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Abstract: Sugarcane (Saccharum spp.) is an important agro industrial cash crop, providing raw

Article History material for different sugar industries and plays crucial role in the economy of several countries. It
Received: 04.03.2020 requires optimum temperature for economic production and causes reduced cane and sugar yields
Accepted: 16.04.2020 otherwise. Extreme temperatures either low or high causes abiotic disorders like cold / banded
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sugarcane by affecting its physiology, biochemistry and quality leading to poor agronomic produce
Journal homepage: in subtropical conditions. Low temperature during winter (December-January) for autumn planting

http://www.easpublisher.com/easjals/ and high temperature during summer (May-June) for spring planting also affects the germination
percentage, seedling establishment and ratoonability of early harvested (Nov-Dec) crop. Several

Quick Response Code breeding and genomics based studies have been conducted to improve the sugarcane production
under different stresses in this crop in many areas of the world. The studies on abiotic disorders
n caused by high and low temperature extremities and their mitigation strategies are scanty. An

attempt has been made in this appraisal report to explore sugarcane clones/ cultivars that contribute

to adaptation in era of climate change by discovering and introducing desirable genes for agronomic

traits using basic breeding methodologies, physiological approaches and new technologies of

molecular biology that can mitigate the negative effect of extreme temperature and improve
:ﬁl sugarcane yields, productivity and sustainability.
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INTRODUCTION

Ever-increasing variability in world climate is
threatening the crop production globally due to
temperature extremes, drought stress and irregular
rainfall patterns. More than 50% vyield reductions in
arable crops have been accounted due to
aforementioned stresses worldwide (Boyer, 1982).
Sugarcane is tropical grass widely grown in both
hemispheres in over 120 countries worldwide. It is an
important agro industrial cash crop, providing raw
material for different sugar industries and plays crucial
role in the economy of several countries. It requires
optimum temperature for economic production and
causes reduced cane and sugar yields otherwise.
Extreme temperature, more importantly, high
temperature causes serious yield reduction in sugarcane
by affecting its physiology, biochemistry and quality
leading to poor agronomic produce in subtropical
conditions. However, low temperature during spring
(Feb-March) and autumn (October) planting also affects
the germination percentage, seedling establishment and
ratoonability of early harvested (Nov-Dec) crop
especially in Indian subcontinent. Similarly, high
temperature in summer (May-June) cause sunburn
disorder that hampers crop growth during tillering and
grand growth stages in sprin planted sugarcane.
Sugarcane is considered a cold-sensitive plant (Tai and
Lentini, 1998) and occupies the tropical and subtropical

areas where frost is not a usual phenomenon. Its
production is severely affected due to these abiotic and
several biotic stresses, thus resulting in reduced cane
yields and inferior harvest quality. Having
indeterminate growth habit, it bears a complex set of
growth pattern which is considered to be severely prone
to climatic interactions as well as management
techniques with differential response (Neumeister,
2010). Sugarcane plant responds to various stresses
differently, depending upon the stress severity and the
developmental stage. Among various aforementioned
stresses, temperature extremes (high and low
temperatures) and water stresses in sugarcane are of key
importance as it may cause drastic impact during
germination, early growth season, and flowering and
maturity stages (Tao et al., 2006, Sanghera and Kumar
2018). As the change in global climate is inclined to
cause increase in average temperatures, therefore, high
temperature may impact the crop in the form of longer
growing seasons, more or fewer rainfalls, and thus a
shorter growing period. Whereas, low temperature
during the planting time impairs the germination
process, oppositely high temperature is also an
undesirable feature during planting time. Air
temperature is directly related to sugarcane growth and
ripening processes. Burr et al., (1957) observed a
reduction of 84 % in the rate of sugarcane
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photosynthesis when air temperature was reduced from
23.0 to 13.6 °C. Waldron et al., (1967) showed that the
photosynthetic efficiency decreased linearly with a
decrease in air temperature in the range from 34 to 5 °C.
The effects of air temperature on the photosynthesis rate
and on the efficiency of this process are directly related
to crop vegetative development (Alexander, 1973).
Accordingly, Stender (1924) demonstrated a close
relationship between stalk length and diameter and air
temperature, with a reduction in stalk growth rates
during the winter to one-third of those observed in the
summer. The reduction in stalk growth rates, either in
length or diameter, is followed by an increase in the rate
of sucrose accumulation (Mamet and Galwey, 1999).
Temperature stress in terms of both cold and heat stress
induces differential metabolic and physiological
responses in sugarcane, through alterations in plant
photosynthetic performance, oxidative balance, normal
protein synthesis, stomatal closure, membrane damage,
lipid peroxidation and carbohydrate production (Roy et
al., 1996, Levitt, 1980, Bibi et al., 2008). In
consequence, various stress responsive mechanisms are
triggered by molecular networks to stabilize the internal
homeostasis by protecting and repairing of damaged
membranes and proteins (Reddy et al., 2004).
Meanwhile, certain heat shock proteins and antioxidant
enzymes get activated to combat with induced oxidative
and membrane damage within the plant body, resulting
in plant tolerance to imposed stress. Still a number of
key molecular and physiological mechanisms involved
in this homeostasis stabilizing process are under way to
find. Several breeding and genomics based studies have
been conducted to improve the sugarcane production
under high and low temperature stress in this crop. Here
an attempt is made to explore recent advances in
breeding and physiological approaches coupled with
new technologies of molecular biology that can mitigate
the negative effect of extreme temperature in sugarcane
crop.

Sugarcane Climatic Requirements and Phenology
Sugarcane requires large sunny days, which
should synchronise with the sufficient amount of water,
with an optimum temperature on a reasonably longer
growing period. Crop need about 33-38 °c temperature,
56 % relative humidity and winds, which are neither
desiccating nor very cold for the successful
germination. The south Indian conditions are favourable
for the year round planting but in North India the
conditions required for germination can be met during
spring and autumn seasons (Sanghera and Sharma,
2011). For optimum grand growth, relative humidity
must increase above 60 to 70 percent and the
differences in diurnal temperature should not exceed 10
to 15°C. However for optimum maturity, the diurnal
differences may be above 20° C, subject to the lower
limit at 8 t010° C. Temperatures below this point effects
the recovery of sugar from cane adversely. It being a C,4
photosynthetic plant is known to utilize the greater
amount of solar radiation and ranks high in dry matter
production and yield. However the nature of response to
the intensity of the sunlight depends upon the incidence
and duration of light, crop age and other environmental

factors. Development of sugarcane model of crop
growth requires quantitative understanding of the key
parameters ~ which  driving the  phonological
development. Temperature is the primary factor which
driving shoot emergence, leaf appearance and stalk
elongation of sugarcane (Inman-Bamber, 1994). The
most important stages of the phonological development
in sugarcane are shoot emergence and stalk appearance.
Emergence covers the period from planting until shoot
appearance above ground and is characterized by the
biochemical conversions of carbohydrate reserves in the
cuttings.

