm soil | Y% 14
0-11 1 37| 42 017 | 021 319 A6 34 | 69 |06 ] 217 1.6 184 3.82

{Source: SRDI, 2003)

Table 2.2 Chemical Composition of Irrigation Water Used in Dumuria and the adjacent Upazilas of Khulna District

- - - - -1 1= ot + +
Sources of Waler pH ']j:;; HCO™ | S04 Cl TS8 | Ca® | Mg MNa K SAR
ppIT meq/ 130ml
The Bhadra River Water 7.6 13 2004 | 7169 | HWG | TRDG | 052 | 1B | 124 | 024 12
Shallow Tubcwell Water * 1| 13 3919 | 0.7 | 1241 | 608 | 027 | 026 | 020 | 00017 | 04
Deep Tubewell water ** 851 17 | 4699 | 446 | 3308 | 778 [ 006 | 010 | 1.25 | 0002 | 6.2
{Ther Watar*¥* F.6 | 2005 | 2502 | 9835 | 7178.6 | 14614 | 0.78 | 4.3 12.4 (.4 7.8

Mote: *Paikgacha,**Datiaghata ¥ **Dacope

{Source: SROL, 2003)
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Table 3.2 shows the quality (chemical composition) of irrigation water ol the study
area. lrigation waters quality would have the effeet on rice yield in these four villages
because salinity was a big concern. During Shnmp cultivation river water, canal water
or STW werc uscd which also had impact on the following Boro rice cullivabion.
Irrigation rom STWs and canals were provided over three months in dry season for

YV Boro vice cultivation.

The increasing trend ol salinity in the study area is reducing the farmers” interest of
cultivating various agricullural crops. But they need to continuve thejr cultivalion
practices, as the funmers have no betler alternative to their livelihood. In ihe study
arca. it was found that most of (he {armers were not ablc to cultivate crops round the
year due to salinity. The salinity levels were higher during the months of March to

June and lower during the months of August lo October,

The praclices of shrimp cultivation were different in different arcas. Significant
dilTerences in soil and water quality are recently being observed in the arcas {lable
3.1 and Table 3.23. In Kharmia union, fresh water shrimp (golda) was cultured with
white fish and ITYV Boro nice (Ratn crop) for the last 12 vears. On the other hand, in
Sobhana union transplanted Aman rice is the major crop Tor farmers with shrimp
{bagda) and Boro as the minor one. Golda is a [teshwaler shrimp and in adverse
situation it can tolerate 12-15 ppt salinity. Though the production of golda was lower
than that of bapda, the price of polda (Tk. 1100-13030¢ kg was higher than that of
bapda (I'k. 600-800¢ ki), The price of rice was also high and il added o the lolal
benefit from agricultural production. Whereas integrated nice-shrimp culturc was

practiced in Kharnia and Sobhana unions,

The area. which in fotal is approximately 19.5 km?, is surrounded by many rivers
{Figure 3.1} The Upasla s surrounded by Soilman River in the east, by Soilmari,
Bagmara and Joykbali rivers in the middle. Hon and Bhadra Rivers in the south-west
and Dangaria River in the north-west (SRDI, 2008). lhe main Bhadra River is
[iowing from north to south along the western portion of the study area. Besides these.
Balcshwar and Boalkhali rivers flow through the eastern partion of the area. These
rivers all have tidal reaches in their lower stretches which affect their hydrology due

o damming of back waler during each high tide. In the rainy scason. the river water is
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free from saling bul the salinity increases from the slart of the dry season. In the

month of Aprl, the salinity is the maximann {SRDI, 2008}

The area has a subtropical monsoon climate with a moderate rainfall that has
significant cffects on the fluciuating level of salinity and hydrology. and thesc in turn
are critical for shrimp and paddy cultivation. The three main seasons are the pre-
monsoon (March-April), monsoon {May-October), and winter (November-February)
(SRDI. 2008). The pre-menscon is characterized by southerly winds, high
lemperatures and cvapotranspiration rafes, and by occasional thunderstorms and
northwesterly winds. 'he monsoon brings heavy rainfall, high humidity and cloud
cover. The poest-monsoon is hot and humid. with oceasional thunderstorms, cyclones
and storm surges. The dry winter scason is characterized by cool, dry and sunny
weather. Rainfall is an important factor that has a much influence on tidal river water
chemistry. Due to the variation in rainfall pattern, the water chemistty of a idal river
and surface water of the area [luctuates significantly. No rainfall was found during
Boro rice cultivation and also the frequency of the minfall was less in 2009-2011)
agro-years. The metcorological data of the sludy area arc deseribed in the following

Table 3.3 1o show the elimatic condition.
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Table 3.3 Mcteorological Data of the Study Area during the Year of 2008 to 2010 *

Month Average Temperatre (°C) | Totul Precipitation (mm) | Average ITumidity (%)
2008 2009 210 2008 | 2009 | 2010 2008 2006 | 2(HO

January 20 20.7 18 67 1 | o 30 81 80
February 21.1 23.4 22.3 36 | 6 | 2 74 74 73
March 27.4 27 30.6 48 | 10 | 14 77 71 71
Apri 30 313 3.5 36 23 2] 75 70 73
May 306 31 3.7 151 137 146 75 72 75
June 29.5 294 30.3 187 233 287 81 81 g0
July 286 283 30 301 347 181 89 87 &4
August 29.5 29.5 30.2 203 570 2035 73] 85 83
september 28.5 2498 289 370 357 157 86 26 85
Cctober 27.8 28 289 187 111 332 84 b1k 82
November 24.6 254 259 {0 20 { T 75 78
Deccmber 21.3 20.2 20,2 0 {0 0 85 79 76

Note: *Meteorologival Station of Khilna, 2011,
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3.2 Soil and Water Sampling
In the study area, mainly shrimps were cultivined in ghers. A gher is an enclosed area
chomcterized by on encirclenent of land along the banks of tidal nvers. Samples were

mainty collected from extensive and improved cxtensive integmted shrimp farms.

Table 3.4 General Description of Sample Number

| Name of Unir..:E _T’?l?:;:: Sample Name Sample IDH J

Ranoi-] R-1

Ranai Ranoi-2 R-2

“harni Ranoi-} R-3

Rharnia ) Bhadradia-1 V-1

Bhadredia ™ gy dredia-2 V2

Bhadmdia-3 V-3

| Badurgachi-1 B

Badurgachi [ &dm’::hi.z =

Badurgachi-3 B-3

Sobhena Jiahtoli-1 )1
Jisltala iatol

Jialtoli-2 1.2

Tiattoli.3 13

Twelve snmples were coltected from different types of farming sysiems by purposive
sampling. At firsi, ghers were selecied based on different farming sysiems and waier
sources eriterin. The aamples were collected from the main land of the gher which
was locally known as gher chatal, Soil snmples were taken from the top-soil of a gher
chainl and weter samples were collected from the canal of a gher (Figure 3.2).

Gher Canal

Dyke
*  Gher Chata)

R —

Figare 3.2 Schematic Diagram of a Typical Gher

For the Study the somple size was 12 numbers of ghers. Figure 32 shows the
sampling location and Table 3.4 describes the twelve sample plots of the study arca
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Soil and water samples were collected doring the Boro season of 2009410 al pre-Boro
season (late Docomber, day before ferilization of rice ficld) and post-Boro season
{mid April, day after harvesting of ITYV Boro nce) of rice-bagda, rice-golda or rice-
golda-bagda cropping patteens. Twelve soil and twelve water samples were collected

in each ol the two seasons from cach union.

3.2.1 Soil sampling

For soil sample collection, BARC (2005) guidelines were followed. Al first soil
samples were colleeted from nine points belween depths of 0-13 em of each sample
areg and then they were mixed thoroughly, Prepanng these seils for laboratory
analysis by removing the moisture by sun-dry and packed in plastic packet for

carrying samples to ihe laboratory.

3.2.1.7 Soil quality parameters

Bottom soils are the primary source of nutricnts in an aquatic system {Datta and
Sannamat, 2000}, With the increase of temperalure, the pH and salinity increase. EC
values represent the status of organic loading and metabolic waste generation in an
aquatic svstem. Nitrogen content in soil is a limitng f(actor in plant growth.
Phosphorus in the botom scif is mostly of organic origin. Potassium is a
macronutricnt for plants and its major source in the cultured system is K-nch
fertilizer. ¢.g., potash. Calelum source in a gher is from regular liming and 1 has
correlation with magnesium (NACA, 1994). For sl quality. the following parameters
were analyred: Temperature, pH, EC, Salinity, Organie Matter (OM), Dicarbonate,
Caleinwmn (Ca™), Magnesium (Mgz_}* Sodium (Na*), Chloride {C}), available Nitrogen
{M}., available Phosphorus (), Potassium (K), Sulfur (5} and Iron (Fe). For chemical
analysis of soil parameters, nunber methods were used according to Allen (1874). All

struments and methods were used, which were shown in the [ellowing Table 3.3,
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Tuble 3.5 Methods for Detcrmination of Different Parametcers of Soil

I‘S\]]c; Parameter Determination Method
1 | pH Portable pH meter-model HI 98107, HANNA
5 Electrical Conductivity Porlable water proof Multi-range
{(EC) Conductivity meter
3 | Temperature Thermometer
4 | Sodium (Nah Flame Emission Photometer (Flame

pholomeler- modcls PEP 7 and PEP 7/C)

Flame emission photometric method (Flame
photometer- models PEP 7/C)

5 | Potassium (KM

6 | Salinity Refractomcter, Extraction method
Turbidimetne method (Thermo spectronic, UV-

7 | Sulfur visible Spectrephotometers. Helios 94539230
458113

8 | Orpanic Carbon Walkely and Dlack’s wet oxidation method

9 | Soil organic matter lgnition method

. . ipesti h Distillat: d Titrati

10 | Available Nitrogen Dipestion, Alkah Distillation and ‘Titration
method
Turbidimectric method {Thermo specteanic, UY-

Il | Available Phosphorus visible Spectrophotometers, Helios 9499230
45811)

12 | Tron Colorimetric method

13 | Caleium and Magnesium Titrimetric method

14 | Bicarbonate Tilrimelric method

3.2.2 Water sampling

The water sample colleetion methods were followed by prabbing or eatch sample
method Ramesh and Anbu {1996). Water samples were collecled by using plastic
bottles from the sampling point. All the samples were collected in plastic bottles by

following the standard lechnique. Fach sarmple sive was approaimately 1000 ml,

3.2.2.1 Water quality parameters

Wistrand {2001) found that shrimp farming in Khulna region affects the physico-
chemical and biolopical qualitics of water and increases soil salinity which make
certain soil mutrients unavailable for plants and thereby make the soil unproductive.
The mest important water quality parameters for rice-shrimp farming are:
temperature. D), pH. transparcncy, and salinity (New and Singholka. 1985). Some
other water quality parameters such as EC, NO;y, CI, Na*, K*. HCO; and 8042' have
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imperant bearing on the cullure and production of shrimp farming (Wistrand, 2001).
Temperature, pH, EC, TDS, turbidity, DO, TOC, salinity, bicarbonate, Chloride (CI),
Sodium (Na"), Potassium (K", Sulfate (SO4*), Nitrate (NO3™ ), etc. were the quality
parameters of gher water. For chemical analysis of water parameters a number of
methods were used according Lo Standard methods {1992).

3.2.2.2 Field measurement of water guality parameiers
Some physical parameters, such as, temperature, pH, TDS, DO, EC and turbidity,
were measured directly in the field (Pholo 3.1).

ke

ot

LA e e

Photo 3.1 Mebile Field Laboratory at Jialtoli Village

3.2.2.3 Laboratory analysis of water qualily parameters

The remaining parameters, such as, salinity, hardness, Chlorine, Sodium, Potassium,
TOC, Sulfate and Nitrate, were analyzed in the laboratory of Environmental Science
Discipline of Khulna University (KU) (Pholo 3.2). Table 3.6 shows the list of

instruments and methods which are used to measure gher canal water chemisiry.

