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Abstract

Sugarcane is an important field crop of tropics and sub-tropics. Three sugarcane varieties viz. NIA-0819, NIA-98 and
BL4 were subjected to induced mutations by using four different doses of gamma radiation (10, 20, 30 and 40Gy).Data on
various parameters were collected including auricle, legule, stalk colour, bud shape, number of tillers plant'l, number of
internodes, stool weight, cane yield, brix %, purity %, commercial cane sugar (CCS %), sucrose %, and sugar yield.
Significant differences were observed for most of the traits in the study. The maximum tillers plant™ was recorded in NIA-
98 at 20Gy and the lowest number of tillers plant! was seen in BL4 at 30Gy. Best stool girth was observed at 20Gy in NIA-
98. However, longer length leaf was obtained in NIA-0819 at 20Gy, while the short leaf length was recorded in BL4at
40Gy. The maximum brix % was observed in BL4 at 30 and 40Gy. Commercial cane sugar percentage was highest at 10Gy
in NIA98. The maximum sugar yields were obtained at 10Gy in NIA-98 whereas; the minimum sugar yield was recorded at
40Gy in BL4. Highest cane yield was achieved at 10Gy in NIA-0819, followed by 20Gy in NIA-98. The gamma radiation
doses of 30 and 40Gy showed negative effect on the cane yield in all varieties. Thus, somaclones of NIA-0819at 20Gy and
NIA-98 at 10Gy showed the best performance in respect of cane yield, sugar yield and juice quality. Cluster analysis divided
the genotypes into four major groups. The cluster I was distinguished by its highest sucrose%, sugar yield, and leaf width
values. Whereas, cluster II was observed to be unique in terms of its highest plant height, internodes length, leaf length,
CCS% and purity %. Moreover, cluster III represented the group of genotypes having maximum quantitative traits (plant
height, number of tiller/plant, stool weight, girth, number of internodes, internodes length and cane yield) coupled with low
qualitative observations. Furthermore, cluster IV encompassing five genotypes, showed excellent qualitative characteristics
along with low quantitative traits. Hybridizing the genotypes from different clusters of the analysis can be of promising
outcomes in terms of getting the genetic diversity among progeny plants for further evaluation in cane breeding programs.
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Introduction

Sugarcane is a member of the genus Saccharum, the
most important crop for sugar production. The Saccharum
species are usually highly polyploid with no known
diploids. Interspecific variability of chromosome number
ranges from 80 to 120 and maintenance of aneuploids are
characteristics of sugarcane (Sreenivasan ef al., 1987 and
D'Hont et al., 1998). Most of the commercial sugarcane
varieties are now in use of descendant of inter-specific
hybrids within the genus Saccharum (Dillon et al., 2007).

The highest sugarcane producing countries are Brazil,
India, China, Thailand and Pakistan (FNP 2009). Average
production of sugarcane in different countries of the
world is about, 100 tha™ while in Pakistan it is only 55
tha™(Anon, 2015). Similarly, sugar recovery of Pakistan
floats below 9.7%, which is the cause of high cost in
sugar production (PSMA, 2012). In spite of being fifth
largest grower of the crop with respect to area under
cultivation, the productivity per unit area in Pakistan is
one of the lowest among all sugarcane growing countries.
Although, there are numerous reasons of low yields of the
crop in the country however, non-availability of high
sugar yielding clones and poor production technology is
the most impacting factors to count (Ali et al., 2008;
Khan et al., 2015). Conventional sugarcane breeding in
Pakistan is hampered by environmental as well as genetic
barriers. The induced mutations can therefore have a vital
role in improving sugarcane since it is propagated
vegetatively in the country.

The first use of induced mutations for sugarcane
improvement was carried out at Hawaiian sugar planter’s
Association, Hawaii, USA (Anon., 1928). Several
scientists have earlier reported that 20Gy is the best
gamma radiation dose for sugarcane crop (Khatri et al.,
2002:, Khan et al, 2004and Ikram et al, 2010.0n the
other hand different scientists reported that the higher
doses of gamma radiation produced generally negative
effects on plant growth and development; although the
effect of gamma radiation dose on mutation frequency
power differs among plant species (Ali et al., 2016).

