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Abstract

This study attempts to answer two questions: Whae ltifferent payment systems for high yielding ggyi

of Boro paddy irrigation emerged in Bangladesh? Whysome farmers apply water saving technology?
Thirty shallow tubewell owner farmers and 180 usemers were selected from two areas in Banglattesh
get representative samples of this study. Desgépstatistics and coefficient of variation analygisre
used to address the first question, while an ecetidcrprobit model is used to determine the factesich
influenced the adoption of water saving technoldgye results show that users in the poor and Hih-r
area prefer crop share. The average pay for ifoigds higher in the crop share system, thus theewa
selling business is more profitable in crop shastesn. The water saving technology is used motéen
cash payment system. The probit model’s resultsvghat the adoption of this technology increaseth wi
an increase in the number of users, owners’ edutatiash payment system, farm size and households’
income, which is logical. Likewise shallow tubevi@l{STW) income, area under STW, involvement of
other occupation except agriculture and irrigateshaf own farm exert a negative effect on use atew
saving technology. There is no universally accemgtimal payment system because systems develop and
change due to mainly economic circumstances, iitiaddo long run localized social factors whictosid

not to be ignored. But, the crop share system deuattack due to rising output prices and the tiaat it
does not provide strong incentives for water saving

Keywords: Boro paddy, irrigation, crop share and cash paymgstems, water saving technology
1. Introduction

Bangladesh is a country of South Asia where 144ianipeople are living on 147 570 sqg. km of landaar

It is the most densely populated country in the lawdP75 per sg. km), and has suffered from food
deficiency for a long time. Agriculture is stihé mainstay of Bangladesh economy accounting foutab
22 percent of her GDP, about 70 percent of employraad over 80 percent of the export earnings (BBS
2006). But the sector is still characterized by lpmductivity. The goal of achieving self-sufficegnin
food production or of accelerating economic growémnot be realized unless agricultural productiisty
increased substantially. The major challenge ofgthernment is to increase food grain productiomést

the demand of a large and growing population.

Rice is the staple food to the people of Banglad€kkrefore policies are highly biased to producimye

and more rice by introducing modern technologi&e fertilizer, seed, power tiller, pesticide, iatpn,
cultivation methods, etc. Boro (High yielding vayief paddy grown in dry season) rice contributed t
highest share of rice production in 2007. It intksathat promoting Boro rice production is an dffec
way to increase food grain production of the copatnd it may ensure the food security to some éxen
well. Irrigation covers 44 percent of total croppacka of Bangladesh. In Bangladesh, 80 percent of
groundwater was used for crop production where Biomalone used 73 percent of total irrigation.
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The STW is operated by diesel or electricity. He&y rich farmers have their own STW and theygate
their own land and sell water to other farmers, ah® being charged a share of harvested cropssbr ca
payment. There are some STW owners who do not kaekebut they are selling water to other users. In
such cases, the owners installed their STWs torgitpiots and the compensation was made as reducing
irrigation charge (1/8 of crop share instead ofalidvi4) or free irrigation for that particular plg@harminet

al. 2008). In most cases, the share is one-fourthapfdsted crops or if it is cash, it is charged yo&t of

land (approx. $ 210 per ha). In case of newly aglbgtash payment system, STW owners get service
charge per decimal basis against the use of itiaats operate STW for getting water using their aveh

1.1 Development of irrigation payment systems ingkdesh

The market for irrigation technologies has beegdbyr liberalized and privatized since the early 098
With the expansion of STW irrigation, a competitiwerket for irrigation water has evolved. The main
characteristic of the market is that the STW owrigigate their own land and partners’ land and sel
excess water to irrigate plots of their neighbogifarmers. There are even some owners who are gamin
this business for selling water only. Payment afation water is made in cash per unit of landasr
one-fourth crop-share or different mode of rentahmgements. As the irrigation water market is magu
with increased number of pumps installed, diffeneaimp owners pursue different strategies to ruir the
water selling business profitably. In crop sharstem, STW owners collect their share from the lafter
harvesting crop i.e. HYV Boro. (If they irrigate lWwehey will receive good share and it also depend
users’ practice of weeding, seedlings, use sufftdiertilizer and insecticides. Yield also dependsainfall,
flood, high speed winding in the flowering stagg, )eOn the other hand, cash payment system isdibsi
two types: One is STW owner serves water wholeaseasd how much cash an owner will get, depends
on local arrangement between owner and user, tfrpaymment, soil type and elevation of the plottalise
from the STW, relation with owner, etc. Another ltgsmyment type is newly introduced cash payment
system. In this system, users pay service chargauding shallow tubewell and use diesel and other
irrigation management of his own. The service chargries depending on location and contract between
owners and users. There was crop share systenehlieforducing this cash payment system. This paymen
system emerged due to high price of diesel anchemji user has some more availability of cash fldle
STW owners’ take less responsibility in this systmd can reduce transaction cost.

