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The potato is a winter season crop which requires sufficient precipitation during
the later crop growth stages. It prefers a loamy textured soil for highest tuber yield
due to its high storage capacity, good drainage and other favorable soil
characteristics. The potato is very specific in its moisture needs which are met
either from the reserve of conserved water in the soil or supplied through irrigation
or both. The shortage of water is usually one of the most important constraints for
higher yield and lack of adequate availability of water can adversely affect the
yield and quality of the crop. Control of soil moisture as an important factor in
potato production because “potato plants require a high degree of soil aeration” or
because “even temporary dryness” may reduce yield. Therefore, proper study is
required to carry out the best water management practices for better water use
efficiency and yield of potato.

production as the plant has sparse and shallow
root system (Sood and Sharma, 1993).

Introduction
Potato after wheat, rice and corn accounted
for the fourth position and the number of
producing countries is in the second after the
corn. Potato biodiversity is enormous. Nearly
5000 varieties of potatoes have been detected.
Potato is basically a temperate crop, but it is
grown in various climates from the tropic to
sub-polar and comprises a major food crop in
many countries (Wright and Stack, 1990).
Water has a special significance in the potato

Need for water management
The need for readily available moisture is that
potato is a short duration crop, which
produces large foliage rapidly, readily
available moisture is, therefore essential for
maintaining leaves in turgid condition and for
tuber enlargement stomata should remain
open throughout the day to enable the crop to
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maintain high photosynthesis rate. Again,
since the plant has sparse and shallow root
system, 70 per cent of total water need is met
by the crop from the upper 30 cm layer
(Singh, 1968) as the stolons and tuber roots
can draw water under less moisture condition
whereas basal and functional roots do not
transport water to the tuber although the plant
posses different types of roots i.e. those
originating at main stem (basal roots), roots
arising from the main stem at the stolon
function (function roots), roots on stolons
(stolons roots) and roots arises from tuber bud
bases (tuber roots) (Patta and Kratzke 1985).
Several studies have confirmed the water
requirement of the crop differently. The water
requirement of potato varies from 350-550
mm depending upon the length of growing
season, atmospheric demand, soil type, crop
variety, etc. (Sood and Sharma, 1993). On the
other hand, Sharma (1988) reported that plant
needs 500-600 mm of water throughout its
life cycle, as the plant is very susceptible or
sensitive to water stress compared to many
other crops (King and Stark, 1997). Plant
experiencing water stress condition during the
crop growth period shows different
symptoms, such as reduced leaf size, fewer
leaves, reduced plant height compared to
plant grown in non-stressed condition (Hang
and Miller, 1986) and finally yield is reduced
due to water stress (Vanloon, 1981). But the
extent to which yield is reduced depends
largely on the stage of development at which
plant suffers from stress. If the moisture stress
prevails at tuber initiation stage, the yield loss
is greater (31%) than at tuber development
stage (21%), this is due to greater reduction in
photosynthesis (40%) and leaf area (35%) at
tuber initiation stage than at tuber
development stage (Kumar and Minhas,
1994). It has been also reported that water
shortage during tuber bulking stage decreased
yield to a greater extent than during other
growth stage i.e. tuber initiation as during
bulking a gradual increase in water stress

