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ABSTRACT Water scarcity is globally getting worse in the light of increase in demand for water use. Human and
ecosystem health and economic development are affected by problems of water scarcity and water pollution. This
paper assessed the net benefit of water resource in crop production around the Kilombero Valley Ramsar Site in
Tanzania. Specifically, the study determines and estimates costs and benefits in crop production and quantify its
monetary value using both market and non-market techniques. Household questionnaires, checklist for key
informants, participant observation and participatory rural appraisal techniques were employed for data collection.
Questionnaire survey was administered to 120 households to establish the major agricultural activities, crops, costs
of production and income accrued from these activities. Data relating to household characteristics and water
related economic activities were analysed using Statistical Package for Social Sciences whereby the cost for
production, inputs and returns were analysed and compared using Microsoft Excel. The residual imputation
approach was used to estimate the value of water in crop production. Findings revealed that, 88.3 percent of the
respondents own land and 11.7 percent of them rent the land for crop production. The net values of water for
irrigated paddy and non-paddy crops were estimated to Tsh. 273.6 (US$ 0.23) and Tsh. 87.7 (US$ 0.073) per m3

of consumed water respectively. The average productivity of water for paddy and non-paddy crop production is
estimated at 0.85 kgm-3 and 0.69 kgm-3 of consumed water respectively. Furthermore, the returns from agriculture
are less compared to returns from other water uses. Nevertheless, since majority of households are depending on
agriculture this study recommends that emphasis should be put on effective and efficient use of water to improve
its productivity.

1. INTRODUCTION

Water is a very essential natural resource for
the world’s economic growth. It can unite people
that share a source of water such as rivers, lakes
or provoke conflicts among them as they com-
pete for it (URT 2002; World Bank 2002). How-
ever, freshwater is now scarce in many regions
of the world. In many areas around the world,
conflicts have risen due to increase in water de-
mand among its competing uses (World Bank
2002; Young 2005, 1996). According to Malan
(2010), choice in water resource allocation
involves its availability, costs and economic ben-
efits accruing from water, and environmental
impacts. Thus, the increase in water demands in
its competing uses and watershed degradation

are the driving forces for water scarcity which
brought the critical need for the use of econom-
ics to assist in decision-making and water man-
agement.

Water is a basic natural resource for socio-
economic development activities such as indus-
trial production, irrigated agriculture, livestock
keeping, hydropower production, navigation, re-
creation and tourism (URT 2002; Young 2005).
Its benefits (values) are determined by the deg-
ree of use, the sustainability of that use and the
non-use (Turpie et al. 2005). Kilombero Valley
among other uses, serves as a source of water
for domestic uses, farming, livestock and for fi-
shing (Kato 2007; Masiyandima et al. 2004;
McCartney et al. 2004). The potential of water
in enhancing food security through irrigated
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agriculture and alleviating poverty has led to
many governments in developing countries to
point out sustainable agricultural development
through ‘‘wise use’’ of water resources as one of
the prime goals in their national policies (URT
2002; Young 1996; FAO 2004).

Notwithstanding the benefits accrued and the
enacting of legislation to prevent unsustainable
use of water resource, water sources (wetlands)
continue to be degraded at an alarming rate (Mi-
llennium Ecosystem Assessment 2005; Masi-
yandima et al. 2004; McCartney et al. 2004). Wa-
ter scarcity is a function of supply and demand.
Its demand for different Land Uses (LUs) such
as industrial production, crop and livestock pro-
duction, hydropower production, recreation and
tourism is increasing in the light of population
increase despite its degradation (Briscoe 1996;
Gleick et al. 2001). The quantity and quality of
water in different LUs around the Kilombero Val-
ley Ramsar Site (KVRS) is reduced by degrada-
tion of water sources (Baum 1968; Kato 2007).
Therefore, water productivity in different LUs
around the KVRS continues to be reduced due
to degradation of water resource (Kato 2007;
Kangalawe and Liwenga 2005) hence, reducing
the economic returns in different LUs (Aylward
2000). Hitherto, water management remains in-
efficient, resulting in shortages and conflicts ov-
er allocation regimes (Kangalawe and Liwenga
2005; Young 2005).