1.2 Water saving technology

The concept water saving technology (WST) or a modeter-saving agricultural technology system that
focuses on improving the efficient utilization abp water, field water, channel water and recyaieder,
and the benefits from agricultural production; stablished key products and equipment for wateirgav
agriculture characterized by high-efficiency, lowast, eco- and environment-friendly advantages; setd
up a water-saving development pattern suited tadifierent needs of different areas (WPA 2008). HYV
paddy plants need water and it will suppose toufficent if soil is wet enough, but don't needatways
have 2-4 inches depth of water in the field. Minjigif Agriculture in Bangladesh is currently implenting

a project ‘Alternate Wetting and Drying’ (AWD) whicmain objective is to minimise water charge by
saving water.

2. Theoretical framework and M ethodology

The payment system is one kind of contract systemgriculture. The most commonly studied contract
system is that of sharecropping, and the theoshafecropping is very relevant to the payment syste
water. There are three elements which are impottaebnsider. They are: (i) the expected pay; r{gk
sharing, and (iii) timing of payment.

In a share crop system, users are expected to pag, ftout the pay depends on whether it is goodadr b
crop year. The general pay might be higher bectnes&TW owner monitors production activities sihee
will get a share of the harvested crops. This nooimig is nothing but transaction costs of ownerts(®a
1988). Further, STW owner invests his capital foo@ 5 months and he takes a risk. He may get bisck
investment and some extra profit or may get notlifnftpod, cyclone, heavy rain, etc. are there e t
harvest time. He expects premium of that high aislo. In addition to this, STW owner has to caiissel,
engine oil, driver cost and other maintenance daostthe entire crop season. He has to borrow mdmey
bank or any other sources with high interest rébese are the reasons for the higher pay in the sirare
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system.

On the other hand, STW owner takes less respoitgiitilcash payment system and these responsisiliti
and risk go to users directly. It can be seen ftoenfollowing table that these 3 elements aredthtwith
payment systems. STW owners like to choose shapitrg because it gives them higher return after
harvesting. However, to get higher return they havearry higher risk, have to bear irrigation cdsting

the crop season and high transaction costs (Tablg)2

For the users, the picture is the opposite. Poersunay prefer the crop share system as they are sk
averse (Ellis 2003). Average pay is expected tdigh in crop share system and users under crope shar
system are ready to pay that in order to minimiske. in addition, they do not have cash availaliees
they are poor. Users who have more access in quegfiér cash payment system and they can save their
return more from crops by taking risk in her/hisrovdn the other hand, less access of credit uléinat
pushes farmers to go for share cropping becaugation cost is the major cost for producing Boeagy
along with fertilizers. Poor farmers do not havedir access due to shortage of land property. Credi
institutions usually demand land as collateralsanctioning loan to the farmers.

Water selling business is profitable and it is e more familiar in rural areas where farmersnao
have more scope to go for other business (Sharfii8)21t is assumed that this water selling busirveiti

be more profitable in crop share system than ih qasyment system because the value of one-fourth
harvested crop is much more higher than the avgragén cash payment system.

2.1 Arguments for applying water saving technology

In case of share cropping, STW owners have lespestm implement water saving technology (WST)
because users are not so much motivated withablmblogy. Since the users did not have cost tplgup
water, they always demand high level of water igirtiplots so that they can finally harvest more. tbm
other hand, WST will be used more in case of cagimgnt system because farmers use their own fuel to
get water in their plots and they always use asimim water as rice plants needed. Farmers are
self-motivated in this system and high fuel prit®bachase them to implement this WST for waterimg i
their plots.