decreased yield and increased small size
tubers (Miller and Martin, 1987). If the plant
undergoes water deficit during later part of
crop life cycle it reduces the yield but larger
potatoes were obtained and plant usually
produces small size potatoes if the plant
experiences water deficit during early growth
period indicating early growth period more
susceptible to water stress and water plays an
important role on tuber size distribution.
Water stress during early tuber formation and
bulking causes external tuber defects which
lead to loss of grade (Salter and Goode, 1967;
Thompson and Kelly, 1957).
Irrigation scheduling
Irrigation scheduling is one of the most
important tools for developing best
management practices for irrigated areas
(Kiziloglu et al., 2006). If shortage of readily
available water in the soil is eliminated by
irrigation it is possible to achieve high and
stable yields of potatoes, at the level of 40-50
t ha-1 or higher. Potato plant, like most
vegetable crops requires frequent and light
irrigation at low soil moisture content (0.2-0.3
bar) (Singh and Grewal, 1979). Milić et al.,
2010 found out that the lower limit of
optimum soil moisture for potatoes is 70% of
field water capacity (FWC) when this crop is
grown in a soil with medium texture.
Whereas, Costa et al., 1997, claimed that the
lower limit of optimum soil moisture for
potatoes is reached when 50% of available
water is consumed.
The potato growing season in plains coincide
with period of high rates of evaporation,
especially before vegetative growth develops
and covers the soil surface completely by
growing canopy. Therefore, a preliminary
step to a more intensive exploitation of the
available agroecological conditions or to the
development of irrigation schedules for any
crop implies a study of crop requirements for
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water, that is, the evapotranspiration (ET) for
any particular crop. To fully utilize the
genetic yield potentials of potato, to achieve
high and stable yields, it is necessary to gain
knowledge of the crop’s capabilities under
conditions of dry farming and irrigation.

irrigated areas, there is a need to develop
strategies that may help to save water and
control salinity.
In the absence of drainage systems and under
conditions of high evaporative demand and
chronic shortages of water, techniques based
on irrigation restrictions during the whole
growing period without substantially affecting
yields seem to be reasonably appropriate. One
consequence of reducing irrigation water use
by Deficit irrigation practice (DI) is the
greater risk of increased soil salinity due to
reduced leaching, and its impact on the
sustainability of the irrigation (Schoups et al.,
2005). The evaluation of soil salinity
developed under drip irrigation with DI
practice should be investigated. Therefore,
various deficit irrigation strategies have been
applied to pearl millet and potato crops
considered as moderately tolerant and
relatively sensitive to water stress caused by
deficit irrigation or salinity (Maas and
Hoffman, 1977).

The current water scarcity, primarily in the
arid regions, has forced farmers to extensively
explore the possibility of including saline
water in the irrigation regimes of agricultural
crops. Whereas, if management is not
practiced properly, application of irrigation
water with low/poor quality water may
compound existing problems of field with soil
salinity (Nagaz et al., 2017). It is well
established that, applying saline water
continuously for irrigation might result in salt
accumulation close to the soil surface (Oron
et al., 1995).
The problems mentioned above can be
overcome by applying saline water through a
drip- irrigation system. It is anticipated that
under drip irrigation, the salt front is partially
driven down into the deeper soil bulk media
and to the periphery of the root zone, thus
minimizing the risk of damaging the main
roots of the plants. Moreover, the improved
moisture conditions in the vicinity of the
emitter offset the inhibiting effects of the
presence of the salts in the saline water
(Michelakis et al., 1993). Additionally, it can
result in water saving if the correct
management procedures are applied. To
further address the issue of water shortage and
soil salinization, new irrigation scheduling
techniques such as deficit irrigation (DI),
which are not necessarily based on full crop
water requirement can be investigated.

Moreover, with rising cost of pumping of
irrigation water, low commodity prices,
inadequate irrigation system capacities and
limited irrigation water supplies are reason for
which many irrigators deliberately use less
water than required for maximum yield
(Cracium and Cracium, 1999). Deficit
irrigation is a strategy which allows crops to
sustain some degree of water deficit to
irrigation cost and potentially increase
revenue. The goal of deficit irrigation is to
enhance the economic returns with limited
use of water and energy. However, deficit
irrigation may be difficult to manage because
of reduction in tuber yield and quality can
results even for brief period of water stress
following tuber set (Eldredge et al., 1992;
Shock et al., 1993; Wright and Stank, 1990).
On the other hand, Cappaert et al., 1994,
stated that potato is tolerant to water stress
before tuber formation period.

