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ABSTRACT

Sugarcane (Saccharum officinarum L.) is an important commercial crop grown globally for its sugar-rich stalk.
Low genetic variations and unwanted flowering in modern sugarcane varieties affect sugarcane quality and production.
Therefore, a panel of 628 genetically diverse sugarcane clones were evaluated under field conditions at the Regional
Research Station, Kapurthala, Punjab Agricultural University during 201920, for quality, yield and yield traits. The
effect of flowering on quality and yield traits on a sub-set of 34 flowering sugarcane clones was also studied. A panel
of 628 sugarcane clones showed greater genetic diversity for all the traits. HR brix per cent varied from 14-24%,
number of millable cane (NMC) varied from 13-80 and single cane weight varied from 0.4-2.6 kg in 628 clones under
field conditions. Non-flowering sugarcane clones’ mean performance was greater than flowering clones for most of
the traits. However, no significant differences in quality traits among the clones at different flowering stages (flag
leaf, tip emergence and complete flowering) were observed. Therefore, there is a huge genetic diversity in sugarcane
germplasm for quality and yield traits and it should be exploited by breeding community for the development of

sugarcane varieties with improved yield and better quality.
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Sugarcane (Saccharum officinarum L.) is an important
commercial crop grown in tropical and sub-tropical regions
of India. Genetic improvement has played an important role
in the development of sugarcane varieties with improved
cane yield and sugar content (Ming ef al. 2010). But, in
last two decades, no substantial improvement in cane yield
and sugar recovery have been seen in many top sugarcane
producing countries, including India and we are facing yield
plateaus. This could be due the narrow genetic variation
present in the sugarcane gene pool used in the development
of modern sugarcane varieties.

In India, most modern sugarcane cultivars under
cultivation are interspecific hybrids of Saccharum
officinarum, S. barberi and S. spontaneum with variable
chromosome numbers (2n = 80 to 120) and more than 50
years old genetic material is still used in modern breeding
programs in the development of new sugarcane varieties.
This leaves us with less opportunity for new chromosomal
recombinations from the original wild parents (Aitken et
al. 2006), and halts further improvement of cane yield and
quality traits (Shrivastava and Srivastava 2016). Therefore,
genetic variability could be reintroduced in the modern

'Punjab Agricultural University, Regional Research
Station, Kapurthala, Punjab. *Corresponding author email:
khokharjaswant@gmail.com

sugarcane cultivars by using the sugarcane wild parents
and clones derived from the interspecific crosses. A panel
of 112 sugarcane clones, derived from highly diverse
genetic material, was evaluated under field conditions in
India, it showed greater variation in cane yield and sucrose
concentration compared to commercially released sugarcane
varieties (Sanghera and Jamwal 2019). In addition to narrow
genetic diversity in modern sugarcane varieties, flowering
in sugarcane also plays an important role in affecting the
cane yield and quality traits. Though flowering in sugarcane
is essential for breeding programs, uncontrolled flowering
in commercial fields poses a serious problem for sugarcane
farmers and millers with a considerable loss in cane
production and sugar yield (Miah and Sarkar 1980).
Thus, the objectives of present study were to evaluate
a panel of 628 genetically diverse sugarcane clones for
quality, yield and yield traits, and to also study the effect
of flowering on quality and yield traits on a sub-set of 34
flowering sugarcane clones under field conditions.

MATERIALS AND METHODS

The present experiment was conducted at the Punjab
Agricultural University, Regional Research Station,
Kapurthala, Punjab, India (latitude 31°23'16.4"N, longitude
75°21"25.2"E, altitude of 219 m amsl during 2019-20. A
panel of 628 sugarcane clones was evaluated for sugarcane
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quality, yield and yield traits under field condition during
2019-20. Clones were derived from 21 bi-parental crosses
(n=506), three poly-crosses (n=12), two self-crosses (n=57)
and four crosses were of general collection (n=53). Each
clone was grown in two rows of 2 m length, space between
the rows was 90 cm planted in augmented design. After field
operations, like harrowing and levelling, three budded sets
were placed in open furrows and then covered with soil.
Sugarcane quality and field traits like hand refractometer
HR brix (%), pol (%), purity (%), commercial cane sugar
CCS (%), cane length (cm), cane diameter (cm), number
of millable canes (NMC), and single cane weight (kg)
were measured 300-320 days after sugarcane planting in
the field. Traits were measured from two canes randomly
selected from each row.

