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ABSTRACT

Drip irrigation is widely promoted to sugarcane growers as a way to save water and raise returns, and farm-level
cost-benefit studies are often cited in support. This narrative review asks how far such studies can be trusted to tell an
individual grower whether adoption pays. It draws on published work on sugarcane water relations, on irrigation efficiency
and water use, on the economics of technology adoption, on discounting, and on the methods used to estimate effects
from observational farm data. No new cost-benefit analysis was carried out and no cost or yield figures are reported. The
review finds that the verdict of a farm-level account depends heavily on a small set of choices: the discount rate and
horizon, whether subsidies are counted as a transfer or a resource cost, how water and power are priced, farm size, and
the yield the grower would have obtained anyway. Adopters are also not a random sample of growers, so a simple
comparison with non-adopters tends to mix the effect of the technology with the advantages of the farms that choose it.
Water saved on the farm may not be water saved in the basin. The review concludes that adoption can pay under
identifiable conditions, that claims of general profitability are poorly supported, and it sets out how accounts should be
reported so that readers can judge transfer to their own farms.
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1. Introduction

Sugarcane is a long-duration, high-biomass crop
that stays in the field for most of a year and, in
many regions, returns for further ratoon crops. It
uses a great deal of water, and where rainfall is
short or poorly timed, irrigation decides whether
the crop is grown at all [1, 2]. Water is also
becoming harder to secure. Competing demands, a
changing climate and falling groundwater tables in

several of the major cane-growing regions all push
growers and policymakers towards methods that
promise more crop from each unit of water [3, 4,
5].

Drip irrigation is the most frequently proposed
answer. By delivering water close to the root zone
through a network of pipes and emitters, it can
reduce evaporation, runoff and deep percolation
relative to surface methods, and it allows nutrients
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to be applied with the water [6, 7]. It has been
promoted for smallholders in particular, with
low-cost versions designed to fit small plots and
limited budgets [8, 9]. For a sugarcane grower,
though, the practical question is narrower than the
technical one: does the investment pay, and for
whom?

Answers in the literature are given as farm-level
cost-benefit analyses, which set the costs of
installing and running a system against the gains
in yield, water, labour and inputs, and report a net
present value, a benefit-cost ratio or a payback
period. These summaries are persuasive because
they are single numbers. They are also fragile. The
same field, the same equipment and the same crop
can give a clearly positive or a clearly negative
result depending on the discount rate, the
treatment of the subsidy, the price charged for
water and power, the size of the holding and the
yield the grower would have had anyway. Beneath
all of this lies a further difficulty: growers who
adopt drip are not a random draw from all
growers, so comparing them with others mixes the
effect of the technology with the advantages of the
farms that choose it [10, 11]. A grower reading a
published account needs the answer to a plain
question: would this have paid on my farm?

This article is a narrative review. It does not
present a new cost-benefit analysis and quotes no
cost or yield figures. Its purpose is to set out what
published work allows one to say about the
economics of drip adoption among sugarcane
growers, to show which assumptions carry the
result, and to propose how accounts should be
reported so that a reader can judge whether they
transfer to a different farm. The aim is a fair
account of what is known and what is merely
repeated.

2. Literature Review

2.1 Sugarcane, Water and the Case for Drip

Sugarcane responds to water throughout its
growth, but not equally at every stage. Reviews of
its water relations describe a crop that is sensitive
to deficits during the period of rapid canopy and
stalk growth, that can recover from some stress,
and whose sugar content is affected by water
supply in ways that differ from its effect on cane
weight [1]. Because the crop is grown for a long
time and, in a ratoon system, for several cycles,
the water it uses over the life of a planting is large,
and the water footprint of cane is among the
larger ones recorded for common field crops [2].

This is the background to the argument for drip. If
a surface method wastes a large share of the water

applied, then a method that wastes less should let
the same crop be grown with less water, or a
larger area be grown with the same water [6, 12].
The argument is sound in principle, but its force
depends on how much was being wasted to begin
with, on whether the lost water was truly lost to
the basin, and on whether the grower can capture
the saving as money. These conditions are ones
that a cost-benefit account must test and cannot
assume. They are examined in the sections that
follow.

There is also an agronomic argument that does not
rest on the amount of water at all. Applying water
in small, frequent doses and delivering nutrients
through the same lines can keep the root zone
closer to the conditions the crop prefers, and may
reduce the swings between too wet and too dry
that surface methods produce [7, 13]. Whether
that translates into a yield gain on a given farm
depends on how well the old method was being
managed, which is rarely recorded. This is why the
same technology can look excellent in one report
and unremarkable in the next.

2.2 What Drip Changes on the Farm

For a grower, adopting drip changes several
things at once. Capital is spent at the outset on
filters, mains, laterals, fittings and often a pump or
a storage tank. Water use, pumping hours and the
labour of irrigating all change, and fertiliser
practice may change too. Maintenance becomes a
regular task, because emitters and filters must be
kept clear, and some parts will wear out before the
crop cycle ends [6, 7]. The crop itself may respond,
through yield or through the timing of harvest.