Mutation breeding is one of the basic techniques used
in crop improvement (Oladosu et al., 2016 and Novak et
al, 1992).The agronomical parameters like high sucrose
percentage and high cane yield t ha'have been noted in the
mutant material (Khan et al, 2004 and Hussain et al.,
2005).The mutation breeding as an effective technique to
enhance of existing sugarcane variations through
mutagenic doses. Siddique et al. (1994) reported that, it can
induce useful as well as harmful influence in crop plants.
Thus there was a need to find out the most beneficial dose
of gamma radiation for the improvement of growth and
yield parameters in sugarcane. Many breeders have
reported the fruitful use of induced mutations used for
disease resistance in sugarcane (Ramana et al, 2001).
Resistance for mosaic virus, and whip smut of sugarcane
have been established through induced mutagenesis (Esh et
al, 2014; Ganesh et al, 2015). The genetic diversity
associated between populations and investigation of
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dissimilar groups of specific lines of sugarcane that can be
excellently explored using of cluster analysis (Ilyas, 2011,
Klomsa et al., 2013, Brasileiro et al., 2013, Tahir et al.,
2013, You et al, 2013). Such disectional techniques have
been used in several investigations to get insight into huge
data collected from agronomic evaluations of the different
crops viz. cotton and bread wheat (Ogunbayo et al., 2005,
Rana et al,, 2005, Khodadadi ef al, 2011, Fahim 2014). In
the present study field performance of mutant of sugarcane
varieties was evaluated with the aim to score genetic
variation created by gamma radiation. It is expected that the
results of such studies will ultimately be helpful in
developing of sugarcane clones for commercial release.

Materials and Methods

Three sugarcane varieties viz. NIA-98, NIA-0819
and BL4 were used for genetic variability, through
gamma radiation. Four different doses of gamma
radiation doses (10, 20, 30 and 40Gy)were used
through(CO(’O) gamma source (Model-Theratron-780)
from Nuclear Institute of Medical and Radiotherapy
(NIMRA), Jamshoro, Pakistan at room temperature (22-
25°C) (Ping et al., 1999)and untreated material were
used as control, the dose rate at the time of radiation was
58 seconds per Gy. After established plantlets were
developed from gamma radiation doses were transferred
in to field for further screening and evaluation. The
experiment was laid out in randomized complete block
design with three replications. Each replication consisted
of 10 x 10 m plot, with a row to row distance of one
meter, to evaluate the incidence of mutation data of
different qualitative and quantitative parameters were
recorded after 10-12 months of planting.

Morphological parameters: The morphological
parameters viz. shoot habit, tillering habit, tillering
density, auricle, leaf length, legule, stalk colour; bud
shape, stalk height, tillersplant”, internodes length, stalk
weight, cane yield and sugar yield were taken after the
age of 10-12 months of sugarcane crop.

Biochemical parameters: The biochemical parameters
viz. brix %, CCS %, purity %, juice quantity, sugar
recovery % and fiber % were taken five plants randomly
from each replication. Sugar contents were analyzed
according to “Sugarcane Laboratory Manual for
Queensland Sugar Mills” (Anon.1970) and yield data was
recorded as Khan ef al. (2009).

Statistical analysis: The experimental data were recorded
and subjected to randomized complete block design with
factorial arrangement of analysis of variance (ANOVA)
under linear models of statistics to observe statistical
differences among different traits of sugarcane by using
computer program, Student Edition of Statistix (SWX),
Version 8.1 (Analytical Software, 2005). Further least
significant difference (LSD) test was also applied to test
the level of significance among different combination
means (Gomez and Gomez, 1984).
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Result and Discussion

Field evaluation qualitative and quantitative traits in
sugarcane: Analysis of variance (mean square), as presented
in Tables 1-2, showed that the gamma radiation doses
showed statistically significant differences for different
characters including number of internodes, stool weight,
cane yield, brix %, purity %, CCS %, sucrose % and sugar
yield and cane yield.