Out of 628 clones, a set of 34 clones was characterised
for sugarcane quality, yield and yield traits at different
flowering stages: at flag leaf, tip emergence and 100%
flowering (flowering group), and compared with ten non-
flowering sugarcane commercial released varieties for all
the measured traits. In addition to HR brix, juice brix of 34
flowering and 10 non-flowering clones were also measured
360-370 days after planting with sucrose analyser. Weather
data was recorded during 2019-20. Briefly, minimum
temperature varied from 0°C (December) to 22°C (July)
and maximum temperature varied from 28°C (February) to
46°C (June). To get maximum crop potential, crop stand was
maintained according to the Punjab Agricultural University’s
recommended package and practices for sugarcane crop
cultivation. All the data collected for cane yield and quality
traits were analysed by using CPCS statistics software
(Cheema and Singh 1993).

RESULTS AND DISCUSSION

Genetic variation in 628 sugarcane clones for quality,
yield and yield traits: The mean HR brix of a panel of 628
sugarcane clones was 17.3% and varied from 14-24% under
field conditions (Table 1). Our results are in agreement with
Shadmehr et al. (2017) who reported brix per cent from
11.5-21% in 253 sugarcane accessions grown under field
conditions in Iran. Similarly, Mehareb and Mansoub (2020)
and Sumbele ef al. (2021) reported similar variation in HR
brix per cent among 18 and 40 clones, respectively, when
tested under field conditions.

The mean number of millable canes (NMC) was 40.7
which varied from 13 to 80, across all the clones. The mean
cane diameter was 2.42 cm and varied from 1.5-3.7 cm
across all the clones. The mean single cane weight (SCW)
was 1.13 kg and ranged between 0.42-2.56 kg, across all the
clones (Table 1). Among the yield traits, six fold variation
was observed in both number of millable canes and single
cane weight, and two fold variation for cane girth, in a
panel of 628 clones under field conditions. Our results are
in agreement with Elenen ef al. (2018), who reported cane
diameter from 1.2-3.62 cm in 294 sugarcane clones under
field conditions in Egypt. While analyzing the cane diameter
of 18 diverse clones the range laid between 2.57-3.17 cm
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observed by Mehareb and Mansoub (2020). Similarly,
Sanghera and Jamwal (2019), reported similar variations for
brix per cent, number of millable canes, single cane weight
and cane diameter in 4717 sugarcane clones under field
conditions in India. In another study, Sumbele ef al. (2021)
also reported variation in 40 diverse African sugarcane
clones for number of millable cane (10.40 to 23.20) and
cane length (220 to 385 cm). The variation among clones
for yield traits could be due to the involvement of different
parents in the development of these clones.