Efficiency gains at the plot are easy to describe
and hard to price. A reduction in the volume
applied matters economically only if water has a
cost to the grower, either directly or through the
energy needed to lift it. A reduction in labour
matters only if that labour has an alternative use
or a wage. A gain in yield matters in proportion to
the price received and to the share of the gain that
is due to drip rather than to better management
that came with it. Reviews of water productivity
make a related point at larger scale: gains per unit
of water are not the same thing as gains per
hectare, and neither is automatically an economic
gain [14, 15].

2.3 Why Growers Adopt, and Why It
Complicates the Account

The general literature on agricultural innovation
offers a consistent list of factors associated with
adoption: the profitability of the new method, the
availability of capital and credit, access to
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information, the size and quality of the holding,
attitudes to risk and the security of tenure [16,
17]. Later reviews stress that these relationships
are not constant. The same factor can speed
adoption in one setting and slow it in another, and
surveys that measure adoption at one point in time
often cannot say whether a factor caused adoption
or merely accompanied it [18, 19, 20]. Learning
from neighbours and from one’s own experience is
also central, which means that adopters at
different dates may differ systematically [21].

Work specific to irrigation technology adds the
role of water scarcity and land quality. Choices of
irrigation method respond to soil, slope and the
cost of water [22], and adoption is shaped by
uncertainty in production as well as by expected
returns [23]. Studies of micro-irrigation in India,
where this has been examined most closely, report
that adoption is concentrated among growers who
face high water costs or scarcity, who have access
to capital or subsidy, and whose crops give a high
return per unit of water [24]. Table 1 summarises
the main determinants and the complication each
one brings to the economic reading.

Table 1. Commonly studied determinants of
drip adoption and why each complicates a
simple reading.

Why it is expected to

Determinant
matter

Complication

Water Raises the value of each Scar(_:e water is often
unpriced to the

scarcity unit saved [22, 24] farmer
. leeq CQStS i st Direction differs with
Farm size and fitting; scale of

capital [16, 18] credit and tenure

Capital and Upfmnt cost is largfa Subsidy can substitute
relative to a season’s

credit income [17, 19] for credit

Neighbours’ results
reduce uncertainty [20,
21]

Information
and learning

Early adopters may
differ from later ones

Land quality | Gains depend on soil and = Also drives yield
and soil slope [22, 23] without drip

. Insecure tenure .
Risk and Sl (o orstarm 1115, Hard to measure in
tenure surveys

19]

Note: Qualitative summary of themes in the adoption
literature; direction of association differs between
settings and no effect sizes are given.

The practical consequence is that a cost-benefit
result obtained from a sample of adopters cannot
be applied to non-adopters without further
argument. Those who adopted were, by definition,
those for whom adoption looked worthwhile, and
that judgement may have drawn on advantages the
outside observer cannot see. Read this way, an
unimpressive result on one farm is not proof that

the method fails elsewhere.

2.4 Subsidies, Power and the Price of Water

In many countries drip systems are sold with a
capital subsidy, and in several the electricity used
for pumping is also priced below its cost of supply.
The two interact. A capital subsidy lowers the
upfront cost the grower must find. A power
subsidy lowers the marginal cost of water, and so
lowers the value of any saving in volume [24, 25].
Where water is effectively free at the margin, the
water-saving argument for drip has no money
value to the farmer, and the case must rest on
yield, labour or fertiliser.

Subsidies pose a methodological question that is
easy to overlook. From the grower’s point of view
a subsidy is a receipt, and including it raises the
return. From the point of view of the economy it is
a transfer, and the resources used to produce the
equipment are a real cost whoever pays for them.
A decision rule that is correct for the farm can
therefore be wrong for the public purse, and the
reverse. Good practice is to report the account
both with and without the subsidy and to say
which perspective is being taken; the general
guidance on benefit-cost analysis makes the same
point about stating the standpoint [26].

2.5 Water Saved on the Farm and Water Used
in the Basin

A persistent finding in the water-resources
literature is that saving water at the plot does not
necessarily save it in the basin. Water that runs off
or percolates under a surface method is often
reused downstream or recharges an aquifer, and
when a more efficient method makes irrigation
cheaper or more productive, farmers may expand
the area irrigated or grow thirstier crops, so that
total consumption can rise [27, 28]. Empirical
work on irrigation technology and groundwater
has reported outcomes ranging from reduced to
increased extraction depending on what farmers
did with the efficiency gain [29], and assessments
of India’s groundwater suggest that gains in
efficiency alone are unlikely to halt depletion
without limits on use [15, 25].

This matters for the economics in two ways. First,
a farm-level account that counts saved water as a
benefit is describing a private gain that may have
a public cost. Second, if the grower uses the saved
water to irrigate more land, as the global
water-saving assessments recognise as a likely
response [12, 30], then the relevant comparison is
no longer the same field with and without drip but
a larger enterprise with a different cost structure.
Access to groundwater has itself been shown to
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matter greatly for rural welfare [31], which is a
reason policymakers want to encourage efficient
use and a reason they should not assume that
efficiency reduces total use.

2.6 Evidence from Other Crops and Regions

Much of what is known about the economics of
drip comes from crops other than sugarcane and
from settings that differ from those of cane
growers. Programmes of low-cost drip for
smallholders growing vegetables and other
high-value crops have been described as promising
for income and food security [8, 9], and syntheses
of smallholder irrigation point to real potential for
reducing poverty where costs, markets and
institutions allow [32]. High-value horticulture
differs from cane, however, in the return per unit
of water, in the number of crop cycles per year and
in the lifespan of equipment relative to the crop.
Findings from these settings are best treated as
suggestions for what to look for in cane and not as
estimates of what will be found.