The time required for this phase varies and
depends on the air temperature and soil moisture
(McMahon et al., 199). There is no carbon assimilation
during this period. After the emergence and before the
appearance of any stalk, carbohydrates produced in the
photosynthesis are mainly partitioned to develop leaves
and root systems. After stalk appearance, carbohydrates
are increasingly partitioned into structural dry matter
and sugar accumulation in the stalks. Thus carbon-
partitioning coefficients in the sugarcane growth model
vary as a function of the phonological development of
crop (Wyseure et al., 1994). Development of leaf
canopy in sugarcane is slow compared to canopy
development of annual grain crops. The development of
the sugarcane ratoon canopy may be viewed as a
process of development depends on the emergence of
tillers from the soil and leaves from the whorl of each
tiller canopy development thus depends on the rates of
tillering, leaf appearance, leaf extension and size of the
each leaf. Various methods have been used for
modelling the crop phenology. Thermal time has been
used to predict the leaf appearance in sugarcane crop in
a variety of ways. Bacchi and Sousa (1977) obtained a
base temperature of 19 degree Celsius from stalk height
measurements. Stalk elongation was delayed 100 days
when sugarcane was subjected to 18 degree instead of
30 degree constant temperature. Barnes (1974) noted a
base temperature of 12°C for germination. Ferraris et
al., (1994) used a base temperature of 15°C to
determine the TT requirement for leaf emergence in
sugarcane (also known as the phyllochron interval or
index, PI). This requirement increased with the increase
vapour pressure deficit and water stress. The most
commonly used method is the calculation of thermal
time, the accumulation of the mean daily temperature
above the base temperature.

Critical Growth Stages of Sugarcane

Although sugarcanes produce seeds, modern
commercial sugarcane cultivation relies on vegetative
propagation through stem cuttings which has become
the most common reproduction method. Sugarcane has
essentially four-growth phase’s viz., germination phase,
tillering (formative) phase, grand growth phase,
maturity and ripening phase. A brief understanding of
these growth phases would help in better management
of the crop. Under field conditions germination starts
from 7 to 10 days and usually lasts for about 30-35 days
after planting (DAP). In sugarcane, germination denotes
activation and subsequent sprouting of the vegetative
bud. The germination of bud is influenced by both

© East African Scholars Publisher, Kenya

102



Gulzar S Sanghera ; East African Scholars J Agri Life Sci; Vol-3, Iss- 4 (Apr, 2020): 101-114

external as well as internal factors. The external factors
are the soil moisture, soil temperature and aeration. The
internal factors include the bud health, sett moisture,
sett reducing sugar content and sett nutrient status.
Tillering starts from around 40 DAP and may last up to
120 days. Tillering is a physiological process of
repeated underground branching from compact nodal
joints of the primary shoot, providing the crop with
appropriate number of stalks required for a good yield.
Various factors viz., variety, light, temperature,
irrigation (soil moisture) and fertilizer practices
influence tillering. Early formed tillers give rise to
thicker and heavier stalks. Late formed tillers either die
or remain short or immature. Cultivation practices
such as spacing, time of fertigation, water availability
and weed control influence tillering. Encouraging good
tillering is important to build adequate population.
Grand growth phase starts from 120 DAP and lasts up
to 270 days in a 12-month crop. During the early period
of this phase tiller stabilization takes place. Out of the
total tillers produced only 40-50% survives by 150 days
to form millable cane. This is one of the most important
phase of the crop where in the actual cane formation
and elongation and thus yield build up takes place.
Under favourable conditions stalks grow rapidly almost
4-5 internodes per month. Ripening and maturation
phase in a twelve-month crop lasts for about three
months starting from 270-360 days. Sugar synthesis and
rapid accumulation of sugar takes place during this
phase and vegetative growth is reduced. As ripening
advances, simple sugars (monosaccharide viz., fructose
and glucose) are converted into cane sugar (sucrose, a
disaccharide). Cane ripening proceeds from bottom to
the top and hence bottom portion contains more sugars
than the top portions. Ample sunshine, clear skies cool
nights and warm days (i.e., more diurnal variation in
temperature) and dry weather are highly conducive for
ripening.

Climate Change and Crop Growth Alterations
Climate variability and its impact on economy
are now under serious national and international
political dialogue. To address this problem effectively
there is a detailed understanding of the adverse effect of
climate change and climatic variability on agriculture is

essential. Moreover, timing, magnitude and special
variability of these adversities is also having paramount
importance, because of the high heterogeneity exists
across different agro-ecosystems. As we know agro-
ecosystem is a man made ecosystem evolved by the
interaction, modification and adaptation among the
three major sub sets, physical, biological and socio-
economical. A sustained increase in temperature along
with a high inconsistency in inter-intra seasonal
temperature is modifying the physical environment of
agro-ecosystems. So it is necessary to evaluate and
understand the likely hood changes that taking places or
going to takes place in the inter-phase of these sub sets.
The rising temperatures and carbon dioxide and
uncertainties in rainfall associated with global climatic
change may have serious direct and indirect
consequences on crop production and hence food
security (Sinha and Swaminathan 1991). We recently
witnessed such an impact of climatic events on food
availability in 1998 in the form of a crisis of onions,
potatoes, cauliflower and tomato, which triggered some
unprecedented social and political impact. This crisis
has once again demonstrated how little we understand
the integrated relationships of weather and agriculture
and how little we have developed the backup for policy
support in  such unfortunate and unforeseen
circumstances. It is, therefore, important to have an
assessment of the direct and indirect consequences of
global warming on different crops contributing to our
food security. Agricultural productivity can be affected
by climate change in two ways: one, directly, due to
changes in 'temperature, precipitation or CO; levels and
two, indirectly, through changes in soil, distribution and
frequency of infestation by pests, insects, diseases or
weeds (Fig 1). In tropical Asia, although wheat crops
may be sensitive to an increase in maximum
temperature, rice crops might be vulnerable to increased
minimum temperature. It is known that CO, influences
the photosynthetic processes, whereas the temperature
influences all aspects of crop growth, development and
water and nutrient use (Baker and Allen 1993). CO, is
vital for photosynthesis, and the evidence is that
increases in CO, concentration would increase the rate
of plant growth.
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Fig 1: A flow chart with major factors (genotype, environment, and management practices) and their interactions influencing sugarcane yield.
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Photosynthesis is the net accumulation of
carbohydrates formed by the uptake of CO,, so it
increases with increasing CO,. A doubling of CO, may
increase the photosynthetic rate by 30 to 100%,
depending on other environmental conditions such as
temperature and available moisture. More CO, enters
the leaves of plants due to the increased gradient of CO,
between the external atmosphere and the air space
inside the leaves. This leads to an increase in the CO,
available to the plant for conversion into carbohydrate
(Acock and Allen 1985). The difference between
photosynthetic gain and loss of carbohydrate by
respiration is the resultant growth just as important may
be the effect that increased CO, has on the closure of
stomata, small openings in leaf surfaces through which
CO, is absorbed and through which water vapour is
released by transpiration. This tends to reduce the water
requirements of plants by reducing transpiration (per
unit leaf area) thus improving what is termed water use
efficiency (the ratio of crop-biomass accumulation to
the water used in evapotranspiration).