Competition among various sectors (agricul-
ture, ecological functions, industry and cities)
for limited water supplies is already constraining
development efforts in many countries. As popu-
lations expand and economies grow, the compe-
tition for limited supplies will be intensified and
create conflicts among water users (Turpie et al.
2005; Young 2005). This necessitates that policy
and decision makers with regard to water poli-
cies and allocation to be well informed of the
costs and benefits associated with water (that is,
economic value of water in crop production) for
appropriate interventions to be made. Such
information is currently insufficient or not readily
available especially in the study area. This pa-
per, therefore, contributes to this knowledge
gap. It uses the case of Kilombero Valley Ramsar
Site in Tanzania to examine the value of water in
paddy and non-paddy crop production, water
productivity, costs, returns and implication to-
wards food security and poverty alleviation of
the local people and well-being of the national
economy at large.

2.  METHODOLOGY

2.1 Description of the Study Area

The Kilombero Valley is located in the Ulanga
and Kilombero Districts, Morogoro Region and
lies at the foot of the Great Escarpment of East
Africa in the southern of Tanzania, about 300 km
from the coast (Jatzold and Baum 1968). At the
end of the Eastern Arc Mountain range, the
Kilombero Valley forms a 6 650km2 lowland oa-
sis. The KVRS is situated in southern-central
Tanzania (8°32’ S 36°29’ E). The Valley has po-
tential areas for irrigation totalling to about 329
600 ha for surface water irrigation (Kato 2007).
Currently, the valley is a major rice production
area (McCartney and van Koppen 2004) supply-
ing about 9% of all rice produced in Tanzania
(Kangalawe and Liwenga 2005). The KVRS expe-
riences dry seasons from July to August and hot
dry seasons from September to November (Baum
1968).

The Kilombero district has a population of
around 322 779 people (73 393 households), with
growth rate of 2.5 percent per year and it is
projected to have 516 447 people in year 2025
(URT 2003). Based on the documented infor-
mation on the population and the growth rate
of 2.5 percent (URT 2003) the population in the
year 2010 was estimated to be 392 275 people.
This indicates the increase in demand for water
to sustain the increased population and for rice
paddy and non-paddy crop production. The
KVRS serves as a source of water to majority of
the villagers who are subsistence farmers of rice
paddy and non-paddy (vegetables, maize, su-
garcanes, banana), livestock, fishing and do-
mestic uses (Kato 2007) as well as for hydro-
electric power production at national level.

2.2 Data Collection

Survey was conducted in three villages
namely, Segamaganga, Lumemo and Njage where
primary data were collected (Fig. 1). A combina-
tion of techniques such as Participatory Rural
Appraisal (PRA) methods (focus group discus-
sion and resource mapping), structured ques-
tionnaires (both closed and open-ended ques-
tions) and participant observation were used in
data collection. This combination of methods was
used to complement each other because of limi-
tations by one technique and allows cross check-
ing and verification of answers (Olsen 2004). A
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Fig. 1. Map showing Kilombero Valley Ramsar site and study villages
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sampling unit for this study was a household
which was randomly selected in all villages (Table
1) with 5 percent as the sampling intensity for
households in each village. According to Bailey
(1994), a random sample should at least consti-
tute 5 percent of the total population to be a re-
presentative of that population. Questionnair-
es were administered to a sample of 120 house-
holds (both small scale farmers and irrigators)

for the purpose of collecting both quantitative
and qualitative data (Table 1). Information col-
lected focused mainly on socio-economic acti-
vities with respect to water consumption such
as agricultural production (both paddy and non-
paddy crop production), size of the crop land
(acreage), inputs-cost element, outputs, prices,
quantities produced, sold and amount consumed
by household (domestically) (Turpie et al. 2003).