3. Materials and Methods

3.1 Scope and Question

The review asks one question in two parts: what do
published farm-level analyses allow us to conclude
about whether drip irrigation pays for sugarcane
growers, and which assumptions and design
features determine how far such conclusions can
be trusted? The question was divided into the
points a reader would need answered: what costs
and benefits enter the account, how time and the
discount rate are handled, how subsidies and
water are treated, how the comparison with
non-adopters is made, and how the result is
reported. None of these steps is difficult, but each
one is easy to skip.

3.2 Literature Assembly

The review draws on peer-reviewed work in four
areas: the water relations of sugarcane and the
performance of irrigation methods; the economics
of technology adoption; discounting and
benefit-cost method; and the statistical methods
used to estimate effects from farm survey data.
Sources were chosen for relevance, standing in
their field and clarity of method. Work on other
crops and regions is used for what it teaches about
method and about conditions, and not as evidence
of results in sugarcane.

No new cost-benefit analysis was done for this
article, and none of the cost, yield or return figures
that individual studies report are reproduced here.
We did not run a formal systematic search and we
do not claim one. The synthesis is narrative, and

the choice of sources reflects the authors’
judgement. The practical consequence is that the
review is a better guide to what a sound account
should contain than to the size of any particular
benefit.

3.3 Appraisal Framework

To judge how far an account can be trusted, we
asked four questions of the method rather than of
the result. Is the horizon stated, and is the
discount rate justified and tested at more than one
value [33, 34]? Are subsidies, water and power
treated openly, with results shown on more than
one basis [26]? Is the counterfactual yield stated,
and is the comparison group credible given that
adopters choose themselves [11, 35]? And is every
item of cost and benefit recorded? Table 2 lists the
items we looked for.

Table 2. Items to record in a farm-level
account of drip irrigation in sugarcane.

Item What to record ogif::::i?
Design and Layout, filters, laterals, Sometimes

fitting installation, expected life

Parts that wear out within the
horizon, tied to the crop cycle [6, = Often
71

Replacement

Pumping and Hours, tariff, whether subsidised

power [25] Often
waer Yo e ong,
Fertiliser g}giggles if applied through the SR;l;eelg
Yield What the same field would yield Verylofien

counterfactual | under the grower’s old method

Note: The last column gives the authors’ reading of how
often published accounts leave the item out or fold it into
another line.

4. Results

4.1 The Anatomy of a Farm-Level Account

A farm-level account of drip irrigation has a
recognisable shape, sketched in Figure 1. The
largest outlay falls at the start, when the system is
designed and installed. Running costs follow each
season: power for pumping, maintenance, filters
and fertiliser. Some parts wear out before the
investment is complete and have to be replaced,
and in a ratoon system the life of the equipment
relative to the number of cane cycles is one of the
central facts of the account [6, 7]. Benefits arrive
as the sum of savings in water, power and labour
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and any change in cane and sugar value, and they
arrive after the costs. Such differences look small
in any one season, but they compound over the life
of the equipment.

Benefits: water, power, labour, fertiliser, cane and sugar value

Running costs: power, upkeep, filters, inputs

Plant Ratoon 1 Ratoon 2 Ratoon 3

Replace parts

Install
Bar heights are illustrative only; they are not data

Figure 1. Timeline of the cash flows that enter a
farm-level account (schematic, not data).

Two features of this shape deserve emphasis.
First, because costs come early and benefits late,
the value placed on the future decides the
outcome, as the next section shows. Second, the
account is only as complete as its list of items. The
sugarcane literature is clear that yield and sugar
content respond to water in complicated ways [1],
so benefits should not be reduced to a single yield
uplift. Equally, costs should not be limited to the
invoice for the equipment.

4.2 Assumptions that Decide the Verdict

Five assumptions recur as the ones that move
results most. They are the discount rate and
horizon, the treatment of the subsidy, the price of
water and power, the size of the holding, and the
yield baseline. Figure 2 sketches, qualitatively,
how strongly each bears on the cost side and the
benefit side of the account. The influence shown is
a reading of the literature, not a measurement.

The discount rate is the first of these. Costs come
first and benefits later, so a higher rate lowers the
present value of the benefit stream more than the
cost, and a project that looks attractive at a low
rate may look poor at a high one. Choosing the
rate is not a technical matter. It reflects the
grower’s cost of borrowing, the return available
elsewhere and views on the future, and there is a
substantial literature on how uncertainty about the
rate itself should be handled [33, 36]. Allowing for
that uncertainty tends to give more weight to the
lower rates when the horizon is long [34], and
guidance on public projects has moved towards
declining rates for distant benefits [37]. For a farm
with a limited horizon the more important point is
simply that results should be shown at several
rates.

Cost side Benefit side

Discount rate and horizon | moderate larger

Subsidy treatment smaller
Water and power price smaller
Farm size moderate smaller
Yield baseline smaller

Qualitative reading of the literature; cells are not measurements

Figure 2. Qualitative influence of key assumptions on
the two sides of the account (schematic matrix, not
data).