2.2. Literature reviewed

The groundwater markets had far reaching sociaiceff Some 5-7 million well owning rural familigs i
India were likely to be involved as water sellessme 15-25 million or more would be water buyers.
Where land holdings were fragmented, most sellEvgater were also buyers themselves; for most fesme
made wells in one or two of their largest and Hemyments plots, and often use purchased water for
irrigating the other plots (Shah 1989).

The share crop system observation was the maimpttef the study. The study observed that the troka
encouragement caused water suppliers to reverddl payment system to share payment system and the
water suppliers gave a bonus irrigation to the whteyers’ plots getting future commitment of thetera
buyers (BSERT 1984).

Contractual arrangement for use of ground wateewietigation to the cultivated land owned by tuledw
owners (35 percent of land); irrigation to landtthabewell owners cultivate seasonally as tenafh®s (
percent) and sale of water (24 percent). It wa<looled that groundwater market was competitive and
efficient (Fujita 1995).

There are generally two major forms of payments f@ter under DTW and STW. The first is the
traditional system of fixed cash payment per uiiiamd or time usually based approximately on the
average cost of supplying water including fuel, aggment and supervision. Payment is made partheat
beginning and partly after the harvest of paddye dther system which is widely practiced is thenpeut

for water in the form of a 25 percent share oftthevested crops (Shah 1989).

The above literatures focused on the profitabdityschemes, efficiency of tubewells in terms of coamd
area, determination of optimal cropping pattermigation efficiency, water market status, etc. mber of
studies were conducted on the comparative analgkishallow tubewell irrigation under different
management systems in respect of productivity kauy few of them focused on mode of payment of
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irrigation, linkages of irrigation technologies, g saving technology and their impacts on farmers’
income.

The present study is taken to explain why two défeé payment systems for irrigation emerged instiuely
areas and why some farmers go for water savingitgady.

2.3. Research questions

The specific research questions are noted below:

i. Why have different payment systems for irrigatemerged in the study areas? ii. Why do some fi@rme
go for water saving technology and which factofeience them to introduce WST?

2.4. Hypotheses
The specific hypotheses are as follows:

i. Users in poor area prefer crop share;ii. Avenagg for irrigation is higher in crop share systéimAreas
in high risk go for crop share system; iv. Areaddss credit access lead to go for crop share myste
STW irrigation business is more profitable in csimre system; and vi. Water saving technology béll
used more in cash payment system.

2.5. Data and Methods

The analysis has been done based on data collgoteda sample of STW owners and irrigator farmers.
The structured questionnaires and survey schedv#es used to collect the data in June-July 20080A
sample of STWs owners and 180 farmers were selactedluster from an intensively irrigated aredhia

two districts (Tangail and Mymensigh) of Bangladd3bscriptive statistics have been used to exphdme
there are two payment systems in the study arehsreas a Probit model is used to determine factors
influencing adoption of water saving technologyiR&n 2008).

2.5.1 Study approach

2.5.1.1 Two sample test

The analysis is done based on households (hhsymfiteas. Households in the sharecropping and cash
systems are compared with respect to the mearedfhilcharacteristics and socioeconomic variablés. |
reasonable to use two samples test to comparevthedtegories given the completely randomized eatur
of the samples (Montgomery, 2000). It is assumeat the data for two samples consisted of two
independent samples defined 1, Z, ... Z,and A, A,, ... A,. Here it is also assumed that bothaid A,

are normally distributed (NID). Two samples t-tisstised to evaluate the null hypothesis Ho= pa. The

null hypothesis is rejected where critical t-valsigreater than the calculated t-value.

2.5.1.2 Coefficient of variation (CV) analysis

Coefficient of variation is used to measure riskpafductions and prices in agriculture. It is umgutral.
Production risk can be measured using yield varatietween the areas. If CV ratio is higher in seaaf
a particular crop than other area it means thelaasanore risk to produce that crop.

o standard deviation

m mean

2.5.1.3 Econometric model specification
General structure of an econometric model is writie follows:

Y =X+
Where Y denotes the dependent variable and X denotesnttepéndent variable of the model which

determine the Y but not 100 percent. To explain0@ percenty is used as an error term and it is assumed
thaty; ~N(0,1).