Photo 3.2 TOC Analysis in Environmental Science Discipline Laboratory, KU
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Table 3.6 Analytical Methods for Determining the Gher Canal Water Chemistry

[ D% meter (H1-9635. portable water proof

Ll u I:I -
L | Temperature e MMulti-range Conductiviny/ TS meter),
3 I Microprocessor pll meter (HANNA
P instruments, plf 211}
. TS meter {H1-9633. porlable watcr proof
3 EC %Elelf.‘:lr_l cal pSfem | Multivange Conductiviy/ TS meter,
onducliviny) HANNA)

4 | Salinity ppt | Refractometer

_ | TDS (Total Dissolved I'DS meter (H1-9635. portable water proof

5 | solid ppm | Multirange Conductivinye/ 1 DS meter.
solid) HANNA)
6 | Transparency e | Seechi disk

7} DO (Dissolve Oxigen) ppm | Winkler's tnethod (APHA, 1492}

Flame pholometric method (Flame

8 | Sodium (Na') PP | hotometcr- models PEP 7/C)
o + Flame phalometrie mcthod {Flame

% | Pomassium (K') PP | Shotometer- models PEP 7/C)

10 | Caleium (Cﬂgj ppim Titrimetrie melhad

11| Magnesium {Mgl_) ppm I'ttrimeirise method

. ) - Ien Electrode method (Cole-parmer R

12 | Chloride (CT) pm 3750212, -13)
Turbidimetric method (Thermo spectronic,

13 | Sullate (50,7 pprtn | UV -visible Spectrophotometers, Helios
2499230 4581 1)

14 | TOC ppm | 1'OC analvzer
Turbidimetric method {Thermo spectronic,

15 | Nitrate (NOyT) ppm | UY-visible Spectrophotometers, Helios
0490230 45811}

16 | Bicarbonate ppm | Potential methods

3.3 Collection of Data on Agro-Waler Management Practices

Primary data on AWMPs were collected by semi-structured interviews with the
farmers of ihe sampled ghers (Photo 3.3). he interview was strucrured based on the
reeonnaissance survey findings in order to collect necessary agro-water management
input and production data. |he data were collected on cultivation pattern. cultivated
crops/fishes {rice. fish and shrimp}. cultivation pattern in the surrounding area. type of

cultivation on dvke. golda/bagda/fish production, type of cultivation in previous years



39

of 2008 and 2007, sources of water in wel and dry seasons, spplication of imigatien,
water exchange for shifting cultivation type in a year, fertilizer management, pesticide
managernent, ¢tc. The key informant interview was used to collect data from the

relevant persons of the Upaziln agriculture office and Upazila fisherics office,

Photo 3.3 Data Collection through Semi-Structured Interviews with the Farmers

3.4 Data Analysis

All information and dats gathered from the field were combined and summarnized in
wbular form and classified according 1o gher type armngement. The observations for
¢ach parameter were divided into pre-Boro scason and posi-Boro season of HY'V
Boro rice cultivation. The pre-Boro scason detn was collecied for the day hefore
fertilization during land preparation for Boro rice and the posi-Boro season dam for
the day afier HY'V Boro rice harvesting.

In the siudy, doin were analyzed using correlation analysis. ANOVA was done using
standard sintistical package 10 observe season’s variance of tail and water chemistry
betwren four types of farming in the study area. MSQ) and MWQI were calculated
using the concept of Ali (2006) to measure the seil and water quality degmdation tn
four types of farms. SPSS was used in the evnluntion of Lhe significant impact of
differem: management inputs of each farm type on nice production Multi-criteria
analysis {(MCA) was used o evalume best AWMPs wowarnds sustninability among
different agro-wnicr monngement practices.
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3.4.1 Caleulation of M5QI and MWL .
First, for cach farming t}'rpi {hc average value f:'ur each of [ourieen soil quality
parameters and sixteen water quality paramcters was computed for both the pre-Boro
season and pust-Boro season (12 plots). Sceond, perecntape change in average value
of each soil property and waler properly dunng pre- to post-Boro scason of HYV
Boro rice cullivation was computed; and percent change valucs of all fourcen soil
propertics were averaged o obtain the mean soil guality change indicator (MSQI),
and pereent change values of all sixteen water properties were averaged to obtain the
mcan water quality change indicator (MWQI) for each farming iype. A larger
negative valuc of MSQI or MWQI of a farm type would indicate the degradation in

soil or water quality due (o the particnlar agro-water management praclice (AWMP).

3.4.2 Multicriteria analysis

Irom an opcrational point of view, the major strength of mullicnteria analyss
(MCAY method is its ability  to resolve  questions characterized by vanous
conflicing  1ssues. thus allowing an intcgrated asscssment of the problem at
hand. All effects need noi be lranslated 1o a common unil of value or
significance with the process ol standardization. Evalualions of selected sirategies

were perforined in a following order.
Scoring —sStandardizations —»Weilghis

Afer scoring {perfonnance with respect to criteria) with real data, mapagement inpuls
data {gualilative and quaniitative} were slandardized with the ollowing equation (or

reducing scores Lo same Lype of umt:

Actual — Worst
Slandardizalion = ————— (3.1}
Best — Worst

where,
"0 for the worst score and ‘1" for the best score

All data in a standerdized form had been executed belore relative importance of
differcnt criteria were used to cvalvate best stratecgy. The Pearson’s corrclation

coefficient was used fo set relative importance of cach criteria. In order to cstablish a
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lincar relationship between two variables x{management input) and v (rice vield) the

Pearson’s corrclation cocfficient rwas used.
ras DRSS (3.2)
NS St

Where n was the nuimber of data points. The value of r must lie between +1 and -1:
the nearer it is to -1 or in the case of negative correlation to 1. then the greater the
prebability that a definite linear relationship exists between the variables x and ¥.
Values of r that tend towards zero indicate that x and ¥ arc not linearly related. The
degree of weight was given to the criferia following the order of significance level,
For a higher degree of significani comrelation, the given weight was high (weight = 6)
and lor a lower degree of significant correlation, the given weight was low (weighi

=1).



CHAFTER FOUR )
RESULTS AND DISCUSSIONS

4.1 Current Status of AWMPs in Domuoria Upazila

The study found four types of agro-weter monegerment practices (AWMPs) in
Dumuria Upazila (Figure 4.1). These types were mainly based on the dominant crops
and imrigalion water sources. Two types (Type-1 and Type-2} were found in Kharnis
Union and the other two (Type-3 and Type=4) in Sobhana Union,

| 3 e ] - >
mors (X SHEIF|S FIE| S E1R|E(EE
iName | Type o ahe Rabd | T ] '
!oof of CmpSI:.l!:;R.lbl Crop In the Kharif Sexson
Unin | AWMP |l ;
-— |
£ | ype | g Mixed goldn & white fish
= .
| g Type-2 | § Mixed godn, bagda & white fish T :
) | N
HYV Boro Rice = — -
- Tvoes3 Mixed bagda & |  Mixed Anan fite, :
L S5 4 white fish “begds & whité fish |
i f . oy
] d [ Mixed bagda, | Mixed Aman rice,
i ! Typed | golda fﬁh whitt | bagda, ;?_u.. & white

Figure 4.1 Land Use Paitern and DilTerent AWMPs in the Study Area

In Type-1 AWMP, BRRI Dhnn 28 and Hira rice were found to be cultivated in gher
R-2, R-3 and V-3 during the Rabi season {ffom leic December 10 mid April). Mixed
cultivation of golda & white fish were fourd in the {ollowing the Xharif season {mid
Mayv 10 early November). Irrigation water was used from shallow tube-wells (STWs)
and adjacent Shingerbrel canel. The dyke wvegetations in Type-1 AWMP were
composed of neem, banana, dateiree, brinjal, tumip and other vegetables (Photo 4.1).

In Type-2 AWMP, the same rice varieties were grown in the Rabi season, but in the
Kharif season mixed goldn, bagda and white fish were cultivated in ghers of V-1, V-
2 and R-1. In both seasons in Type-2 AWMP, the sources of trrigation water were
STWs and edjecent canal water. Due 1o being golda as a freshwaler and bagde as a
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snlime water shrimp, the water wans managed and controlied by both STWs and canal
water in ghers. In the monsoon scason (June to October), the Bhadrm River water
snlinity became low m a mnge which made bagds culture suilable without hampering
polda. Vegeuation on dykes was found 10 be less than that of Type-1 AWMP and
these were brinjal, cauliflower and red nenip (Annex-1).

Type-4
Photo 4.1 DHTerent Types of AWMPs in Kharnis and Sobhana Unlons

In Type-3 AWMP, BRR] Dhnn 28 and Haszan were found lo be cultivated in the
Rabi season. Mixed Aman rice, bagda and white fish were cultivated during mid
July to early Novemnber. Mixed bagda and white lish were cultivated during the
period (rom mid April to mid July (Figure 4.1). Boro rice cultivation was done using
the Bhadra River water during December to mid February followed by irrigation
with STW water. But in the Khorif season, the Bhadm River water was directly used
as irrigation in ghers. No vegetetion was found on gher dykes (Photo 4.1).

In Type-4 AWMP, salinity tolerant rice verieties BRRI Dhan 28 and BRRI Dhan 47
were cultivated in ghers of J-1, J-2 and J-3 with less dyke vegetation (banana,
kolnkashia) using STW water and Afuchikara canal water, Mixed bagdn, goida and
white {ish were cuhtiveied during the period from mid April to mid July (Figure 4.1).
in the Khorif season, only the water from Muchitata cenal was used for irrigation.
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A onc-month interval between aqua-product harvesting and IIYY Boro nece bed
preparation was maintained for drying of gher soil. T'he above cropping patters
were mainly governed by the seasonal salinily varation in the Bhadra River. In some
ol the past studies, only two types of AWMPs such as Type-1 and U'ype-3 were
studied in the Khulna region (Bramon, 2004: Ali, 2006). However, the current

research added two more new AWNPs such as Type-2 and Type-4 for investigation,

4.1.1 Rice cultivation

The irrigated HYV Boro rice cultivation has been found to be common in the study
area over the last three vears. In Khamita Umon, HYY Borm rice cultivation starled
ahout twelve years back. The reasons behind the stariing of HY'V Boro cultivation in
Sobhana union were ihe decrease of bagda and golda yield and price hike of nce in
local and global markets. During the rabi scason in all types of AWMPs, BRRI Dhan
28 or BRRI Dhan 47 were cultvaied. The farmers were used to cultivate traditional
rain-fed transplanted Aman paddy in the Kharif season and high vield salinity

tolerant rice varieties in the Boro season where soil salimily was a main constraint.

Table 4.1 HYY Boro Rice Yields in different AWMDPs during 2009/10

Types of AWNDI's
Type-1 Type-2 Type-3 Type-4
R2| R-3 | V-1 | V-2 |R-1| B-1 | B2 | B3| J-1 )21 )3
Ricc |6531| 5587 | 0296 | 6519 | NY | NY | NY | 778 [ 2473 [1992| 365
Note: NY=No vield

Yield
kg/ha

The average yields of HY'V rice in the study arca ranged from 778 kg/ha to 6331
kg/ha (Table 4.1). In Khamia union, the vield ranged from 6049 kg/ha to 6307 kg/ha
and from 778 ke'ha to 2473 ke/ha in Sobhana union {Table 4.13. It was found from
Table 4.1 that in Type-1 and Type-2 AWMPs. the yield of BRR Dhan 28 rice
varielies were high compared o BRRT (1999) where the required rice yield was
5000 kg /ha. The nghest rice yield (6407 kg/ha) was found in Tvpe-1 and the lowest
{778 kg/ha} in Type-3 AWMP. Thus brackish water sheimp cultivation might affect
the soil salinily which retarded the growth ol rice plants and resulted in lower yiclds

11 Subhsna union.
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4,1.2 Crop cultivation in the Kharif season

Two types of shrimps were cultivated in the study area in the Kharif scason (Photo
42). These were fresh water shrimp known os *golda’ {Macrobrackium rosenbergif)
arnd breckish water shrimp known ns *bagda’ (Penaeus monodon).
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Photo 4.2 Shrimp in Kharnia and Sobhana Unlons of Dumuria Upazils

In Type-2 and Type-4 AWMPs, golda was cultivated wath bagdna in a2 mixed water
condition (Photo 4.2). However, in Type-2 AWMP, golds vwns dominant, and in
Typc-4 AWMP, bagda was dominant in the Kharif season (mid-May to mid-
November). Improved extensive (Type-] and Type-2} amd extensive (Type-3 and
Type-4) gher systems were found in Kharnia and Seobhana unions, respectively
(Figure 4.1).Gher systems were defined by the gher sizex and the manngement
practices. Improved extensive gher size is smaller than extensive farming sysiems
(Phillips et al. 1993)

Surnveyed {orms were vared between 0,20 ha and 1.66 ha in size in the study arens
(Table 4.2). Golda farms were typically smaller than bagds farms (Table 4.2).
Average size of golda gher was 3.5 ha which varied from 0.20 ha to 0.49 ha in
Khamia union and the overage size of bagda forms was 0.85 ha which varied from
028 ha to 1.66 ha in Sobhana union. DOF (2002n) and Muir (2003a) wrre made o
similar comparison between golda and bagdo gher size, which was 0.28 ha and 4.0
ha in Khulna region. More than a decade ago Rutherford (1994) observed that 0.35
ha wns average golda gher size in Bagerha: district
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Table 4.2 Crop Yichl in Different AWMDPs in the Kharif Scason 2009

rﬁ;{::fl ;:'.g Type-1 lype-2 : Type-d Type-4
’;f:;' 0.48 | 036 | 041 | 027 | 041 | 020 | 147 | 070 | 052 | 028 | 1.66 | 0.51
{f;:ﬂ:} 408 | 559 | 370 | 704 | 370 [ 892 | — | — | | 72| 10 | 15
Bapda

— | - — | 370 | 198 | 446 | 543 | e50 | 195 | 182 | 65 | 9%
|_{kg'ha)
White
Fish | 327 | 27 | 204 | 296 | 257 | 371 | 407 | 448 | 389 | 436 | 251 | 277
{kg/ha)

However. Ahmed (2001} reported that the average golda farm size was 0.23 ha in the
Bagerhat area, with thousands of tiny farms and only a fow large units; the largest
farm sice was 1.01 ha and the smallest was 0.06 ha. So from the Tabled 2 il 1s clear
that the sisze of golda and bapda ghers were bigger in Dumuria Upazila of Khulna

district than other parts of the Khulna-Satkhirs-Bagerhat region.