Effects of Temperature Stress on Sugarcane
Sugarcane requires optimum temperature for
economic production and led to reduced cane and sugar
yields  otherwise. Extreme temperature, more
importantly, high temperature causes serious yield
reduction in sugarcane by affecting its physiology,
biochemistry and quality leading to poor agronomic
produce. Low temperature at planting also affects the
germination percentage, seedling establishment and
ratoonability of early harvested crop. Several studies
have been conducted to improve the sugarcane
production under high and low temperature stress in this
crop. Air temperature is directly related to sugarcane
growth and ripening processes. Waldron et al., (1967)
showed that the photosynthetic efficiency decreased
linearly with a decrease in air temperature in the range
from 34 to 5 °C. The effects of air temperature on the
photosynthesis rate and on the efficiency of this process
are directly related to crop vegetative development.
Accordingly, Stender (1924) demonstrated a
close relationship between stalk length and diameter
and air temperature, with a reduction in stalk growth
rates during the winter to one-third of those observed in
the summer. The reduction in stalk growth rates, either
in length or diameter, is followed by an increase in the
rate of sucrose accumulation (Mamet and Galwey,
1999). Alexander (1973) described the process of
sugarcane physiological ripening as dependent on the
seasonal reduction of air temperature, which slows
growth rates. However, this reduction in growth rates
occurs  without  significantly  affecting  the
photosynthetic process, so that there are more
photosynthates converted into sucrose to be stored in
plant tissues. Cardozo (2012) noted an inversely
proportional relationship between air temperature and
sugarcane ripening, with higher correlation coefficients
observed when the air temperature was averaged in the
last 120 to 150 days before sampling, which agrees with

Clement (1962) findings. Glasziou et al., (1964)
showed that high sugar content was produced when the
air temperature was reduced over a long period of time.
According to Glasziou et al., (1964), the sugar
concentration did not exceed 12 % of the fresh weight
when the air temperature was constant or when small
daily temperature variations occurred. However, when
the average air temperature was reduced for a long
period of time, i.e., three to six months, sugar
concentration reached 17 % of the fresh weight.

There is no consistency regarding the thermal
parameters of sugarcane, primarily related to base
temperatures, since there are numerous base
temperature values proposed, which may vary
according to the location, cultivars and phenological
phase (Scarpari and Beauclair, 2004, 2009). Barnes
(1964) found that the base temperature for shoot
emergence is 12 °C, while Inman-Bamber (1991, 1994)
found a base temperature of 16 °C for tillering. Bacchi
and Souza (1977) reported values between 18 and 19 °C
for the internode elongation process. Cardozo (2012)
evaluated eight sugarcane cultivars and found variation
of their base temperature, with the earliest cultivars
(SP91-1049 and SP86-155) exhibiting higher values,
between 20 and 21 °C, while the middle (RB867515)
and late ripening cultivars (SP83-2847) exhibited
smaller values, between 18 and 19 °C. According to
Cardozo (2012), this fact explained the precocity of
some cultivars in relation to others because the higher
the base temperature, the smaller the growth under low
air temperatures. Late cultivars are less sensitive to low
air temperature than the early ones; thus, they continue
their growth for longer periods, delaying their ripening.
Sugarcane being evolved in tropics is sensitive to low
temperature injury (10-15°C). Generally, the tropical
species when grown in warm climates i.e. temperature
ranging from 25°C-35°C are more prone to chilling than
temperate species. Chilling and freezing both affect
plant growth and development (Thomashow 2010,
Sanghera and Sharma 2011). The optimum temperature
for sugarcane growth is 35°C (Grantz et al., 1987). In
some sugarcane growing countries like USA, north
India, Pakistan and Australia the crop receives low
temperature (< 20°C) which severely reduced the
growth of sugarcane plant. Low temperatures changes
hormone production in plants. Out of different
hormones cytokinins have a large effect on senescence
of plant parts (Mikkelsen et al., 2004) and involved in
change of metabolism and morphological characters in
response to environmental stimuli (Sakakibara 2006).

Sugarcane Growing Seasons and Temperature
Extremes with Special Reference to Punjab

In Northern India, April marks the beginning
of summer season and it goes on until June. During
peak season, the minimum temperature the state
experiences is around 29°C and the maximum it touches
is 45°C. The corresponding figures in Punjab remain
around 42°C and 26°C, respectively (Fig 2). One can
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deduce the summers are extreme here and it is wise to
avoid late planting of sugarcane in Punjab during the
crop season. If one happens to go for late planting in
Punjab at the beginning of the season, they might be

able to witness the severe sun burn disorder in
sugarcane in May-June months. Similarly, winter
season starts taking over the monsoon season from
October onwards, and it lasts until mid March.
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Fig 2. Mean monthly temperature (max. and min.) during 2019-20 crop seasons in Punjab

The weather remains soothing and pleasant at
the beginning of the season facilitating sugarcane
planting after harvesting of paddy crop. The day-time
temperature stays around 26°C while during the night; it
drops down to less than 10°C. Sometimes different
regions of the state also experience less than 5°C
especially sugarcane growing districts Amritsar,
Gurdaspur, Hoshiarpur and Jalandhar. Farmers who
explore autumn season as comparatively better time for
planting of sugarcane in Punjab experience problem of
cold/ banded chlorosis in sole and inter cropped
sugarcane crop.

Abiotic Disorders in Sugarcane

Sugarcane is a long durational crop, which
experiencing extreme weather conditions throughout its
life cycle in sub tropical part of India. There are various
biotic and abiotic stresses faced by this crop during
their growth period and maturity. Many diseases caused
by fungi, bacteria, viruses and phytoplasmas as well as
environmental and physiological stresses cause
immense quantity and quality loss of this crop
worldwide. The climate change will lead to more
extreme events for rainfall patterns and change in
temperature patterns (Nelson et al., 2010). The changes
in temperature, rainfall and solar emission patterns
affect the productivity and sugar content of sugarcane in
both up and down stream. Tremendous change in

environmental temperature (low or high) effects to
physiological mechanism in sugarcane and symptoms
of any stresses firstly appears on leave. The two
important physiological / abiotic disorders of sugarcane
crop manifested as result of extremities in temperature
include cold or banded chlorosis and sun burn or sun
scald are described.

Manifestation of Banded or Cold Chlorosis

The banded or cold chlorosis or cold injury is
especially a physiological disorder which appears due
to cold temperature. Its symptom first appeared in the
research farm of Guneid, Sudan on the cane variety B
47419 during the year of 1999 (Marchelo et al., 1999).
It occurs on cane leaves due to both high as well as low
temperature (Martin et al., 1964). Banded chlorosis has
been noticed earlier in tropical region of Maharashtra,
India during 2nd week of March 2011, when the
minimum temperature ranged from 10°C to 12°C in
throughout December-January resulted in such
abnormality as the most popular tropical commercial
cultivars Co 86032 and CoC 671 affected by banded
chlorosis (Web report of VSI, Pune). Under subtropical
conditions, the minimum temperature remained below
5°C from last week of December to third week of
January (Fig 3) during 2019-20 winter seasons, which
resulted in such abnormalities.
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Fig. 3 Average weekly temperatures (max. and min.) during crop seeason in months of December-January (2019-20)

Symptoms generally consist of chlorotic
tissues extending across the leaf on both sides of the
midrib. The colour varies from yellow green to white,
and in some cultivars a pinkish tinge may develop. The
area ranges from narrow stripes on each margin of leaf
to bands of 50 to 100mm broad. The symptom of the
disorder appears on cane leave due to the low
temperature (8-10°C) during January to March in
autumn planted crop. The chlorotic bands are possible
near the base of older leaves (Fig 4) and progressively
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It is caused primarily by injury due to cold
weather and is indicated by narrow bands of pale green
to white tissue across the leaves. Waraitch and Kanwar
(1977) reported firstly in sugarcane clone from North
India in the state of Punjab. They observed the

closer to the tips of the successively younger leaves,
indicating that injury occurred in spindle before the
affected leaves unrolled. These types of symptoms were
first observed in Puerto Rico on the leaves of sugarcane
variety PR 1059 at Central Aguirre. The prominent
bands of chlorosis on the sugarcane leaves termed as
“cold chlorosis” (Faris, 1926) or “sectional chlorosis”
(Newcomb and Lee, 1927) but in general the broadly
termed as “banded chlorosis®.

.