Secondary data on paddy production were ob-
tained from Kilombero district Agricultural and
Livestock Development office to supplement pri-
mary data.

2.3 Data Analysis

Statistical Package for Social Sciences was
used to obtain descriptive statistics, charts,
frequencies tables and graphs for presenting the
results. Microsoft Excel was employed to analyse
data and quantify benefits accrued from water
(returns). However, different analytical tools were
also used to analyse benefits of water in paddy
and non-paddy crop production. The main
approach used to capture the value of water was
residual imputation approach (RIA). The Change
in Net Income Approach (CINI) was used to
calculate the net output values as shown in equa-
tion 1. This method has been proven to be a
useful tool by providing desired results. It has
been widely used by different authors (Stratos

of hired labour; and C
W
 is the irrigation fee (wa-

ter use fee/cost). Moreover, the modelling of
Crop Water Productivities (CWPs) was impe-
rative for prediction of crop water requirement
pri-or to the use CINI Approach. This was done
by using FAO’s CROPWAT model which is a
computer programme used to calculate crop wa-
ter requirements (CWRs) and irrigation requi-
rements (IRs) from climatic and crop data (FAO
2001). The climatic data were used in the model
to calculate the reference crop evapotranspi-
ration (ETo). The ETo together with rainfall,
crop parameters were used in the simulation of
CWRs. The gross margins and returns to labour
were calculated for paddy and non-paddy crop
production.

However, in the residual imputation appro-
ach to capture the economic value of water the
contribution of each input in the production pro-
cess was determined. The suitable prices were
assigned by market forces to all inputs but one
(water), the remainder of all total value of prod-
ucts was imputed to the residual input. The ap-
proach approximates the marginal value pro-
duct (MPV) of a productive input, such as water,
by subtracting all costs of production but one
from the total value of output. The remaining
(residual) value is assigned (shadow pricing) to
the non-priced input. For determining the resi-
dual value (economic water value) two princip-
les were hypothesized. First, competitive equi-
librium requires that the prices of all resources
are equated to returns at the margin. Profit-ma-
ximizing producers were assumed to add pro-
ductive inputs up until the point that value mar-
ginal products are equal to opportunity costs of
the inputs. The second principle requires that
the total value of product can be divided into
shares, so that each resource is paid according
to its marginal productivity and the total value of
product is thereby completely exhausted. For an
agricultural production process in which a sin-
gle product denoted Y is produced by four fac-
tors of production namely; capital (K), labour
(L), other natural resources such as land (R) and
irrigation water (W). The production function
will be:

Y=f(K,L,R,W) [2]
If competitive factor and product markets can

be assumed, prices may be treated as constants.
Then considering the second postulates, it then
follows that:
TVP

Y 
=[(VMP

K
*Q

K
)+(VMP

L
*Q

L
)+(VMP

R
*Q

R
)+

Tables 1: Socio-economic characteristics and
household distribution in the study area

Village Total number Number of Sample
of households sampled size (%)

households

Njage 725 37 5
Segamaganga 727 37 5
Lumemo 920 46 5

Total 2372 120 5*

*Indicates the average percentage as a minimum
sample size (n) in the surveyed area

Economic Activities Percentages

Agricultural Production 79
Non-agriculture 21

Total 100
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and Basil 2005; Young 1996; Ward and Michelsen
2002) to calculate the net output values of crop
production.