Table 4.2 shows the vield of golda and bagda and white [sh n four Types of
AWMPs in the study area in the Kharl seasom (mid-May to mid-November). The
highest vield of golda was 892 ke/ha and the highest yicld of bapda was 650 kg/ha.
The production of golda was hipher in Type-2 than Type-1 AWMP. 1hus, the mixed
water {frecsh water + low saline water) could be ascribed as good for the high
production of golda rather than fresh waler in Kharnia union. But the high yield of
bagda (650 kp/ha) was influenced by mixed waler in Sobhana union, where the yield
in Type-3 AWMP was greater than that of 1ype-4 AWMP. The high yield ol white
fish (407 o 448 kg/ha) was also found along with the bagda cultivation in Type-3
AWMP, The individual and the group farmers preferred to produce shrimp {22% and
21% respectively) and finfish (32% and 30% respeclively) Lo increase tolal biomass

and to avert risk of diseases (Mohanthy. 1994} in this region.

Changing of water in ghers mainly depended upon the high and low tides
Occasionally, a pump was used for exchanging water during bagda cultivation in
cxtensive ghers of lvpe-3 and Type-4 AWMPs. After a three-month cultivation,
bagda was harvested in every gos {ebb fide and flood tide). whereas golda ook
almost one year {or cultivation {Figure 4.1} During golda cultivation, the ghers were

irrigated with the water from adjacent canal or STW to maintain available depib of
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water, In golda cuilivation water depih was higher in ghers than in bagda cultivation
ghers

In gher systems the peak season of golda harvesting was from November to January,
Farmers grade all head-on golda by size and weight and sold them to polda traders
({Photo 4.3). The size of golda smaller than grade 50 restocked rather than harvesied
in homestead pond when water was unavailable in gher-canals. During HYV Boro
cultivation the sufficient water were retained in gher-canals at the first quarier of
February. But from mid-February to mid-Aprl, water quality degraded much to
make fish cultivation hard in gher canals. It was found that at the post harvest {mid-
Apnly season, the water volume and quality in gher-canals became loo poor 1o
sustain any shrimp or fish or both.

Photo 4.3 Graded Golds after Harvesting in Kharnia and Sobhaoa Unions

A range of carp species were cultured with the golda and bagda which is locally
named mss white fish (Photo 4.4). Farmers were found 1o stock Bhetki {Lates
calearifer), Catla (Catla catfa), Magal (Cirrkinus cirrhosus), rohn (Labeo rohita),
Tilapia {Oreochromis mossambicus), Grass carp (Ctenopharyngodon idella), silver
carp {Hypophihalmichthys molitrix), Tengra (Ghptothorax cavia), Koi (4nabas
testudinews), Parshe (Liza parsia}, etc. (Pholo 4.4). The white fish vield ranged from
237 to 493 kg/ha in the shrimp culture season of 2009, which added extra financial
aid and support nutrient supply to farmers’ family in Khamia and Sobhana unions
{Table 4.2). Also the yield of white fish was found to be the highest {407 to 448
ke/ha) in Type-3 AWMP, and yields in different AWMPs in the study area was of
the following orders: in Type-3 (en average 415 kg/ha) > Type-4 (an average 321
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kg/ha) > Type-2 {an average 308 kg/ha) > Type-l {an average 300 kg/a) (Table
4,2). Thus, to some extent, yields of white fishes were related (o salinity of water in
different AWMPs in south-wesiemn coastal region of Bangladesh,

Photo 4.4 Harvested White Fish in Different AWMPs

Fish larva in improved extensive system (Type-1 and Type-2 AWMPs) was sourced
from the natural habitat with an addition of 5-10 larvae/m’ from a hatchery (NACA
1994). In Type-1 and Type-2 AWMPs, feeding was supplemented occasionally in
ghers. The supplemented fish feed conlained chila gur of 5 kg, salt of 1 kg, pulse of
15 kg, mustard cake of 20 kg, rice polish of 20 kg, flour of 20 kg, wheat polish of 10
kg, pila globosa of 8-10 kg and provita of 20 kg per ha. 50 kg lime with 100 gm
formalin was sprayed in golda dominated gher in Kharnia union. Exiensive system
of shrimp cultivation in Type-3 end Type-4 AWMPs took 3-4 months with
occasionzl feeding. Feeding mostly depended upon natural food, such as residue of
Aman rice plants and planktons in Type-3 and Type-4 AWMPs in Sobhana union.
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4.1.3 Management inputs in different AWMFPs

4.1.3.1 Managemeni siajus

Two Types of woter souree mansgemnent exisied in Khamia and Sobhana unions
within different AWMPs; onc wus community managerrent approach {(Photo 4.5)
and the other was individual managervent approach (Photo 4.6). In Type-1 AWMP
witer was used from STW and in Type-2 AWMP water was used from the canal
connected 1o the Bhadm River and STW in the dry senson. Retained water in
Singerbee! conal was stored during the miny season. Saline water intrusion into
Singeerbee! canal and Bhedradia canal were prevenied during winter season by

controlling sluice gote at Lhe river-cunal inwerfoce. Community menagement
approach influenced the operation of the sluice gate (Photo 4.5). The opening and
cloxing of sluice gote was donc by consensus decisions of the people in Ranoi and
Bhadmdia villages at Khamia union. Here, uniform AWMPs were found for rice-
polda, bagda & white fish cultivation around R-2, R-3, V-3, V.|, V-2 and R-| ghers

due to community menagement of water soutces.

Polder Mo.25 slong the Bhadra
River in Khernia Union

Cormemmity Mynaped Shice (e
Dperebon (chosed) iz te End of

November 2008

Water oetatred In Singeer Jer!
Caal for HY'Y Roro Rlce
Cohivetion dring Fadd Scicson

Retnined water of the Afuchikaia canal and STW water were used for HYV Boro rice
cultivation in Type-4 AWMP from January to mid-April in Jlialioli village of
Sobhana Uinion, Community management approach was esublished for sluice gate
operation o1 the inlereonnection of river and canal and had been practicing for e
[as1 three years like Khamia Union (Photo 4.5). So uniform agro-water management
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practice such as rice-mixed bagda, polda & while fish cultivation was found zround
J-1, §-2, I-3 ghers of Type-<d AWMP in Sobhana Union.

Polder No.26

Photo 4.6 Individual Management of Water Source in Type-3 AWMP

In Type-3 AWMP, water was used from STW in the Rabi season, but in earlier
Kharif season, the Bhadra River water was used directly through individual
management approach in Sobhana umion (Photo 4.6). There were pocket gates in
each gher connected to the Bhadra River, to draw water by gravitational force (Photo
4.6}. There was no unified decision or choice to operate sluice gate or conrol of
pocket gates operation Lo prevent saline water inlrusion inlo ghers. The choice of
crop cultivation in Eabi season fully depended on farmer’s individual crop selection
as whether it could be bapda or HYY Bore rice. Thus there was no uniform
cultivation practice around Type-3 AWMP. So the individual management of water
sources such as niver waler or STW depending on crop selection was created adverse
impact on HYV Boro rice cultivation. Ghers of B-1, B-2 and B-3 were surrounded
by bagda cultivation and the saline water was used in surrounded gher fromn the
Bhadra River, which affected B-1 and B-2 ghers fully and B-3 gher padially by
increasing salinity in soil and waler through leaching.
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4.1.3.2 Water management in different AWMPs

4.1.3.2.1 Water exchange

For gher preparation, dewalering for sun drying of soil and subsequent watering in
ghers were done at the starting of shrimp cultivation in difTerent Types of AWMPs
in Khamia and Sobhana unions. Generally, the water of the old shrimp pond was
drained out by the end of November and tefl for sun drying [ur a month (Alam and
Philips, 20043, But the gher was fully dewatered at the first quarter ol Deccmber
except the gher canal in the sudy area. The frequency of water exchange differed in
each AWMP based on golda or bagda cultivation in the shrimp cultivation season, In
Type-1 and Type-2 AWMPs, the water was exchanged once in a year. In Type-3 and
Tvpe-4 AWMPs, the frequency of water exchange was related to the number of low
tides and flood tides ol the Bhadra River. Because of bagda cullivation the water
exchange rate was high in Type-3 and Type-4 AWMPs, and because of golda
cultivation it was low in Type-l and Type-2 AWMDPs, The wooden pocket gate in
wiler exchange system was used {or drainage and flushing purposes. Duc to being
elevated than the source of water, most of the farms of Type-1. Type-2 and Type-4
AWMPs were [ound to have water pumping facilities which were similar to the

findings of Alam and Philips (2004},

4,1.3.2.2 Frigation

In different AWMPs, sources of irrigation water and frequency of irigation acted as
a faclar tor the changing cropping patlemn in the study area. ln Type-1 AWMPD. only
shallow tube-well (STW) water and ran water were used for shrimp and nce
cultivation. In Type-2, during the Rabi scason § 1 W and Singeirbee! canal waler, and
during shrimp cullure season only the water of the canal connected 1o the Bhadra
River were used. The frequency of irrigation in Type-1 AWMP was estimated to be
an average ol 10 times, whereas that in Type-2 AWMP of 17 tines for HYV Boro
rice cultivalion per scason. In Uype-3, during the Kharif season, waler (or imgation
was sourced from the river only, whercas during the Rabi season, that was sourced
frem the river i1l mid-February followed by STW water in the lader parl. In B-1 and
B-2 ghers, irrigation was provided & tunes, whereas in B-3 gher it was 14 times per
season. In Type-4 AWMP, the paddy fields were ymigated by the water from nearby

Muchikaia canal and STW waters with an average of 12 times in J-1 and J-2 ghers,
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and 10 times in J-3 ghers per scason. During the Kharil season in T'vpe-4. irrigation

water was used only [rom Muchikata canal,

4.1.3.3 Fertilizer management

'he rale of fertilizer used was (ound 10 be hiph in improved extensive ghers of Type-
1 and Type-2 AWMPs in Khamia union than in extensive ghers ol Type-3 and Type-
4 AWMPs in Sobhna Union. Urea, TSP, MP, mixed N-P-K, Zink. Gypsum. ete.
wore used as inoreanic fertilizers. and cow dung and mastered oil cake as organic
lentilizer (Annex-1}. But generally golda farmers used mainly cow dung, urca and
TSP (Ahmed 2008). The practices of organic fermilizer were found to be infrequent in
all types of AWMPs, Among 12 ghers of the study, organic femilizers were used
only in 5 phers; most of the faon’s production depended on nanwal feed {Annex-I).
The rate of organic fertilizer were 380 kg/ha in Type-1, 340 kp/ha in Type-2, 123
ke'ha in Type-3, and 55 kgha in Type-4. According to Ahmed (2001), the general
rate of fertilization for cow dung is 1467 kiha, lor urea 1¢ 403 kg/ha and for T5P is
217 kg'ha, and compared with these rates, the annual fertilization rate found in the
study area was lower (Annex-I} al varying frequency. Farmers were also found to
use lime in golda ghers (Annex-I). Varying rales of applcation of fertilizer,

according to the farmers. were also due to their differential {inancial condihions.

4.1.3.4 Pesticide management

Pesticides with lower rates of application and lower toxicity were used in the ghers
under the study (Annex-3) and the use of I’PM ilechnmigues was rarely found in
different types of AWPMs. Some of those pesticides were Bell, Josh, Allalap,
Karap-30sp, Lancer-Acephel-75sp, Sunfuran-Carbofuran and Furadan, There was a
tendency among the individual and group farmers 1o spray thiodan (endosulfan 35%
and emulsihers 65%) at the il intake of water to kill unwanted orpanisms at 70-
100 pm per ha mte. Lhere were five types of 1PM techniques used in Kharnia union
(Annex-3). Spraving water with crushed tobacco leaf (300 om/10 L) in the soil and
plantation of Neem an gher dike was found at I1-2 pher, and only the later technigue
{ Meem trce plantation) at R-3 gher. A very local IPM technique was found to be
nsed in V-1 gher where a struchure was made over and across the paddy field to
allow birds to land on and to grab insects. In V-2 farm, hand netting and ash

spraying were used. Most of the ftarmers in the study area reporied of heing
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interested on IPM which failed at the cxecution level due to lack of training,

financial facilities and institutional help.

4.2 Environmental Parametcrs

There were two environmental quality parameters of ghers such as w01l quality and
sher canal water quality which control the productivity of IIYY Boro vice cultivation
in different AWMPs. Also the degradation of soil quality and water quality during
HYV Boro rice cultivation could be used as parameters for sustainability indicaior

for an AWNMP in the study area.