The binary-choice models can be used in Stata théhcommands probit and logit. Stata probit command
reports the maximum likelihood estimates of theffocents. Dprobit is useful to display the mardina
effect dPr(y = 1[x)/dx that is the effect of an infinitesimal changexjnUsing probit this way does not
affect the z statistics or p-values of the estimiateefficients. Because the model is nonlinear,dfidx
reported by dprobit will vary through the sampleasp of the explanatory variables. By default, the
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marginal effects are calculated at the multivar@tent of means. After fitting the model, mfx cae bsed
to compute the marginal effects. A probit estimatfollowed by mfx calculates the df/dx values. Afte
fitting a probit model, the predict command witle tteefault option p, computes the predicted prohgtuf

a positive outcome. Specifying the xb option caites the predicted value gf.y

In this study, the probability of using WST is flysdepended on sharecropping and cash paymergnsgst
Secondly, it depends on agricultural income, oiheome, farm size, education, family size, numbler o
users, STW command area, etc.

3. Resultsand discussions

3.1 Households’ characteristics

Most of the household indicators of the two studsaa are quite similar except the family size dral t
occupational status of the respondents and theillffanembers. The owners’ family size (6.3) isdeg
than the users’. Most of the respondents (more #@apercent) are involved in agriculture, and othejor
occupations are business and service.

The figures in the table 3.1.1 show that average fsize of STW owners are greater than average farm
size of the users. It is also seen that farm sizeeowners of the Ghatail area (CSS) is very tdgiong

the all categories of payment systems and stalBtisignificant between the two categories of papm
system.

In Bangladesh irrigation covers about 50 percentotdl cultivated area but more intensive irrigatis
found in these two study areas. About 75 percesd @& under irrigation system. The owners use more
percentage of their land (88%) in irrigated cropsler crop share system than the owners under gte ca
payment system (70%). On the other hand, usertieoftash payment system use more area (81%) to
produce irrigated crops than the users under the siare system (73%).

3.2 Income from crops

Actual income from agricultural crop productiontie difference between return from crops and cést o
producing those crops. The incomes of owners undgr share and cash payment system are $240 and
$603, respectively. On the other hand, the incomfeshe users in both areas are $195 and $223,
respectively. It can be concluded that the farnoéithe crop share area are relatively poor thaméas of
cash payment area. In figure it is more clearetttfeaverage income of the users under CS is highae

CP system (Table 3.2.1).

Income level from the major crops showed that theoimes of the owners and users under crops share
system are less than the incomes of the cash pawystem. These differences are statistically §icamit.

This also indicates that the area where crops séystm practised is relatively poorer than thehcas
payment system in practicing area.

3.3 Other household’s asset

It was an initiative to estimate the other HHs’ante of the STW owner and user of the study arease H
other income means income other sources than cftygsaverage other income (livestock, fishery, isetv
business, wage income and remittance) of the STWeo\{$684) in the crop share system is higher than
cash payment system ($472). The opposite trend®anel between the user farmers and they were $507
and $397, respectively. It is seen from the téhé the highest share of STW owner is the incoroen f
water selling business. On the other hand the bigieare of users’ farmers of CS and CP systems are
income from livestock/service and business, respagt

So, from the above data and discussion, it carohelgded that the area under crop shared systpooier
than area under cash payment system in terms ofiedrom crops, other HHs’ income, HHs’ permanent
assets and house asset which supports the hypothiedPoor user prefers crop share”. Farmers i poo
area are risk averse and they will share risk witiner and it will allow continuing crop share syste

The table 3.3.1 describes that per HH average @aiyrfgation is higher in crops share system ($162an
cash payment system ($76). The differences ofaitibg cost between two categories are statistically
significant at 1 percent level of significanceislalso observed that per hectare average payrigation in
crop share system is higher ($257) than cash paysystem ($156). These differences are also staiist
significant at 1 percent level of significance.
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The above table and statistical analysis cleadycate that if farmers choose crop share systeenugers
have to pay more compared to cash payment duegtothansaction cost, late payment and sharing risk
with STW owners. So this analysis supports the thgsis “Average pay is higher in crop share systefm”
this study.