NOV=Y
c
*P-C

pr
-C

L
-C

FL
-C

HL
-C

W
               [1]

Where,
Y

C
 is the crop yield; P is the unit price of a

product, for example, crop, C
pr
 entails all varia-

ble costs (in case of crop production, for exam-
ple, seeds, fertilisers, pesticides, transport and
packaging, financial costs associated with the
purchase of variable inputs), C

L
 is the land ren-

tal price; C
FL

 is the cost of family labour, priced
at the average hired labour wage, including fie-
ld operation and management; C

HL
 is the cost



(VMP
W
*Q

W
)]                [3]

Where YTVP is total value of product Y; VMP
is value marginal product of resource i; and Q is
the quantity of resource i. Thus, on the assump-
tion that price (value) for all variables are known
except WP  (value of water); then;
P

W
=[TVP

Y 
-[{(P

K
*Q

K
)+(P

L
*Q

L
)+(P

R
*Q

R
)}]

Q
W

               [4]
The ‘‘residual imputation approach’’ has been

widely used to estimate economic values of
water, particularly in crop production (Kadigi et
al. 2004; Young 1996; Renwick 2001). The method
entails identification of the incremental contri-
bution of each input to the value of total output.

3. RESULTS  AND  DISCUSSION

3.1 Land Ownership for Households and
Means of Acquisition

Findings show that about 37.5 percent of the
surveyed respondents owned less than one hect-
are of land, 31.6 percent owned one to less than
two hectare, 15.8 percent owned two to ten hect-
are of land while 15.1 percent of the responde-
nts owned more than ten hectares of land (Table
2). Overall, about 88.3 percent of the respond-
ents own land as an input of production and 11.7
percent of them rent the land for crop product-
ion (Table 2). These results imply that land is
accessed by local people in the surveyed vil-
lages and they can use it as an input for crop
production. It also indicates that land is in the
hands of majority and some people in the sur-
veyed villages can access land through renting.
Kadigi et al. (2004) and Calder (2000)  argued
that land renting is common for people with small
or no land and its cost varies with location and
time. The results of this study can be compared

with the findings of Semra (2005) in Babati who
reported that 98 percent of Tanzanian rural ho-
useholds own land with the average size of 2.4
ha per household. Furthermore, majority (41.7%)
of the respondents had acquired land through
purchasing. Some of them acquired it through
inheritance (25%) and by government allocations
(21.6%) while a few (11.7%) of them used to rent
the land from land owners (Table 2). The impli-
cation of these results is that, probably people
may be able to use their land for various socio-
economic activities, thus, increase the ability to
sustain their lives. It can also be established from
the results that people can apply for land lease
certificate and use land as an asset to borrow
money from banks and other institutions.

3.2  Crop Production

The interviewed households revealed that
crop production accounted for 37.5 percent of
land use systems in the surveyed villages. In
general, majority (41.7%) of the households in
Kilombero district depend on both rainfed and
irrigation in crop production, 36 percent depen-
ds on rainfed agriculture only and few (22.3%)
were practicing irrigation agriculture (Fig. 2).
These findings show that there is a diversity of
crop production system practiced in Kilombero
district of which water from KVRS is a critical
input. The results are in-line with previous stud-
ies (Baum 1968; Kangalawe and Liwenga 2005;
Kato 2007; McCartney and van Koppen 2004;
Ngaga et al. 2005; URT 2002) which revealed that
wetlands have potential in crop production and
for ameliorating the microclimate which provi-
des conducive environment for crop production.

There is some variation in crop production
within and between surveyed villages. About 40
percent; 36 percent and 24 percent households

0.3 to <1 ha 13.3   7.5   4.2 12.5 37.5
1 to <2 ha   8.3   2.5 10.8 10.0 31.6
2 to 10 ha 10.8   0   3.3   1.7 15.8
Above 10 ha   9.2   1.7   3.3   0.8 15.1

 Total 41.7 11.7 21.6 25.0 100.0

Table 2: Land ownership for household and means of acquisition

Size of land Acquisition of land Total
for household

Bought Rented in Allocated by Inherited
village govern-
ment

Percentage (%)
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were practicing irrigation agriculture in Njage,
Segamaganga and Lumemo respectively. Results
also show that 45 percent of respondents from
Segamaganga, 35 percent from Lumemo and 20
percent from Njage depend on rainfall for crop
production. However, there is a group of house-
holds (45%, 35% and 20%) from Lumemo, Njage
and Segamaganga respectively who practice
both rainfed and irrigation agriculture. This trend
can be attributed to various factors such as lack
of enough capital for investing in irrigation-type
of crop production. Majority (45%; 35%; 20%)
of households were executing rainfed cropping
system in Segamaganga, Lumemo and Njage

and Lumemo villages as compared to Njage
village where people are producing crops both
for home consumption and for selling due to
presence of irrigation project in their areas.