4.2.1 Soil guality

The study involved examining the impacts of HYV Doro rice cultivalion on sialeen
soil propertics, and comparing of those parameters berween the different types of
AWMPs, Mean soil guality change indicator (MSQD), which has been calculated
from the laboratory data, was used for the assessment of soil quality degradation in
different AWMPs. The term ‘soil degradation’ refers io temporal changes in a group
of seil properties as they deteriorate the soil capabilily 1o sustain higher viclds
{Dumanski and Pieri, 1997). Soil depradation is generally measured by comparing
variations in cerlain physical, chemical, and biological properties under dilferent
land uses / land covers at a single point in time (Adejuwon and Ekande, 1988; Islam
and Weil, 2000%. In the study soil guality depradation was measured by comparing
with the eritical limit and nutrient availability of loamy to clay wetland soil

recommended in BARC (2003) for rice.

4.2.1.1 Soif physical properties

Temperature, pH, EC and salimty were taken as the physical parameters of soil in
the study, Soil temperature was (ound increased from pre-Boro scason (17- 22 "Ch 1o
post season (30-33 °C) in different rypes of AWMPs of HYV Boro rice cultivation
because of seasonal change. Lhe increase in temperature and consequeni microbhial
decomposition might cause high orgamic acidity in sol of the ghers. Different
physical parameters of the soll of the {farms dunng pre- and post-Boro season under

the study were analyzed and the results are summarized in Table 4.3, So1] pH 1s the

most imporant factor for nutrient availability in seil for fice,



Table 4.4 Pre¢- and Post-Boro Season Soil Quality in Different AWMPs

Soil Qualit Types OFf AWMPs (BARC, 20035)
&oil Oroality ] - ‘o
- 2 Type-3 :
Parameter Type-l Type- | ype- Lype-4 Critical | o+ ilability | Remarks
Pre Post Pre | Post Pre Pust Pre | Post limit
pH 726 | 643 | 131l 641 | 741 | s 66 | 564 | < | ser06s | Stiehtly
acidic
g Non saling
EC = 0.91 1.93 221 2.74 1.43 7.66 1.3 4.6 <).2 <2t02-4 | to Slightly
= saline
oM | 2 786 1.86 2,18 2.15 2.59 1,99 2.3 1.96 2 1.8-3.4 Medium
Ca™ = 10.26 9.6 9.2 i2.4 15,47 1026 7.46 14.66 2 =7.5 Very High
=
Mp™ £ 16.53 13.22 11.5 11.63 886 7.54 .99 6.61 0.5 >1.875 Very High
[=14]

Na’ = 2.33 2.85 2.73 3.03 1.66 1.22 3.11 3.03 ]

K % 0.072 0071 | 0.107 | 0105 (097 0.155 09 | 0.095 0.12 | 0076015 Low
CEC a 29.19 2575 | 2355 | 27.17 26.48 19.18 1966 | 24.40 16-30 High
LS N 797 107 | 116l | 11.14 6.26 6.36 15.84 | 12.40 <5 6-15 High

N ’ 00307 | 01302 | 01423 | 01265 | 01297 | 01265 | 0.1227 | 01279 | 012 | 0.091-0.18 Low

p - b 26 0.87 0.94 1.3 0.8 0.73 0.82 0.74 8 < Low
5 & 1143 3271 | 4485 | 87.032 | 13.82 65.75 | 30,14 | 66.28 10 =30 Very High
Fe = 23,73 10.07 | 29.65 | 22.84 14.03 2428 | 3746 | 1432 4 >15 Very High
Cl | mykg | 798.75 2958 | 2367 | 3313 1479 5147 1331 | 7100
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In most canses, the pll of 6-7 is optimum for adequate availability of nutricnts in svil
for plant. From pre-Bero to post-Boro season, pH rnged from 7.26 (o 6.43 in Type-1,
from 7.31 1o 6,41 in Type-2, from 7.41 lo 6.66 in Type-3 and from 6.6 to 5.64 in
Type-4 AWMPSs. During HYV Boro rice cullivation soil pH value was decreased in
ghers which indicates slightly acidic soil according 1o soil classification BARC
(2005). Datta and Sanmamat (2000} reported that the pH value of the extensive ghers
(Type-3 AWMD) was higher than the improved exiensive ghers (Type-1, Type-2) at

pre-Bara season which coincide with the current findings.

Electrical conductivity {EC) values represent the status of orpanic loading and
metabolic waste gencration in an AWMP, In comparison with BARC (2005) it was
found itom Table 4.3 that a slight increment in soil EC values were indicated non-
saline soil in Type-1 AWMP and slightly saline soil in Tyvpe-2, Type-3 and Type-4
AWMPs. These might be, according to Data and Sannamat (2000), due to the
additicn of My and K-rich feetilizers. In Type-3 and Type-4 AWMPs. soil EC
increased from 1.43 to 2.66 dS/m and 1.3 to 4.6 dS/m respectively. The higher
increments of BC were found in Type-4 AWMP. which were directly served by
Muchikate canal water in the Khanl season. The shrimp producers of Jalloli village
were found to keep on adding extra salt into” the water to cnsure required salimily
level, This extra salt accumulated and contnbuled in eventnal increase of soil salinily.
The higher increase of EC (> 4 d8/m) might creale stress to rice plant growth and

influence low yield in Type-4 AWMP compared to other AWMDPs.

4.2, 1.2 Soil nutrients

Soil nuirient status is mainly poverned by OM, N, P and K in a ¢crop field. Organic
matter {OM) was found medium high in gher soil at pre-Boro season in four types of
AWMPs, but most of the CM content in smi might be immature (pamial
decomposition) {Table 4.3). Dunng the Khanf scason, uncensumed fish feed, shrimp
metaboliles, aguatic weed, fish excreta. cte. contributed significantly to the organic
matter of the soil during December 2009, From the Table 4.3, i comparison with
BARC (2005) the soil OM content ol {our lypes of AWMPs were profiled as
moderate as it were found to be less than 5% and ranged between 1.8 10 3.4 % . The
less variation in soil OM content {2.18%-2.15 %) was observed in Type-2 AWMP
duc to the supply of cow dung during rice cultivation {Table 4.3}, The higher soil OM
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conlent o) Type-2 AWMP could be related with the higher yield of rice (6405 ky/ha)
than others {Table 4.1).

lrom the Table 4.3, it is scen that available mitrogen (N) content in {our types of
AWMPs, soil ranged trom 0.12 10 .14 % which was shown the low content of N
during 2009-10 Bero rice season. But available N content in gher soils of AWMP's did
not vary much from the pre- to post-Boro scason of ITYV Boro rice cultivation (Table
4.3}, Nitropen femilizer application such as urea in rve fields influcnced the low
differcnces of nitrogen content in soil between pre-Doro season and post-Boro season.
But this low content of N {0.12%) was found almost equal with the critical limit of N
content lor rice plant growth., So use of N ferrilizer should be increased to attain
higher rice production. 1 his result does maich with Datta and Sannamat (2000}, wherc
the authers reporled that the traditional ghers relatively contained low N. From the
Table 4.3 it is also lound that available N content 1s more in Type-1 and Type-2 than
in Type-3 and Type-4 AWMPs, and it can be related to cropping patterns of these
AWMPs. Aman rice was cultivated during mid July to mid November before HY'V
Boro rice farming (Jannary to mid April} which could affeet the available N of the
soil in Type-3 and T'vpe-4 AWMPs.

In comparison with BARC (2005) the available phosphorus (P} in ghers soil ranged
from 0.73 to 1.3 {ug/e) in four types of AWMPs which could be classilied as very
low P content soil in Tables 4.3, The available phosphorus content in soil at pre and
post-Bore season in four types of AWMPs were found 10 be low. NACA (1994)
lound high available P in pre-Boro season because of shimp cultivation in carlier
seasom, bul the available phosphorus content in gher soil was found very low in SRDI
(2003} observation. Table 4.3 shows that the available P contenl ol sofl in [our
AWNIDPs are 30 poor to mect the critical limit (8 pgfg) for rice plant growth. &o
increase of organic fertlizer’ TST wse would be benclicial for the rice growth during

Borg sesison.

Polagsium (K) content in soil was found o be low ranging from 0.076 to 1.3
meg/100gm soil in three types of AWMPs {Type-2, Type-3 and Type-4) comparcd to
DARC (2005), excepl Type-1 AWMP where the K content found very low {Table
4.3). In Type-2, Type-3. Type-4 ghers, high potlassium content was found compared
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to Type-1 and this might be related Lo slightly saline soil (Table 4.3). Bandyopadhya
el al. {1990} rcported that the coastal saline soil had high potassium-supplying
capacily. But K content of different AWMPs, s01l found below ranged of the eritical
limil for rice plant growth. The reason might be supply of frequent irrigation 1n these

chers.

4.2.1.3 Major cations

Ca™*, Mgzb. Na¥ und Fe’* were found as the major cations of the soil in the study arca.
Tables 4.3 shows that [rom pre-Boro scason to post-Doro season the caleium (Ca®™
content of Type-1 and Type-3 AWMPs soil were decreased where the sodium (Na')
content were increased. Which is represented the phenomena where Na' replaced
Ca®™ from the soil, and made the soil structure potential te dispersion. High
concentrations of sodivm in a soil create a state of easy dispersion, leading to poor
soil physical conditions (Rengasamy and Olsson 1993} such as: low hydraulic
conductivily, conceivably duc to blockage of pores by dispersed collmd., the
downward movement of dispersed material, leading to the formation of a clay pan,
which can limit root developmeni and drainage, unfavorable soil consistency: hard
when dry and plastic-sticky when moist; such soils are difficult to work, a low
resigtance to slaking, casily leading to the formation of surlace erusis, which hamper
water infiltration and plant emerpence, and water logging resulting (rom the general
deterioration of soil drainage associated with the above ellects. From Table 4.3 it is
also lound that four types of different AWMPs. soils contain very high Ca®', Mg®"
and Na* which lead to Very high CEC of the soil compared with BARC (2005).
Magnesium content (from 11.5 to 16,33 meq /100 gm soil) was found in ‘| ype-1 and
Type-2 where is Mg® in soil with the pattern Ca < Mg, This patlern shows the
increment of salinity during ITYY Doro season cultivation. However, Ca > Mg trend
was found in in Type-3 and Type-4 AWMP. Increase of calcium content in the soil of
the shers, other than Type-1 and Type-2, would be related to hming during land
drying and fertilization by gypsum. In some similar sludics in Khulna, Datta (2000),
Hague {1995) and Al (2006) found Ca and Mg rich seil in rice-shrimp ghers which

wag, according to them, an effcet of liming,

Table 4.3 show that sodium conient in soil in lype-1, Lype-2 and Type-3 AWMPs
ranging {rom 2.33 1o 2.85, 2.73 to 3.03 and 3.11 t03.03 meqg/100mn s0il respectively
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were higher than that in [ypc-3 mnging from 1.66 (o 1.22 meq/100 gm soil. This
variaion might take place by regular tidal waler exchange in Type-3 at pre-Boro
season. and water logged condition in Type-1, Type-2 and Type-4 AWMPs during
Kharif season. At post-Boro scason, the same trend of pre-Boro season was observed,
but sodium content became higher ranging from in Type-1. Type-2 and Type-3
AWMPs (Table 4.3). Also the high sodium content was contribuled o higher the
exchangeable sodium percentage (ESP) (ranged from 6 to 11%), which is categorized
as sodic soil to highly sodic soil in comparison with DARC (2005). High ESP
lrequently causes poor drainage in soil, inherent poor drainage characteristics of the
soil may also lead to high soil salinity and high ESP values (Rengasamy and Olsson
1993). Effects of high soil sodicity on plants growth can also materialise in the form
of toxicily or a nufritional imbalance. The effects of specific solutes, or their

proportions, especially chloride, sodium and Boron. can reduce plant growth.

Trom Tables 4.3 it is found that the iron (L'c™) content was found 1o be very high(=15
ug/e) in four types of AWMPs. From pre- to post-Boro season, the jrom content
became very high due to the exposure of so1l in the arr. Also the tidal effect increased

the iron content in soils under different AWMDs in the study area.

4.2.1.4 Major anions

During HYV Bore nice cultivation. an inerease in major anions such as chloride {CI7)
and sulfur (SO4°-8) contents in soil were found very high in the sudy area (Tables
4.3). Tn comparison with BARC(2003} it was found that high salinity in the soil of
different AWMPs was reflected from the very high chloride (=700 to <7500 me'kg)
and sulfur (>30 pg/e) contents of the gher soil(Table 4.3). The research findings
found a wend of Cl = Na type in scil at post-Boro season in foar types of AWMPs,
which caused chlofde ion toxicity in the paddy field and hampered the yvield.
Generally, the accumulation of cxcessive Cl reduces the stomatal conductance and
inhibits photosynthetic mechanism (Kurban ef ¢f., 1999). If the chloride concentraiion
in the leaves exceeds the tolerance of the crop, injury symptoms such as marginal leaf
burn and intervenial chlorosis develop (Ayers and Westcot, 1994). Lhe farmers of the
Typc-3 and Type-4 informed that marginal leal bum of rice plant at 45-35 DAT.

which might be due to the excessive accumulation of Clion.



