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Abstract

Drought is the primary factor limiting sugarcane growth and physiological development under the climatic conditions
of Pakistan; especially in those areas where without supplemental irrigation, productivity is not possible. Lack of detailed
information regarding the performance of cane varieties under drought during formative stage and poor selection breeding
program played key role in limiting cane productivity. The proposed study was conducted to investigate the genetic response
of different cultivars viz., CSSG-676, CSSG-668, HoSG-795, HoSG-529, NSG-59 and HSF- 240 (standard) regarding the
physiological development of sugarcane and its productivity at different irrigation co-efficient levels (100%, 80% and 60%).
This study elucidates that moisture has a pronounced impact on the physiological attributes of sugarcane and proper
irrigation scheduling with 20 no. of irrigations were reported best in-term of better germination (69.65%), leaf area index
(7.13), crop growth rate (8.44), net assimilation rate (1.06) and chlorophyll contents (5.98). Similarly in case of genomic
response, NSG-59 was reported significant best as compared to all other test cultivars in term of better physiological
performance, showing significant higher leaf area index, crop growth rate, chlorophyll contents and water use efficiency that
maximized the crop growth and resulted in higher net assimilation rate. Higher proline contents (1.59) produced in NSG-59
also made it best under drought conditions.
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Introduction
Globally sugarcane (Saccharum officinarum L.) is a
valuable crop not only as a source of sugar but also a
good source of bio-energy, because of its exceptional dry
matter producing ability (Afghan, 2003; Babar et al.,
2011). Contribution of sugarcane in the economy of
sugarcane is 0.7% (Anon, 2013) and is the driving force
of Pakistan 2nd largest industry providing raw material to
other small industries.
Among the various stresses of sugarcane, water stress
is one of the most important abiotic stresses limiting
sugarcane production worldwide (Ashraf & Khan, 1993).
Therefore, its effective management is desperate, not only
in reducing inefficiency, but also in cutting production costs
and supporting productivity (Qureshi & Afghan, 2005).
Drought is a primary factor limiting crop yield under arid
and semi-arid conditions, specifically in the areas without
supplemental irrigation (Baligar & Dunean, 1990).
Water stress affects every aspect of plant growth, and
worldwide yield losses even temporary drought can cause
substantial losses in crop yield (Ashraf & Khan, 1993).
Water is essential at every stage of plant growth from seed
germination to plant maturation (Ashraf & Naqvi, 1995;
Iftikhar et al., 2010). It reduces crop yield regardless of the
growth stages at which it occurs (Leigh et al., 2006). So any
degree of water imbalance may cause deleterious effects on
its growth potentials. With increasing soil moisture stress, the
plant height, dry weight and yield per plant decreases (ElMonayeri et al., 1984; Ashraf et al., 1994). Moisture stress
retards leaf expansion and so ultimately reduces leaf area
(Long et al., 1994; Mosaad et al., 1995). Although reduced
leaf area affects plant's photosynthetic capacity it provides a
mechanism for reducing water loss. It affects every aspect of
plant growth, and worldwide losses in yield from water stress
probably exceed the losses from all other causes collectively

because even temporary drought can cause substantial losses
in crop yield (Ashraf, 1998) so leaf area limitation can be
considered a first line of defense against drought (Taiz &
Zeiger, 1991). There is an imperative need to optimize
production of sugarcane by efficiently managing water
resources and their reliability. The study was aimed to
investigate the performance of promising genotypes for
tolerance under different moisture regimes and physiological
and biochemical phenomenal traits contributing moisture
stress in diverse genotypes of sugarcane.
Materials and Methods
The proposed study was conducted in the agro
climatic conditions of Jhang, at agronomic research area
of Shakarganj Sugar Research Institute, to investigate the
genetic response of different cultivars at different
irrigation co-efficient levels. The proposed study was laid
out in Randomized Complete Block Design in split plot
arrangements, replicated thrice. The irrigation coefficients were kept in main plots and sugarcane varieties
were superimposed. Irrigation Co-efficient included
following levels I1=100 %, I2=80 % and I3=60 % while
sugarcane genotypes include CSSG-676, CSSG-668,
HoSG-795, HoSG-529, NSG-59 and HSF-240 (standard).
All others agronomic practices were followed
normally during the whole season. The physiological
attributes of different genotypes that were examined under
varied irrigation co efficient levels described as:
Germination & plant height: Germination (%) was
observed 45 days after germination by the total number of
buds that sprouted or emerged and total number of known
buds sown, however; the plant height was measured
between soil surface and apices of randomly selected 05
stalks and converted to the average.
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Leaf area index (LAI): Leaf area of five randomly
selected stalks from each plot at 30 days intervals was
measured. LAI was computed by using the following
formula as:
LAI = Leaf area (cm) / Ground area (cm)
Crop growth rate (g m-2 day-1): CGR was determined by
using the following formula:
CGR = (W2-Wl)