Deficit irrigation, widely reported as a
valuable strategy for dry regions (Fereres and
Soriano, 2007), is particularly important for
crops which are frequently subject to chronic
water shortages. Due to chronic water
shortage and soil degradation hazards in
26
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Under deficit irrigation, about 50 per cent less
irrigation water was required under drip
irrigation system (Aggarwal et al., 1973;
Sood and Singh, 1989). Deficit irrigation can
lead to increased profit where water costs are
high or where water supplies are limited.

the potato plant, each one of which influences
yield. Hence the crop should have adequate
moisture at all these three stages. The first
phase of stolon formation, second phase of
tuber formation and third phase of tuber
development are most critical from the
moisture availability point of view. These are
the decisive period for single tuber weight. A
period of interrupted growth, through drought,
during this phase may result in the production
of undersized and malformed tubers. Thus a
regular supply of moisture from the beginning
of stolon formation to maturity should be
ensured (Steineck, 1958). Many experimental
result stated that water stress at the early two
stages i.e. stolonization and tuberization
showed sharp negative response to the yield
of potato compared with bulking and tuber
enlargement stages Hassan et al., (2002).

Irrigation methods
Generally furrow method of irrigation is
recommended for potato. However, upto 38
per cent irrigation water could be saved by
applying water in alternates furrows irrigation
turn at the expenses of 10.7 per cent decrease
in yield (Bhan and Dharma 1982).
This practice seems promising where
irrigation water is a major limiting factor in
potato production. Also in the areas of
undulating topography, as in hills and scarce
water supply condition, where other methods
of irrigation could not be adopted, sprinkler
irrigation is applied which is expected to
economise in water by about 40 per cent
(Singh et al., 1983). Trickle and sprinkler
irrigation system, respectively achieve water
saving upto 50 and 30 % compared with
surface irrigation (Jamal et al., 2001).

Therefore, the knowledge of critical stages of
water stress is essential for judicious use of
irrigation water specially when supply of
irrigation water is limited, irrigation strategy
may be based on avoiding soil moisture stress
during the period of stolonization, tuber
initiation, yield formation by restricting the
water supply during early vegetative and later
part of growth period (Doorenbos and
Kassam, 1979).

In some cases trickle or surface irrigation is
better than sprinkler irrigation as any moisture
on the leaves increases the potential of leaf
disease. In small holdings using irrigation
gated pipes and double planting row bed,
partially wetted furrow irrigation achieves
water saving as trickle irrigation, furthermore,
it decreases installation cost compared with
other system (Amer, 2009). Drip irrigation
system also offers a huge potential to farmers
to grow more food with limited water
supplies.

Pre-planting moisture is also important for
optimum growth and yield of potato (Grewal
et al., 1990). They considered pre-emergence,
stolonization, stage, tuberization and bulking
stage as critical stages for potato.

Critical stages and potato yield

This study further revealed that soil moisture
retention capacity, stage of crop growth,
atmospheric factor and rooting pattern of
cultivar are important and irrigation
scheduling should be based upon those
factors.

The planning of irrigation must take into
account three phases of the development of

If the optimum moisture is maintained during
the critical stages and sub-optimal condition
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during other stages, then it saved about 30 per
cent irrigation water without significant yield
reduction. This practice also increased the
water use efficiency (WUE) and could be
advocated for areas with limited water supply
(Singh and Grewal, 1979). However,
maintaining minimum water stress during
critical stages of crop growth such as early
vegetative, tuber initiation and tuber bulking
stage, the crop could be saved from
significant yield reduction (Iqbal et al., 1999).
Potato should be irrigated at 0.3 bar tension or
at 15-20 mm CPE during the critical stages
(Hukkeri et al., 1982). However, timing of
water stress influenced the tuber yield; the
stress imposed at later growth stage has least
reduction in yield, whereas that imposed at
early development caused the greatest yield
reduction followed by tuber formation stage.
The growth stage that is most sensitive to
water stress is most responsible to irrigation
as compared to tuber formation and
flowering. It was also reported that applying
deficit irrigation at appropriate growth stage
could increase the efficiency of water use
with non-adverse effect on yield (Iqbal et al.,
1999).