Table 4.4 Onc-way ANOVA of Soil Quality Parameters between Different Types of AWMPs

Farming Types : Dependent Vannables
pH | Ca | Mg | Na | Cl | N | K | )
{I) Type | (I} Type Mean Difterence (1-J)
Tl 12 D20 -560 152 -4{. 18 -355.00 -116.66 | -13.37 -54.32%
T3 17 -133. H88 375.01* -2189.17 9.333 -32.80 | -33.04%%F
T4 0.79%+% | _1013*% 800 -40.18 -4141.67% | 79333 045 | 3357
T2 Tl -0.02 560 -162 4{.18 335.00 116.667 13.537 5432
T3 -0.19% 427 426 415.19+* -1834.17 126.000 1 -19.43 21.28
T4 0.77 -453 a8 0.0 SA7B6.66% | 196.000 | 3.92 20.74
T3 11 0.17 133 -GR8 -375.01% 218917 -9.333 3280 33.04%%*
T2 0.19% -427 -496 -415.15* 1834.17 -126.00 1945 -21.28
T4 0.O7#4E | REOH*E 112 -415.19% | -1932.50 | 70.000 | 23.35% -(1.54
T4 Tl () FOF**E 1013 -800 40.1R 4141 .67 -79.333 945 J3.57%nE
T2 -0.77 453 -608 0.00 3786.67FF | -190.00 | -3.92 -20.745
3 -0.97F*E | BROFF -112 7 415.193* 195250 | -70.000 7 -23.35* (.54

Note: * The mean difterence is significant at the .05 level; **the mean difierence is significant at the (.10 level;
**47 he mean difference 15 significant at the 0,15 level.

£




60

4.2. 1.5 Comparison of Soil Chemistry of Different AWMPy
Statistical analysis of post scason soil parameters among AWMPs of Type-1, Type-2,
Type-3 and ‘| ype-4 are shown in Table 4.4, Onc-way ANOVA was done where soil pll,

Na, CI'. Ca*" Mg™", available N, K* and S content varied among the existing AWMPs.

During post season of HY'V Boro rice cultivation, sulfur content of soil was significantly
{p < 0,15} higher in lype-3 and Type-2 than in Typc-1 AWMPs. This higher sulfur
content in soil indicated the brackish water in Type-3 and mixed water in Type-2
AWMPs influenced soil by the previous Kharif scason. But sodivm was significantly { p
< 0.05) higher in 1T'ype-1 than that of Type-3. This was duc to llic long term water logging
in gher and the absence ol soil flushing which created high sodium deposition in Type-1
farm. The similar scenario for sodium content in soil was found in Type-2 and Type-3
farming. Though the influcnce of brackish water could be high on sodium content in
Type-3, but regular soil (ushing by flood tide and ebb tide diminished ihat influence

leading to the lower fevel of sodium in soil.

The pH, calcium, chloride and sulfur content in Type-1 farm were significantly higher
than those in Type-4 AWMP. [l was found that the number of years of Boro cullivation
(3 years in Type-4 and 12 years in Type-1) and flushing ol soit during the Kharif scason
in Type-4 could have an effect on lower content of calcium, chloride and sullur than in

Type-1 gher soil.

The soil of bagda dominated salinity rich Type-4 AWMP had sigmilicantly (P < (L15)
high chloride content and the soil of Type-3 AWMP contained significantly (P < 0.15)
hich pH, calcium. sodium, potassium and bicarbonate, which indicated a regular tidal

lushing in Type-3 and more use of fedilizer, liming and [ish feed in Type-4 (Table-4.4).

4.2.1.6 Mean Soil Quafity Change Indicator
Mean soil quality change indicator (MSQT) or each type of AWMP in the Dumuria
Upazila was calculated and is shown in Table 4.5, Table 4.5 shows that the average

percentage change in soil quality paramcters was ihe highest (MSQ1 = -452.26) in the
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Type-4 and the lowest in Type-2 (MSQI = -133.4) AWMP. During the HYV Boro rice
cultivation (late December to mid April), nutrients uptake by rice plants, fertilizer and
pesticide application in soil, and trrigation changed the soil quality in the study area.
These (indings could be simply defined by the impact of golda and bagda cultivation in
the previous Khatif scason and management impact on soil during Y'Y Boro rice
season. The higher the MSQI was the higher the soil degradation occurred and it
lollowed the ranking of Type-3 > Type-4 = Type-1 > "l ype-2 (Table 4.5).

Table 4.5 MSQI of different AWMPDPs in Kharnia and Sebhana Unions

. ) Changcs in Parameter (%) of DilTerent AWMPs
Soil Quality Parameters ; "
Type-1 Type-2 [ype-3 Type4
rH -11.43 -12.22 -1{.88 -t4.6
| EC 1118 2398 -87.56 -253.55
Ca 6.43 34783 3535 96,515
My 20024 -1.13 14.9 26474
MNa -22 -11 205 2.57
K -1.39 -1.87 59.79 5556
N 217 1.5 714 -12
P -31 .21 255 -4.76
8 -186.2 -04.05 -375.8 -119.9
Fe 57.504 22968 -73.06 61773
oM 53.76 1.395 -23.17 17.35
MEQT -224.107 -133.4 -452.26 -392.24
4.2.2 Watcer quality

Different water quality parameters of gher canal waler were analyzed and the results are
summarized in Table 4.6 for the pre-Boro season and the posi-Boro season. These water,
were retained for the shrimp and white fish rearing, and were not used tor irrigalion
purpose. Though the water had no direct effect on rice yield or soil, but the changes of
water quality mizght have effect on soil quality change. A distinct environment was found
for rice cultivation which was surrounded by water in different AWMDPs, Alsa the quality
of post-Boro scason water is a great concern because it discharges as eflluent nlo

surmounding water bodics such as canal or river, which lead to an ecological degradation,



Table 4.6 Pre- and Post-Boro Season Gher Canal Water Quality of Dilferent AWMPs
Physico- Chemiczl Parameter of Gher Cansl Water

I{E;:: femp' [ | EC_|Selimity [Tne | DO [TOC] Caze [ Mg+ [ ke [ Mae | "[_ € [Rox
c | °F dS/m | ppt em | ppm [Ppm | ppm | ppm | ppm [ ppm ppm | ppm

Pre-Typel | 2197 | 766 | 338 | 325 | 8573 | 49 | 39 | 88172 | 7373 | 20.1 | 63102 | 51.1 | 1119.63 | 833
Por-Typel | 341 | 749 | 5.2 s | 1388 | 4 | 819|203 ] 1993 | £.19 | 6552 | 11693 | 1107.81 | 84l
PreType-2 22 | 7278 | 829 | 7 | 6817 | 45 | 85 | 15898 ] 1708 | 28.1 | 12059 | 136.85 | 2652.84 | 9.38

Post Type-1 K| 1 137 s G948 | 413 | 159 | 17902 | 2431 | 596 | 6HIS | 15787 34K | 126
Pre- Type-d 22T | 149 4.67 5117 118 585 | 393 | 19237 | 2098 | 300 | 35849 | 1015 | F119%4 | 138
Post-Type-3 3193 | 748 | 2171 5.7 11.% 5.28 11 ] M4.67 | 6214 | 147 | 65632 | 276.66 | 933517 | 7.3]
Pre-Type-d4 2383 | 19 343 1.5 9.51 19T | 656 | 15497 | TE97 | 182 | s8X22 | 1138 | 649917 | 149
Post-Type-d4 36 | 745 19.73 10.7 1.5 37 P08 | 30026 ] 3889 | RS | M1 | 19746 ) &TI5S | 133

FAONColda) | 28037 | 788" Tt [0 |37 48 5T |T |TIsTT | T<so0 |T10°
 NACA* 2834 | 7-A% 108-20 <40 4 7.03 120 al 1200 [ <300
Banghade=sh® sA44 | ris ] »$ 1000 13 600

Note: 'Temperature; * Trenspareney; ? FAQ weter qunlity srandard for golds sdopted from Detta end Sennamac 2000); *NACA (1994); Trrigation water quality standand for
Dangladesh adopted from BA DC (2007)

62
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4.2.2.1 Plysico-Chemical Paranieters of Gher Canal Water

Temporature ranged between 20.9 and 25 "C in the pre-Boro season in dilferent types
of AWMPs (lablc 4.6). The lowest to highesi values of temperature followed the
paltern of Type-1 < Type-2 < Type-3 < Type-4. TL would be due to the shallower
water depths in the bagda ghers. In the post-Boro season, typical lemperature ranged
between 33 and 34 °C at Khamnia union and 29.9 and 32.8 °C at Sobhapa union which
was within the Standard of FAO, NACA and irmrigation water quality Standard of
Dangladesh (Table 4.6).

It is scen from the Tahle 4.6 that the pH value of water changed from average 7.06 lo
7.49 to be less alkaline in Type-1 duing Boro mice cultivation. High fluctuation ef
elecirical conductivity (EC) was found in Type-3 AWMP {from 4.67 to 27.71 d5/m),
in Type-3 AWMP (from 3.48 to 19.78d58/m). Whereas in Type-1 AWMP (from 3.38
to 5.12 dS/m) and in Type-2 (from $.29 to 13.71 d8/m) EC value changes shghily but
they eross the standard limit during HY'Y Boro rice cultivation (Table 4.6). Ali (2006)
reported a relationship among high temperature. low volume of water and leaching ef
base minerals from frequently irrigated soil. This was ascobed in the present study to
cause high concentration of anions and calions in the gher canal water at the post-
Boro scason. The above relationship could influence the high alkalinity in water of all
wpes of AWMPs. In comparison with FAO sfandard for golda cultivation and
Bangladesh Irrigation waler quality standard, the pH value were ranged within this
standard but FC value were over ranged and not suitable for shrimp cultivation or
irrigation {Table 4.6).0n an average, salinity was found to be higher in the pre-Boro
scazon (3,25 to 7 oppt) (Table 4.7). The lesser increase of salinity in gher canals of
Tyvpe-1 and Type-2 than Twype-3 and Type-4 were more evident al the posi-Bore
season. because the irrigation water from STWs was used in Type-1 and Type-2 areas

rather than Singerbeef canal and Bhadradia canal (Table 4.6).

DO level was found in a range of 4.9 to 4 ppm at Lype-1, 4.5 t0 4,13 ppm at Type-2.
5.85t0 5.88 ppm at lype-3 and 3.97 1o 3.7 ppm in Type-4 during the pre-Bora season
lo posi-Boro season {lable 4.6). In Type-3 at the post-Boro season. DO was ranged
from 5.85 10 5.88 ppm which was slightly high in the study area and within the
standard himit of Ab] ({ablc 4.6). Watcr which is containing DO level ol Jess than 4

ppm is considered fatal for shrimp culture or less than 3.8 causes stress to shrimp and
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fish (NACA, 1994). The oplimum Jevel of transparency is 30-40 ¢m. but in most of
the ghers transparency level was observed in the range of 6.5 w0 13 cm at pre-Boro
season and 11 to 17 cm at post-Boro season which were below ihe standard value of
FAQ and NACA (Table 4.6). igher phytoplankton density during pre-Borm season
and higher TDS (1480-15600 ppm) concentration during post-Doro season might be
the reasons for low secei digk readings as reported in Dalta and Sannamat (2000),
Considering transparency of these walers, the gher canal waters were nol suitable for

shrimp/figh rearing.

The Total Organic Carbon {TOC) ohserved (from 3.9 to 6.57 ppmy) in di(Terent ghers
in pre-Boro scason was positively correlated with TDS and OM concentration. TOC
content in lour types of AWMPs at post-Boro season ranged to be high (3,95 t0 13.84
ppim) and observed average concentrations of TOC among lour types of farming were
I'ype-d > Type-2 > Type-3 > Type-1 (lable 4.6). High organic loads would have
increased the exygen demand in water bodies and it would have eventually reduced
the dissolved oxymen levels. Finally, this would have increased the anaerobic

condition inducing the ccological stress 1o the organisms (Scnarath, 1998).

Caleium jon {Ca®") and magnesium ion (Mg®'} conceniration represents the total
hardness of the gher canal water in four types of AWMPs. Calcium ion concentration
wan preater ihan the magnesium ion in pre-Boro season and viee-versa in post-Boro
scason in different types of AWMPs (Tables 4.6). These observations were jushlied
by Hounslow (19935} that the incrcase in salinity might cause a change which would
be unsatisfactory for any type of aquatic life sustenance in gher canal at post-Boro
season. Thus all the canal waters were not within the FAQ and NACA standard of

Caleium ion {Ca®™) and magnesium fon (Mg®") (or shrimp growth (Table 4.6).