(T2-T1)

whereas Wl & W2 are Shoot dry weight m-2 at time T1 & T2
respectively. T1 & T2 = Time of 1st & 2nd harvest respectively.
Net assimilation rate (g m-2 day-1): The mean NAR was
determined by following method as:
NAR = TDM (Final) / LAD (Final)
whereas NAR=Net Assimilation Rate & TDM=Total dry
matter (Final)

Proline
concentration
estimation:
Proline
concentration was estimated by using the standard
procedure described as to determine the proline
concentration; 0.5 g fresh sugarcane biomass was used.
10 ml sulfo-salicylic acid (3%) was added in biomass,
grinded it after this the extract obtained was filtered. A
mixture was made of 2 ml filtrate, 2 ml acid ninhydrin
and 2ml of glacial acetic acid. The mixture was heated
at 100 0C for 1 hr. within the water bath followed by its
cooling in ice. After this 4ml toluene was added and
jiggled it with vortex mixture and finally observed the
reading at 520 nm (Bates, 1973).
Pigment contents: Chlorophyll contents were
determined by using the method described by Arnon
(Arnon, 1949). Fresh leaves (0.5 g) were used. 10 ml
acetone was added in fresh leaves and obtained the
extract. After this readings were taken at 663 and 645
nm by using this extract. Chlorophyll a & b was
calculated by following formula:

Chlorophyll a (mg g -1 f.wt.) = [12.7(OD663) – 2.69 (OD645)] × [V / (1000 × W)]
Chlorophyll b (mg g -1 f.wt.) = [22.9(OD645) – 4.68 (OD663)] × [V / (1000 × W)]
Total chloripyll = chl a + chl b
Water use efficiency: Water use efficiency was calculated
by striped cane yield and the amount of water applied.
Statistical analysis: The analysis of collected data was
done by using the Fisher analysis of variance technique
(Steel et al., 1997) and treatment’s means was compared
by applying Least Significance Difference (LSD) test at
5% probability level.
Results and Discussion
Germination plays significant role in further crop
growth and physiology. Germination was reported
statistically significant during 2008-09 and 2009-10
regarding irrigation co-efficient (Table 1A). Higher
germination (65.39% & 73.90%) was achieved at 100%
co- efficient level respectively in both years and
successive reduction in germination % was observed from
1st to 3rd irrigation co-efficient. Significant varietal
response (Table 1B) elaborated that varieties were showed
significantly different germination response during both
years. Higher germination (69.55% & 78.60%) was
recorded where HSF-240 was sown while CSSG- 676 had
minimum germination %age (50.22% & 56.75%) than all
others in 2008-09 & 2009-10 respectively. The interactive response (Table 1C) elaborated that I1V6 had
maximum germination count as compared to other
treatments and it was statistically higher as compared
others in both years. Plant height in sugarcane is a
combination of crop growing conditions and varietal
character. Data depicted the significant response for plant
height under varying irrigation co-efficient, various
genetic materials and their interaction. Maximum plant
height (4.26 & 4.81 m) was achieved under I1 (Table 1A),
(4.29 & 4.84 m) was gained by HSF 240 that was

