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ABSTRACT
The variety identification assists the imperative goals such as alleviating legal claims and 
indorsing intellectual property rights and maintenance of genetic purity. The study was undertaken 
to appraise sugarcane clones for morphological physical characteristics for their use in breeding 
program, selection, identification and seed production. Experiment consisting of nine clones 
was sown at experimental area, Sugarcane Research Institute, AARI, Faisalabad during 2017 
and 2018. The trial was replicated thrice. Data were documented on morphological features at 
ten months’ age of crop. There were important differences among the clones for stalk height, 
cane diameter, leaf blade width and leaf length.  The growth habit of S-2008-FD-25 was erect 
and others were semi erect. Maximum height of 455 cm was seen in S-2009-SA-8. Maximum 
number of leaves per plant was observed in S-2008-AUS-133. Leaf colour of all clones was 
green and semi erect attitude. Spines were present on sheath of S-2008-AUS-134 only. The 
shape of dewlap of all clones were deltoid. Splits were present in S-2005-US-54, S-2011-FD-18 
and M-2238-89. Bud grooves on internodes were present on S-2011-SL-62 and PSR-97-41. The 
internodes were of cylindrical shape. Flowering was absent in all the clones. The morphological 
descriptors presented for identification of the nine sugarcane clones are twenty-eight, that are 
distinctive and can be used for proof of identity, variety selection breeding and commercial seed 
production.
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INTRODUCTION
The sugarcane (Saccharum officinarum L.) varieties 
have a pivotal role in running of eighty-nine sugar mills 
(Tabassum et al., 2018) and country foreign exchange 
because of sugarcane crop 3.4% contribution in 
agricultures value addition and 0.7 % in GDP of 
Pakistan (GoP, 2019). However, improved sugarcane 
varieties were not developed in Pakistan through 
breeding due to no viable fuzz. For this purpose, fuzz 
was imported from Sri Lanka, Barbados, South Africa 
USA from canal point and Mauritius (Khan et al., 2017).
Sugarcane has global impact on sustainable energy 
production. The yield of sugarcane in world wide has 
been improved in last few decades due to breeding 
and better agronomic practices.  In Pakistan, flowering 
and seed setting is not occurred in sugarcane varieties. 
The breeding programme for varietal development is 
mostly dependent on imported sugarcane fuzz and 
clones from Barbados, canal point (USA), Sri Lanka 
and Philippines. The chromosome number in the 
cane varieties ranges from 90-130 (Gonzales, 2013). 
Moreover, 80% chromosomes contribution is from 
Saccharum officinarum hybrid with better-quality 
sugarcane varieties (Abubakar et al., 2013). The 

varieties behave different in morphological and quality 
characters. There is need to evaluate the introduced 
sugarcane varieties for morphological characteristics 
for their proof of identity, uniqueness, evenness and 
stability (Khan et al., 2017). 
Discrete morphological characters are stable and not 
affected by environment (Elli et al., 2016) but continuous 
characters varied and influenced under various 
environmental conditions (Rae et al., 2014). Both 
characters are influence the growth and development 
of cane crop. These characters are called standard 
descriptors for varietal identification in sugarcane crop 
(Tena et al., 2016). In Ethiopia, 16 sugarcane varieties 
were planted on February 16, 2015 and data were 
recorded on measurable and observable cane stalk 
and morphological characters at early stage of crop 
growth. It was found that significant differences are 
present for various characters (Khan et al., 2017). 
The variety identification assists the imperative 
goals such as alleviating legal claims and indorsing 
intellectual property rights and maintenance of 
genetic purity (Rae et al., 2014). Plant morphological 
characters are universally adopted descriptors for DUS 
testing and varietal characterization of crop genotypes. 
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In a study, 10 sugarcane cultivars were characterized 
using 27 morphological descriptors. Among the 27 
descriptors, width of root band opposite to bud alone 
were monomorphic, 14 were dimorphic and 12 were 
found to be polymorphic. Distinct morphological 
profiles were obtained for four out of ten cultivars 
(Chidambaram and Sivasubramaniam, 2017).
Wild species are fundamental source to breeders, 
researchers and growers for practical and technical 
purposes and for the development of new varieties. 
The descriptor form is based on description of 
morphological traits and growth characters like stool 
habit, tops, trashing, drought index, leaf blade and 
sheath, auricle, dewlap, ligule, internode, node and 
bud. Twenty-six clones of sugarcane varieties were 
characterized using the preliminary form (Wagih et al., 
2004).
Flowering is a positive character for breeding 
programme but it curtail the yield of sugarcane. If 
flowered and non-flowered plants were compared, 
cane yield increased up to 56·6% in a plant crop and 
33·8% in a ratoon crop (Abebech and Tena, 2020) and 
sugar yield increased 69·1% in the plant and 35·4% in 
the ratoon crop respectively. There was no significant 
variance in fiber content of flowered and non-flowered 
plants (Seshagiri, 2008).
In view of the above, the current study was undertaken 
to appraise the morphological characters of exotic 
sugarcane clones for breeding, selection and seed 
production in Pakistan.