Sodium ion concentration at pre-Bore season was higher than the chloride ion and
vice-versa at post-Boro season in all types of ghers {(lables 4.6). Sedium ion
concentration ranged between 6310.2 to 6552 ppin. 12052 to 6943 ppm., 858.49 to
6563.2 ppm and 682.2 to 3431 ppm in Type-1. Type-2, Type-3, and Type-4 ghers
respectively during HYV Boro rice cultivation {Table 4.6). Also in Table 4.6 it was
found that sodium ion and chloride ion concentration were lound 1o be higher than the

FAQ and AFI water quality standard for shrimp cullivation {Na < 73ppm and Cl =
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800 for golda and Cl < 1200 ppm for bagda) in different AWMPs . The high
concentration of sedivm ion (->1000 ppm) were found in four types off AWMPs which
were not suitable for rigation purpese according to Bangladesh imgalion wier
quality standard. The gher canal waler heeame hazardous based on ihe chloride ion
concentralion exceeding all standards vajue (Table 4.6). Also high sodium ion
conceniralions would have developed alkaline conditions and miglt have been
destructive to soil stucture (El-Swaify, 2000). The post-Boro season water quality of
four AWMP's in respect to SAR (>23) is too poor to act s an aguaiie ecosystem and

highly toxic to aquatic organisms (Table 4.6).

Nitrate is penerally regarded as non-loxic to shrimp, cven at concentralions of 300
ppm, shrimp can be grown normally (NACA. 1994). However, FAO waler quality
standard for shrimp cullivation has recommended 1 ppm nitrate for golda and AFI
recommended 1.1 ppm for bagda. Se, Type-2, Type-3 and Type-4 AWMDPs the ghers
canal waler at pre-Boro $eason and post season containing more than 10 ppm nitrate
might have created suess to shnmp and fish, whereas Type-1 gher canal water
containing less than 10 ppm nitrate could be used for shrimp farming and lmigation
{Table 4.8]).

Sulfatc concentration was found to be lugh m the siudy arca (Table 4.0} Sulfate
conceniration was related with increased salinity from pre-Boro season to post-Boro
season in Type-2, Type-3 and Type-4 {Tables 4.6). lhe influence of the brackish
water envitonment and tidal influcnces are also cvident from the Table 4.6, Sulfate is
a dominant anion after chloride lon concentration in coastal water. Sulfatc
concentration was found to be low compared to other types in T'ype-1 beecause of

Irmigation Irom STW and use of rainwater during HY'V Boro rice cullivation.

4.2.2.2 Comparison af Gher Canal Water Ouality of Different AWMPs

Statistical analysis of posi-Boto seasun water paramelers was donc among groups of
Type-1, Type-2, Type-3 and Type-4 and the results are shown in Table 4.7. ANOVA
of waler dala [or HYV Boro nice cultivation (the Rabi scason) suggests that water
temperature, sahnity, EC, TD5. DO, 'TOC, Na. HCOy, CI. Mg24 and K' contenls
varied among diffcrent types of AWMPs {Table 4.9,
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Table 4,7 Multiple Comparisons of Different AWNPs by One-way ANOVA

Farming Types _ __ : __ Qcpendent Variahlles _ . __ -
Temp | Salinity| EC | TD8 | DO |[TOC| Na | K | cr [ HCO | Mg
(I} Type | (I} Type Mean Difterence (1-1)
T1 T2 0.267 -3.7 54978 | -5015 | 003 | -17.% | -6288.3% | -51.448 1 -32466 | 1958 -43.7
T3 2.2%% S12.4%% | 144594 | J12135% [ -1.9% | 2.8 | -3907.9% | -138.635% 85‘.2_?',3* 290.8 -422.1
14 2467 -7.4 -9382.4 | -8161.7 | 03 |-19.% | -2795.8 -74.325 | -5627.6 | 2152 -189.5
12 11 -0.267 3.7 5497.8 3015 0.1 17% | A2RB3* 51448 | 32460 | -195.8 43.7
T3 QEEF -B.7 -8961.5 | -7120.0 | -1.7% | 14* 3803 -BTI87 | 49807 | 95*E¥ | 378 ek
T4 2.200 -3.7 38846 | 31466 | 04 | -l6 34625 -22.877 | -2381.1 193 -145.8
T3 Tl S2%# 12.4%% | 14450%% | 12135+ | 19% | 2B | S55079* | 138.635% | 8227.3% | -290.8 422.0
T2 2R 8.7 8961.5 71200 | 1.7* | -14% | -380.3 87187 | 4980.7 | -95#** | 37R.3%*
T4 (L300 5.0 5076.9 39733 | 22% | -le* | 3112%%# 64.309 25996 -75.8 2325
T4 T1 -2.467 7.4 93825 | B161.6 | -0.3 | 19* 27938 74.325 56276 | -2152 189.5
T2 -2.200 3.6 38846 | 31406 ) 0.4 2 -3492.4 22877 | 23811 -19.3 145 8
T3 -0.300 S5.000 | -5076.0 | 39733 | 2% | 1T7F | L3102 | 64309 | 223996 | V5.6 -232.5

ot ¥ The mean difference is signiticant at the 005 level; **the mean difference i significant at the 0. 1 level,

***The mean dilference is significant ac the 015 level.
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Iromt Table 4.7 it is found that temperature is signilicantly {p < 0.15} high in Type-1
because of longer water logging period and use ol more inorganic and organic lertilizers
than Type-3. Total Organic Carbon and sodium were signilicantly (p <0.03) higher in
mixed water golda dominated ghers in Type-2 than fresh water ghers in Type-1. Sodium
was high because of low saline water mixing from canal, which is comnected 1o the
Bhadra River during mid-Tuly to mid-November. Though both types of AWM systems
were golda dominated and exira feeds (organic manure, mustard cake, snail, ricc-husk,
ricc. cte.) were served [or golda shrimp cultivation, bul TOC was significantly (p < {.15)
high in I'ype-2 and Type-4 ghers than Type-1 ghers because of bagda shrimp shell

deposition at gher boltom.

In Type-3 ghers, salinity, EC, TDS. DO, Na', K and O were high in post-Bore season
than in Type-1 ghers. whereas most of these parameters were interrelated. Signiticantly
{p < 0.15) high concentration of these parameters in Type-3 was found because of saling
water entry into rice—shrimp and white fish ghers directly from the Bhadra River since
February 2010 to cultivate bagda. In Typc-3, the transplanted HYY Boro rice was fully
damaged at 30 DAT, because there was individual management at water sources. 50
leaching from surrounded ghers causcd severe salinity increase in Type-3 farming and

impeded the growth of rice and lastly totally damaged rice production.

The farming types of I'ype-2 and Type-3 were dilferent from the management approach
and cropping system. Temp. TOC and HCOy were signiflicantly {p <0.13) high at post-
Boro season in Type-2 because of mixed water of STW and canal water (stoved during
the rainy scason) and bagda shell deposition. Magnesium ion concentration and DO were
signilicantly (p <0.05) high in Type-3 becanse ol saline water cxchanpe at sach ebb tide
and Mood tide in ghers for bagda cultivation. Only ore time water has exchanged before
the Yand preparation of Boro rice cultivation which lead to high concentration of Na and
DO {p <0.15) in Type-1. In gher canal water of Type-3 high 'TOC {p <0.13) concentration
has found due to bagda shell deposition and regular water cxchange in ghers. However,
no significant differences were found in Type-2 and Type-4 ghers because of the

existence of the same lype of agro-water management practice though one was golda
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dominant and the other was bagda dominant but in HY'Y Boro cultivation season both

tvpes used only 8 I'W and canal water.

4.2.2.3 Suitabifity af Gher Canal Water Based on SAR

During the pre-Boro season, Type-1 and Type-2 ghers contained high sodium and salinity
because of single time water exchange in a year, and inorganic and organic fertilization
over the vear. SAR value were found greater than 30 and RSC were nil with high LC (=2
dS/m} in four types of AWMPs compared with BARC (2003} (Annex-T1). The high
evaporation might be a reason for the high salinity of gher canal during the dry season

and it may also be duc to more intensive use of freshwater sources.

The higher degrees of SAT (Annex- 11} lad lo replace Ca and Mg ions from soil clays and
thus damaged soil stiructure. In Type-3 and Type-d, water volume of the gher was
routinely exchange every 4-6 days at every lunar cyele. Sodium ion concentration was
low in Type-3 and T'ype-4 compared to Type-1 and Type-2 AWMPs, where salinity was
high because of water cxchanged patten. During the post-Bora season, high SAR was
found in all types ol ghers. This was because of the presence of water in gher canal over
the cultivation period. During the post-harvest period, the volume of water became very
low with highly diluted concentration of Na, CI7, 504", Mg and chloride as shown in
Table 4.6, which has shown increased salinity unsuitable for golda-white fish, golda-
bagda-whitc fish, or bagda-white fish in gher-canals, and also unsuilable for imigation
purpose. High Na and Mg would have affected soil structure. Na is antagonist to K, and

Ca and My create crust on 201l and hamper plant growth.

4.2.2.4 Mean Water Quality Change Indicator

Mcan water quality change indicator (MWQL) for each type of AWMP in the Dumuria
Upazila was calculated and is shown in Table 4.8. [t 15 seen from the table that the higher
the MWQI, the higher the water quality degradation in gher canals, The water quality
degradation from pre-Boro season to post-Bora season of Y'Y Boro rice cultivation was
found to follow the paftern of I'vpe-3 = I'vpe-4 > Type-2 > Type-1. There was a strong

relativnship between the qualily ol the water in the gher canals and that in the
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surrounding environment. [t is expected that the degradation of surrounding water quality
will be faster unless proper water quality management techniques are implemented in the

exisling tice-shrimp cultivation system in Dumuria Upazita,

Tabl: 4.8 MWQI of Gher Canal Water in Different AWMDs

Water Quality Changes in Parameter (%) in D)ifferent AWMDPs
Parameters Type-1 Type-2 Type-3 Type-4
Temperature 53.23 5459 40.26 32.73
pH -2.24 0.135 -0.04 3.52
Transparency 61.47 4599 -0.33 21.08
Salinity 35 6.67 -203.22 20476
EC -51.48 -13.3 -453.71 -468.52
DO 18.367 8.15 -0.57 -6.72
TOC -1 1018 -200.81 -178.5 31977
Ca™ -36.36 -12.605 -79.17 -55.69
Mg -170.33 -41.51 -196.14 40526
Na© RO.62 42.42 -4, 5 -405.87
K 59,133 112,16 _387.24 -352.86
Cr 1.06 -64.14 -1211.2 -036.36
NOy -1.04 4.2 433 935
S0, 78.26 678.9 -683.23 -449.75
MW 26.5 ] =1046.7 -4020.3 -3578.9

4.3 Evaluation of Diflerent Agro-Water Management Practices

It four AWMPs, soil and water quality changes were considered as cnvironmenlal factors
and rice yield during HY'V Boro rice cultivation as economic factor. According to Ahmed
and T.oung-Yan (2009), all management practices in ghers can be considered as social
factor, so in the present stwudy community management or individual management of
water source control, use of chemical pesticides, IPM. irripation, fish feed application
during the previous Khanf season, status of vepctation on ghers dykes. water inflow,
stocked shrimp and any organic matter or inorganic fertihzer added to ghers were part of
management practice and considered as social factors in multi criteria analysis (MCA).

Integration of environmental, social/management and econcmic factors would lead 1o a
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sustainable agro-water management practice (AWMP). The best type of AWPM among

different types of AWMPs in the study area was assessed by MCA.

4.3.1 Environmental consequences

Mean soil quality change indicator (MSQI) and mecan water quality change indicator
(MWQD in ghers of different AWMPs indicated (Table 4.5 and Table 4.8) the
environmental quality degradation in the study arca. ‘The MSQI and MWQI of Type-1
AWMDP show that the soil guality change was greater than the water quality change. But
in other three (ypes of AWMPs, these were the opposite. The degradation of seoil quality
can he obtained from MSQI (All, 2006). The highest soil degradation had occurred in
Type-3 AWMP and the lowest in Type-2. The MSQL and MWQI (Table 4.5 and Yable
4.8 respectively) of the gher environmenl might play a key role in putting mixed shrimp
and white fish in a stressful condition in the study arca during 1TY'Y Boro vice cultivation.
The farmers of all types of AWMPs were found to drain out the waste water from the
gher canal (o the surrounding canal or to the Bhadra River at post-harvest period {mid-
April). Thus, a slight increase in organic matter, salinity, alkalinity and NPK parameters
leading to the noutrient enrichment or eutrophication was a regular phenomenon ol the
receiving water bodies. The degradation ol water quality can be obtained from MWQI.
The highest water quality degradation {n gher canals was {ound in Type-3. l'rom the view
point of waste waler quality which depends on quantity and quality of feed, rate of water
exchange, and rearing period (NACA 1994), it can be said that water management of
Type-3 and Type-4 were superior (o that of Type-1 and Type-2. But considering water
quality degradation the phenomenon was vice-versa (Table 4.8). As an ecological impact,
excessive primary productions might cause a highly imbalance trophic structure of the
biota in the Bhadra River or canal waters which might be threatening for those
ecosysterns. According to USAID (2006), the improved extensive / semi-intensive
shrimp ghers could be contributed Lo higher eutrophication with the discharge or seepage
of nutrients and feeds added to the ghers than extensive shrimp ghers. The poor gher
management praclices also influenced the aforc-mentioned soil and water quality changes

and allected the surrounding water environment during HY Y Boro rice cultivation,
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4.3.2 Multicriteria analysis to cvaluate four types of AWMPs

Multicriteria analysis (MCA) was used o evaluate four types of AWMPs and to find out
suitability of HYV Boro rice cultivation as common seasenal crop cultivated sequentially
with mixed golda-white lish/ mixed golda-bagda- white fish/ mixed bagda-white fish in
Dumuria Upazila. MCA was done with social criteria [eleven inpuis of managenient

practices, such as. managenient status (MS} (community management (CM), individual

management (IM}), watcr cxchange rate (WEx), Number of Irrigation (Imi). Use ol

inorganic fertilizer (UIF), Use of arganic ferilizer (UFO), Integrated Pest Managemen
(IPM), Use of chemical pesticide (UCP), staws of fish feed (Fishfd) in the Kharil season,
Number of crops (NC), vegetation on gher dykes (VD). and number of years of Boro
cultivation{YBC)}], environmental critcria (MSQI and MWQT) and economic criteria [rice
vield (RY)]. Table 4.9 shows the original data obtained from field survey on management
practices, laboratory analysis of soil and water quality change, and Boro rice yield in

differsnt AW MPs.