Field evaluation of sugarcane variety NIA-0819 showed
maximum plant height (457 cm) under control, whereas, in
BLA4 plant height was reduced (131 cm) at 20Gy. The
numbers of tillers are major yield contributing trait in
sugarcane (Yasmin et al., 2011). The maximum number of
tillers plant” were observed in NIA-0819 at 20 and 30Gy
(11.00), followed by (10.00) in NIA-98 at 20Gy and lowest
number of tillers plant” were recorded (5.00) in BL4 at 30
and 40Gy respectively. On the other hand, maximum stool
weight was observed (10.16) in NIA-98 and NIA-0819
(10.00) at 20Gy, while, minimum stool weight was recorded
(5.00) at 40Gy in BLA4.

The maximum number of internodes were observed
(29.66) in NIA-98 at 10Gy, stool girth (2.46 cm) in NIA-98
at 20Gy.Similar results were obtained by Doule ez al. (2008)
and Dalvi et al. (2012) in a field study sugarcane mutant’s
plant and they also observed significant variations for the
characters like number of tillers plant”, stalk length, and
stalk diameter. Similarly result of mutagenesis for greater
length of internodes, and smaller cane diameter was reported
by Sood et al., 2006.

Regarding qualitative parameters of sugarcane varieties
showed that maximum brix (19.06 and 18.98%) in BL4 at 30
and 40Gare presented in Table 3. Moreover, maximum
purity (75.78%), CCS (8.32%) was observed at 10Gy in
NIA-98, while higher sucrose (14.13%) was observed under
control in NIA-98. Furthermore, it was noted that the highest
fiber (13.18%) was recorded in BL4 at 40Gy. Cane and
sugar yield are the most important parameters of sugarcane
crop. The highest cane yield was achieved (101.67 t ha™) in
NIA-0819 at 20Gy, followed by (100.00 t ha™) in NIA-98 at
10Gy. The maximum sugar yield was recorded (8.42 t ha™)
in NIA-98 at 10Gy, while lowest sugar yield was achieved
(3.63 t ha') in BL4 at 40Gy. Several earlier studies have
shown similar results regarding the role and efficiency of
gamma radiations for generating variations in sugarcane
characteristics. Khan et al. (2015) and Doule et al. (2008)
reported that high brix %, sucrose %, CCS % and sugar
recovery % in progeny plants against their parent. It was seen
in this study also that the mutated plants surpassed the parent
in many of the qualitative as well quantitative parameters.
However, contrarily, Khan et al. (2004) reported that brix %
declined in progeny plants against the parent, which shows
that gamma radiation doses are expected to produce versatile
results. Some of the other publications, including that of
Khan et al. (2004), and Jain, (2000) have also narrated that
that induced mutations can be excellently employed for the
purpose of gaining genetic diversity and better agronomic
characteristics in progeny plants. Such efforts have been
exploited by numerous scientists to recover improved
plantlets from a mother genotype. This signifies the
importance of radiation mutagenesis for high yielding
cultivars. Mutation breeding has been employed for
enhancement of cane yield, sucrose percentage and
resistance to pests and diseases (Cox ef al., 1996, Srivastiva
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et al., 1986). The promising mutants from such experiments
can be further evaluated as new genotypes, and may also be
utilized in breeding programmes as genetic stock to improve
the yield and qualitative traits in sugarcane.

Morphological parameters: The morphological data
also revealed significant variations in the mutant plants as
compare to their parent (Tables 4, 5 and 6), which denotes
the significant degree of variations which can be used for
the creation of genetic variability in sugarcane (Khan et
al., 2009).