3.4 Focus group discussion (FGDs) in Ghatail anckkdgacha

Two FGDs have been conducted in the study aregsttthe overall picture of heavy rainfall and flood
these two areas. The FGD was done mainly to knevetbp damaged by the heavy rainfall and flood. The
farmers reported that the HYV Boro was affectedosisty due to early flood in 1988, 90 and 1998. Wea
rainfall in April/May was a problem for their crop 1994, 2003 and 2006. T-Aman was affected mock an
frequently because this crop was planted beforesommand it grew at peak period of monsoon. In 1988
1990, 1998 and 2007, there were almost no T-Amap ir that area due to flood and heavy rainfall. On
the other hand, Muktagacha was flooded only in 1888 also flooded little bit in 1998. There werengo
rainfall but it was not actually heavy in the Ia8tyears except heavy rainfall in 1994 and 2006.

3.5 Coefficient of variation analysis of yield

The most important and widely produced crops anBod Aman paddy in the study areas. Coefficiént o
variation analysis shows that the CV of Boro yigldshatail area under crop share system is gréaig?)
than that of Muktagacha area (0.47). The same tiemdted between the CVs of users in both payment
systems respectively (Rahman, 2008). It is alsam gkat the trends of Aman paddy’'s CVs are same
direction as the previous case. In the case of Whers, the CV of Aman paddy yield under crop share
system is extremely higher than that of cash payegstem. The CV analysis of Boro and Aman paddy
shows that the area under crop share system isonek than the area under cash payment systenie(Tab
3.5.1).

The Center for Environmental and Geographic Infdioma Services (CEGIS) is working with Radar
ScanSAR image and it is easily readable of flocaied non-flooded areas of a place. The dark areas of
the following figures show the flooded areas. Tteel& images of flooded and non-flooded area of &lhat
and Muktagacha shows that Ghatail area has mavd #ioeas than Muktagacha areas which is quiteaimil
with the opinions of the local people.

It can be concluded from the above discussion®ettail area where crop share is practised is mgig

to grow crops particularly HYV Boro and T-Aman digefrequent flood and heavy rainfall. On the other
hand, Muktagacha where cash payment system hagednir less risky for producing HYV Boro and
fishery due to abundance of high land. The imagmfRADAR and discussion from FGD strongly support
the hypothesis, “areas in high risk go for croprelsystem”.

It is seen from the study that 58 percent of STWierns and 53 percent of users are getting credlities:
Among them 40 and 32 percent are getting loan fgowernment institutes like Bangladesh Krishi Bank,
Sonali Bank Ltd. etc. Others are taking loan fro@@ and relatives where the interest rate is vegh hi
(26-28 percent) compared to GO (12 percent). Farhave less scope to get credit in Ghatail upazilla
where farmers are practising crop share systeia.dbserved that the users in Ghatail area isnge#b5
loan per HH whereas in Muktagacha, they are getild per HH and this differences are significant a
less than 1 percent level. It is due to backwarsliinéshe location and long distance from the distown.

It is also found that the variation between aver@ge and NGO loan are statistically significant bextw
two places under two payment systems. The resptsdeported that they are facing serious problems
about loan due to insufficient collateral, higheirgist rate in the NGO level, long time period atigg loan,
insufficient amount of loan and bureaucracy in Isanction particularly in government institutes.

Credit availability allows farmers to have cashaflon their hand. If they have more cash flow, theil
choose the system in which they have to pay ldssraise they have to pay more. It is already diseds
that in crop share system, users have to pay nhare cash payment system. Farmers of Ghatail aeea ar
not getting credit facilities sufficiently due tadkward location factor. On the other hand, farmaes
getting more facilities to have credit at Muktagach may be a reason to practise cash paymergrayist
Muktagacha upazilla. Descriptive and statisticgh8icance test clearly support the hypothesis,ed in
less credit access lead to go for crop share”.
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In crop share, owner has to bear all costs for rivagehe plots. Diesel cost is the highest (65 petcin
crop share system. On the other hand, per yeapmguits cost of STW is the highest in cash payment
system and owner has to incur limited amount ot ¢osly 34 percent of crop share cost) for watering
others’ plot. Farmers share risk in crop shareesysand STW owners get their share at the end of the
season that is why they get more return which @ua$367. This return is higher compared to retfrn
cash payment system. Undiscounted benefit cosisratiow that crop share system gives higher rétam
cash payment. Profit per hectare shows that thié prarop shares system is about 5 times highantthe
profit of cash payment system. To get this higHfiprthe owner in the crop share system has toshkeore
money (66 percent higher than cash payment) antbha&e more risk compared to cash payment system.
It can be concluded that the return in crop shgstem is statistically higher than that of cashrpemt
system.