3 ’ : el )
lorosis in CoJ 88 sugarcane variety during Dec-Jan 2020

symptoms of banded chlorosis on a sugarcane clone S-
98/70 due to severity of low temperature (minimum
0.5°C). None of the other clones or varieties was
affected by this symptom in 1977.
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In Punjab state, 9 sugarcane varieties namely
CoPb 92, Co 0118, CoJ 85, CoJ 64 (in early group) and
CoPb 93, Co 0238, CoPb 91, CoPb 94 and CoJ 88
(midlate group) have been recommended for

commercial cultivation. Farmers are planting these
varieties in both autumn and spring seasons irrespective
of maturity group. Variable response commercial
varieties to cold / banded chlorosis were reported in
different command areas of sugarmills running in the
state. Of the nine cultivars, Co 0238 exhibited severe
in  Gurdaspur,

cold/ banded chlorosis symptoms

g

T e

Fig 5: Differential r

Earlier, Singh et al., 2017 also observed such
abnormalities of banded chlorosis on commercial
cultivars at Sugarcane Research Institute, Shahjahanpur
(UP), representing sub-tropical region of India. In
general, it was observed that earlier among different
varieties grown in Punjab, early maturing varieties like
CoPb 92 and Co 0118 have tolerance to cold and
advised for autumn planting and varieties Co 0238,
CoPb 93 and CoPb 94 for spring planting. Further, Brar
et al., (2018) documented some physiological and
biochemical indicators for cold tolerance in sugarcane
and reported significant differences in chlorophyll
content, leaf colour and bud necrosis before and after
cold stress. They reported that clones selected as cold
sensitive showed significant decline in chlorophyll and
carotenoids content in comparison to tolerant
genotypes. Differential behaviour of physiological and
biochemical parameters indicated that these parameters
may serve as novel screening criteria for selecting
tolerant and sensitive genotypes under cold stress.
Since the sugarcane crop is harvested during wither

esponse of sugarcal

: s o)

e

ne varieties tow

Pathankot and Hoshiarpur districts adjoining shivalik
foothills followed by CoJ 88, CoJ 85, CoPb 94. It was
observed that the broad leaved and fast growth habit
varieties showed more leaf burning than narrow leaved
varieties like CoPb 92, Co 0118 and CoJ 64. Further,
autumn planted crop showed pronounced effect of cold
chlorosis. In autumn planted cane, the cold damage was
observed from 3 to 4 leaf stage. It was found that the
varieties CoPb 92 and Co 0118 having anthocyanin
pigmentation in leaves (Fig.6) were not prone to this
disorder.

a

% i Poatil 'O e
ard banded/ cold chlorosis

months, cold chlorosis may affect the ratoon during
initial establishment of crop. Hence, there is need to
have a separate breeding Programme for cold tolerance
along with some mitigating strategies for this disorder
needs to be advised to tackle consequences.

Manifestation of Sunburn or Sunscald

There are two main kinds of sun damage in the
plant world: sunburn (also called leaf scorch), which
affects the foliage, and sunscald, which affects the
bark. Sunburn occurs in plants for like it does in people
— too much light and heat, with increased risk when
dehydrated. But unlike us, the sunburned plants don’t
immediately turn pink. Sunburn injury on sugarcane
leaves is an abiotic disorder caused by high temperature
combined with hot waves during summer. It is evident
from data presented in Fig 5 that maximum weekly
temperature prevailed more than 39°C for a period of
three weeks thereby causing severe sunburn disorder in
sugarcane crop as it coincide with beginning of grand
growth stage of the crop.
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Fig 6. Average weekly temperatures (max. and min.) during crop seeason in months of May-June 2019

Sunburn symptoms includes drying of leaf
lamina initially on the leaf apex of newly unfurled leaf
i.e. on the first top visible leaf and then progressed
towards the middle of leaf lamina (Fig. 6). Initial drying
of fully expanded young leaves is higher than on the
newly emerged folded leaves. The affected leaf lamina
remained pale green for 2-3 days and then parched. In
the injured leaves, drying appeared from leaf apex to
near bottom. Often the bottom one fifth portion of
injured leaf lamina did not dry and remained green.
Under continued high temperature and hot waves
without rainfall, the newly emerging unfurled leaf
which is just above the already injured leaf gets dried in
the same manner. The injured leaves did not regain
hence the injury was irreversible. The sunburn symptom
described above is different from ‘sugarcane leaf
scorch’ caused by Leptosphaeria (Kaiser and
Hawksworth 1979) and ‘leaf scald’ caused by
Xanthomonas albilineans (Roh 1994) but resemble the

photo-oxidative sunburn injury of apple (Felicetti
2008). Further, in subtropical states (Punjab, Haryana
and UP) the incidence of sunburn appeared from 3rd or
4th week of May provided if the maximum air
temperature was above 39 °C and if no precipitation
during the two preceding and succeeding weeks.
However, if the mean maximum temperature subsided
below 39 °C or one or two precipitation occurred, as
happened in the last week of June to 1st week of July,
the newly opened leaf did not manifest injury. Sunburn
injury in cucumber and paprika fruits was reported to
occur if the air temperature is 38-40 °C and 40.5-42.5
OC, respectively (Piskolczi and Racsko 2004). The
threshold temperature for sugarcane sunburn reported in
the present study (39 °C and above) corroborate with
previous reports. The damage can take longer to
become apparent, and results in yellow or brown
foliage. If the damage progresses, the leaves die off
starting in the areas between the leaf veins.
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Differential response commercial varieties to
sunburn were noticed during survey in different
command areas of sugarmills running in the state. Of
the nine cultivars mentioned above (in banded chlorosis
section), Co 0238 exhibited severe sundurn symptoms.
It was observed that the broad leaved and fast growth
habit varieties Co 0238, CoPb 93and CoPb 91
experienced more leaf burning than narrow leaved
varieties like CoPb 92, Co 0118 and CoJ 64. Further,
plant crop showed pronounced effect of sunburn as
compare to ratoon crop. In autumn and spring planted
cane, the sun burn damage was obseved from 6 to 8 leaf
stage and continued till the crop attained 10-12 leaf
stage. In earlier study, Karuppaiyan et al (2014)
evaluated one hundred twenty clones and categorized
them as tolerant, moderately tolerant and susceptible
showing the variable response of varieties for sunburn
disorder. Among different varieties grown in Punjab,
only one variety Co 0238 showed high extent this
disorder, hence, there is no need to have a separate
breeding Programme, and however some mitigating and
adaptation Strategies for this disorder needs to be
advised to tackle consequences of monoculture of such
commercial variety.

Mitigation and Adaptation Strategies

Since climate change is projected to reduce
sugarcane Yyields in the next century, it is vital to come
up with mitigation strategies that can lower the effects.
A number of mitigation measures can be drawn from
understanding the potential effects of climate change
relying much on climate models. However, the
projections of climate change using models are
uncertain because of errors that may be encountered in
these models (Mall et al., 2004). Several breeding and
genomics based studies have been conducted to
improve the sugarcane production under adverse
conditions in this crop. There an attempt is made to
explore different agronomical cum physiological
approaches to mitigate the harmful effects of extreme
climatic conditions coupled with multiple breeding and
molecular approaches to enhance the genetic potential
of sugarcane for tolerance through marker assisted
selection or transgenic approaches.