Morphological character of leaf: Longest leaf length
was noted in the variety NIA-98 (180 cm) at 20Gy and
shortest leaf length (117 cm) was measured in BL4 at
40Gy. At maturity, minimum numbers of green leaves
were found in BL4 at 30Gy and 40Gy, while highest
number was noted in the variety NIA-0819. Presence of
green leaves also illustrate the maturity pattern in poaceae
family. Higher number of green leaves means late
maturity. The data, as in Table 5, showed 33% variation
in the green leaves in mutagens of BL4 as compared to
the parent. The maximum leaf width was observed in
NIA-0819 (5.30 cm) at 20Gy and minimum leaf width in
BL4 (3.33 cm) at 40Gy. Most of the varieties had medium
leaf lamina in all the treatments. 80% variations were
recorded in sheath colour in the treatments of BL4, while
for NIA-0819, and NIA-98 the variation percentage was
90% and 95% respectively. Moreover, in case of BL4
plant growth habit was observed to be semi erect whereas
mutagens exhibited erect plant standing. Degree of
dissimilarity of mutants as compared to the parent in
NIA-0819, BL4 and NIA-98 were observed to be 35%,
35%, and 22% respectively (Tables 4, 5 & 6).

Characteristics of the cane stalk: Variation in stalk
colour was observed at 20, 30 and 40Gy whereas no
variation was recorded at 10Gy. The variation was 40%,
30% and 20% in NIA-98, BL4 and NIA-0819,
respectively. Moreover, high tillering density was
monitored in 20%, 24% and 16% plants of NIA-98, BL4
and NIA-0819, respectively. In case of stalk thickness,
thick to medium stalks were observed in 10 and 20Gy of
all the treatments and thin diameter stalks were noticed at
30Gy and 40Gy. Furthermore, variation in internodes
shape was 24%, 35% and 25% in NIA-0819, BL4 and
NIA-98, respectively (Figs. 4-7). Bud shapes of the
progeny also showed variation by as high as 25%, 20%
and 30% in NIA-0819, BL4and NIA-98, respectively.
Bud colour, bud groove, and bud size also exhibited
significant differences (Tables 4, 5 & 6). Wax band was
also seen to differ by 20%, 10% and 15% in NIA-0819,
BL4, and NIA-98, respectively. It was also seen that the
ivory markings were present on stalk of all the varieties
and treatments. Moreover, width of the growth ring and
the colour of the root ring also varied in all varieties.
Occurrence of dwarf plant was very common at 30Gy and
40Gy while tall plants were observed in control, 10Gy,
and 20Gy of the genotypes. Elahi et al (2001) and
Daniels et al. (1987) also reported significant variations in
stalk colour, internode shape, bud groove, and bud colour
of sugarcane caused by the gamma irradiation. Khan et al.
(2009) and Samad er al. (2000), on the other hand,
reported lethal effects of radiation on plant height. Sood et
al. (2006) reported sugarcane variety CoJ 64, possessing

enhanced cane height, cane yield and sugar yield as
compared to parent, developed through similar
approaches. In the present study, mutant variations
generated among the plants can be used in breeding
programme for the improvement of sugarcane cultivars.

The dendrogram resulting from cluster analysis of the
sugarcane genotypes divided the accessions under study
in to four major clusters (Fig. 1). It was evident from
many of the observations of the cluster analysis that
induced mutagenesis had caused significant variations
among the genotypes, however parental background did
have effect on such classification to some extent—
especially in case of BL4 variety which formed its unique
cluster against all other genotypes under study.
Classification of accessions into different clusters is
shown in Table 7, whereas means of the parameters for
the clusters is presented in Table 8. Four major clusters
were observed in the dendrogram developed on the basis
of Euclidean distances among the genotypes tested. These
clusters comprised of 15 genotypes, whereas two other
genotypes namely NIA 98 (control|) and NIA 98 (20Gy)
appeared distinguishing against the remaining genotypes
forming separate clusters.
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Fig. 1. Dendogram of the evaluated genotypes based on

Euclidean distance.