moisture to raise a crop successfully even in
sandy soil and under water stress condition
resulting in higher water use-efficiency due to
increased available soil moisture and reduced
water loss. The method also modifies the soil
and maintains the proper moisture condition
(Singh et al., 1973).
In arid region, studies have shown that potato
yield responded linearly to applied water
where irrigation plus rainfall is less than or
equal to evapo-transpiration (ETo) (Hane and
Pumphery, 1984; Hegney and Hoffman,
1997).
Potato yield and grade diminishes by
relatively mild water stress (Epstein and
Grant, 1973). They also reported that a potato
plant begins to experience water stress when
soil water tension exceeds 20 kPa. Potato
tuber grade as determined by shape,
smoothness, free from visible defects such as
growth cracks, bumbells and knobs is highly
sensitive to irrigation deficiencies (Robins
and Domingo, 1956; Vanloon, 1981).
Water stress during early tuber bulking
reduces specific gravity and increases
reducing sugar associated with dark end and
fry colour. Dark ends may become more
severe after tubers have been stored (Eldrege
et al., 1996). Water stress before tuber
initiation has no deleterious effect on tuber
quality (Shock et al., 1992) while stress later
during tuber bulking can cause dark stem end,
fry colour and reduced the specific gravity
(Eldredge et al., 1992, 1996).

Effect of irrigation water on tuber yield
and quality
Irrigation has a positive effect on tuber yield
as well as quality and there is an increasing
trend in tuber yield due to application of
irrigation (Choudhuri et al., 1996). Tuber
quality in terms of shape and size alters due to
irrigation practice in potato.
Among the different irrigation methods,
sprinkler and drip irrigation significantly
increased the tuber yield to the extent of 93.5
per cent and 21.2 per cent, respectively
compared to furrow irrigation method
(Raskar, 2003). However, both yield and
tuber grade responds linearly to applied water.
Drip irrigation is most efficient technique of
irrigation which supplies the requisite soil

Water stress or wide variation in soil moisture
content (SMC) has been associated with (1)
secondary growth (2) growth cracks (3) other
tuber malformation, including physiological
disorders such as brown centre, hollow-heart,
translucent end (4) bruise susceptibility and
heat stress (Eldredge et al., 1992, 1996; Hiller
et al., 1985).
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6.3-8.6 kg/m3 for drip irrigated potato (Yuan
et al., 2003) as compared to furrow irrigated
crop where water use efficiency was 4.544.66 kg/m3 (Panigrahi et al., 2001). The water
use efficiency for drip irrigated potato varies
from 5.19-5.74 kg/m3 as compared to furrow
irrigated crop which ranged from 4.7-6.63
kg/m3 under 30 per cent irrigation regime in
both the irrigation system (Erdem et al.,
2005).

But well-watered potato plant subjected to
irrigation deficit after tuber initiation during
middle of the growing season produced tubers
with reduced specific gravity (Hang and
Miller, 1986; Miller and Martin, 1987b).
Increase in frequency of irrigation from 6 to 8
decreased the specific gravity, dry matter as
well as ascorbic acid content of tubers but the
effect on protein content was non-significant
(Singh et al., 1984). The specific gravity of
Russet Burbank reduced following deficit
irrigation at 80 per cent ET on a sandy soil
(Miller and Martin 1987). Whereas, starch
content decreased from 19.7 to 16.1 per cent
when the available soil moisture was
increased from 60 to 80 per cent (Narang and
Kanwal, 1997)

In areas with high undulating topography and
plateau zone, where soils are shallow and
variable in depths are not amenable to
leveling. In those areas furrow irrigation isn’t
possible. So, sprinkle system could be used in
those areas. This system increased the crop
yield by improving root and plant growth
characters. The water use efficiency (WUE)
was 4.63 and 2.65 q/ha/cm under sprinkler
and surface irrigation respectively (Singh et
al., 1973). This system also economise on
water by about 40 per cent (Sood and Singh,
1989).