Agronomical Strategies

To adopt abiotic stresses, strategies should be
applied according to site-specific conditions. Like,
growing the verities of thick cuticle and waxy surfaces
that can reflects solar radiation to reduce the impact of
heat stress (Bonnett et al., 2006). Water stress
generated by high temperatures and low rainfall can be
mitigated by growing varieties that are tolerant or
resistant to drought. Inman-Bamber et al., (2012)
reported that sugarcane cultivar differences in drought
adaptation exist. Researchers should therefore continue
to breed sugarcane varieties or cultivars that adapt to
drought conditions or greater water use efficiency
(Matthieson 2007). Irrigation scheduling based on

plant-needs accessed with canopy temperature sensors
can also play a crucial role in ameliorating the negative
impact of temperature and drought stress (White and
Raine 2008). So, adaptation strategy to low rainfall due
to climate change is to invest in irrigation infrastructure
like dams, canals and pumps (Matthieson 2007, Parry et
al., 2004) and drip irrigation (Koehler et al., 1982).
India like other developing countries is trailing behind
in irrigation development as most of its infrastructure is
not working after its land reform. However, investment
in irrigation development will reduce the likely
competition of water resource between sugarcane
production and other sectors. Besides increasing
irrigation infrastructure, it is essential to increase the
efficiency of irrigation (Matthieson 2007). High
irrigation efficiency will save water in the midst of low
rainfall and also reduce cost of production when yields
are expected to be low due to moisture stress.
Exogenous application of natural and synthetic plant
growth regulators (Wagas et al., 2017) is an important
and quick agronomic approach to reduce the negative
impact of temperature stress.

Some mitigation and adaptation strategies for
climate change in sugarcane production in Zimbabwe
have recently been proposed (Chandiposha 2013) and
these mitigation strategies included planting drought
tolerant varieties, investing irrigation infrastructure,
improving irrigation efficiency and drainage systems,
and improving cultural and management practices.
Sugarcane breeders and other scientists can develop
computer data base to design hybridization (within or
between species) for special requirement in the
breeding programs, use growth and physiological traits
to screen elite clones for resistance/tolerance to biotic
and biotic stresses (Inman-Bamber et al., 2012,
Sanghera and Kumar 2018), and use tissue culture,
molecular  biology, and gene transformation
technologies to improve breeding and selection
efficiencies (Sanghera et al., 2016). Studies have shown
that some genotypes/ cultivars are better than others in
tolerance to water deficit (Inman-Bamber et al., 2012,
da Silva et al., 2012, Zhao et al., 2013, Sanghera et al.,
2018) and low temperature (Sanghera and Sharma
2011) stresses, in radiation use efficiency [De Silva and
De Costa 2012), and in nutrient use efficiency
(Robinson et al., 2007, Zhao et al., 2014). Based on pot
and field studies with intensive measurements of
physiological, growth, and vyield traits, it has been
reported that some sugarcane genotypes are more
tolerant to stress environment than others (Zhao et al.,
2013, 2014, 2015).

Physiological Approaches

Sugarcane is an important industrial crop and
the world’s major C, crops that mainly grown in the
tropical and sub-tropical regions for sugar and
bioenergy. Weather and climate related events (i.e.,
growth environment of atmospheric CO,, temperature,
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precipitation, and other extreme weather) are the key
factors for sugarcane production worldwide, especially
in many developing countries. The potential negative
impact of climate change, especially temperature and
rainfall, on sugarcane production in Zimbabwe has been
reviewed by Chandiposha (2013). By using crop
simulation models, Marin et al., (2013) reported that
climate change improved sugarcane water use
efficiency and cane yield in some areas of Brazil. They
predicted that cane yield in 2050 could be 15-59%
higher than that at the current average level. Studies
have also indicated that elevated CO, under controlled
environment increased sugarcane photosynthesis, water
use efficiency, biomass, and productivity (Vu and Allen
2009, de Souza et al.,, 2008). Improved water use
efficiency of sugarcane under elevated CO, is mainly
associated with the reduced stomatal conductance (Vu
and Allen 2009a, b). Although these findings from the
controlled environment are important for better
understanding of physiological mechanisms of
sugarcane plant response to elevated CO,, they may not
completely reveal the interactions of CO, and other
climate factors under field conditions. The most
significantly positive effect would be on reduced
incidence of frost, which is a major limitation on
production (Chakraborty et al., 1998) in most regions,
such as Louisiana of USA, Punjab Haryana, UP and
Rajasthan states of India where growing season is short.
When realizing these benefits, however, serious
consideration for long-term negative impact on nutrient
levels, soil moisture, water availability, and other
conditions. A negative effect of increased temperature
may occur in the tropical regions where cool winters are
required to slow plant growth and increase sucrose
storage. Brar et al., (2018) practised selection on the
basis of significant differences in chlorophyll content,
Brix® content (total soluble sugars), leaf colour and bud
necrosis before and after cold stress and reported
genotypes selected as cold sensitive showed significant
decline in chlorophyll and carotenoids content, proline
content, total soluble sugars and free amino acids in
comparison to tolerant genotypes. They suggested that
differential behaviour of physiological and biochemical
parameters may serve as novel screening criteria for
selecting tolerant and sensitive genotypes under cold
stress.

Biotechnological Approaches

Sugarcane is cultivated in tropical and
subtropical regions where cold stress is not very
common, but lower yields and reduced industrial
quality of the plants are observed when it occurs.
Further, it being a typical glycophyte, exhibits stunted
growth or no growth under adverse conditions like
salinity, with its yield falling to 50% or even more as
compared to its true potential (Akhtar and Rasul 2003,
Wiedenfeld 2008). High adversities in environment
significantly affects plant growth due to alterations in
water relations, ionic and metabolic perturbations,
generation of reactive oxygen species (ROS), and tissue

damage (Patade et al., 2011a), enzymes involved in
sugar metabolism (Gomathi and Thandapani 2005) and
respond with an altered expression of stress responsive
genes, which may ameliorate the detrimental effects.
Therefore construction of cDNA libraries enriched for
differentially expressed transcripts is an important first
step in attempting to study stress responsive genes.

Endogenous level of cytokinin was increased
in sugarcane plant by transforming it with isopentenyl
transferase gene (ipt gene) under control of cold
inducible gene promoter COR15a and plant response as
evaluated by subjecting it to low temperatures.
Chlorophyll content, lipid peroxidation and ion leakage
were used to evaluate the effect of the enhanced
transcription of the ipt gene in sugarcane leaves under
low temperatures. Total chlorophyll content in leaves of
transgenic plants was higher than non transgenic plants.
Which indicate that senescence was reduced in
transgenic plants due to enhanced transcription of ipt
gene. The damage to cell wall was measured by
evaluating the concentration of malondialdehyde
(MDA) and electrolyte leakage. Lower
malondialdehyde content and electrolyte leakage
indicated less damage induced by cold in transgenic
plants (Belintani et al., 2010). The expression of cold
related genes can be regulated at transcription or
translational level. The transcription of cold responsive
genes can be regulated by C-repeat binding factors
(CBFs) which activate the downstream genes by
binding to dehydration responsive elements (DRES) in
promoter region of genes. This pathway is called as ICE
(inducer of Crepeat binding factor expression 1)-CBF-
COR pathway. Reports are available on role of miRNA
in cold tolerance.RNA interference has emerge as a
novel mechanism for gene regulation. MicroRNA are
the central components of this regulatory pathway.
MiRNAs are small endogenous RNAs (having length of
20-25 nucleotides), (Zhang et al., 2006) which regulate
the expression of gene by cleavage of mRNA thereby
repressing the translation (Rubio-Somoza et al., 2009).
This type of gene regulation is essential for normal
plant growth and development (Rubio-Somoza et al.,
2009) as well as their adjustments to different stress
conditions (Ding et al., 2009). The plants modifies the
abudance of mMRNA in the cell by up or down regulating
the related miRNAs thereby regulating the plant’s
response to the different stresses (Saini and Sunkar
2009). The repression of mIiRNA could enhance
accumulation of mRNA of target gene resulting in
positive regulation of stress tolerance (Sunkar and Zhu
2004). Thiebaut et al., (2012) studied the differential
expression of 12 miRNAs by subjecting the sugarcane
plants to low temperature (4°C). Stem-loop RT-PCR
was used to study the expression assay of these
miRNAs. It was shown that miR319 was upregulated in
both roots and shoots of sugarcane plant exposed to low
temperature. Two target sites of miRNA319 were
identified as Myb transcription factor (GAMyB) and a
TCP transcription factor (PCF5) using a 5-RACE PCR.
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Up regulation of miRNA319 and down regulation of
these two genes were observed when two sugarcane
cultivars tolerant and sensitive to cold stress were
subjected to 4°C. In cold tolerant variety the changes in
expression were delayed as compared to sensitive
variety. These observations led to the conclusion that
that time differences and expression levels of miRNA
and its targets could be used as markers for selection of
cold-tolerant sugarcane cultivars. Yang et al., (2017)
provided a global view of response of sugarcane to low
temperatue stress by associating it with miRNA
expression.