MATERIALS AND METHODS
The nine sugarcane clones viz S-2008-AUS-133, 
S-2005-US-54, S-2008-FD-25, S-2011-SL-62, PSR-
97-41, S-2008-AUS-134, S-2009-SA-8, S-2011-FD-18 
and M-2238-89 were collected from semi-final and final 
stage of variety development. The fuzz of these clones 
was imported from different countries viz. Australia, 
Canal Point (USA), Sri Lanka, South Africa, Mauritius 
and Sugarcane Breeding Sub-station Murree, Pakistan. 
The clones were studied taxonomically during 2017-18 
at Sugarcane Research Institute, AARI, Faisalabad. 
Ten matured plants were selected randomly from each 
variety.  One healthy cane from each selected plants 
was taken out to study other characteristics. Qualitative 
characters were recorded by visual observations and 
quantitative characters were recorded by measuring 
the characters.

Crop husbandry and experimental layout
In this experiment, four feet apart dual row trenches 
were prepared with sugarcane ridger designed by 
the SRI, Faisalabad. The experiment was replicated 
thrice under randomized complete block design. All 
experimental units received uniform recommended 

agronomic practices. The fertilizers were applied @ 
168:112:112 (NPK) kg/ha. Full dose of phosphorus 
(DAP) & potash (SOP) fertilizers were applied manually 
in the trenches at the time of planting. Whereas urea 
was applied in three equal splits at 45, 75 and 120 days 
after planting. The sugarcane billets were counted for 
each experimental unit to maintain equal seeding rate 
and were placed in two rows for each trench and seed 
was covered by thin layer of soil.
Light irrigation was applied to ensure better sprouting 
of crop. One dose of mesotrion+atrazine @ 2500 ml/
ha and ethoxysulforan @ 30 ml/ha was sprayed to 
keep crop free from all types of weeds. Then, two inter 
culturing with tractor were employed and earthing up 
was done by completing all fertilizer dose at 120 DAP. 
Overall, 14 irrigations, each of about 100 mm, were 
applied to crop in the entire cropping season.

Data recording
Morphological characters of stalk height, stalk diameter, 
leaf length and leaf width were noted at 10 months after 
planting. Vernier calipers was used to measure cane. 
Bonnet (2014) categorized cane diameter as thin cane 
(less than 2.0 cm), medium cane (2-3.5 cm) and thick 
cane (more than 3.5 cm). He also classified leaf blade 
length having leaf width at the widest point between 
4.0-6.0 cm as medium and 6.0 and above 6.0 cm as 
broad leaf.