Tahble 4.9 Seorecard of Ditferent AWM s with Different Units of Criteria

Criteria Type-1 Type-2 | Type-3 Type-4
Manapement Status (CMF TM) C M Ih1 CM
Mumber of Crops 3 4 3 4
Years of Bore Cultivation 12 12 3 3
Water Exchange Rate Over Year Low Medium High High
Slatus of Fish Feed Application Low Medium Absent Low
Vegetatton on Dvke High High Absent Medium
Number of Irrigations L6} 17 14 12
Standing Water Depth the Babi g % g g
Season (cm)
Ijse of Chemical Fertilizer in the Rabi 353 572 156 289
Season (kgfha)
Use of Organic Fertilizer in the Rabi 1300 1400 467 797
Season (kg'ha)
Lise of Chemical Mesticides in the
Rahi Season (kg'ha) 0 10 7.50 4.35
Mo of IPM Technigues 3 2 0 ]
MSQI -224.107 -1334 | -452.26 -392.24
MWOI 265 -1046.7 -4020.5 -3578.9
Rice ¥ield {kg/ha} 6059 6407 718 2233
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For the evaluation of four types of AWMPs by MCAL all qualitative and quantitative data

from Table 4.9 were standardized by Equation Wo3.1 and summarized in Table 4.10.

Table 4.10 Standardized Scores of MCA of Ditferent Types of AWMEs

Criteria Tyvpe-1 | Type-2 | Type-3 | Type-d

Management Stalus l 1 0 |
MNumber of Crops { ] L 1
Years of Boro Cullivation 1 1 0 0
Whaler Exchange Rate Over year 0 03 1 1
Status of Fish Feed Applicalion 1 0.5 0 0
YVewvatation on Dyke 1 1 L 0.5
gleuar::;r of Trrigation during the Rabi i 0 0.43 0.71
gjﬁiﬂgci;j;:m&] Fertilizer in the | 0 0.68 0.9
g:jsgin Chreanic Fertilizer in the Rabi 0.89 1 o 0.08
E;Ein;‘é;:;::nwl Pesticides in the ] 0 0.35 (.55
Mo, of [PM Techniques 1 .66 ¥ 0
MSOI 072 i o 0.19
MWOI 1 0.74 0 011
Rice Yield 091 1 0 025 |

The correlation 'Table 4.11 shows that the management inputs of the Kharif season and
the HYY Boro rice season influenced the vield of rice in rice-shrimp and white fish
ghers. But the significant (p < 0.10) correlation with rice yield was found with five

management inputs out of eleven management inputs in diftcrent AWMPs (Table 4.12).
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Table 4.11 Correlation of Management lnputs and Rice Yicld in Four Types of AWMPs

AlS WEx Icci UIF LIk 1P uer Tishid nNC VD YRHC 59D RY
S Pearsun Comretation |
Hip .
W kx Pearson Corrclation | -.522 1
NITE 478
Irel Pearson Corrclation | 164 -313 1
Sp R 677
LK Peareony Cortclation | - 052 -0 Mok 1
Sip L4E 950 2 .
UoF Prarson Correlation { 739 - 852 -113 - Aad I
Sig 241 68 RS (K6
1P Fcarzon Comelation | 355 | - 4R AT - 103 QM 1
s 443 N3 RrL| e 1H
LR Fraewon Conelalion 3o =325 g Ea7 A11 33 |
SIp. A9 A7 (i 134 RAG 607
b Ishtd Pearsan Cocelation A2 | Al 323 A3l K32 oRYE 525 1
S 478 &I 950 168 Ans3 474
NC [*zatson ( omelawm | - 377 GiE s T2 - Badt | -0a1* -1M -HiE L
SLg A23 LIS Rl h2s HEYS X3 it JH5 .
¥ Pearson Corcelation | 816 - 1§33 4 2490 T34 BLE mnl B3] - T07 1
S BT 147 434 710 241 R 28R 147 283
YBL Prarson Lorrelalion 517 - 905 = 005 =372 Q54> B 134 A5 BRI T? l
g A23 195 SI0A 62k 036 019 30 0es . T3
SV Pearvon Cemelaan | < 577 ans 193 Az -496dT | -g6lF - 134 005 | Lot - 100" 1
g 423 5 q03 628 {36 1KY Bha [=A] . 293 .
By Pearson Comelation 71 = BE0 Bl LIk Tl o B0 -oosy 756 TR -0s* |
e 267 | 150 #92 | el | o | Ta 7R 1A | 2w 244 s | es -
Note: *Correlation is signilicant ut Lhe 0 05 level. ** Correlation is significant at the 0.00H level.
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Table 4.12 Weighted Valucs of Management Inputs of AWMPFs

Varables | Pearson’ s Cormrelation, ¢ | Significance Level | Weight
Uuor 0.999 GO0t 5
193 {1932 04078 2
NC 1975 Q025 3
YiEC 0975 0.025 3
S5Wh R 005 3

Usc of organic [ertilizer (UFO} has the highest significant (P = 0.01) positive
corrclation with rice yield (Table 4.12). Iligh organic fenilizer (cow dung and
mustard cake) application influenced soil fertility which increased rice yield in
different AWMPs. IPM is positively correlated (P < 0.10) with nice yield which shows
that envirenmental practice could increase dec yicld during HYV Boro rice
cultivation. Year of Boro Cullivation {YBC) has significant (P < 0.05) positive
correlation with rice yicld. The relationship between number of Boro rice cultivation
vear {YBC) and nice yicld could be explained by rcpular rice cultivation and
community management approach to control saling water into ghers. Standing water
depth (SWD) in rice fields is also negatively correlated (P < 0.05) with rice yield
which shows that the high volume of watcr retained in golda ghers reduced the soil
nutricnts. Number of crops (NCy (double cropped or trple cropped) has significant
negative correlation (P < 0.05) with the rice yield. The higher ihe number of crops
cultivated, the lower the MYV Boro rice yield duc to improper soil nutnent

management.

In Table 4.13, management criteria have been assigned with different weights based
on their significant correlation level with rice yield. The critena which have
signilicant leve! cqual or less than 0.001 were weighted as 5, significant level equal or
less than 0.01 were weighted as 4, significant level equal or less than 0.025 were
weighted as 3, significant leve) equal or less than 0.05 were weighted as 2, sigmficant
level equal or less than 0.10 were weiphted as 2, and significant level morc than .10

were weighted as 1.
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In Table 4.13, all criteria have been assigned with different weights based on their
impact on total environment of a gher system (AWMP) and significant corrclation
level with rice yicld. Islam ef af. (2003) found that the decision of choosing betwecn
options depends on cconomic considerations. Se rice yield of AWMP was welghled
a3 the highest weight, which was equivalent 1w 39 percent of the total weight {Table
4.13). In south western coastal region, environmental degradution becausc of shrimp
production has received so much criticism (Karim, 2006; Csavas, 1993. Phillips, Lin
and Beveridge. 1993). The conversion of agriculture to shnmp farming created a
physical and ecotogical imbalance. which has largely destroyed ihe natural ecosystem
of the Khulna (Karim, 2006; Datta ¢f af., 2009). So from this point of vicw, the
environmenial parameters in an AWMP systent {gher system) such as MSQI (weight
= 25 %) and MWQI (weight = 13%) werc given a lolal weight of 38 perceni. Tastly
the management inputs as social crileria of different AWMPs systems were weighted
as 23 percenl based on their correlation and imponance in IIYV Boro rice production

systems.

Table 4.13 Weighted Sums of Multi Criteria of Dilferent AWMD's

Critcria Weight { Type-1 | Type-2 | Type-3 t Type-4
sanagement Slates | 1 1 ] ]
Number of Crops 3 0 3 0 3
Years of Boro Cullivation 3 3 3 i it
Waler Exchange Rate {Overthe Year 1 4] 0.5 1 |
Statas of Fish Feed Application ] 1 0.5 { L
Vegetation on Dyke 1 | 1 L 0.3
Number of Irrigations | I 0 0.45 0.71
Standing Water Depth 3 U 0 3 3
g;;iué"ilsﬁ;mcal Fertitizer in the 1 1 0 0.6 0.9
E:Eicr;‘g;g;nu. Fertilizer in the 5 4 45 5 0 14

ol Poatiordos |
Eisl;u;;l:::mal Pesticides in the 1 q 0 0,75 0.55
Mo of I Technigues 2 2 1.32 0 ]
Management Criteria 23 15.45 14.52 536 12.06
[\ B 25 18 25 0 2373
MWQI 13 12.5 §.25 u 1.375
Enviranmental Criterin 38 305 34.25 0 3.75
Rice Yield 30 3549 39 i 0.75
Economic Criterion 30 35.49 39 {t 075
MCA Total Score | 100 81.44 | 88.07 5.36 25.56
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From the evaluation of MCA of four types of AWMPs. Table 4.13 shows that the
'I'ype-2 AWMDP (iotal score of 88} is the best apro-water management praclice among
different AWMPs in Dumuria Upazila. From Table 4.13. it is found that the golda
dominated rice-mixed shrimp, bapda and whitc fish culthalion in an improved
exlensive gher system was the preferred AWMP among the four types, by controlling
water salinity with different management measures. Also the economic benefit (yield
of goldas, bagda, white fish and HYV DBoro rice) in Type-2 AWMP was the higher
among different AWMPs (Tables 4.1 and 4.2). EGIS-T1 (2001) reported that golda has
less social and environmental impact than bagda cultivation, and the better siratepy

would be maximized the yield of golda.

Type-2 AWMP became an oplimum AWMP than any other types because of the
lowest soil and water quality change during HY'V Boro rice cullivation scason and use
of IPM techniques, [resh watcr source, and doubled crop cultivation and the highest
economic return. [TYV Boro ricc—shrimp and white (ish not only accommodate crop
diversifieation, cnhance productivity and increase income, but also distribute the nsk
fboth biological and econemic) over two or more subsystems nstcad of a single
commodily farming system. Ahmed e af. (2008) reported thal golda dominated
rice—mixed golda, bagda and white {ish farming was an organic method that
maintained besl environmental sustainability. Hence HY'V Boro—shrimp and white
fish rotation can cnhance efforts to develop ecological agriculture thal generate

maximum benefit using available energy and materials.,

Table 4.14 Financial Return during the Crop Yeur 2009-10 of DifTerent AWMDs

Types of .
h{‘EM Py I'ype-1 Type-2 Iype-3 Ty pe-d
E:i“"““"" kgha | Tioha | kgba | Tha | kgha | Thiha kpfha TN
cturn
HYV G059 72708 6407 ThER4 778 9336 2233 1
Biora Ruce 6726
Golda 446 257500 656 K20000 0 0 33 41250
Bagda 0 0 338 253500 596 44700 1% 86250
ﬁf:‘g';‘ 300 25500 308 26180 415 35275 322 27370
Tatat Tk, G55T0% (ha T 1153002 tha Tk, 491611 /ha TIC 181666 tha

Mote: Price of Boro tice = Tk, 12 /Kg; Price of Golda =1k 12504 Kg: Price of Bagda = Tk, 73 Kg:
Price of Whiwe fish= 1k 85 /Kg
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However the decision comes from MCA would not be different it the yield of golda,
bagda, and white fish during the Kharif sesson were considered. From Table 4.14 11 is
seen Lhal yicld of ITYV Boro rice was the highest (6,407 kg/ha} in Type-2 AWMP.
and (he lotal financial retum (Tk. 11, 53,002} was also the highest in Type-2 AWMP.
A study condueied by Islam (2007) concluded that, the decision function of choosing
among shrimp. shrimp-rice or rice depends on cconomic benefits. Also Chowdhury ef
af. (20063 concluded in their study that (he integrated shrimp-rice farming was more
sustainable than only shrimp farming. They developed a trangular model of
sustainahility where they identificd shrimp-rice mixed culture rather than newly
adopling scmi-intensive shrimp culture as more environmentally sound. In Table 4.13,
only HYV Boro rice yield of each gher was taken as economic criterion lor the
evalualtion of AWMPs. Furthermore 'l ype-2 AWMP had the highest finameal return
in the Kharif and Rabi seasons (Table 4.14).