Potato and water use efficiency
Water-use-efficiency of potato crop varied
between 5.4 to 12 kg/m3 with respect to
irrigation, programme regime, amount of
fertilizer and production technique (Wright
and Stark, 1990). The water use efficiency for
irrigated potato crops in humid and subtropics areas lies between 4-7 kg/m3
(Dorenbos and Kassam, 1979).

When supply of irrigation water was limited,
water use efficiency can be increased by
avoiding soil moisture stress during the period
of stolonization, tuber initiation, yield
formation period by restricting the water
supply during the early vegetative and later
stage of crop growth (Doorenbos and Kassam,
1979; Salter and Goode, 1967). Water stress
at later growth stress had little adverse effect;
it is only water stress during stolonization and
early tuberization, which could be regarded as
critical stage for irrigation caused by
considerable reduction in the number of tuber
and yield (Hukkeri et al., 1975; Hukkeri,
1982). In this situation, water use efficiency
could be increased by maintaining optimum
soil moisture during the critical stages and
sub-optimal condition during other growth
stages resulted in saving of 30 per cent in
irrigation without significant reduction in the
yield.

Potato is grown under assured irrigation
conditions in the plains during rabi season
(October-November), where irrigation is
applied through furrow method. But, the
water use efficiency (WUE) of furrow method
seldom exceeds 50 per cent (Sood and
Sharma, 1993). To increase the irrigation
water use efficiency further, the value of
modern irrigation methods such as sprinkler
and drip irrigation need to be accessed under
different topographical conditions. Therefore
various measures have been developed to
improve water use efficiency. Drip irrigation
in one of the most efficient method which
gives high water use efficiency (WUE) as
compared to furrow method. It ranged from
29
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continuously for irrigation might result in salt
accumulation close to the soil surface which
can be avoided by adopting drip irrigation
system. Improve irrigation practices based on
timing and amount plays a crucial role on
potato production.

Water use and fertilizer use efficiency
Irrigation has direct role in modification of
fertilizer use efficiency in case of potato
cultivation. Better fertilizer use efficiency
could be obtained with irrigation applied at
appropriate stages (Chawla and Narda, 2003).
They reported that No3- - N concentration in
furrow irrigated crop increased in the top
layer after first irrigation and decreased with
depth thereafter, while after second irrigation,
the peak of No3- - N shifted to deeper layer. In
trickle fertigated crop, the maximum
concentration of No3- - N remained confined
to 30-60 cm soil depth, the soil No3- - N
concentration also increased with high
irrigation level at the depth of 90-180 or 200
cm (Stark, 1993; Halitligil et al., 2002).

Scientific study on effective water use
efficiency with regard to depletion of
irrigation water under prevailing climatic
condition is necessary. Therefore more
efficient water management with proper
irrigation method is critical for optimizing for
crop production and maximization of return
yield.
Accordingly improved irrigation technique
using conservation agriculture approached.
Use no-til and soil cover practices should be
followed to reduced soil evaporation under
arid and semi-arid condition and some
government policy must be developed to
support farmer to adopt drip irrigation in case
of use of saline water.

The increased level of irrigation also resulted
in losses of N with increasing rate under
sprinkler and trickle method. In sprinkler
irrigation N losses varied between 15 per cent
and 78 per cent, whereas, under trickle
irrigation it varied between 41 per cent and 71
per cent (Halitligil et al., 2002). In free
flooding conditions also significant quantity
of urea moved along with the wetting front in
an unhydrolysed form to give a peak of No-3N
in the surface soil profile (Beri et al., 1978).
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