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Mini-review Article

ABSTRACT

One of the most crucial input required for the growth of crops is water. It is required by plants in
enormous amounts and continually throughout their lifecycle. It has a significant impact on plant
processes like photosynthesis, respiration, cell division, absorption, translocation, use of mineral
nutrients and agriculture operations like irrigation, land husbandry, crop production, medium for
spraying chemicals etc. But the future water supply is questionable due to climate change and
related problems like rise in temperature. This lead to change in precipitation patterns and the
entire water cycle are thrown off balance. Therefore, in the current environment, the development of
water-saving agriculture is essential. As tuber crops are known for their high water use efficiency, it
is having big part in water saving agriculture. Tuber crops are major sources of carbohydrates, thus
play a key role in food safety. The starchy root of tuber crops can be used for various purposes like
food, livestock feed, raw material in industry mainly for starch production etc. As most of the tuber
crops are compatible with the farming systems, resistant to drought and withstand aberrant rainfall
conditions, farmers follows rainfed cultivation of tuber crops. Anyhow water deficit stress occurring
during the critical phases would adversely affect the ultimate performance of tuber crops and
judicious use of water will result maximum yield. This review paper aims to know the water
requirement of major tuber crops (Potato, Cassava, Sweet Potato, Amorphophallus, Taro and
Tannia) and influence of water management in their yield potential.
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1. INTRODUCTION

Water is the key input in crop production. The
large proportion of water resource consumption
is by agriculture sector, so the increase in
agricultural production mainly depends on the
development of water saving agriculture and
water resource management [1]. Additional
agricultural production can be achieved with
irrigation compared to rainfed agriculture and this
is essential for food security on a global level [2].
In many locations, climate change causes a
great deal of uncertainty regarding future water
supplies. It will have an impact on precipitation,
runoff, snow melt, hydrological systems, water
quality, temperature, and groundwater recharge
which will adversely affect the agriculture sector
[3]. In India, Agriculture uses 85 per cent of the
water resources with low efficiency [4]. Water
management is related to three important
challenges in the agriculture sector of India
namely raising productivity per unit of land,
reducing poverty, and responding to food
security needs [4].

Most of the tuber crops are known for their
resistance to drought conditions and higher water
use efficiency. Around 2.2 billion people live in
underdeveloped nations worldwide, and tuber
crops are regarded as a significant nutritional
source in these countries [5]. Tuber crops mainly
include cassava, potato, sweet potato, yams and
minor tuber crops like taro, tannia, coleus etc.
Among these tuber crops, potato contributes
major share in global production whereas
cassava and sweet potato ranks first in area
under cultivation in India [5]. Tropical root and
tuber crops have greater planting and harvesting

flexibility, ~ which  opens up numerous
opportunities  for different crop production
systems. Lentil, cereal, and vegetable

intercropping in root and tuber crops can boost
system productivity and land-use effectiveness
[6]. Compared to cereals, their water productivity
is also on higher side. So water plays a major
role in their production potential. When water
scarcity or drought struck the tuberization period
compared to their vegetative phase, there will be
a greater reduction in tuber yield and their
drought resistance be more related to survival
rather than yield [7]. So understanding of critical
stages of water requirement and irrigation
scheduling in tuber crops are need of the hour in

considering their importance in food and
nutritional security.
2. COMPARISON OF WATER

REQUIREMENT OF MAJOR TUBER
CROPS

2.1. Potato

Among tuber crops, potato(Solanum tuberosum
L.) is a winter season crop with shallow root
system. Water requirement of potato varies with
many factors like soil, climate, cultural practices
etc. Latha et al. [8] reported difference in water
requirement of potato with planting dates, where
early sown potato required 212.5 mm water and
late sown potato required 226.7mm water. The
critical stages in growth cycle of potato demands
water differently. The critical stages are
stolonization, tuberization and tuber development
[9]. Several studies shows that moisture stress in
this critical stages results reduction in tuber yield.
Igbal et al. [10] studied field response of potato
subjected to water stress at different growth
stages and concluded that water stress at early
development and tuber formation stage resulted
greatest reduction in yield. An investigation on
tuber dry matter yield of potato under different
irrigation regimes by faradonbeh et al. [11].
reported that under drought stress, there is
suppression of starch content of tubers. Water
stress during tuber bulking stage critically
influences tuber market grade, tuber specific
gravity and tuber processing quality [12]. In
deficit irrigation study of potato with reduced
irrigations during tuber bulking stage showed
reduction in yield and grade [13]. Among different
irrigation methods, sprinkler and drip irrigation
resulted significantly higher potato tuber yield
compared with furrow irrigation. [14]. The result
from different investigations clearly shows the
positive yield response of potato to water

management practices during their critical
periods of growth.

2.2 Cassava

Cassava (Manihot esculenta Crantz.) is a

popular tuber crop particularly in the tropics. It
provides food and revenue to over eight hundred
million people particularly in Africa [15]. Cassava
productivity is expected to be significantly
impacted by climate change in both African and
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worldwide growing regions [15]. The drought is
expected to continue to be a problem for cassava
productivity because it will decrease tuber yield
[15]. A yield increase of 150-200 per cent has
been observed when crop is grown under
irrigation compared with rainfed crop and furrow
irrigation with 25 mm water at 100 mm CPE is
recommended [16]. According to Sruthy and
Rajasree [17] the aberrant weather conditions
makes the rainfed cultivation of cassava risky
due to poor seedling establishment on account of
drying of setts and ultimately results
unavailability of planting material. During first 3-4
months of growth, cassava requires enough
moisture and it will not withstand waterlogged
conditions [18]. Supplementary irrigations during
dry months in cassava results more yield and
drip irrigation system with 20 mm of water when
the daily cumulative pan evaporation value
reached 40 mm recorded two fold increase in the
root yield [19]. For sprouting and establishment
of setts, cassava needs sufficient moisture in soil
and three fold yield of cassava was reported
when drip irrigation at 100% of pan evaporation
along with application of 50%N and K fertilizers
during the first 40 days, 30% during 40-80 days
and the rest 20% during 80-120 days after
planting,supplied through drip irrigation system
[20]. The experiment conducted at South
Western Nigeria by Olanrewaju et al [21] shows
that drip irrigation using 60% of the available
water could be advised in places with moderate
water constraint and drip irrigation at 100%
available water can be advised in places where
water is extremely scarce for greater cassava
yields. The above investigations emphasise that
cassava is well known for its ability to withstand
aberrant rainfall conditions but water supplied at
right time and right quantity will result in more
tuber with high quality.