Mohanty ef ef. (2009) reported that rice—fish and golda was more eco-friendly than
polda—fish. This double production system could improve soil fertility, recover lost
encrgy. and adjust energy flow by consuming plankton, weeds. insects, and bacteria

ihat compete with rice lor nutrients.

It thus appears that YV Boro ricc—mixed golda-bagda-whitc fish was the best
practice in the study area considering environmental point of view among different
AWMPs and could be a sustiinable option for diversification of smallhelding rice
farmy in low lands with soil and water conservation structure, and with a reliable

source for irrigation {mixed groundwatcr—surface water).



CHAPTER FIVE
CONCLUSIONS

5.1 Conclusions

The principal farming components of the diverse agro-water management practices
{AWMPs) of the soulh-westcrn Bangladesh ave brackish water shrimp, freshwater
prawn, white fish and HYV rice. Several combinations of these components are
practiced either sequentially or concurrently where' bagda-Aman cropping pattern is
found to be more commeon than the golda-Boro pattern. However, in recent years,
IIYV Boro rice has been integrated with the existing practices as one of the major
farming companents. To identify the AWMP, which wilt be resilient to sustainabilicy
in southwestern coastal region from environmental, social and economic perspectives,
dillerent soil and water quality parameters for gher enviromnent along with seseral

importanl and relevant social and economic eritenia were analyzed.

Comnunity management of water sources generaied two AWMPs in the region for
YV Boro rice culiivation, which was followed either by a mixed golda, bagda and
white fish cultivation and or by a mixcd bagda, golda and whiie fish - Aman rice
cultivation. Such management prevented salinity intrusion into agricullural felds
during Boro cultivation. Locul people considered shrimp cultivation as their [irsi
preferred crop. Recently white fish cultivation became the second important crop in
all AWMPs, Doro rice cultivation is considered as the third preferved crop. In polda
ghers, HY'V Boro rice cultivation reduced the problems of drainage congestion and
water logging by (requent imigation, and in bagda phers. it lowers the soil salinity

with fresh water flushunyg through irrigation from 5'1'Ws and/or canals.

Mean soil quality change indicator (MSQI) revealed that mmnong the vanous AWMPs
the cultivation of mixed polda. bagda and white fish abker the Y'Y Boro rice (Type-2
AWNP) had the least impact on soil. Mean water quality change mdicator (MWOT)
revealed that the cultivation of mixed golda and white fish aker the HYV Boro rice
{Type-1 AWNMDP) had the least impact on water cnvironment. Both these AWMPs

were community managed. Thus community managed AWMPs had lesser impact on
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physical environment of the gher ecosystem than the other practices. In the latler

cases, water was controlled ai the source on an individual basis.

Multicriteria analysis of environmental (M8QL and MWQI). management (Number of
crops {NC), irrigation (lrrf), water exchange (WEX), usc of organic ferlilizers (U017,
use of chemical pesticides (UCP), IPM. year of Boro cultivation (YBC). etc.) and
ceonomical (vields of HYV Boro rice, golda. bagda and white fish) paramelers
revealed that the commumal approach in water management [or HYVY Boro rice
cullivation with a crop rotation by mixed polda, bagda and white fish is the best
AWMP among four types of existing AWPMs in the south-western coastal region of

Rangladesh.

5.2 Recommendaiions for Further Study

The key to effeclive waler resourccs management is inexincably hinked to the
understandings of the water ¢ycle and land management. According to Bossio ef af.
(2009), cvery land use decision is a water use decizion. Rehabilitating degraded land
to cnhance the multi-funclionality of agnculiural landscapes ean improve water
management and water productivity, while also improving the livelihoods of the rural
poor. 8o pgains in agricultural water productivity will be obtained alongside
improvements in land use management. Expected increases in (ood demands by 2050
insist that agricultural produciion — and agncultural water use — must inercasc. So for
better agricultural water use, the following recommendalions are made for further

study:

« In this study. only onc HYY Doro riec season was invesligated for seil and
water quality chanpe in different types of AWMPs. It will be better if such
changes are investigated for a few more years and compared with this stady.

» The study found that water management had great impact on land
productivity, where source of water was found to be the most important factor.
Studying ibe chemisiry of river water, groundwater and canal water, this type
of study can be more comprehensive and technieally sound.

o In (his study, soil and water quality was only analyvzed for the period of HY'V

Roro rmice cultivation scason. Such analysis for other crops and seasons.
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including the production information, will be more informalive to find out &

sustainable AWNMP,

Soil erosion, nutrient depletion and other forms of land degradation reduce water
productivity and affect water availability, quality and storage. Reversing these trends
by betier agro-water managemenl praclices entails tackling the underlying social,
economic, political and institutional drivers of unsustainable land use. Further study
can be undertaken to assess the livelihood impacts of different types of AWMPs that
are taking place in the south-western coastal region of Bangladesh and (o investigate

the feasibility of reversing such trends.
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Table A.1.1 Management Practices and HYV Boro Rice Cultivation at Dry Season 2009/10

Twpes of : . N [Jze 0] Statns et
}'ilr Woaler Wates Nrn ol o S[ﬁ:ld.ll'l_lr Fermilizer Fcrtmz.cr o af TPM Chermuzal ot Ko ot Yerel i-!nm Rice
AWM Sanrroe Sours WWater at Warer {hrgard) | (Organic) Techai Festield Fish 0 on cultin ulim
Yl buree Fx hung | hoisation | Depth dom) Mhatha) (kg'ha] eclnrges LareLles 13 rop ke TEITS Yield
[kg'ha} feed v \
{kgtha)
R-2 Chi O 2 H] 007 i a 2 1l | 2 Present 31l 6531
HE R-1 Chd Ow 2 12 LR 196 1117 ] 1] 1 2 Prezent 53BT 5387
&
V-3 M O 2 2 37 254 14E1] V] L] 1 2 Ahsenl l [H]
-1 Ch G::::q 2 1 7 333 0 1 223 03 3 T'resent 2294 hXen
"~
1 =3 F 1
2| v2 em | RS 2 16 607 810 48] 2 309 a3 3| Presem | 6519 6514
R-L M W 2 17 008 153 0 0 495 E 1| Presem 5 0
B-1 1M 5% 20 ] o0s 44 3 1] a 0 ] 4 Ahbzent 0 1l
-
é B-2 1M W a0 ] 003 173 1] L] T4 I} 4 Absent Al 1l
Ea
B-J I S 20 i4 0.1 a0 467 0 0 0 1 | absent j 7wz 782
S
J-1 CM " L& 12 008 200 T27 { Ela ns 4 Prezent 2475 2173
+ -
SWH
ihi e M W ! 16 13 08 AT 0 Ml .33 (I3 4 Present | 1902
by
J-3 M E'lrl“j- 16 10 one 29 0 1} 383 05 4 Frescnt 45 3 R
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Table A.l. 2 Types of Vegetation on Gher Dykes and Irrigation Sources during

Rahi S¢asen 2000/10

Site no Types Sample | Vegetation Trrigation
Name on dykcs sources during
Shrimp scasons
Type-1 | R-2 Nim, Banang, STW+ Shinger
Kharnia Date, Brinjal, beel
Linion Turmnip
R-3 Nim. Banana
V.3 Vegetable
Type-2 | V-I Vegetable Shinger beel
V-2 (Caulillower, canal+5TW
"ol Red Turnip)
lype-3 | B-1 No vegetation The Bhadra
Sobhna B-2 River+STW
Union B-3
Type-4 | J-1 13anana, Muchicata Khal
I-2 kalokashia canal+5Tw
I-3




Table A.1.3 Types of Fertilizer

20

Use in Dilferent AWMDPs during Rabhi season

2009/10
Catal Amount ol Feodizer Input
51 | Wame of - et Mixed Low | Chvpsum Muslard
Na | Sample A;;a Ukm” I]:‘IJ fergilizer [':IF Z;"k lung flima cake
E 4 kg g B ke kg ki
1 I-1 0275 12 22 10 1 ik
2 I-2 1,66 172 124 124
3 I-X (1506 72 35 21 1
q -1 1.47% 13 - ---
5 o-2 [.268 40 20 mn 20
& B-3 0314 1% 10 240 150
7 R-1 [.202 B 15 4 10
t 12 n.4% i -— an 20 - - -
o R-3 0338 45 23 wenr EuH
L0 Y-1 n.27 76 24 —-- dd
11 .2 0405 LE5 S0 18 4.5 60
12 V-3 0,405 23 an 18 GO0 10

Table A.l.4 Pesticide Management in Different AWMPs in Rabi Scason

Séhm;l“ In Oreanic Pesticide 1PM Technigues
Ciushed tobaces leaf spray miaed with water
R-2 HNo Chemicul Pestienles Usedd {during land preparatino) -3 times (1240 days
intcrval) Weerm Tree plantution oo gher dvkes
Kmgl-18C0C . . i
R-3 Aungkur traders-480gm chloropyns Purrmrent Meem Tree plaotation on gher dy Kes
Ripola-23gm, I laonl 3=-302m and . . .
Fo = B s !
-l Theavit -6 ks Ara Ireoa” and Ach Spray
V-2 Bell-23 gm “Ara Desa’
H-1 Kingfs J—
I3-2 Sun furan —
5.3 Sum furan M crin —
1-1 kap [
1.2 Bipolar. Karap ——
[-3 Thenwit, Kartap R
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Table A.2.1 Availability of Major Nutricnts Les ¢l in Wetland Soil for Itice

98

'E:’:url'::: Very law Low Medium QOptimum High :l:;l (E:;:?I
N (%) < 000 O.001-0.68 | O.1R1-027 | 0271036 | 3361045 | =045 012
P
<60 6.1-12 12.1-18.0 18.1-24 2413010 =300 B
(pefe soil)y -
s
260 6.1-12 12.1-18.0 18.1-24 24.1-30 1} = 310 1
(hgig soif) '
(4
f.151- - -
(meq /100 g | =075 0.076-0.15 0995 0226-0.30 1 031-0.373 | =0.35735 0.12
sail)
Ca
(imeq/l00 ¢ =15 1.51-3.0 3145 45160 fi.1-7.5 Y 2
soil) -
Me 0376075 | UL | L126-L5 | 1511875 | =1875 | 05
(megf100 g <0375 T 1125 e A )
sagil)
Crganic
Mallcr {%) 0-1 1.1-4.0 4.1-5 =5 -
Fe{ mgkg) <3 316 614 ol1-12 12.1-13 =13 4

{Source: BARC, 2005)

Tahle A 2.2 Classification of Salinity in Soil and Water of Dumuria Upazila

Soil Salinity Class Non Slightly
saline | Saline Moderately saline | Saline | Highly saline
s to
LC (d&/m} <2 24 4108 16 12to 15
Water Salimily Class | Normal Harmiul Very Harm(ful
EC{d5/m) <0.75 (0.75ta 3 =3

(BARC, 2008}
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Table A.2.3 SAR and RSC of Gher Canal Water during 2009/10

FCe M haead
Sample Mame (megTh SaR (Flumslaw, 1995) RSC
Fre-Season
Averape Vahie ol Type-4 3173 11.3% C4-51
J-1 ] 511 -11.94
)2 a3 1540 -0 80
1-3 51.1 10.64 -17.26
Averane BC Yalue of Type-3 4 1 1015 4-51
13-1 Kl 7.96 -21.50
-2 62.7 1131 =30 89
B-3 40.4 1117 2% 40
Averape EC Value ol Type-1 1373 L1a,53 C4-34
Va3 593 163,23 00
-2 16 2 BE 59 -3.18
k-3 25.5 94 36 -4 09
Averape EC vatug ol Type-2 R2R L3787 (454
V-l 5.4 17254 2319
V-2 487 15774 -3
111 w3 143.23 =156
Average EC vulue of 'Type-4 197446 31534 454
I-1 172 4197 S33M09
1.2 114 2243 -21.6850
I3 39 30.12 -14.7142
Average MC Value of Type-3 276 b 4% 88 CA-54
E-f 291 3315 (8,44
13-2 276 073 242
13-3 263 4273 -6f K7
Average LO value of 'ype-1 511 9.44 C4-51
R-2 24 | 1242 -8.29
R-3 a8 | 5.04 -2229
Averupe Value of [vpe-2 13686 | 8514 C4-54
-] 573 5520 -12 77
W-2 545 118 35 -16.22
B-I 269 0469 -6 11

Tahle A.2.4 Sodium ITazard in Gher Canal Water

I'ype of Na-hazard in waler Remarks
farming Past {Reference
Season | Season Hunslow, 1993)
: gL A Very High sodiwm
e R c4-s1 hazard-low salinity
- : A Very High sodium
Type? s c4-54 and Salinity
Type-3 ca-s1 | cég4 | Y Ehéghl_sc;dfmn
Vors Tigh sod e R T
Type-4 C4-§1 C4-S4 ery [igh so 1|Lu*r1|l "l 7 jrﬂﬁ
- and sallnm'
i -=r=-“i

.p«. =18 3.9 j}
;H:%;Fﬁ o

”;‘;\\
5

09214 0).

r

..-g,
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