The subsidy is the second. A capital subsidy that
covers a large share of the upfront cost can turn a
negative account into a positive one without any
change in the technology, and a power subsidy can
make water-saving worthless to the farmer by
making water cheap [24, 25]. Whether the subsidy
is counted as a receipt or the equipment at its full
cost therefore changes both the sign and the story.
Neither choice is wrong, but each answers a
different question, and accounts that do not say
which they answer cannot be compared. A bank
that lends against the equipment will look at
exactly this timing, whatever the headline ratio
says.

Water pricing interacts with the subsidy. Where
water is metered and priced near its scarcity
value, each unit saved has a money value and the
case for drip is correspondingly stronger; where it
is free or charged by area, the saving is invisible to
the account [15, 24]. The same technology on two
farms facing different prices can therefore give
opposite results. Farm size works through scale:
design, filtration and fitting have fixed
components, so small plots may carry a higher cost
per unit area, while larger holdings may face
problems of management and water source. The
adoption literature does not give a single direction
for this relationship [16, 18].

4.3 The Yield Baseline and the Benefit Side

The benefit side depends on the counterfactual:
what the same field would have produced under
the grower’s previous method. Where surface
irrigation was poorly timed or applied in excess, a
change to well-managed drip can bring a clear
gain. Where the old method was already well
managed, most of the benefit may lie in saved
water, labour and fertiliser, and the gain in cane
may be small [1, 13]. Reports that compare drip
with a poorly managed baseline will overstate
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what drip alone achieves, and ones that compare it
with a well-managed baseline may understate
what a typical grower would gain.

There is also the difference between productivity
per hectare and productivity per unit of water. The
water productivity literature cautions that large
gains are possible in some settings and limited in
others, and that the potential is hard to realise
without attention to the whole system [14, 15]. For
the grower, the relevant measure is the one that
matches the scarce input. If land is scarce and
water plentiful, return per hectare is the measure;
if water is the constraint, return per unit of water
matters more, and the use made of the saved
water becomes decisive [27, 30]. A saving that
disappears once a hired worker’s time is priced is
not a saving that grower would see.

Timing is a further consideration. Because cane is
harvested after a long season, a change in the date
of harvest or in the number of ratoons that can be
taken profitably alters when benefits arrive, and so
their present value. These effects are rarely
incorporated in the simple annual comparisons
found in the applied literature, where a single
season is sometimes made to stand for a decade.

4.4 Adopters Are Not a Random Sample

The most serious design problem in the literature
is selection. Growers choose whether to adopt, and
the farms that adopt differ from the rest in ways
that affect both the decision and the outcome: they
may have better land, more capital, closer contact
with extension, or more skill [10, 17]. A
comparison of the yield or income of adopters and
non-adopters then confounds the effect of drip
with those prior differences. Figure 3 sketches the
problem. A common cause sits behind both
adoption and the outcome, so that part of any
observed difference would exist even if the
technology did nothing.

Statistical methods exist to address this, and they
differ in what they can and cannot do (Table 3).
Simple comparison of means addresses nothing.
Regression with controls handles measured
differences. Matching on the probability of
adoption balances the observed traits between
groups [35], but cannot deal with traits that were
not recorded, and its performance depends on the
quality of the data and on the care with which it is
applied [38]. The broader literature on programme
evaluation sets out when each method is credible
[39, 40], and it urges caution about claims that any
single method settles the matter [41, 42].

Farm traits: land, capital, skill,
water access

effect of interest
Adopts drip | =————| Yield, net return

Schematic, not data: shared traits can produce a gap even with no effect

Figure 3. Why adopters differ from non-adopters
before adoption (schematic causal diagram, not data).
A subtler point is that the benefits of technology
may differ across growers, so that those who adopt
are those with the most to gain. If so, even a
well-identified effect for adopters would overstate
what the average non-adopter would gain, and
could say little about those who stayed out for
good reasons [10]. Evaluations built on roll-outs
that are randomised or phased allow cleaner
comparison [40], but they are expensive and
uncommon in irrigation, and their results are tied
to the conditions under which they were run [42].
The point is not that a study is poor, only that its
conclusion travels less far than its abstract
suggests.

Table 3. Designs used to estimate the effect of
adoption and what each leaves open.

Design What it handles What it leaves open
Adopter versus Nothing beyond the All differences between
non-adopter .

raw difference farms [11]
means
Regression Unmeasured skill and

Measured farm traits

with controls land quality [39]

Matching on Observed traits used | Unobserved selection

propensity to match [35] [38]

s STt Season, price and
after on same | Fixed farm traits L p

farms policy shifts

Randomised or | Selection, if well run
phased roll-out | [40, 41]

Rarely available;
limited transfer [42]

Note: Weaknesses are those discussed in the cited
methodological literature; they are not attributed to any
single study.

4.5 What Published Accounts Leave Open

Putting these strands together, the questions that
published accounts most often leave open are the
same ones. The yield counterfactual is seldom
stated. The discount rate is chosen without a test
of other values. The subsidy is blended into the
result without showing the unsubsidised case. The
price of water is whatever the farmer faces, with
no statement of what it would be if it reflected
scarcity. And the comparison group is chosen by
the farmers themselves.
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This does not mean the accounts are wrong. Many
of them record real savings and real gains, and in
settings with scarce, priced water, good
management and access to capital the case for
drip can be strong [8, 24]. It means that the
number reported is conditional on choices that the
reader is not always shown. A positive result on a
well-tun farm with a high water price is a
legitimate finding, but it does not support the
claim that drip pays for sugarcane growers in
general.