Cluster I comprised of three accessions of NIA 98 (10,
30, and 40Gy). The cluster was distinguished by its highest
sucrose%, sugar yield, and leaf width values. Cluster II, on
the other hand, comprised of NIA0819 (control), and its 30
and 40Gy radiation treatments. This cluster was observed
to be unique in terms of its highest leaf length, CCS% and
purity%. Moreover, cluster III, embracing 10 and 20Gy
treated genotypes of NIAO819 showed maximum
quantitative traits (plant height, number of tillers/plant,
stool weight, girth, number of internodes, internodes length
and cane yield) coupled with low qualitative observations.
Furthermore, cluster IV comprised of five accessions of
BL4 (control, and 10, 20, 30 and 40Gy treated plants). This
cluster was observed to have highest brix %, fiber %, and
sucrose % values (Table 9).



SHAFQUAT YASMEEN ET AL.,

958

0 £y 9’1 6t'E LTO el STl 174! (%8 as1
170 90'C 080 oL'1 Ero ¥9°0 19°0 L a8
Jeg'e ILT1 48 99°¢1 JP99IT P-qele J00°¢S 200°¢ J el or
Sp 08’ 1811 qeeel 32 00TT qe 0¥’ 2EE9 P00 J6El 0€
qQosy Izl 30051 Jo00TT P-B0E'T P ECL P 009 JIEl 0z jat: |
99Ty 8IT J2 0091 32 00TT P-9Ele PO0L 200°¢ Jovl 01
P-qQ €Ty L]0 43 001 JEE0T P€0T 2999 EE'S JLET 0
Jogce PSST 2qQ0L'81 -3 00°'¥T e 9¢'C P200'8 P00’L PY'6TF or
-2 96'¢ 2091 e 9¢°61 P-q009T P-QEl'T P200'8 00T P2 8T 1}3
BOLS E 08I EQ0'IT qe 99°8¢C e 9¢'C qeQ0°01 00T poTey 0T 6180-VIN
PavT'y qvLl EQ0'1IT qe €£°8¢C P2 97T qe 05°6 290001 e gpp 01
P9 L0V qeLT 2P00°LT -2 €EPT P-q91°C e 006 9998 BLSY 0
2-296'¢ gzl 290061 P-q 99T Pa01'e e El'6 29006 3 00% or
Qe dzel -2 99°61 qe 00'6C PaoI1'e 99 99°'8 29 €6 P STy 0¢
BOTS Bidl qe 0002 B ELLT B9Y'T 29101 qe 00'6 MqI¥r 0z 86-VIN
P-949l'v Joel BQO'IT 2 99°6T P-BOL'T 9€9'6 qe 00'01 o [b¥ 01
2 0¥t EH XS pace'gl P-999'6T P 0T e 006 99.99'6 qe 6¥% 0
(m) (m) (o) ySuay SpowLIAuY (2) (B) uedm (ud) (AD) sasop —
PPIM Jear] )3udy Jea| sapouwInuy Jo Jaquny Y113 [00)§ SM 003§ Jo Jaquny Y31y jueld  UONEIPEI BUIUIEN)
sad£youad oy Jo s1aypmered aanenuenyd) *7 A[qe]
[OAS] % 1B WUBSYTUTIS = 4y ‘TOAS] %S VB WUBOGIUTIS = 4 JULOYIUTIS-UON = SU
8979 9e8¢S°1 LES VY 6560 SPE9'L £66C°ST 89790 L98¢C 065200 61950 £8 8¢ Jouyg
SuL9'6¥ SuIsT8o SUCLYET *8LE'T SUGLIL'O SucT8I'e SuL961"0 suQ'69¢ SULTLPOO SU9c00’1 #x0T¢ 8 LxD
Su60’Lov SUCSo8'1 SUIy8'E SuceT'l SUEEY9'0 *VLY66'C *+60L6'V #xC €911 *00€01°0 *+0885'V #*x 1001 4 sjuaueal],
**CP OPSE **C688'9¢ *C9L'6LT *786'C *$S00°9 #*E6LV06  #£THOP'SE *x0'TP8E] SUQO8I10°0 *xL998°F6 **9LOSTY [4 sauo)
9L°6S LTTY 01 TOL'6LT Ly0'L 8rrICl £916T°¢ 9L650 8¢ L9090°0 L99%°0 834 [4 suoneorday
(.2w) (,.*m) (%) (%) (%) (%) ) (wd) yy3uay (und) uerd s1[m (und) 1d 3sanog
pPRIAduUE)  ppaif 1eSng fumg e o) 1qig xug WNEPM [00)S  sopowsayup WIS 003§ Joxaqumy 3Py Jueld