RESULTS AND DISCUSSION
In Pakistan environmental conditions does not favor 
flowering of cane in most part of the country except 
lower Sindh. Coastal areas of Sindh are the only site, 
where viable fuzz can be produced (Tabassum et al., 
2018). In Pakistan, varietal development programme 
of sugarcane depends upon import of Fuzz and direct 
introduction of varieties from abroad. Most of the cane 
varieties cultivated in farmer field are either from direct 
introduction from exotic material or selection from 
the seedlings raised from imported fuzz (Afzal et al., 
2011). Sugarcane varieties being grown in farmer 
field deteriorate with passage of time and therefore 
it is important to select new germplasm with higher 
yield potential (Tabbasum et al., 2018). In the present 
investigation, twenty-eight morphological distinct 
descriptors were studied for nine exotic sugarcane 
clones and varied significantly from each other. 
Characterization of genetic diversity is very important 
in breeding as it helps in selection of desirable and 
superior genotypes. Comparative morphology remains 
the cheapest and easily available tool for identification 
in developing countries. The detailed results of 
taxonomic classification on the basis of morphological 
characterization are shown as under:
On morphological study of leaves of all the clones 
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of sugarcane shown in Table 2, it was found that 
maximum number of leaves of 32 were found in 
S-2011-SL-62 followed by S-2008-AUS-133 (29) 
leaf per plant. As regards to leaf length and width, it 
was highest in S-2009-SA-8 clones with 177 cm and 
4.57 cm respectively. Ligule is of two types’ deltoid 
and crescent. In S-2008-AUS-133, S-2005-AUS-54, 
crescent type of ligule was observed and deltoid was 
found in the remaining varieties which was in line with 
findings of (Abebech and Tena, 2020).
Auricle was present in clones like S-2008-FD-25, 
S-2008-AUS-134, and S-2009-SA-8. Tena et al. (2016) 
stated that the presence of ligule, shape of ligule, 
spines, leaf length and shape are varietal or genetic 
characteristics and do not respond to change with 
environments and remains stable over time.
In the study of leaf sheath, six characters were 
studied (Table 3). Spines were present on sugarcane 
clone S-2008-AUS-134 and absent in the other eight 
clones. The length of sheath ranged from 24 to 33 cm. 
Pubescence was found on three clones and six clones 
did not have pubescence. Cones found in S-2008-
FD-25, M2238-89 and S-2008-AUS-133. Anthocyanin 
was present in three clones i.e. S-2008-AUS-133, 
S-2008-FD-25 and M2238-89 and the other clones 
were without it. Dewlap was of deltoid shape in nine 
clones. Wax on leaf sheath was absent in four clones 
S-2008-AUS-133, S-2005-US-54, S-2008-AUS-134, 
S2009-SA-8 while the other clones had wax on their 
leaf sheath. These results are in line with Bonnet 
(2014) who identified that the presence of spines, 
anthocyanin, pubescence, wax and shape of dewlap 
are varietal character and do not respond to change 
with environment and remains stable over time.
Table 4 depicts that six characters were studied in 
internodes including length, shape, Ivory marking 
and bud groove. Ivory marking was present only in 
one clone S2005-US-54. Bud groove was found on 
clones S2011-SL-62 and PSR-97-4. Internodes shape 
of all clones were of cylindrical type. While length pf 
internodes in all the clones varied from 12.9 to 17.07 
cm with maximum length in S2008-AUS-134. Similar 
results were found by Khan et al. (2017) that internodes 
length, shape, Ivory marking and bud groove on 
internodes are varietal characteristics and do not 
respond to change with environment and remains 
stable over time (Rae et al., 2014).
In Table 5, cane length, hardness, cane shape and 
splits were observed. It was found that cane length 
ranged from 2.08 to 2.79 m, highest length of 2.79 
m in S2008-AUS-134 and minimum length in clone 
S-2005-FD-25 was recorded. Similarly, sugarcane 
clone S2008-AUS-133 had hard cane and all other 
clones had soft and medium hard canes were noted. 

All sugarcane clones had cylindrical shape cane. 
Similarly, splits are bad characters for sugarcane that 
were present in clones M2238-89, S-2005-US-54, 
S-2011-FD-18. Similar results were found by Tahir 
et al. (2013) that splits, shape of cane, hardness in 
canes are varietal characteristics and do not respond 
to change over environment, but  that cane length is a 
genetic as well as environmental character (Abebech 
and Tena, 2020).

Three characters i.e. height, growth, stooling present 
the true picture of the sugarcane plants in Table 6. 
Maximum height of 455 cm was seen in S2009-SA-8 
followed by S2008-AUS-134 with 446 cm height at 
maturity. Only S2008-FD-25 showed erect growth 
habit and all the remaining clones showed semi erect 
growth habit. Measurable morphological characters of 
cane growth habit, height, stooling are genetic and was 
stable over environments (Khan et al., 2017). 
There are four morphological features that are used to 
describe buds of sugarcane and include colour, growth 
ring shape, root band rows, root band width (Table 7).
The green color Bud was found in S2008-FD-25, 
S2008-AUS-134, and S2011-SL-62. While others had 
yellow color. Growth ring shape was either swollen 
or even. Bonnet  (2014) reported similar results that 
bud color, growth ring shape, root band rows, root 
band width were genetic or varietal characteristics and 
were stable over environments. It was also observed 
that two rows of root band on buds existed in all the 
clones. Table 8 shows that flowering was absent 
in all the clones in Faisalabad conditions.  Similar 
results were found by Bonnet (2014) that flowering in 
different clones were genetic or variety characteristic 
and are stable over environments. Flowering in cane 
is a negative character from yield point of view but 
it is helpful for selection of superior genotypes with 
desirable characters (Seshagiri, 2008).

As regards to lodging, S2009-SA-8 lodged severely. 
Lodging leads to loss of yield and increases rats 
attack. Similar results were found by Khan et al. (2017) 
that lodging among sugarcane varieties and clones 
were genetic or variety characteristic and were stable 
over environments. The study of the morphological 
characteristics is very significant because before 
release of a variety for commercial cultivation in 
farmer field, DUS distinctive uniform stability testing 
is done. The sugarcane varieties resemble with each 
other but they are morphologically different with each 
other. A large number of cane varieties are present in 
field at a time and can be identifies on the basis of 
morphologically descriptors.
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Table 2.  Morphological descriptors of leaf