Reports of this kind also tend to be silent on
failure. Systems that were installed and later
abandoned, or that were run poorly because the
grower lacked the skills or supplies to maintain
them, rarely appear in the sample, because the
sample is made up of those still using the
technology. Accounts built only from continuing
users can therefore look better than the full
experience of those who tried it. Studies that
follow adopters and drop-outs over time are rare,
but they are needed.

5. Discussion

5.1 Interpretation and Practical Reading

The main finding of this review is conditional. Drip
irrigation can pay for sugarcane growers, and the
conditions that make it likely are identifiable:
water that is scarce and priced, or energy that is
costly; a baseline of surface irrigation that is not
well managed; access to capital or a subsidy that is
available when needed; and a holding on which
fixed costs are spread adequately. Where those
conditions are absent, a positive account is harder
to support. Nothing in this reading argues against
drip irrigation; it argues for stating the conditions
under which it pays.

The second reading concerns method. The
sensitivity of the result to a handful of choices
means that single-number summaries should be
treated with care. Net present value, benefit-cost
ratio and payback each compress the same stream
of costs and benefits into a different summary, and
each can mislead. A ratio can change depending
on whether a saving is classed as a benefit or a
negative cost. A payback period ignores everything
after the payback date. Where equipment and crop
cycles do not match in length, comparison on an
annual-equivalent basis is more honest than
comparing totals over different periods.

The third reading concerns the distinction
between private and public gains. A grower who
adopts for private reasons may reduce or increase
total water use depending on what is done with the
saving [27, 29]. Where the policy aim is to protect

an aquifer, subsidising drip may not achieve it
unless accompanied by limits on use [25, 28].
Where the aim is to raise grower incomes, the
analysis of subsidy and selection above applies.
These points apply with equal force to any
capital-intensive farm technology, not only to drip
systems.

Three findings would change this reading. A
well-designed study with a credible comparison
group, showing a sustained gain for typical
growers who were not selected for being well
placed, would strengthen the general case. An
account showing a robust positive result at higher
discount rates and without subsidy would settle
the question for the conditions in which it was
done. And evidence that saved water was in
practice used to expand cane area on most
adopting farms would shift the discussion from
saving water to the economics of expansion.

5.2 Limitations

This is a narrative review and shares the
limitations of that form. The selection of sources
reflects judgement, no formal search or quality
scoring was done, and the review does not quote
numerical results from individual sugarcane
studies, because these could not be checked
against the primary reports for this article. A
reader who needs a number should consult the
original studies directly, applying the appraisal
questions above.

The review also draws heavily on evidence from
other crops, other regions and general economic
method, and sugarcane-specific = economic
evidence is thinner than the volume of advisory
material suggests. We have used the wider
literature to frame what to check and the
conclusions should be read in that light. Reviews
of this kind are more useful when they say where
the evidence stops than when they smooth it over.

5.3 Implications for Reporting

A sound account would state its horizon and the
length of life it assumes for each component, show
results at several discount rates, and present the
case with and without any subsidy [26, 33]. It
would price water and power at what the farmer
pays and, separately, at an estimate of their
scarcity value. It would describe the vyield
counterfactual and say how it was obtained. It
would present best, base and worst scenarios
instead of a point, so that the reader can see how
far the result moves when the assumptions do.

On the design side, an account that wishes to
claim an effect of adoption should say how it
handled selection, and should be explicit about
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which of the designs in Table 3 it used and what
that design leaves open [38, 39]. Samples should
include growers who adopted and later
abandoned. These requirements are demanding,
but they are those that distinguish an account a
grower can use from one that supports a hunch.

One practical device is worth singling out. A
scenario table with three rows, each a coherent
story rather than a random draw, is easier for a
grower to read than a probability distribution. A
favourable row might assume priced water, a
well-timed subsidy and a poorly managed baseline;
a base row might assume local prices and average
management; an unfavourable row might assume
cheap water, delayed subsidy and a well-managed
baseline. If drip pays in all three, the case is
strong. If it pays only in the first, readers should
know that, and the report should say so plainly
[14, 34].

5.4 Directions for Future Work

Three needs stand out. First, a formal systematic
review of farm-level economic studies of drip in
sugarcane, with a transparent search and
appraisal, so that the claims made here about the
literature can be tested. Second, studies that
follow growers over time and across several ratoon
cycles, with credible comparison groups. Third,
work that connects the farm-level account to the
basin, so that the private return and the public
cost of water use can be set side by side [12, 28].

5.5 Practical Reading for Growers and
Advisers

For an adviser the sensible position is neither to
dismiss drip nor to promise returns. A grower
weighing adoption can do much with a simple
worksheet in the form of Table 2, filled in with own
prices, own water source and own records of yield
under the present method. Running it with a
higher and a lower discount rate and with and
without the subsidy takes little time and shows
whether the decision is robust or fragile [26, 34].

Such a worksheet does not replace a formal
evaluation, and it should not be presented as one.
It can nonetheless tell a grower whether the
system is likely to be worth pursuing on that farm,
and which assumption deserves checking first. The
wider question of how much drip adds on average
will be answered by designed studies with credible
comparison groups and by systematic synthesis of
their results [18, 40].