3.3 Value of Water in Crop Production

Tables 3 and 4 respectively summarize the
costs and benefits for paddy and non-paddy crop
production in the surveyed villages. The aver-
age productivity of water for paddy and non-
paddy production included both main products
as well as by-products of the crops. The prod-
uction of each crop was derived by multiplying
the area under each crop with respective aver-
age productivity value product per unit area. The
average productivity from various crops was
added to get total value production from crops.
According to Palanisami et al. (2006) and Young
(1996), the term water productivity refers to the
degree of output or benefit resulting from the
input quantum of water as applied on a unit base.
In the domain of agriculture, it is expressed as
the net consumptive use efficiency in terms of
yield per unit depth of water consumed per unit
area of cultivation. Crop production is the major
water user in the world.

3.3.1 Costs, Returns and Value of Water for
Paddy Production

Results show that, nearly 90 percent of crop
producers use a number of inputs such as land,
seeds, tools, labour, water and agro-chemicals
such as fertilizer/manure and pesticides. Obser-
vations show that improved seed varieties are
relatively expensive and they needed to be
purchased at the beginning of each season,
when farmers have little cash available. None-
theless, some farmers use improved seed variet-

Crop production systems

Both irrigation and rainfed
Rainfed
Irrigation

C
ro

p
 p

ro
d

u
ct

io
n

 %

Njage Segamaganga Lumemo
Surveyed Villages

0

10

50

40

30

20

*Variable costs per ha per season 602 172 501.81
**Fixed costs per ha per season 122 640 102.20
Gross income per ha per season 1 272 252 1 060.21
Gross margin per ha per season 547 440 456.20
Productivity of consumed water (kgm-3) 0.85 0.85
Benefits to costs ratio 1.755 1.755
Water

Average volume of water consumed (m3/ha) 2 001 2001
Returns
Average yield (Kg/ha) 1 704.92 -
Average value per m3 of consumed water 273.588 0.22799

Fig. 2. Crop production in the study villages,
Kilombero district

Table 3: Costs and benefits for paddy production in surveyed villages, Kilombero district

Costs for paddy production                                                          (Tsh)            (US$)

*Involves labour, agrochemicals, seeds. **Involves land, ox-plough, hand hoe
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villages respectively (Fig. 2). This implies that
people in some villages such as Segamaganga
and Lumemo are not able to produce surplus
yields (rainfed) for selling rather they can only
produce little (subsistence farming) for home
consumption. This can be attributed to absence
of a national irrigation scheme in Segamaganga



ies for paddy production. Most farmers keep a
small portion of previous season’s harvest as
next year’s seed so that new seeds do not need
to be purchased at the beginning of the season.

Table 4: Costs and benefits of non paddy
production in surveyed villages, Kilombero
district

*Variable costs  per
ha per season 353 832 294.86
**Fixed costs per
ha per season 116 640 97.20
Gross income per
ha per season 765 607.2 638.006
Gross margin  per
ha per season 295 135.2 245.946
Productivity of consumed
water (kgm-3) 0.6896 0.6896
Benefits to costs ratio 1.63 1.63
WaterAverage volume
of water consumed (m3/ha) 3 363 3 363
Returns
Average yield (Kg/ha) 2 319.018 2 319.018
Average value per m-3

of consumed water 87.72 0.0731

Costs of non-
paddy production (Tsh) (US$)

*Includes costs of labour, agrochemicals and seeds.
**Includes costs of land, ox-plough and hand hoe

JulyJan AugFeb DecJun SepMar OctApr NovMay

P
ri

ce
s(

Ts
c/

kg
.