*JUBIIESNS Ul SUOPEINW PIINPUI YSNoay) s)ret) JNUouo.IsSe snoLea 10j (sarenbs usaur) aoueLieA o sisA[euy “[Iqe ],



959

INDUCED MUTATIONS AND SOMACLONAL VARIATIONS IN THREE SUGARCANE VARIETIES

- - - IIN awm FuLsmo ]

%9 €z € Z z z SMO01 JO IoquInu 100y

WIMIpaw pue u22id YsImo[[2 4 % % WNIPIUW pue us21d YSIMO[[2 A USIMO[[2 A erprowiuid 100y

Mo[eys Mo[[eqs Mo[[eqs Mo[[eqs mo[reqs Ja001n png

%01 umoIgy uaa1d ysmoqPe A " % % umorg; uaaid ySIMo[[R A mojo) png

wnipajy wnipajpy wnipajy wmipajy wunipspy azIg png

%S 1 * % % ajeao odung ajeA0qQ png

%01 Aaeay 3y AaesH Aaesy Aaeag] puBq XeA\

* * * * juasalg syoelo 1o Supjlew 10A0]

%¥T [ep1ou02qo [eoupur£) [eoupur£) [ep1ou02qQ [ep1ouooqQ adeys sopouruy

%0 USIMO[[3 A swreg u2213 YSIMO[[2 & 221D 12215 YSIMO[[2 A mojod y[e1§

* " " * 98uozo[ peoIq YIIMm JUSDSIID) ansry

%91 ploj[op pue Jy3reng proyop pue jydrens  [euonisuen Jy3ieng [euonisuen 1y3reng [euonisuen 1y3reng s[oLme 1nQ

wnipay wnipajy Y31 wnipay wnipapy o 3sapeolq )1 QIpIAL

96°¢c ey 0T’e 9T’y or'v pue[q ururey yea|

%I1T L L Il 01 6 SAARO] US0IF JO JaqUINN

el (43 54 9¢l eel wo Fud] Jea]

%06 2210 [sn[ uaaIn) [sn[ Ua2In) ysn[ uaaIn Usn[ U221 )esys IMojoo Jea|

%0T asnjoaxg ojeIpauLIDU] ojeIpaULIdU] 9JRIPAULISIU] 9]BIPAULIU] Aysuap SuuaiL,

Yt T 1oedwos UoN joedwo) joedwiod-uoN joedwo) joeduio) nqey SuLa[IL

%S¢ 1y 021 - IRy J02Ig f e ) 1o2Ig-Teg Jiqey juejd

% $904) JUELIEA Aoop A90¢ 49 01 oY) 110D sxapEIEY)

sjuBINU SIIIRIBY)
*SISOUISE)NW PIINPUI JO JNSII B SE AJILIBA §180-VIN UI Sasuer]d [edlsojoydiom jo Aduanbaig ¢ ajqe],

TWTEl LY01'T £8€9'1 PLTT] EISI'T L6S'1 LS'T (%s) as1

Stor'9 SLTO'T 866L0 16S¥°¢ £0S0°T 008L°0 89L°0 a8
J 0008 Jeoe B $STI qQT6'€9 qez0’L ©86'81 BRI'El or
CRANA] FIT'Y qe 9L'C1 qQ¥S19 qecy’o e90'61 e $CTI 0€