6. Conclusion

Drip irrigation is a plausible investment for
sugarcane growers, and under identifiable

conditions it can pay. The evidence, as we can
responsibly summarise it, does not support a
general claim of profitability. What the literature
does show is how sensitive the verdict is to the
discount rate, the treatment of subsidies, the price
of water and power, farm size and the yield the
grower would have had anyway, and how easily a
comparison of adopters with others can be
distorted by the way growers select themselves.
Readers should treat single-number claims with
caution until the assumptions behind them are
shown.

For the practitioner the message is practical
rather than discouraging. Drip can be assessed
carefully, provided the account is complete, the
assumptions are tested and the subsidy is shown
openly. For the researcher the opportunity is a set
of long-horizon, well-designed studies in cane that
turn a plausible case into a measured one that
growers and policymakers can rely on.

7. Acknowledgements

The authors thank colleagues who commented on
earlier drafts of this review.

8. Funding

This work received no specific grant from any
funding agency in the public, commercial or
not-for-profit sectors.

9. Conflict of Interest

The authors declare no conflict of interest.

10. Author Contributions

E.N. conceived the review and wrote the sections
on irrigation and water use. F.C. wrote the
sections on adoption and the economics of
subsidies. T.S. wrote the sections on discounting,
evaluation design and reporting. All authors
revised the manuscript and approved the final
version.

11. Ethics Statement

This is a review of published literature. No human
participants or animals were involved and no
ethical approval was required.

12. Data Availability

No new data were generated. All sources are cited
in the reference list.

13. References

[1] Inman-Bamber, N. G., & Smith, D. M. (2005).
Water relations in sugarcane and response to
water deficits. Field Crops Research, 92(2-3),
185-202. DOI: 10.1016/j.fcr.2005.01.023

16


https://iajavs.org/index.php/iajavs/index
https://doi.org/10.62649/v7.i02.2019.pp9-18
https://www.sciencedirect.com/science/article/pii/S0378429005000225

Indo-American Journal of Agricultural and Veterinary Sciences
ISSN: 2321-9602 Vol: 7, Issues: 2, 2019

https://iajavs.org/index.php/iajavs/index
DOI: 10.62649/v7.i02.2019.pp9-18 | Nyberg, Cavalieri and Seabra | pp 9-18

[2] Mekonnen, M. M., & Hoekstra, A. Y. (2011). The
green, blue and grey water footprint of crops and
derived crop products. Hydrology and Earth
System Sciences, 15(5), 1577-1600. DOI:
10.5194/hess-15-1577-2011

[3] Hanjra, M. A., & Qureshi, M. E. (2010). Global
water crisis and future food security in an era of

climate change. Food Policy, 35(5), 365-377. DOI:

10.1016/j.foodpol.2010.05.006
[4] Wada, Y., van Beek, L. P. H., van Kempen, C. M.,

Reckman, J. W. T. M., Vasak, S., & Bierkens, M. F.

P. (2010). Global depletion of groundwater
resources. Geophysical Research Letters, 37(20),
L.20402. DOI: 10.1029/2010GL044571

[5] Rodell, M., Velicogna, I., & Famiglietti, J. S.
(2009). Satellite-based estimates of groundwater
depletion in India. Nature, 460(7258), 999-1002.
DOI: 10.1038/nature08238

[6] Evans, R. G., & Sadler, E. J. (2008). Methods and
technologies to improve efficiency of water use.
Water Resources Research, 44(7), WOOE0Q4. DOI:
10.1029/2007WR006200

[7] Playan, E., & Mateos, L. (2006). Modernization
and optimization of irrigation systems to increase
water productivity. Agricultural Water
Management, 80(1-3), 100-116. DOI:
10.1016/j.agwat.2005.07.007

[8] Postel, S., Polak, P., Gonzales, F., & Keller, ]J.
(2001). Drip irrigation for small farmers: A new
initiative to alleviate hunger and poverty. Water
International, 26(1), 3-13. DOL:
10.1080/02508060108686882

[9] Burney, J., Woltering, L., Burke, M., Naylor, R., &
Pasternak, D. (2010). Solar-powered drip
irrigation enhances food security in the
Sudano-Sahel. Proceedings of the National
Academy of Sciences, 107(5), 1848-1853. DOI:
10.1073/pnas.0909678107

[10] Suri, T. (2011). Selection and comparative
advantage in technology adoption. Econometrica,
79(1), 159-209. DOI: 10.3982/ECTA7749

[11] Heckman, J. J. (1979). Sample selection bias as a
specification error. Econometrica, 47(1),
153-161. DOI: 10.2307/1912352

[12] Jagermeyr, J., Gerten, D., Heinke, J., Schaphoff,
S., Kummu, M., & Lucht, W. (2015). Water
savings potentials of irrigation systems: Global
simulation of processes and linkages. Hydrology
and Earth System Sciences, 19(7), 3073-3091.
DOI: 10.5194/hess-19-3073-2015

[13] Fereres, E., & Soriano, M. A. (2007). Deficit
irrigation for reducing agricultural water use.
Journal of Experimental Botany, 58(2), 147-159.
DOI: 10.1093/jxb/erl165