In the study of various tissue-specific EST
libraries sequence data of Indian subtropical sugarcane
variety (CoS 767), 25 water-deficit stress-related
clusters showed greater than twofold relative expression
during 9 h dehydration stress (Gupta et al., 2010).
Further, recently Prabu et al., (2010) based on sqRT-
PCR analysis showed higher transcript expression of
WRKY, 22-kDa drought induced protein, MIPS and
Ornithine-oxo-acid amino transferase at initial stages of
stress induction with a gradual decrease in advanced
stages. Analysis of the expression of these stress
responsive genes in sugarcane plants under water deficit
stress revealed a different transcriptional profile
compared with sucrose accumulation. Prabu et al.,
(2010) identified differentially expressed transcripts in
response to water deficiency stress in sugarcane cv.
Co740 using PCR-based cDNA suppression subtractive
hybridization technique. Of the sequenced 158 cDNA
clones based on Dot blot, 62% showed similarity with
known functional genes, 12% with hypothetical
proteins of plant origin, while 26% represented new
unknown sequences. Annotation of these differentially
ESTs indicated their possible function in cellular
organization, protein metabolism, signal transduction,
and transcription.

Molecular marker-assisted selection (MAS) is
preferred over visual selection because it is time and
cost effective. MAS is a powerful strategy to accelerate
the crop breeding for tolerance against biotic and
abiotic stresses (Mantri et al., 2010, 2014). Study and
development of molecular markers that are linked to the
chosen traits (Ashraf et al., 2010, Delannay et al., 2012)
and utilization of indirect selection of required loci
using molecular markers is a proficient selection tool.
Numerous markers have been developed in the recent
past like restriction fragment length polymorphism
(RFLPs), random amplified polymorphic DNA
(RAPDs), amplified fragment length polymorphism
(AFLPs), and simple sequence repeats (SSRs) to be
utilized in breeding programs via MAS (Mantri et al.,
2014). Usually molecular markers are not developed
from the desired genes. On the other hand, development
of functional markers (FMSs) is generally based on
observed polymorphism in transcribed regions of the
functional target genes, which make these markers
suitable to develop a complete correlation with gene

function. Functional markers enable precise selection of
target genes (Andersen and Lubberstedt, 2003).
Development of new sugarcane cultivars that can
contribute to adaptation to climate change by
discovering and introducing desirable genes for
agronomic trait development (Burke et al., 1988) and
using basic breeding (Sanghera et al., 2016),
physiological screening (Gupta et al., 2010, Sanghera
et al., 2018), and new technologies of molecular
biology (Hoang et al., 2015, Sanghera et al., 2016) can
mitigate the negative effect of climate change
(temperature) and improve sugarcane Yields,
productivity, and sustainability.

“As the mercury rises or falls and the days get
longer or shorter, it’s time to protect your plants and
yourself from the sunburn or cold!”

REFERENCES

1. Acock, B.,, & Allen Jr, L. H. (1985). Crop
responses to  elevated carbon dioxide
concentrations In: Train BR and Cure JD (eds)
Direct effects of Increasing Carbon dioxide on
vegetation, DOEIER- 238 (Washington, DC: US
Dept of Energy).

2. Akhtar, S., Wahid, A., & Rasul, E. (2003).
Emergence, growth and nutrient composition of
sugarcane sprouts under NaCl salinity. Biologia
Plantarum, 46(1), 113-116.

3. Alexander, A.G. (1973). Sugarcane Physiology.
Elsevier, Amsterdam, Netherlands.

4. Andersen, J.R.,, & Luibberstedt, T. (2003).
Functional markers in plants. Trends in Plant
Science 8(11):554-560

5. Ashraf, M.A., Ashraf, M., & Ali, Q. (2010).
Response of two genetically diverse wheat
cultivars to salt stress at different growth stages:
Leaf lipid peroxidation and phenolic contents.
Pakistan Journal of Botany 42(1), 559-565

6. Bacchi, 0.0.S., & Sousa, G.C. (1977). Minimum
threshold temperature for sugarcane growth. Proc.
Int. Soc. Sugar Cane Tech 1733-1741.

7. Baker, J.T., & Allen, L.H. (1993). Effects of CO,
and the temperature on rice. A summary of five
growing regions. J Agrc Meteorol 48(5), 575-582.

8. Barnes, A.C. (1964). The Sugar Cane. Inter
science, New York, NY, USA.

9. Belintani, N.G., Guerzoni, J.T.S., Moreira, R.M.P.,
& Vieira, L.G.E. (2012). Improving low-
temperature tolerance in sugarcane by expressing
the ipt gene under a cold inducible promoter.
Biologia Plantarum 56 (1), 71-77.

10. Bibi, A., Oosterhuis, D., & Gonias, E. (2008).
Photosynthesis, quantum yield of photosystem Il
and membrane leakage as affected by high
temperatures in cotton genotypes. Journal of
Cotton Science 12:150-159.

11. Bonnett, G.T., Hewitt, M.L., & Glassop, D. (2006).
Effects of high temperature on the growth and

© East African Scholars Publisher, Kenya

111



Gulzar S Sanghera ; East African Scholars J Agri Life Sci; Vol-3, Iss- 4 (Apr, 2020): 101-114

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

composition of sugarcane internodes. Australian J
Agric Res 57(10), 1087-1095.

Boyer, J.S. (1982). Plant productivity and
environment. Science 218: 443-448.

Brar, A. S., Sandhu, S.K., & Sharma, S. (2018).
Physiological and biochemical traits as indicators
for cold tolerance in sugarcane (Saccharum
species). Agricultural Research Journal 55 (2),
210- 218

Burke, J., Mahan, J., & Hatfield, J. (1988) Crop-
specific thermal kinetic windows in relation to
wheat and cotton biomass production. Agronomy
Journal 80(4), 553-556

Burr, G.O., Hartt, C.E., Brodie, H.W., Tanimoto,
T., Kortschak, H.P., Takahashi, D., Ashton, F.M.,
& Coleman, R.E. (1957). The sugarcane plant.
Annual Review of Plant Physiology 8,275-30.
Cardozo, N.P. (2012). Modeling sugarcane
ripening as function of meteorological variables.
Available at:
<http://www.teses.usp.br/teses/disponiveis/11/1113
1/tde-14032012-080359/

Chakraborty, S., Murray, G. M., Magarey, P. A,
Yonow, T., O’Brien, R. G., Croft, B. J.,, ... &
Sutherst, R. W. (1998). Potential impact of climate
change on plant diseases of economic significance
to Australia. Australasian Plant Pathology, 27(1),
15-35.