The above discussion is about water selling businkss observed that water selling business isemo
profitable in crops share system than in cash paysystem. STW owner will prefer crop share system
making high profit, which captured hypothesis, “STiigation business is more profitable in cropreha
system”.

Water saving technology is a new concept and itecabyout due to shortage of groundwater and due to
high increase in fuel prices. HYV Boro needs wabegrow well, but farmers are using lot of watetheir
field. If farmers put water that ensured that tbi is wet, this would be sufficient for HYV Bora.€., do

not need to flood the field with water). Usuallyrfeers who do not know how to use more than 4 to 6
inches water in their field. Their arguments arthdy have high level of water in the plot, theyrda need

to give water everyday and weeds cannot grow ih-tegel water level in the crop field. The problems
with those arguments are that water evaporates umgle temperature and it also leaks out to neighing
plots. If farmers use optimum water continuoustywill also be effective for growing fewer weeds
although it needs more driving cost. But researgueed that WST is still more economic for the vese
poor farmers.

The STW owners in cash payment system use more {85percent) than owners under crop share system
(23 percent) and users in crop share system useW&ST (14 percent) than cash payment system (39
percent). The differences are statistically siguaifit at 1 percent level of significance. The mdstly
reason is that it is less common in the crop shgstem because users do not pay directly for teefoo
supplying high level water. It is also difficultfowners to take care of all plots’ water levelsBes users
always make pressure to have more water in theis fdecause they are not so aware of WST and its
broader future impacts. It can be concluded froenahove discussions that users under cash paymsent u
WST more than crop share which is nothing but tiygothesis, “Water saving technology will be used
more in cash payment system”.

The table 3.5.2 summaries the relative scope foptinly payment system based on risk, credit, discou
rate, transaction cost, soil type and work divératfon in the two study areas.

3.5.1 Econometric estimation results

A probit model is estimated to explain the decisiompractise water saving technology as a functibn
owner’s income from shallow tubewell (STW), edueafipayment system for irrigation (ca), occupation
category (oc), hh's size (hhsize), farm size (faze)s irrigated land (irrih), income (hhincome) acrebdit
facilities (hhtdamount).

The results are plausible and theory consistethasoefficients possess the expected signs. Rignif
F-statistics or CRishows that the overall fit of the model is gootieTresults shows that application of
water saving technology increases with the increasenumber of users, owners’ age, education, cash
payment system, farm size and hhs’ income. WSTiegdn increases with an increase in number ofsuse
and also increases with the category of ownersipation. The increases are statistically significanl
percent level of significance. Owners have to iliste water among all users and in that case owneare

to be careful about the volume of water. Owners aginvolved in other occupation than agriculttiney
apply more WST because they have higher educatidhhave access to more information. WST use
increases with the increase size of irrigated arehowners’ age and depends on which payment system
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they used. The figures are also statistically $icgut at 5 percent level. Irrigated area underTaVSs
related to number of user of that tubewell. Theyeh supply optimum water if the command area of a
STW is large. Owners in cash payment system appherd/ST. Likewise STW income, area under STW,
involvement of other occupation except agricultarel irrigated area of the households exert a negati
effect on accepting water saving technology (T&ote3).

In the case of users, a probit model is fitted wiité decision to apply water saving technology depey

on users’ age, education, payment system for tidggca) and occupation category (oc) used as dgmm
hh's size (hhsize), farm size (farmsize), irrigatadd (irrih), income (hhincome), hhs’ resourceome
(hhrincome) and credit facilities (hhtdamount). Eralysis shows that the model is fitted well (34*5).
Here Pseudo s 0.1336 and log likelihood is -90.435 (Table.8)5

The results are also consistent with relevant thasrthe variables’ coefficients possess the ergesigns
in users’ case also. Application of water savinght®logy is higher in the cash payment system,isnd
increasing with HHs’ size, irrigated area and inedimom crops. Payment system and size of irrigated
have significant impact on applying WST, and isndigant at 1 percent level. User will use lessavan
cash payment system because they have to opersitewth their own diesel. A large farmer with large
irrigated area has to use more WST because hehagyate all his land with his own diesel. He wike
diesel economically, which ultimately lead him topt WST. Further, users’ education, other occopati
than agriculture, farm size, hhs’ resource income eredit access has a negative effect on appicat
water saving technology.