[14] Molden, D., Oweis, T., Steduto, P., Bindraban, P.,
Hanjra, M. A., & Kijne, J. (2010). Improving
agricultural water productivity: Between
optimism and caution. Agricultural Water
Management, 97(4), 528-535. DOI:
10.1016/j.agwat.2009.03.023

[15] Perry, C., Steduto, P., Allen, R. G., & Burt, C. M.
(2009). Increasing productivity in irrigated
agriculture: Agronomic constraints and
hydrological realities. Agricultural Water
Management, 96(11), 1517-1524. DOL:
10.1016/j.agwat.2009.05.005

[16] Feder, G., Just, R. E., & Zilberman, D. (1985).
Adoption of agricultural innovations in developing
countries: A survey. Economic Development and
Cultural Change, 33(2), 255-298. DOI:
10.1086/451461

[17] Feder, G., & Umali, D. L. (1993). The adoption of
agricultural innovations: A review. Technological
Forecasting and Social Change, 43(3-4), 215-239.
DOI: 10.1016/0040-1625(93)90053-A

[18] Doss, C. R. (2006). Analyzing technology
adoption using microstudies: Limitations,
challenges, and opportunities for improvement.
Agricultural Economics, 34(3), 207-219. DOI:
10.1111/3.1574-0864.2006.00113.x

[19] Knowler, D., & Bradshaw, B. (2007). Farmers’
adoption of conservation agriculture: A review
and synthesis of recent research. Food Policy,
32(1), 25-48. DOI: 10.1016/j.foodpol.2006.01.003

[20] Pannell, D. J., Marshall, G. R., Barr, N., Curtis,
A., Vanclay, F., & Wilkinson, R. (2006).
Understanding and promoting adoption of
conservation practices by rural landholders.
Australian Journal of Experimental Agriculture,
46(11), 1407-1424. DOI: 10.1071/EA05037

[21] Foster, A. D., & Rosenzweig, M. R. (2010).
Microeconomics of technology adoption. Annual
Review of Economics, 2, 395-424. DOI:
10.1146/annurev.economics.102308.124433

[22] Caswell, M., & Zilberman, D. (1985). The choices
of irrigation technologies in California. American
Journal of Agricultural Economics, 67(2),
224-234. DOI: 10.2307/1240678

[23] Koundouri, P., Nauges, C., & Tzouvelekas, V.
(2006). Technology adoption under production
uncertainty: Theory and application to irrigation
technology. American Journal of Agricultural
Economics, 88(3), 657-670. DOI:
10.1111/.1467-8276.2006.00886.x

[24] Namara, R. E., Nagar, R. K., & Upadhyay, B.
(2007). Economics, adoption determinants, and
impacts of micro-irrigation technologies:
Empirical results from India. Irrigation Science,
25(3), 283-297. DOI: 10.1007/s00271-007-0067-y

[25] Fishman, R., Devineni, N., & Raman, S. (2015).
Can improved agricultural water use efficiency
save India’s groundwater? Environmental
Research Letters, 10(8), 084022. DOI:
10.1088/1748-9326/10/8/084022

[26] Arrow, K. ]J., Cropper, M. L., Eads, G. C., Hahn,
R. W, Lave, L. B,, Noll, R. G,, ... Stavins, R. N.
(1996). Is there a role for benefit-cost analysis in
environmental, health, and safety regulation?
Science, 272(5259), 221-222. DOI:
10.1126/science.272.5259.221

[27] Ward, F. A., & Pulido-Velazquez, M. (2008).
Water conservation in irrigation can increase

17


https://iajavs.org/index.php/iajavs/index
https://doi.org/10.62649/v7.i02.2019.pp9-18
https://hess.copernicus.org/articles/15/1577/2011/
https://www.sciencedirect.com/science/article/pii/S0306919210000618
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2010GL044571
https://www.nature.com/articles/nature08238
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2007WR006200
https://www.sciencedirect.com/science/article/pii/S037837740500245X
https://www.tandfonline.com/doi/abs/10.1080/02508060108686882
https://www.pnas.org/doi/10.1073/pnas.0909678107
https://www.econometricsociety.org/doi/10.3982/ECTA7749
https://doi.org/10.2307/1912352
https://hess.copernicus.org/articles/19/3073/2015/
https://academic.oup.com/jxb/article-lookup/doi/10.1093/jxb/erl165
https://www.sciencedirect.com/science/article/pii/S0378377409000808
https://www.sciencedirect.com/science/article/pii/S0378377409001437
https://www.journals.uchicago.edu/doi/10.1086/451461
https://www.sciencedirect.com/science/article/pii/004016259390053A
https://onlinelibrary.wiley.com/doi/10.1111/j.1574-0864.2006.00113.x
https://www.sciencedirect.com/science/article/pii/S0306919206000224
https://doi.org/10.1071/EA05037
https://www.annualreviews.org/doi/10.1146/annurev.economics.102308.124433
https://academic.oup.com/ajae/article-lookup/doi/10.2307/1240678
https://onlinelibrary.wiley.com/doi/10.1111/j.1467-8276.2006.00886.x
https://link.springer.com/article/10.1007/s00271-007-0067-y
https://iopscience.iop.org/article/10.1088/1748-9326/10/8/084022
https://www.science.org/doi/10.1126/science.272.5259.221