Chandiposha, M. (2013). Potential
climate change in sugarcane and mitigation
strategies in Zimbabwe. African Journal of
Agricultural Research 8, 2814-2818.

da Silva, P. P., Soares, L., da Costa, J. G., da Silva
Viana, L., de Andrade, J. C. F., Gongalves, E. R., ...
& Riffel, A. (2012). Path analysis for selection of
drought tolerant sugarcane genotypes through
physiological components. Industrial Crops and
Products, 37(1), 11-19.

De Silva, A. L. C., & De Costa, W. A. J. M.
(2012). Growth and radiation use efficiency of
sugarcane under irrigated and rain-fed conditions in
Sri Lanka. Sugar Tech, 14(3), 247-254.

De Souza, A. P., Gaspar, M., Da Silva, E. A,
Ulian, E. C., Waclawovsky, A. J., Nishiyama Jr, M.
Y., ... & Buckeridge, M. S. (2008). Elevated CO2
increases photosynthesis, biomass and productivity,
and modifies gene expression in sugarcane. Plant,
cell & environment, 31(8), 1116-1127.

Delannay, X., McLaren, G., & Ribaut, J. M.
(2012). Fostering molecular breeding in developing
countries. Molecular Breeding, 29(4), 857-873.
Ding, D., Zhang, L., Wang, H., Liu, Z., Zhang, Z.,
& Zheng, Y. (2009). Differential expression of
miRNAs in response to salt stress in maize
roots. Annals of botany, 103(1), 29-38.

Ferraris, R., Chapman, L. S., & Ludlow, M.
M. (1994). Responses of canopy growth of
sugarcane to temperature and water supply. Proc.
Int. Soc. Sugar Cane Tech. 61-71

impact of

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Glasziou, K. T., Bull, T. A., Hatch, M. D., &
Whiteman, P. C. (1965). Physiology of sugar-cane
VII. Effects of temperature, photoperiod duration,
and diurnal and seasonal temperature changes on
growth and ripening. Australian Journal of
Biological Sciences, 18(1), 53-66.

Gomathi, R., & Thandapani, T. V. (2005). Salt
stress in relation to nutrient accumulation and
quality of sugarcane genotypes. Sugar Tech, 7(1),
39-47.

Grantz, D. A., Moore, P. H., & Zeiger, E. (1987).
Stomatal responses to light and humidity in
sugarcane: prediction of daily time courses and
identification of potential selection criteria. Plant,
Cell & Environment, 10(3), 197-204.

Gupta, V., Raghuvanshi, S., Gupta, A., Saini, N.,
Gaur, A., Khan, M. S,, ... & Suman, A. (2010). The
water-deficit stress-and red-rot-related genes in
sugarcane. Functional & integrative
genomics, 10(2), 207-214.

Hoang, N. V., Furtado, A., Botha, F. C., Simmons,
B. A., & Henry, R. J. (2015). Potential for genetic
improvement of sugarcane as a source of biomass
for biofuels. Frontiers in bioengineering and
biotechnology, 3, 182.

Inman-Bamber, N. G., Lakshmanan, P., & Park, S.
(2012). Sugarcane for water-limited environments:
Theoretical assessment of suitable traits. Field
Crops Research, 134, 95-104.

Inman-Bamber, N.G. (1991). Growth model for
sugarcane based on a simple carbon balance and
the CERES-Maize water balance. South African
Journal of Plant Soil 8, 93-99.

Inman-Bamber, N.G. (1994). Effects of age and
season on the components of the yield of sugarcane
in South Africa. Proc S. Afr. Sugarcane Tech.
Assoc. 68, 23-27.

Inman-Bamber, N.G. (1994). Temperature and
seasonal effects on canopy development and light
interception of sugarcane. Field Crop Research 36,
41-51.

Karuppaiyan R, Ram B, Pooja, Kumar S, Ali M,
Meena MR and Kumar R (2015). Sugarcane
sunburn:  An emerging abiotic disorder in
subtropical India. Sugar Tech 17(3), 283-290.
Koehler, P. H., Moore, P. H., Jones, C. A., Dela
Cruz, A., & Maretzki, A. (1982). Response of
Drip-Irrigated Sugarcane to Drought Stress
1. Agronomy Journal, 74(5), 906-911.

Leveitt, J. (1980). Responses of plants to
environmental stresses: Chilling, Freezing and
High Temperature stresses (Vol. 1).

Mall, R. K., Lal, M., Bhatia, V. S., Rathore, L. S.,
& Singh, R. (2004). Mitigating climate change
impact on soybean productivity in India: a
simulation  study. Agricultural  and  forest
meteorology, 121(1-2), 113-125.

. Mamet, L. D., & Galwey, N. W. (1999). A

relationship between stalk elongation and earliness

© East African Scholars Publisher, Kenya

112



Gulzar S Sanghera ; East African Scholars J Agri Life Sci; Vol-3, Iss- 4 (Apr, 2020): 101-114

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

of ripening in sugarcane. Experimental
Agriculture, 35(3), 283-291.

Mantri, N., Pang, E. C., & Ford, R. (2010).
Molecular biology for stress management.
In Climate change and management of cool season
grain legume crops (pp. 377-408). Springer,
Dordrecht.

Mantri, N., Patade, V., & Pang, E. (2014). Recent
advances in rapid and sensitive screening for
abiotic stress tolerance. In Improvement of Crops in
the Era of Climatic Changes (pp. 37-47). Springer,
New York, NY.

Marin, F. R., Jones, J. W., Singels, A., Royce, F.,
Assad, E. D., Pellegrino, G. Q., & Justino, F.
(2013). Climate change impacts on sugarcane
attainable vyield in southern Brazil. Climatic
change, 117(1-2), 227-239.

Mathieson, L. (2007). Climate change and the
Australian Sugar Industry: Impacts, adaptation and
R & D opportunities. Sugar Research and
Development Corporation. Australia.

McMahon, G. G., Chapple, P. A, Ham, G. J.,
Saunders, M., & Brandon, R. (1993, January).
Planting sugarcane on heavy clay soils in the
Burdekin. In Proceedings of the 15th conference of
the Australian Society of Sugar Cane
Technologists, Cairns,  Queensland, 27-30
April (Vol. 1993, pp. 305-311).

Mikkelsen, M. D., Naur, P., & Halkier, B. A.
(2004). Arabidopsis mutants in the C-S lyase of
glucosinolate biosynthesis establish a critical role
for indole-3-acetaldoxime in auxin
homeostasis. The Plant Journal, 37(5), 770-777.
Neumeister, L. (2010). Crop protection: Anything
can happen. PAN Asia and the Pacific. Penang,
Malaysia.

Parry, M. L., Rosenzweig, C., Iglesias, A,
Livermore, M., & Fischer, G. (2004). Effects of
climate change on global food production under
SRES emissions and socio-economic
scenarios. Global environmental change, 14(1), 53-
67.

Patade, V. Y., Bhargava, S., & Suprasanna, P.
(2012). Transcript expression profiling of stress
responsive genes in response to short-term salt or
PEG stress in sugarcane leaves. Molecular biology
reports, 39(3), 3311-3318.