Among the 30 different crosses including 20 bi-parental
crosses, three poly-crosses, 2 self-crosses and 4 general
collection crosses , clones from a bi-parental cross of LG
95053 x CoS 510 showed the highest mean HR brix per
cent (19.5%; n=6)) while clones from CoJ 83 x CoPant
97222 showed the least mean HR brix per cent (15.8%;
n=21) in sugarcane. The variation among clones for yield
traits could be due to the involvement of different parents
in the development of these clones. For example, clones
developed from bi-parental crosses showed greater brix
per cent than clones derived from poly-crosses (one female
parent pollinated with many male parents) and self-crosses.
For number of millable canes (NMC), clones from poly-cross
of CoJ 83 showed the highest mean NMC (57.5; n=5) while
least mean NMC (27.3; n=34) was recorded in a bi-parental
cross, CoS 08272 x CoS 510. Clones from general collection
cross of Col1015 showed the highest mean cane diameter
(3.28 cm; n=4) whilst least mean cane diameter (2.14 cm)
was shown by clones of three different bi-parental crosses,
viz. LG 95053 x Co 62198 (n=3), CoPant 84212 x CoH 98
(n=21) and CoPb 12181 x Co 1158 (n=15). Clones from a
self-cross of CoH 70 showed the highest mean single cane
weight (1.60 kg; n=28) whilst the least mean single cane
weight (0.79 kg; n=4) was shown by clones of a ploy-cross
Co 238 (Table 1). In another study, Sanghera and Jamwal
(2019) reported variation in biparental crosses, general
collections, poly-crosses and self-crosses for HR brix per
cent, cane diameter, no. of millable canes and single cane
weight.

Comparison between flowering and non-flowering
clones for quality, yield and yield traits: Out of 628, only
34 clones (5.41% of the total clones) showed flowering
traits. Furthermore, 34 clones were divided in to three sub-
categories on the basis of initiation of different flowering
stages, for example, flag leaf, tip emergence and 100%
flowering. Non-flowering clones mean performance for
different quality, yield and yield traits were better than
flowering clones. No significant differences in quality and
yield traits among the clones at flag leaf, tip emergence and
flowering stages were observed. Flowering in sugarcane
varies with genetic make-up of the variety, photoperiod,
temperature and moisture status of the soil (Mehareb et al.
2016 and Dong et al. 2021).

The mean juice brix of non-flowering and flowering
clones was 19.5 (n=10) and 18.50% (n=34), respectively. It
varied from 17.6-20.5% in non-flowering clones and from
13.3-20.8% in flowering clones (Fig la). The mean pol of
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Table 1 Mean and range of sugarcane clones, derived from different crosses (bi-parental BP; poly-crosses PC; self and general collection
GC) for quality and yield related traits during 2019-20

Parentage Type of No. of HR brix Number of millable ~ Cane diameter Single cane
Cross clones (%) canes (NMC) (cm) weight (kg)
Mean  Range Mean Range Mean  Range Mean  Range

CoLK 8102 x ISH 176 BP 13 15.90 14-19 29.67 13-47 2.39 1.5-29  1.10 0.49-2.02
CoS 08272 x CoS 510 BP 42 18.60*%  17-22 55.94% 35-73 241 1.6-2.5 1.05 0.98-1.75
CoSe 01434 x CoH 70 BP 15 15.80 14-18 34.20 26-52 233 2.0-33 1.28* 0.83-2.17
CoPb 13182 x Co 62198 BP 67 17.90*  15-21 37.34 30-63 236 2.1-2.7 1.23* 095-1.78
CoPant 84212 x CoS 510 BP 24 17.10 14-20 37.82 25-57 2.23 1.8-3.1 092 0.66-1.31
CoPant 84212 x CoH 98 BP 3 17.30 16-18 29.03 26-51 2.14  23-35 095 0.72-1.66
CoPant 84212 x CoSe 01434 BP 18 18.40*  17-23 36.96 21-40 2.41 2.1-33  1.10 0.68-1.49
CoPant 84212 x CoS 510 BP 15 19.20%  16-24 45.02 14-63 243 2.0-2.6 1.02 0.89-1.84
LG 95053 x Co 62198 BP 21 18.20%  16-20 27.63 19-46 2.14 1.7-3.0  1.22 0.99-1.56
LG 95053 x CoS 510 BP 36 16.40 14-19  51.69* 26-75 232 1.7-3.7  0.83  0.56-1.98
CoPb 10182 x CoS 88216 BP 38 15.90 14-22 43.19 15-61 2.18 1.9-29 1.38* 1.06-1.84
CoPb 10182 x BO 130 BP 40 16.80 14-19  57.45% 45-78 2.30 1.8-3.0 095 0.52-1.46
CoLK 8102 x BO 154 BP 60 17.50 15-22 36.55 16-80 2.28 1.9-24 1.30* 1.07-2.11
CoPb 12181 x Co 1158 BP 15 15.80 14-16 37.55 14-63 2.14  2.1-33  1.03 1.17-2.56
CoJ 83 x CoPant 97222 BP 21 15.80 14-18 37.29 20-62 2.25 1.9-2.5  1.52*% 0.56-2.42
Co 0238 x Co 89003 BP 5 16.70 15-18 28.22 17-57 235 2436 1.07 0.65-1.49
CoLK 8102 x ISH 176 BP 5 16.90 14-19 37.60 14-63 2.32 1.8-29 098 0.62-2.17
CoS 08272 x CoS 510 BP 34 19.40%  15-24 27.32 17-57 242 2.1-3.0 1.06 0.87-2.56
CoSe 01434 x CoH 70 BP 23 17.80*%  16-22 52.01 19-68 2.30 1.9-32  1.02 0.72-1.49
UP 05125 x CoH 70 BP 17.90*  15-19 36.89 17-57 2.29 1.6-2.6  1.11  0.96-1.65