Character S-2008-
AUS-133

S-2005-
US-54

S-2008-
FD-25

S-2008-
AUS-134

S-2009-
SA-8

S-2011-
FD-18

S-2011-
SL-62 M-2238-89 PSR-97-41

No. of Leaves/Plant 29 25 25 26 21 26 32 26 26
Length (cm) 133 136 163 172 177 133 145 143 138
Width (cm) 4.5 4 4.5 3.37 4.57 4.37 4.4 4.25 4.55
Ligule Crescent Crescent Deltoid Deltoid Deltoid Deltoid Deltoid Deltoid Deltoid
Auricle Long  

lanceolate Absent Present Present Present Absent Absent Long 
lanceolate

Long 
lanceolate

Table 1. Twenty eight morphological descriptors 
Plant Leaf Leaf sheath Cane Internodes Buds Others
Height at maturity 
(cm)

No. of leaves/
plant

Length (cm) Cane length 
(m)

Length (cm) Colour Flowering

Growth Habit Length (cm) Spines Cane hardness Shape Growth ring shape Lodging
Stooling Width (cm) Pubescence Cane Shape Ivory marking Root band rows

Ligule Anthocyanin Canes Splits Bud grove Root band width 
(mm)

Auricle Wax
Dewlap shape

Table 3.  Morphological descriptors of leaf sheath

Character S-2008-
AUS-133

S-2005-
US-54

S-2008-
FD-25

S-2008-
AUS-134

S-2009-
SA-8

S-2011-
FD-18

S-2011-
SL-62 M-2238-89 PSR-97-41

Length (cm) 32 31 31 33 30 31 24 32 33
Spines Absent Absent Absent Present Absent Absent Absent Absent Absent
Pubescence Absent Absent Present Present Absent Absent Absent Present Absent
Anthocyanin Present Absent Present Absent Absent Absent Absent Present Absent
Wax Absent Absent Present Absent Absent Present Present Present Present
Dewlap shape Deltoid Deltoid Deltoid Deltoid Deltoid Deltoid Deltoid Deltoid Deltoid

Table 4.  Morphological descriptors of internodes

Character S-2008-
AUS-133

S-2005-
US-54

S-2008-
FD-25

S-2008-
AUS-134

S-2009-
SA-8

S-2011-
FD-18

S-2011-
SL-62

M-2238
-89

PSR-
97-41

Length (cm) 13.2 13.5 12.9 17.07 13.87 14 16 15 14
Shape Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical
Ivory 
marking Absent Present Absent Absent Absent Absent Absent Absent Absent

Bud grove Absent Absent Absent Absent Absent Absent Present Absent Present

Table 5.  Morphological descriptors of canes

Character S-2008-
AUS-133

S-2005-
US-54

S-2008-
FD-25

S-2008-
AUS-134

S-2009-
SA-8

S-2011-
FD-18

S-2011-
SL-62

M-2238-
89

PSR-
97-41

Cane 
Length (m) 2.2 2.1 2.08 2.79 2.37 2.25 2.62 2.37 2.25

Cane 
hardness Hard Soft Soft Soft Soft Medium Soft Soft Soft

Cane 
Shape Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical

Canes 
Splits Absent Present Absent Absent Absent Present Absent Present Absent

Table 6.  Morphological descriptors of plant

Character S-2008-
AUS-133

S-2005-
US-54

S-2008-
FD-25

S-2008-
AUS-134

S-2009-
SA-8

S-2011-
FD-18

S-2011-
SL-62 M-2238-89 PSR-

97-41
Plant Height at 
maturity (cm) 421 405 401 446 455 425 429 427 423

Growth Habit Semi erect Semi erect Erect Semi erect Semi 
erect

Semi 
erect

Semi 
erect Semi erect Semi erect

Stooling 6 7 6 7 7 9 6 6 8

Table 7.  Morphological descriptors of buds

Character
S-2008-
AUS-133

S-2005-
US-54

S-2008-
FD-25

S-2008-
AUS-134

S-2009-
SA-8

S-2011-
FD-18

S-2011-
SL-62

M-2238-89 PSR-
97-41

Colour Yellow Yellow Green Green Yellow Yellow Green Yellow Yellow
Growth ring shape Swollen Even Swollen Swollen Even Even Even Even Even

Root band rows 2 2 2 2 2 2 2 2 2
Root band width 
(mm) 10 11 5.5 7.5 5 5 6 5 5
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CONCLUSION
It is concluded from the study that sugarcane clones 
varied in morphological characters. Maximum height 
of 455 cm was observed in S2009-SA-8 followed by 
S2008-AUS-134 with 446 cm height at maturity. Only 
S2008-FD-25 recorded erect growth habit. Sugarcane 
clone S2008-AUS-133 had solid cane. Ivory marking 
on bud was present only in clone S2005-US-54. 
Flowering in sugarcane clones are a positive character 
for success of breeding programme but it has negative 
correlation with cane and sugar yield. Farmers are 
advised to select sugarcane clones which are shy to 
flower to obtain higher cane and sugar yield.
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