statistically higher than any other varieties followed by
NSG-59 & HoSG-529 that were statically at par with each
other during the both years (Table 1B). The significant
interactive response showed that I1V6 has statistically
higher plant height as compared to other treatments.
Leaf area index (LAI) is an assimilatory system of a
crop and have important role in the plant growth and
yield. Data elucidated that drought significantly affected
LAI, substantial reduction of LAI was reported by
increasing drought levels. Maximum LAI (6.66 & 7.60 in
2008-09 & 2009-10 respectively) was achieved where the
irrigation co-efficient was kept 100% during the both
years as represented in the table 1A. Similarly different
varieties produced statistically different Leaf area index
according to their genetic makeup as represented in the
table 1B. Maximum leaf area index (7.40 & 8.84 in 200809 & 2009-10 respectively) was produced by NSG-59 that
was statistically higher than any other varieties followed
by HSF-240, HoSG-529, HoSG-795, CSSG-668 and
CSSG-676 during the both years. However, all cultivars
were statistically similar except NSG-59 & HSF-240
during 2008-09, but only HoSG-529 was statistically at
par with HoSG-795, CSSG-668 and CSSG-676 but
different from HSF-240 during 2009-10. The interaction
effect of both factors (Irrigation co-efficient & sugarcane
varieties) was also reported significant regarding LAI of
sugarcane as represented in the table 1C. I1V5 has
statistically higher leaf area index (8.28 & 9.74) in 200809 & 2009-10 respectively. Leaf area index reduction was
more at higher level of drought under the HoSG-529,
HoSG-795, CSSG-668 and CSSG-676 genotypes as
compared to NSG-59 and HSF-240. These results were
found similar with the findings of Naik et al. (1993) and
Ali (1999).
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Sugarcane represents the same behavior regarding crop
growth rate as in LAI under different irrigations co-efficient
as shown in Table 1A. Maximum sugarcane crop growth
rate (7.98 & 8.90 in 2008-09 & 2009-10 respectively) was
achieved where the irrigation co-efficient was kept 100%
during the both years and a gradual reduction in CGR
reported as drought level was increased. Similarly varieties
also responded substantially different as maximum
sugarcane crop growth rate (8.96 & 9.77 in 2008-09 &
2009-10 respectively) was examined by NSG-59 followed
by HoSG-795, HSF-240 and CSSG-668 2008-09 & 200910. The interaction effect of both factors (Irrigation coefficient & sugarcane varieties) was also reported
significant different regarding sugarcane crop growth rate
as represented in the Table 1C. I1V5 has statistically higher
crop growth rate (9.20 & 10.40 in 2008-09 & 2009-10
respectively). However, I3V4 had statistically lowest crop
growth rate during 2008-09 & 2009-10.
Net assimilation rate (NAR) is the net gain of
photosynthetic assimilates per unit of leaf area and time
(Gardner et al., 1988). Data embodied in Table 2,
elucidated that different drought levels and various varieties
along their combinations affected significantly regarding
NAR during both the years. Net assimilation rate showed
by I2 & I3 were statistically low and similar as compared to
I1, while maximum NAR (1.00 & 1.13 in 2008-09 & 200910 respectively) was achieved where the irrigation coefficient was kept 100% during the both years as in the
Table 2A. Similarly different varieties responded
differently and maximum NAR (1.27 & 1.44 in 2008-09 &
2009-10 respectively) was produced by NSG-59 that was
statistically higher than any other varieties. However, all
other five cultivars were statistically same regarding net
assimilation rate. The interaction effect of both factors
(Irrigation co-efficient & sugarcane varieties) was also
reported significant regarding net assimilation rate of
sugarcane as represented in the Table 2C. I1V5 & I3V5 has
higher NAR and was statistically similar during both years.
Maximum proline concentration (0.51 & 0.53 in
2008-09 & 2009-10 respectively) was at 60% co- efficient
level, while minimum values (0.34 & 0.36 in 2008-09 &
2009-10 respectively) was at 100% irrigation co-efficient
level. The successive reduction in proline concentration
was observed from irrigation co-efficient level 13 to I1.
The varietal response was also statistically significantly
reported in proline concentration (Table 2B). Higher
proline concentration (0.57 & 0.61 in 2008-09 & 2009-10
respectively) was recorded where NSG-59 was sown. The
inter-active response of irrigation co-efficient levels along
with varieties was also statistically significant regarding
Proline concentration in both years (Table 2C). I3V5 had
maximum proline concentration (0.63 & 0.68 in 2008-09
& 2009-10 respectively) as compared to other treatments
and it was statistically higher as compared others during
both years of experiment. Proline concentration is an
osmo-regulator agent that helped regarding drought
resistance (Singh et al., 1973; Stewart et al., 1977).
The pigment concentration was substantially affected
by irrigation coefficients and varied under different
cultivars as presented in Table 2. Sugarcane pigment
concentration significantly affected by irrigation levels
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that were applied. Sugarcane pigment was drastically
reduced where the level of moisture was minimum,
maximum sugarcane pigment (5.61 & 6.34 in 2008-09 &
2009-10 respectively) was achieved where the irrigation
co-efficient was kept 100% during the both years.
Similarly different varieties gained statistically different
pigment concentration according to their genetic material
as represented in the Table 2B. Maximum chlorophyll
pigment (4.29 & 4.84 m) was gained by NSG-59 that was
statistically higher than any other varieties followed by
HSF-240, CSSG-668, CSSG-676, HoSG-795 and HoSG529. While under interactive response the I1V5 has
statistically higher pigment as compared to other
treatments. While the minimum sugarcane pigment was
reported where the treatment I3V3 was executed and it was
statistically at par with I3V2 and I3V1. Data also presented
that sugarcane pigment was low during the year 2008-09
as compared to year 2009-10.
Water use efficiency is the capability of plant with
which the plant produced its biomass or economic part
after utilizing unit amount of water. Statistical analysis
showed that maximum WUE was observed under I3 as
compared to I1 & I2. Cultivars also differed significantly
and maximum WUE was recorded where NSG-59 was
planted followed by HSF-240. The treatment
combinations had significant effects on WUE (Table
2C). Sugarcane in I3V5 had substantially maximum
water use efficiency during both years of experiment
2008-09 & 2009-10.
Conclusion
Study elucidated the importance of moisture and
improved genetic material regarding the efficient growth
and the chlorophyll concentration of sugarcane. This
study also revealed that under moisture stress the
production of proline concentration reported also and its
production was also related to genetic source as higher
production under I3 and in NSG-59. The overall results
regarding the physiological developmental stages and
other physiological attributes of this study guided that I1
(20 no. of irrigations) is statistically good for higher
sugarcane germination (%), leaf area index, crop growth
rate, net assimilation rate, and chlorophyll concentration
while I3 had performed better regarding the water use
efficiency of sugarcane however; NSG-59 is reported
better as compared to all other studied genetic material.
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