300
250
200

500
450
400
350

150

Time series (Months)

Fig. 3.  Price fluctuation for crops in the surveyed villages, Kilombero district
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The economic value of water for crop produc-
tion therefore fluctuates based on timing of plant-
ing and marketing the crops, owing to the impact
of price volatility. For example, the price for rice
fluctuates considerably during the year in direct
relation to the quantity of produce offered on
the market (Fig. 3). Rice marketed early in the

season (April-May) fetches a price that can be
up to two times higher than the average price
later in the season (July-August). This might be
due to the reason that early in the growing
season there is no enough stock to meet market
demand, thus, the market price for crop products
at this time is high. This results in fierce compe-
tition for water early in the growing season. Con-
versely, similar results were observed by the URT
(2004) in most areas of the country such as
Usangu Basin and Iringa Region.

The results in Figure 4 show slight linear
relationship between the production and price
of rice in January-March and later there are varia-
tions whereby the graph shows ups and downs
which specify that, the increase in crop produc-
tion influences the prices. This implies that, as
the production (supply) goes up the crop prices
falls and vice versa. Although yields are lower, a
farmer who harvests in April-May may be able to
obtain up to about Tsh. 28 500 (US$ 23.75) per
bag of paddy compared to Tsh. 8 500 (US$ 7.1) to
Tsh. 14 000 (11.7) later in the season (July and
August) (Figs. 3 and 4). However, by the end of
the harvesting season, the sale price can fall up
to Tsh. 7 200 (US$ 6). The results of this study
are in line with findings from previous studies
(Sokile and Mwaluvanda 2005; Palanisami et al.
2006) which reported that farmers who harvests
in April-May may earn Tsh. 22 000 (US$ 18.33) to
Tsh. 32 000 (US$ 26.7) in most of Sub-Saharan
countries. Hiring of oxen for ploughing and lab-
our for nursery preparation, transplanting and
harvesting was common to farmers with insuffi-



ever, the volume of water consumed in paddy
production was estimated to 2001 m3 per ha per
season by the use of CROPWAT and was given
in Table 3. Together with the average yield of
paddy produced per ha per season (1 704.92 Kg/
ha), the volume of consumed water enabled the
calculation for its average productivity (0.85 Kg/
m3). Therefore, from these results, the value of
water for paddy production was established to
be Tsh. 273.6 per m3 of consumed water (Table 3).

3.3.2 Costs, Returns and Value of Water for
Non-Paddy Crop Production

Table 4 provides a summary of the costs,
returns and value of water per m3 of consumed
water for non-paddy crop production. Major non-
paddy crops which are produced in the surveyed
villages were maize, banana, tomatoes, sweet
potatoes, vegetables and cassava. The average
area for non-paddy (mixed cropping) fields per
house-hold is approximately 0.7 ha. Most respon-
dents (36.7%) reported that they were using some
agrochemicals such as fertilizers and pesticides
in non-paddy crop production. Most of the
farmers who were producing non-paddy crops
reported more or less similar inputs for their
produce. Some of these inputs apart from land,
water, fertilizers and pesticides are labour, seeds
and equipments to mention few.

It was revealed that both hired and family
labour costs approximately Tsh. 181 410 (US$
151.2) per ha in a respective season for plough-
ing, weeding or harvesting work. Additionally,

cient cash in KVRS. Majority of the interviewed
households, who do not have enough money,
tend to use their own labour in ploughing their
fields by hand hoe. Findings show that both hir-
ed and family labour costs approximately Tsh.
103 572 (US$ 86.31) per ha in a respective sea-
son for ploughing or transplanting work.