4. Conclusions and recommendations

There are two different payment systems in twostargas. In Ghatail, the crop share system is ipeatt
while in Muktagacha the cash payment system isdokarmers in Muktagacha reported that they alsb ha
a crop share system, but they introduced cash paysystem because the users always complained that
they did not get sufficient water in their plotmély. It was mainly due to higher diesel price. TSIEW
owners’ views are quite different. They reporteatttne users always demand more and more watkeiin t
plots, but they never consider that the plot ikigh altitude land, the soil is sandy, weatherrig the plot

is far away from the source of water, etc. Theyp dlought that there are some risk factors to getlg
crops. Instead of those risks they now get cashirrdor their machine and users can take as muthrsa
they need by using their own labour and fuel inhceayment system. It also reduces transaction cost,
operating cost, and conflicts between owner and. usethe Ghatail area, on the other hand, usess ar
poorer, have less credit facilities, and the riskigh. Users want to share their risk. The lankbig the

soil type is clay, and it is easy for owner to watee land regularly. Risk is high due to flood armehvy
rain, but if it is good crop year, they can getthigturn and they have social influences on useraake
sure the use of sufficient inputs. These findingsia line with the theory, which suggest that ptasmers
(Ghatail) are more risk averse and they will prdateishare risk and that is possible only in cropreh
system. On the other hand, users in Muktagachai@rer, have more credit access and risk is loamed,
they will prefer cash payment system.

From the owners’ point of view, the owners in Gildtaund water selling business profitable and taegy
used to share risk and the users do not have sy cwanplaints about the delivery of water in thdiotg.
They prefer the crop share system. On the othed,lmners in Muktagacha invest less, share no lbiséy

less transaction costs and get payment in cash.systems developed in the two areas due to diffeen

in economic and ecological conditions. There isunoversally optimal payment system because systems
develop and change due to mainly economic and gicallocircumstances, in addition to long run lozadi
social factors, which should not to be ignored. ldeer, the crop share system is under attack dtieing
output price and due to the fact that it does movigde strong incentives for water saving.
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Table 2.1.1: Important elements linked with paynmsystems

Contract eleme Crop shar Cash payme|
Expected pay High low
Risk sharing
- user Medium High
- fon High low
owner
Timing of pay Late Early

Table 3.1.1 Per household’s land distribution patef the study areas

[ SI. | Land type | STW Owner (N=30+30) | STW User (N=90#90 |
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No. Crop Cash Average Crop Cash Average
share payment share payment
1. Homestead area 0.07 0.09 0.08 0.06 0.07 0.07
(0.04 (0.05 (0.05 (0.05 (0.05) (0.05
2. Own cultivated| 0.52* 1.14* 0.85 0.41* 0.55** 0.49
land (0.46) (1.06) (0.88) (0.44) (0.48) (0.46)
3. Rented in land 0.25 0.69 0.35 0.30 0.23 0.29
(0.21 (0.62' (0.37 (0.18' (0.11 (0.18
4, Rented out land 0.67 0.37 0.55 0.78 0.57 0.75
(0.67) (0.32) (0.56) (0.61) (0.29) (0.57)
5. Mortgaged in| 0.36 0.16 0.34 0.27 0.25 0.26
land (0.21) () (0.21) (0.21) (0.13) (0.18)
6. Mortgaged out 0.37 0.67 0.48 0.08 0.28 0.18
land (0.33 (0.31 (0.32 (0.05' (0.17 (0.16'
7. Farm size 0.49* 1.20* 0.81 0.48** 0.53** 0.50
(0.40) (1.04) (0.84) (0.29) (0.39) (0.34)

Note: Figures in the parentheses indicate the atdrdeviation of the value of the respective items.
*Statistically significant at 1% level of signifinae
**Statistically significant at less than 10% lewdlsignificance

Table 3.2.1 Per household’s income from crop pridnof the farmers in the study areas