5
LG 95053 x CoS 510 BP 6 19.50*  15-24 37.05 19-68 2.34 2.1-2.8 094 0.84-1.48
ColJ 88 (PC) 3 17.80*  16-20 46.18* 31-67 2.72%  1.8-3.0 099 0.71-1.62
5
4

CoJ 83 (PC) 16.20 14-20 57.52 21-73 2.68% 1.9-29 1.25% 0.99-1.99
Co 0238 (PC) 17.30 16-21 35.68 14-63 3.05%  2.6-34 0.79 0.42-1.37
Co 775 Self 29 16.90 15-18 40.70 21-60 2.24 1.8-3.3  1.26*% 1.12-2.46
CoH 70 Self 28 16.60 15-24 51.85 19-68 2.58  3.1-34 1.60% 1.31-2.17
Co 11015 (GC) 4 17.80%  16-24 42.99 17-57 3.28 1.9-3.6  1.30% 1.05-1.83
CoT 8201 (GC) 5 16.20 14-18 40.06 19-68 227  2.1-33 1.14 0.85-1.73
CoSe 92423 (GC) 22 17.20 15-22 55.59 16-68 3.28%  29-3.6 1.10 0.96-1.75
CoH 70 (GC) 22 16.80 15-17 34.49 21-70 227  2.5-3.0 1.53* 1.23-2.17
Total 628

Mean 17.26 40.72 242 1.13

SE+ 0.196 1.671 0.055 0.037

*5% level of significance.

non-flowering and flowering clones was 17.7 (n=10) and flowering clones was 90.8 (n=10) and 89.4% (n=34),
16.6% (n=34), respectively. It varied from 15.8 to 18.5% respectively. It varied from 89.0 to 93.4% in non-flowering
in non-flowering clones and from 9.9-19.2% in flowering clones and from 74.4 to 92.4% in flowering clones (Fig
clones (Fig 1b). The mean purity of non-flowering and Ic). The mean CCS of non-flowering and flowering clones
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Fig 1 Sugarcane quality, yield and yield traits of flowering (n=34) and non-flowering (n=10) clones. a, juice brix; b, Pol; ¢, purity; d, CCS; e, cane length; f, cane girth; g, NMC; h, SCW
the 95% confidence limits; circle represents outliers.
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was 13.6 (n=10) and 12.9 % (n=34), respectively. It
varied from 12.3 to 14.3 % in non-flowering clones
and from 8.4 to 14.7 % in flowering clones (Fig 1d).