2.3 Sweet Potato

The water requirement studies in sweet potato
(lpomoea batatas) also revealed increase in
tuber tuber yield with sufficient moisture in soil.
Suitability of sweet potato in drought-prone areas
in terms of their survival rate was reported by
various drought tolerance studies and their
leaves can tolerate up to a wilting point of
-1.3 MPa [22]. According to Laurie et al. [23],
drought had a harmful impact on the growth of
the sweet potato plants and drought-induced
growth retardation has a significant impact on its
yield. When a greater dose of fertilizer was
provided coupled with the maximum number of
irrigation, the greatest root output was seen in

the study conducted by Nedunchezhiyan et al
[24]. The fragile and succulent nature of sweet
potato vines cause drying up of vines, if sufficient
moisture is not present in soil immediately after
planting [25]. The study conducted by Opafola et
al.[26] revealed that water requirement of sweet
potato for early season is 22.80 mm and for late
season it is 473.87 mm in south-western Nigeria
and the study also concluded that supplementary
irrigation is necessary during early and late
seasons of growth. Ekanayake and Collins [27]
studied different irrigation responses of sweet
potato and concluded that irrigation treatments
significantly altered dry root yield, dry matter, root
nitrogenous compounds and root carbohydrates.

2.4 Amorphophallus

Amorphophallus (Amorphophallus paeoniifolius)
is a tropical tuber crop commonly known as
Elephant foot yam. A well drained soil of medium
texture with annual rainfall of 150 cm during the
crop period is suitable for its growth [16].
According to Santosa et al. [28], Amophophallus
is a soil water stress tolerant crop but that stress
affects yield and it should be avoided for better
results. It is having higher production potential of
50-80 tha™ and water availability influences corm
yield and plant growth [29]. They studied effect of
watering frequency on growth of elephant foot
yam and concluded that number and size of
leaves, corm size, cormel number and root
growth were affected by watering frequency. The
growth of yam was restricted by long interval,
infrequent watering reduced yield and forced the
corms to enter dormancy. Irrigation water
management studies of elephant foot yam in
tropical zones of India by Sunitha et al. [30]
concluded that judicious management of
irrigation water in tuber crops are need of the
hour and water smart technologies such as
mulching and ground cover mats help in elephant
foot yam cultivation with less irrigation, without
affecting corm yield. The yield of amorphophallus
shows significant difference with fertilizer and
irrigation levels and the highest corm yield (47.66
t ha'l) was observed under application of 100%
recommended dose of fertilizer along with
irrigation at 100% CPE [31]. In elephant foot yam
and green gram intercropping system,
nutritionally rich corms, higher nutrient vyield,
stem productivity and water use efficiency were
obtained with fertigation treatments [32].

2.5 Taro and Tannia

Taro (Colocasia esculenta (L.) Schott.) and
Tannia (Xanthosoma sagittifolium (L.) Schott.)
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are important aroids which are cultivated and
consumed as staple or subsistence food in the
tropical climate. Taro is a popular vegetable crop
that was grown for both nutritional and
therapeutic purposes. It provides 135 calories
per 100 grams of food, more than twice as much
as potatoes do [33]. There are two groups of taro
“‘eddoe” type and “dasheen” type, both are widely
grown in flooded and upland conditions [34]. In a
study conducted at Newlands, South Africa, taro
performed well and provided good yield when
grown in continuous wetting [35]. According to
Vieira et al [36], In addition to fostering the
maximum water use efficiency, the subsequent
application of light, more frequent watering
encouraged increases in irrigation depth and
favoured taro development and yield (up to 17.6 t
ha‘l). The study on water requirement and
irrigation schedule in upland taro revealed that,
it's ideal water demand was 618 mm over the
course of six months and drip irrigation at 100%
crop evapo-transpiration resulted maximum
cormel yield and water use efficiency [37].
Among the edible aroids, the highest starch
concentration is for tannia cormels and the
leaves' nutritional content is comparable to that
of spinach [38]. Under conditions of low water
supply, sandy soils has a larger chance of
increasing the water use efficiency of taro [39]. At
the Gurabo Substation, yields of 12 indigenous
and imported tannia cultivars were studied by
irizarry et al. [40] under irrigated and non-
irrigated conditions and it is observed that all
cultivars had a tendency to produce more when
irrigation was present than when irrigation wasn't
there. According to the research that is currently
accessible, tannia has growth tendencies that
are comparable to those of taro but is more
drought tolerant and susceptible to water logging.

However, it has been noted that in rainfed
conditions, supplementary irrigation  might
increase  tannia cormel output. Water

management and the consequences of water
stress on this crop are yet the subject of
systematic research [41].

3. CONCLUSION

Water is the most important input in agriculture
and is expected to become more limited in the
near future, so the wise use of water with correct
scheduling of irrigation is important in producing
maximum yields. Even while tubers can resist
drought conditions, efficient irrigation techniques,
additional irrigation during dry spells, and
irrigation during crucial growth stages can all
increase their yield.
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