P eLeL FPPEY P-A9%'CTI1 qQzTL09 966'S qe 09°81 qe 9L°CT 0T vi1d
9P 00°0L -39V P-q+eTl qQvT'e9 qeys'9 qe 0T'81 -8 9p'T1 01
21999 JRTTY P-q 8¢€'T1 9Q¥¥'T9 qeLT’9 e 99°LI P-epETI 0
P200708 -BIH'9 P2 011 qe 90°0L qeL6’L qeQ9°Ll P-q8¢€'11 or
P200°08 P-q51'9 P-qetll qe 7L'69 qey9°L 2q9TLI POvOLT 0€

B L9101 qe1z’L QT qe 98°L9 qec1’L 99 LO'LT P-q6¢€11 0T 6180-VIN
qe 00°S6 2-89¢'9 P #8°01 qe [6°59 qe68'9 2q0T'Ll e TPl 1]
2-€ 00°06 B EL9 P-q 00°CI qe T0L qe Sv'L 28691 P 801 0
99 L9'98 9-B $E'9 P-ar6'11 qe $8'99 qe 9¢’L qe 0981 P8 00Tl 0oF
B L6 qe 8T'L 290LTT qez6’0L qe 10°8 e ELL] PeH611 0€

qeee96 qe €6°L P-AEv’L1 qe Le'1L qe ¢8°'L 2q peLl qe 0L'Cl 0z 86-VIN
B00'001 BTH'8 P-qI¥11 BRLCL BTC'8 2191 P-qeyll 1]
-8 0006 P-q01°9 Belvl qe 60°'89 qe 69°9 20191 P-QI¥1I1 0

(em) (em) %) ) %) ) %) €5) —

PIRIA due) pRIA aedng aso1ong fAung SDD xug Jnqiy $3S0P UONEIPRI BUIIEL) !

*$3dAJ0UIS ) JO SINIEIEYD dAneI[en() '€ I[qe ]



SHAFQUAT YASMEEN ET AL.,

960

- - - IIN swrn SuLamoyg

%L £ z 4 4 z SMO1 JO JoqumN

WNIpawl pue UuaaIs YsImo[[a A * * WNIpaw pue uaaIs YsImo@ A [IpIM pue Inofo) erpiownd jo0y

mo[[eys MO[[eYS Mmo[[eys MO[[eYS Mo[[eys aA0010 png

%0¢ uMOIg/ U218 YSIMO[O X * - * 0013 YSIMO]O X mojo) png

wnipay WNIPSW pUE [[BW§  WNIPW PUE [[EwS wnIpapy wnIpaw pue [[ews az1g png

%0€ 9JBAD MOLIBN ajeao ojdung JBAD MOLIBN ajeao ojdung a1eAOqQ png

%S¢ [epI0u05qQ [eoupuIA) [eoLIpuIlA) [eopuIA) [ep1ouoaqQ 1qey sapouIdju]

%G1 Kavoy Y317 31| pue Aaeap Aaeol Kawvoyy puBq Xem

%S¢ [eplou0aqQ [eoLIpUIA) TeoLIpur[AD [eoLIpUIA) [ep1ou0aqQO adeys sapourajuy

%0T * ysimo[ak 1Sy * sureg 9213 YSIMO[[O 100103 Y[e1§

" * " * 28uazo] peoiq M JUIISAID ansry

proyap pue 1y3reng proyop pue jydreng  [euonisuen jySreng [euonsuen 1y3reng [euonisuen Jy3reng s[oLme 1nQ

MOIIBN MOIIBN ysig wnipa wnIpay IO J59pe0Iq ST PIPIAY

£€5°¢ 96'¢ 0€'S PI'y LOY pue[q urwe] yea]

%02 9 L 01 (]| 6 SOABO] UdAIS JO JoqUINN

SS1 91 081 LI €L1 wo P3ud| Jea]

%S6 YSLMO[[a£ uaaIn w2218 ysry w2218 1481 w2213 Y817 2218 Y31y apue[q Jeo|

%S¢ asnyoxd pue ajerpauIau] Q)BIPIWLIAIU] SjeIpouLIau] 9)RIPOWLISIU] SjeIpauLIau] Ayisuap SuusIL,