The mean cane length of non-flowering and
flowering clones was 268 (n=10) and 262 cm
(n=34), respectively. It varied from 250 to 285 cm
in non-flowering clones and from 193 to 333 c¢cm in
flowering clones (Fig le). The mean cane girth of
non-flowering and flowering clones was 2.7 (n=10)
and 2.2 cm (n=34), respectively. It varied from 2.1
to 3.5 cm in non-flowering clones and from 1.9
to 3.1 cm in flowering clones (Fig 1f). The mean
number of millable canes (NMC) of non-flowering
and flowering clones was 38 (n=10) and 37 (n=34),
respectively. It varied from 32 to 50 in non-flowering
clones and from 20 to 56 in flowering clones (Figlg).
The mean single cane weight (SCW) of non-flowering
and flowering clones was 1.3 (n=10) and 1.1 kg
(n=34), respectively. It varied from 0.9 to 2.1 kg
in non-flowering clones and from 0.8 to 1.9 kg in
flowering clones (Fig 1 h). Similar results have
been reported by Rao et al. (1996) where increased
cane yield and sucrose had been observed in clones
in which flowering was inhibited. In another study,
Rao and Kumar (2003) reported lower single cane
weight in flowering clones. Contrasting results were
reported by Miah and Sarkar (1981) where flowering
clones had no effect on cane yield and quality traits
compared to non flowering clones.

In present study, non-flowering sugarcane
clones’ mean performance for different quality, yield
and yield traits were slightly better than flowering
clones’. However, greater variations, for all the
traits, were observed within the flowering clones
than non-flowering clones (Fig 1). It could be due
to the more genetically diverse parents involved
in the development of flowering canes than the
commercially released non-flowering sugarcane
varieties. Greater diversity for quality, yield and
yield traits have been reported by Sanghera and
Jamwal (2019) in a panel of 4717 sugarcane clones
than commercially released varieties under field
conditions.

Correlations between quality and yield traits of
34 clones: There was a strong positive significant
relationship among the quality traits. Sugarcane juice
brix percentage of a set of 34 clones showed positive
significant relationship with pol percentage, purity
and commercial cane sugar (CCS) (r ranged from
0.62 to 0.99; P<0.001). It didn’t show relationship
with cane girth, number of millable canes and single
cane weight (r ranged from 0.11 to 0.28; P ranged
from 0.11 to 0.54). However, juice brix showed
relationship with cane length (r=0.5; P=0.002). Pol
% of canes of 34 clones showed positive significant
relationship with purity (r=0.77; P=<0.001),
commercial cane sugar (1=0.99; P=<0.001) and cane
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length (r=0.5; P=0.003) but not correlated with cane girth,
number of millable canes and single cane weight. Purity of
canes of 34 clones showed relationships with CCS (r=0.71;
P=<0.001) but didn’t show any relationships with cane
length, cane girth, number of millable canes and single cane
weight. Commercial cane sugar CCS showed relationship
with cane length (r=0.5; P=0.002) but did not correlate
with cane girth, number of millable canes and single cane
weight of 34 clones. Within yield and yield traits, only cane
girth showed positive significant relationships with single
cane weight, no relationships within other yield traits of
34 clones was observed. Our results are in agreement with
Shadmehr et al. (2017) who showed positive relationships
between brix per cent and pol, purity in 253 sugarcane
varieties under field conditions in Iran. Among yield traits,
cane girth correlated with single cane weight which is in
agreement with Shadmehr et al. (2017), suggesting that
these traits can be included in the breeding programme to
develop the high yielding sugarcane varieties.

There were no significant differences in juice brix, pol,
purity and CCS between the sugarcane clones at flag leaf,
tip emergence and complete flowering stages. Whereas,
Rao and Kumar (2003), reported that flowering affects
quality traits after three months of flowering. However,
we took measurements of quality traits only at single time
point for all the clones at different flowering stages. Future
study investigating the effects of different time intervals
on the various quality traits of sugarcane after induction
of flowering are needed.
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