Sl. Item STW Owner (N=30+3( STW User (N=90+9(
No. Crop Cash Average Crop Cash Average
share payment share payment
1. Return from majo 542 1191 866 476 553 514
crops ($)
2. Cost of production 302 588 445 281 330 305
(%)
3. Income from crops 240* 603* 421 195** 223** 209
)
Note: * significant at 1 percent level and ** sifioant at 5 percent level
Table 3.3.1 Per households and per hectare avpeggi®r irrigation in the study areas
Cost item Crop share Cash payment Average
Irrigation cost/HH 102* 76* 89
(66) (53) (61)
Irrigation cost/ha 257* 156* 206
(159 (40) (126

Note: Figures in the parentheses are standardtigvia
*Significant at 1 percent level of significance

Table 3.5.1 Per hectare yield of Boro and Aman paddhe study areas

Sl. | Crops

| Unit

|  STW Owner (N=30+3( |

STW User (N=90+9(
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No. Crop share Cash payment  Crop share Cash
payment
1. HYV Boro Yield 6683 5302 6467 4987
(kg/ha) (5447) (2492) (5198) (3571)
2. | CV of Boro - 0.82 0.47 0.80 0.72
yield
3. Aman/ Yield 2495 3510 1620 2774
T-Aman (kg/ha) (2537) (2156) (1359) (1114)
4. | CV of Aman - 1.02 0.61 0.83 0.40
yield

Note: Figures in the parentheses are the stanasidtibns.

Table 3.5.2 Relative scope of different indicatorthe study areas

Name of| Risk Credit Discount | Transac-| Soil type Work Adopted
area availability | rate tion cost Diversifi- | system
cation
Ghatail High | User High High in| Crops in| Low Crop share
due to| farmers (prefer to| crop clay sail
flood, | have lesg pay later) | share need lesg
heavy | access to get system | water
rainfall | credit
Muktagacha| Low More access Low Low Crops in| High Cash
(prefer to clay sand payment
pay early) soil  need
more water

Table 3.5.3 Estimated probit results (STW Ownease)

| Variable | Description | Coefficient | Robust Sld. z | P>z |
N|Page
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(dy/dx) error
stw Income from water selling-0.002 0.003 -0.80 0.424
busines
nstw Number of users of a STW 0.027*** 0.011 2.47| 0.013
astw Area under STW -0.006 0.057 -0.10 0.921
age Age of the STW owni 0.006** 0.00¢ 1.0 0.30:%
educatiol Owners’ educatic 0.048* 0.02¢ 1.7¢ 0.08:
ca Dummy for payment system 0.607** 0.262 2.32 0.020
(O=crop share 1=cash payment)
oc Dummy for occupation -0.342*** 0.140 -2.44 0.015
(O=agriculture, 1=other than
agriculture)
Farm size Farm size of the HH 0.033 0.214 0.16 87®.
irrih Irrigated area of the HF -0.378** 0.18:2 -2.07 0.03¢
hhincom Income from crog 1.6Ce0¢ 0.000: 0.01 0.99(
R2 or Pseudo R2 0.3297
F-statistic or Chi2(10) 21.23***
Log likelihood -26.367
Number of observations 58
*** Significant at 1 percent, ** at 5 percent andat 10 percent.
Table 3.5.4 Estimated probit results (STW userséta
Variable Description Coefficient Robust Std| Z P>z
(dy/dx) errot
educatiol Users’ educatic -0.00¢ 0.01Z -0.43 0.66¢
ca Dummy for payment system 0.256*** 0.069 3.69 0.000
(O=crop share 1= cash payment)
oc Dummy for occupatiorL-0.0ZS 0.100 -0.28 0.777
(O=agriculture, 1= other tha
agriculture)
Farm size Farm size of the HH -0.290** 0.144 -2.04 | 0.041
hhsiz¢ HHs’ size 0.000¢ 0.02¢ 0.0¢ 0.98(
irrih Irrigated area of the HF 0.490™** 0.15¢ 3.1¢ 0.001
hhincome Income from crops 0.00004 0.00006 0.63| .520
hhrincome | HHS’ resource income -0.00004 0.00003 26-1. 0.209
tdamoun Credit availability -0.0000¢ 0.000: -0.41 0.68(
age Age of the use -0.001° 0.002¢ -0.67 0.50z
R2 or Pseudo R2 0.1336
F-statistic or Chi2(10) 24 58***
Log likelihood -90.435
Number of observatiol 18C

*** Significant at 1 percent and ** at 5 percent.
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