Prabu, G., Kawar, P. G., Pagariya, M. C., & Prasad,
D. T. (2011). Identification of water deficit stress
upregulated genes in sugarcane. Plant Molecular
Biology Reporter, 29(2), 291-304.

Reddy, A. R., Chaitanya, K. V., & Vivekanandan,
M. (2004). Drought-induced responses  of
photosynthesis and antioxidant metabolism in
higher plants. Journal of plant physiology, 161(11),
1189-1202.

Robinson, N., Fletcher, A., Whan, A., Critchley,
C., von Wirén, N., Lakshmanan, P., & Schmidt, S.
(2007). Sugarcane genotypes differ in internal

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

nitrogen  use  efficiency. Functional  Plant
Biology, 34(12), 1122-1129.

Roy, M., & Ghosh, B. (1996). Polyamines, both
common and uncommon, under heat stress in rice
(Oryza sativa) callus. Physiologia
Plantarum, 98(1), 196-200.

Rubio-Somoza, 1., Cuperus, J. T., Weigel, D., &
Carrington, J. C. (2009). Regulation and functional
specialization of small RNA-target nodes during

plant development. Current opinion in plant
biology, 12(5), 622-627.
Sakakibara, H. (2006). Cytokinins: activity,

biosynthesis, and translocation. Annu. Rev. Plant
Biol., 57, 431-449.

Sanghera, G. S., & Kumar, A. (2018). Recent
perspectives towards enhancing drought tolerance
in sugarcane. Jour Pl Sci Res, 34(1), 23-34.
Sanghera, G. S., & Sharma, V. K. (2011). A critical
review on morpho-physiological and molecular
aspects associated with cold stress in plants. Elixir
Agric, 39, 5065-5075.

Sanghera, G. S., Kumar, A., Singh, R. P., & Tiwari,
A. K. (2016). Sugarcane improvement in genomic
era: opportunities and complexities. Agrica, 5(2),
69-97.

Sanghera, G. S., Singh, H., & Bhatt, R. (2018).
Impact of water stress on manifestation of cane
yield components and physiological traits in
sugarcane (Saccharum sp. Hybrid
complex). International ~ Journal  Agricultural
Sciences, 10(5), 5284-5290.

Scarpari, M. S., & Beauclair, E. G. F. D. (2004).
Sugarcane maturity estimation through edaphic-
climatic parameters. Scientia Agricola, 61(5), 486-
491.

Scarpari, M. S., & Beauclair, E. G. F. D. (2009).
Physiological model to estimate the maturity of
sugarcane. Scientia Agricola, 66(5), 622-628.

Shi, Y., Ding, Y., & Yang, S. (2015). Cold signal
transduction and its interplay with phytohormones
during cold acclimation. Plant and  Cell
Physiology, 56(1), 7-15.

Singh, S.P., Vishwakarma, S.K., Singh, S.P.
Singh, A., & Sharma, B.L. (2017). Novel report of
banded chlorosis in commercial sugarcane cultivars
from sub-tropical India. Int. J. Curr. Microbiol.
App. Sci 6(4), 393-399.

Sinha, S.K., & Swaminathan, M.S. (1991).
Deforestation, climate change and sustainable
nutrition security: A case study of India. Climate
Change 19: 201-209.

Solanke, A.U., & Sharma, A.K. (2008). Signal
transduction during cold stress in plants. Physiol
Mol Biol Plan.14, 69-79.

Stender, H.K. (1924). Some sugar cane growth
measurements. Hawaiian Planters' Record 28, 472-
495,

Sunkar, R., & Zhu, J.K. (2004). Novel and stress-
regulated microRNAs and other small RNAs from
Arabidopsis. The Plant Cell 16, 2001-2019.

© East African Scholars Publisher, Kenya

113



Gulzar S Sanghera ; East African Scholars J Agri Life Sci; Vol-3, Iss- 4 (Apr, 2020): 101-114

66.

67.

68.

69.

70.

71.

72.

73.

Tai, P.Y.P., & Lentini, R.S. (1998). Freeze damage
of Florida sugarcane. In: Sugarcane Handbook,
(Anderson DL, eds), Florida Cooperative Extension
Service, University of Florida, Gainesville, FL, pp
1-3

Tao, F., Yokozawa, M., Xu, Y., Hayashi, Y., &
Zhang, Z. (2006). Climate changes and trends in
phenology and yields of field crops in China,
1981-2000. Agricultural and Forest
Meteorology, 138(1-4), 82-92.

Thiebaut, F., Rojas, C. A., Almeida, K. L.,
Grativol, C., Domiciano, G. C., Lamb, C. R. C,, ...
& Ferreira, P. C. (2012). Regulation of miR319
during cold stress in sugarcane. Plant, cell &
environment, 35(3), 502-512.

Thomashow, M. F. (2010). Molecular basis of plant
cold acclimation: insights gained from studying the
CBF cold response pathway. Plant
physiology, 154(2), 571-577.

Vu, J. C., & Allen Jr, L. H. (2009a). Growth at
elevated CO2 delays the adverse effects of drought
stress on leaf photosynthesis of the C4
sugarcane. Journal of Plant Physiology, 166(2),
107-116.

Vu, J. C., & Allen Jr, L. H. (2009b) Stem juice
production of the C4 sugarcane (Saccharum
officinarum) is enhanced by growth at double-
ambient CO, and high temperature. Journal of
Plant Physiology 166(11), 1141-1151.

Waldron, J. C., Glasziou, K. T., & Bull, T. A.
(1967). The Physiology of Sugar-Cane. IX.:
Factors Affecting Photosynthesis and Sugar
Storage. Australian ~ Journal ~ of  Biological
Sciences, 20(6), 1043-1052.

Wagas, M. A., Khan, I., Akhter, M. J., Noor, M.
A., & Ashraf, U. (2017). Exogenous application of

74.

75.

76.

77.

78.

79.

80.

plant growth regulators (PGRs) induces chilling
tolerance in short-duration hybrid
maize. Environmental Science and Pollution
Research, 24(12), 11459-11471.

Wiedenfeld, B. (2008). Effects of irrigation water
salinity and electrostatic water treatment for
sugarcane  production.  Agricultural ~ Water
Management 95, 85-88.

Wyseure, G. C. L., Sanmuganathan, K., &
O'Callaghan, J. R. (1994). Use of simulation for
combining rainfed and irrigated sugarcane
production in the dry zone of Sri Lanka. Computers
and electronics in agriculture, 11(4), 323-335.
Yang, Y., Zhang, X., Su, Y., Zou, J., Wang, Z., Xu,
L., & Que, Y. (2017). miRNA alteration is an
important mechanism in sugarcane response to
low-temperature environment. BMC
genomics, 18(1), 833.

Zhang, B., Pan, X., Cobb, G. P., & Anderson, T. A.
(2006). Plant microRNA: a small regulatory
molecule  with  big  impact. Developmental
biology, 289(1), 3-16.

Zhao, D., Glaz, B., & Comstock, J. C. (2013).
Sugarcane leaf photosynthesis and growth
characters during development of water-deficit
stress. Crop Science, 53(3), 1066-1075.

Zhao, D., Glaz, B., & Comstock, J. C. (2014).
Physiological and growth responses of sugarcane
genotypes to nitrogen rate on a sand soil. Journal
of agronomy and crop science, 200(4), 290-301.
Zhao, D., Glaz, B., Irey, M. S., & Hu, C. J. (2015).
Sugarcane genotype variation in leaf
photosynthesis properties and yield as affected by
mill mud application. Agronomy Journal, 107(2),
506-514.

© East African Scholars Publisher, Kenya

114