The costs of land was estimated at Tsh. 122
640 (US$ 102.20) per ha in a respective season
whereby other variable costs for crop produc-
tion were approximately Tsh. 387 960 (US$ 323.30)
per ha in a respective season. Thus, the total
cost (variable costs plus fixed costs) for paddy
production in study villages was Tsh. 724 812
(US$ 604.01) per ha in a respective season. Fin-
dings revealed that the average income of the
interviewed respondents in the surveyed villages
was Tsh. 1 272 252 (US$ 1 060.2) per ha per
season for paddy production (Table 3). The gross
margin for paddy production was deduced from
gross income, and it was found to be Tsh. 547
440 (US$ 456.20) per ha in one season (Table 3).
The average productivity of water for paddy
production was estimated at 0.85 kgm-3 of con-
sumed water (Table 3). In this study, the avera-
ge yield was found to be 1 704.92 kg/ha. The re-
sults also revealed that the value of consumed
water in paddy production is Tsh. 273.6 (US$
0.23) per m3of consumed water. The results of
this study can be compared with those of previ-
ous studies (Palanisami et al. 2006; FAO 2005;
Sharma et al. 2005) which report that water pro-
ductivity in developing countries ranges from
0.18 kgm-3 to 1.01 kgm-3 of consumed water. How-
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the costs of land was estimated at Tsh. 91 080
(US$ 75.9) per ha in a respective season whereby
other variable costs for crop production were
approximately Tsh. 197 880 (US$ 164.9) per ha in
a respective season. The total cost (variable costs
plus fixed costs) for non-paddy production in
study villages was Tsh. 470 472 (US$ 392.06) per
ha in a respective season. The average income
for non paddy crop production in the surveyed
villages was estimated at Tsh. 765 607.2 (US$
638) per season (Table 4). Conversely, the gross
margin for non-paddy production (US$ 245.95
per ha in one season) was observed to be less
than gross margin for paddy production. The
average productivity of water for non-paddy
production was estimated at 0.69 kg per m3 of
consumed water and the average yield was fou-
nd to be 2 319 kg/ha. The average value of con-
sumed water in non-paddy production is Tsh.
87.7 (US$ 0.07) per m3of consumed water (Table
4).

These results on estimated values of water in
this study can be compared with those reported
in other studies in developing countries like
Tanzania and elsewhere around the World. For
instance, Turpie et al. (2003) estimated the
average gross income per unit water used in
irrigation at the range of US$ 0.1 to 1.4 per m3 of
consumed water depending on area of the basin
and type of irrigation. In the study conducted by
Kadigi et al. (2004) in Usangu basin, the esti-
mated value of water in crop production ranging
between US$ 0.04 to 0.17 per m3 of consumed
water. This study shows that, the gross income
per m3 of water consumed in paddy production
in Kilombero Valley is Tsh. 273.6 (US$ 0.23) and
Tsh. 87.72 (US$ 0.07) for non-paddy produc-
tion. The difference may be attributed to higher
water consumption (6 319 m3/ha per season) and
low yields (842 kg/ha per season) for crop pro-
duction in Usangu compared to Kilombero Val-
ley. This study also revealed that 2 001 m3/ha
and 3 363 m3/ha of water per season was con-
sumed to produce 1 704.92 kg/ha per season and
2 319 kg/ha per season with 0.85 kgm-3 and 0.69
kgm-3 (Tables 3 and 4) respectively as the pro-
ductivity of consumed water for paddy and non-
paddy production in the surveyed villages. The
difference also might be due to loss of water qual-
ity by pollutants from industries and the agricul-
tural industry itself.

The results of this study show that water pro-
ductivity for paddy and non-paddy crop pro-

duction are 0.85 kgm-3 and 0.69 kgm-3 of con-
sumed water respectively (Tables 3 and 4). The
differences may be attributed by varying crop-
ping and land-use patterns, low growth in yield
levels and agro-climatic factors for the former as
compared to Kilombero district. Additionally,
the latter may have relatively high availability
and accessibility of water. However, the key el-
ement for the higher water value of the latter is
the low non-water inputs used by the farmers
which lead to relatively low variable costs of crop
production in Kilombero district. Kumar et al.
(2008) suggested improvements of non-water
inputs with better water management as an ef-
fective strategy for increasing yield and water
productivity in India.