Indo-American Journal of Agricultural and Veterinary Sciences
ISSN: 2321-9602 Vol: 7, Issues: 2, 2019

https://iajavs.org/index.php/iajavs/index
DOI: 10.62649/v7.i02.2019.pp9-18 | Nyberg, Cavalieri and Seabra | pp 9-18

water use. Proceedings of the National Academy
of Sciences, 105(47), 18215-18220. DOI:
10.1073/pnas.0805554105

[28] Grafton, R. Q., Williams, J., Perry, C. J., Molle, F.,
Ringler, C., Steduto, P., ... Allen, R. G. (2018). The
paradox of irrigation efficiency. Science,
361(6404), 748-750. DOI:
10.1126/science.aat9314

[29] Pfeiffer, L., & Lin, C.-Y. C. (2014). Does efficient
irrigation technology lead to reduced
groundwater extraction? Empirical evidence.
Journal of Environmental Economics and
Management, 67(2), 189-208. DOLI:
10.1016/j.jeem.2013.12.002

[30] Jagermeyr, J., Gerten, D., Schaphoff, S., Heinke,
J., Lucht, W., & Rockstrom, J. (2016). Integrated
crop water management might sustainably halve
the global food gap. Environmental Research
Letters, 11(2), 025002. DOI:
10.1088/1748-9326/11/2/025002

[31] Sekhri, S. (2014). Wells, water, and welfare: The
impact of access to groundwater on rural poverty
and conflict. American Economic Journal: Applied
Economics, 6(3), 76-102. DOI:
10.1257/app.6.3.76

[32] Burney, J. A., & Naylor, R. L. (2012). Smallholder
irrigation as a poverty alleviation tool in
sub-Saharan Africa. World Development, 40(1),
110-123. DOI: 10.1016/j.worlddev.2011.05.007

[33] Weitzman, M. L. (2001). Gamma discounting.
American Economic Review, 91(1), 260-271. DOI:
10.1257/aer.91.1.260

[34] Newell, R. G., & Pizer, W. A. (2003). Discounting
the distant future: How much do uncertain rates
increase valuations? journal of Environmental
Economics and Management, 46(1), 52-71. DOI:
10.1016/S0095-0696(02)00031-1

[35] Rosenbaum, P. R., & Rubin, D. B. (1983). The
central role of the propensity score in
observational studies for causal effects.
Biometrika, 70(1), 41-55. DOI:
10.1093/biomet/70.1.41

[36] Gollier, C., & Weitzman, M. L. (2010). How
should the distant future be discounted when
discount rates are uncertain? Economics Letters,
107(3), 350-353. DOI:
10.1016/j.econlet.2010.03.001

[37] Arrow, K. ]J., Cropper, M. L., Gollier, C., Groom,
B., Heal, G. M., Newell, R. G,, ... Weitzman, M. L.
(2013). Determining benefits and costs for future
generations. Science, 341(6144), 349-350. DOLI:
10.1126/science.1235665

[38] Smith, J. A., & Todd, P. E. (2005). Does matching
overcome Lal.onde’s critique of nonexperimental
estimators? Journal of Econometrics, 125(1-2),
305-353. DOI: 10.1016/j.jeconom.2004.04.011

[39] Imbens, G. W., & Wooldridge, J. M. (2009).
Recent developments in the econometrics of
program evaluation. Journal of Economic
Literature, 47(1), 5-86. DOI: 10.1257/jel.47.1.5

[40] Angrist, J. D., & Pischke, J.-S. (2010). The
credibility revolution in empirical economics:
How better research design is taking the con out
of econometrics. Journal of Economic
Perspectives, 24(2), 3-30. DOI:
10.1257/jep.24.2.3

[41] Deaton, A. (2010). Instruments, randomization,
and learning about development. Journal of
Economic Literature, 48(2), 424-455. DOI:
10.1257/jel.48.2.424

[42] Ravallion, M. (2001). The mystery of the
vanishing benefits: An introduction to impact

evaluation. The World Bank Economic Review,
15(1), 115-140. DOI: 10.1093/wber/15.1.115

18


https://iajavs.org/index.php/iajavs/index
https://doi.org/10.62649/v7.i02.2019.pp9-18
https://www.pnas.org/doi/10.1073/pnas.0805554105
https://www.science.org/doi/10.1126/science.aat9314
https://www.sciencedirect.com/science/article/pii/S0095069613001113
https://iopscience.iop.org/article/10.1088/1748-9326/11/2/025002
https://www.aeaweb.org/articles?id=10.1257/app.6.3.76
https://www.sciencedirect.com/science/article/pii/S0305750X11001355
https://www.aeaweb.org/articles?id=10.1257/aer.91.1.260
https://www.sciencedirect.com/science/article/pii/S0095069602000311
https://academic.oup.com/biomet/article-lookup/doi/10.1093/biomet/70.1.41
https://www.sciencedirect.com/science/article/pii/S0165176510000832
https://www.science.org/doi/10.1126/science.1235665
https://www.sciencedirect.com/science/article/pii/S0304407604001138
https://www.aeaweb.org/articles?id=10.1257/jel.47.1.5
https://www.aeaweb.org/articles?id=10.1257/jep.24.2.3
https://www.aeaweb.org/articles?id=10.1257/jel.48.2.424
https://academic.oup.com/wber/article-lookup/doi/10.1093/wber/15.1.115