3.4 Implication of Crop Production towards
Poverty Reduction in KVRS

Poverty is increasingly acknowledged as a
dynamic, multi-faceted and multi-scale problem.
The courses in which people get into and out of
poverty are non-linear, path-dependent and
scale-dependent. However, crop production
can significantly contributes to poverty reduc-
tion through increased water productivity for
increased yields, cropping areas and higher value
crops. This study shows that water productivity
in crop production is very low (0.6896 and 0.85
kgm-3 for non-paddy and paddy crops respec-
tively) (Tables 3 and 4) which may be attributed
to water use inefficiency especially when we con-
sider crop yield per drop of water. It also shows
that, 79 percent of households around KVRS are
farmers (Table 1) involving in both paddy and
non-paddy crop production. Thus, increasing
water productivity in the agriculture sector in
this area is of necessity as the efforts towards
poverty reduction. This will therefore favour both
subsistence farmers and surplus farmers. The
increased water productivity will raises employ-
ment directly (farm workers), indirectly (by
increasing household income and for instance
crop product processing sectors) and may lower
prices in open economy or if there is high trans-
port costs. Poverty is more than a descriptive
idea and basically it is prescriptive. Consequently
seeking an approach for combating poverty
becomes a political decision. It is of interest that,
there should be reliable and valid information to
enable policy and decision maker to decide on
water allocation not only based on economic
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perspective but also considering the social
aspects in water allocation.

Increased water productivity will reduce wa-
ter poverty in agriculture sector and it will
increase the mean yields which in turn lead to
increased food supplies (food availability,
affordability by increased household purchas-
ing power and lowered price), higher nutritive
value and better nutrition levels. This implies that
by increasing water productivity, crop produc-
tion will have direct and indirect positive impacts
towards poverty reduction to poor majority, be it
an absolute or relative poverty regardless of a
wide range of indicators of poverty, and differ-
ent lines of thinking in defining what is the real
meaning of poverty. However, returns from crop
production (rainfed and irrigation) must be coun-
terbalanced against costs. These includes both
the direct costs of irrigation projects themselves,
costs of some negative impacts and the oppor-
tunity costs of irrigation investments.

4. CONCLUSION

Cultivation of paddy and non- paddy crops
(such as maize, banana, tomatoes and veg-
etables) requires a land with suitable soils and
easy access to water of which is the function of
the ability of the household to own or rent such
a land. Despite its potentials, crop production
has relatively small returns to cost ratio as com-
pared to other land uses and yet it is the main
water consumer in the study area. For irrigated
crops such as paddy and non- paddy crops, the
net values were estimated to Tsh. 273.6 (US$ 0.23)
and Tsh. 87.7 (US$ 0.073) per m3 of consumed
water respectively. The small return to cost ratio
in agriculture might be due to high input costs in
the sector. Nevertheless, the opportunity cost of
water transfer from irrigated paddy to other al-
ternative uses downstream is considerable both
at local and national levels. Rice from Kilom-
bero constitutes 9% of the total national supply
in Tanzania. If farmers in this area stop produc-
ing irrigated paddy, there will be shrinkage in the
national annual rice production with possible
increase on paddy and rice prices, unless this
gap is covered by increase in rice production
from other regions. Although, return to cost ra-
tio from agriculture is small, yet it is a very im-
portant land use especially by considering that
about 80% of respondents are depending on ag-
riculture for their livelihood.

5. RECOMMENDATIONS

As per above conclusion, therefore, this
paper recommends that emphasis should be put
on effective and efficient use of water by apply-
ing drip irrigation in order to improve its pro-
ductivity in agriculture sector. For example wa-
ter requirement for tomatoes is different from that
of maize, therefore applying water (irrigating) at
the right time based on different plant water re-
quirement may improve water use by avoiding
water loss.
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