%91 jordwos -uoN yoedwos-uoN joedwo)-uoN joeduio) 1oedwo) Jqey SuLd[IL

%2 121 -Tdg pa1g JaIg-1wag pa1g 1217 nqey Juefq
o,

MH,“M_“_HHH ,.__“_M% £o0r £00¢ £9 07 901 [onu0) saajRIRYD

*SISIUAZE)NW PIINPU] JO NS € SE AJ9LIEA H1g Ul sasueyd [eajsojoydaowt jo Aouanbaig ‘9 aqe],

- - - N suIn SuLaMO] ]

%S €T z z T z SMOI JO JoquInu 100y

WNIPIW pue U313 YSIMO[[2 A * % WNIPaW PU. UAIT YSIMO[[I A 2213 YSIMO[[2 A eipiowLid Jooy

Mo[reys MO[[eYS Mo[[eqs MO[[eYS Mo[[eys 2A001D png

%G T umoIg/ ua21d YsSIMo[[2 & * % * umorg; uaa1d YSIMO[[2 & mojo) png

wmipapy wmnipapy wnipajy wnipapy wnIpapy JzIg png

%01 Aaeog W3y Aaeofg FVN:E s | Aaeol pueq Xep

* _.. " _.. jussaIg $3[0RIO JO SUDjIEW JOA0]

%S€ [epI0U02qQ [eonpuc) [eoLIpUIAD TeoHpuIiA) [epIouooqQ adeys sopousayuy

%0 * ystMo[aAk ysry * sweg U213 YSIMO[[2 X 0103 Y[e1g

» * * * 28uazo] peoiq YIIm JUI0SAI) ansry

MOLIBN MOLIBN wnipap WP wnipapy w9 1539pe0Iq S PIPIAL

£€°€ 08'€ 0s'v 9Ty €Ty pue[q urwe| Jes|

%EE 8 I Al 01 6 SOABD] Uaa13 JO JoquInN

L11 811 1Z1 811 611 wo YIFud] jes]

%08 ysIMO[[ok usa1n ystmoq[ak 1ysry ystmoqjek Jysry ystmofaA g3y ysImo[[aK Jysr] apue[q Jea]

%bTl asnyoud pue ajerpouwnIsiu] QJeIpaULIU] QBIPAULIAU] QJeIpaULIAU] ajeIpauLIU] Aysuap SuusL,

%ST 1oedwos -uoN joedwos-uoN joedwo)-uoN 1oedwo) joedwo)) 11qey SuLa([IL

%0€ 19217~ 192194 192Ig-TWaS 19219 10219 nqey yjue(d

%osodis yuuLica yued o0y £o0¢ £ 0z £9 01 1013u0) s10p1EY)

sjueinu sIPeIeY))

*SISOUISEINUI PAINPUI JO J[NSII B SE AJILIEA ¢ UI SISUBYD [edso[oyd.iomt Jo Aduanbaiy 'S dqe],
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Table 7. Classification of the genotypes in to various clusters.

Cluster Accessions

Cluster I NIA-98 10Gy, NIA-98 30Gy, NIA-98 40Gy

Cluster 1T NIA-0819, NIA-0819 30GY, NIA-0819 40Gy

Cluster Il NIA-0819 10Gy, NIA-0819 20Gy

Cluster IV Control BL4, BL4 10Gy, BL4 20Gy, BLA30Gy, BL4 40Gy

Several studies have earlier explored the genetic
diversity among sugarcane genotypes through similar
approaches (Duarte et al., 2010; Dutra et al, 2011,
Sindhu et al., 2011; Perera et al., 2012; Santchurn et al.,
2012; Santos et al., 2012). Sajjad & Khan (2009)
hypothesized that the genotypes appearing from
genetically similar parents does not contribute much
towards the diversity among the progeny. Tahir et al.
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observed that the accessions appeared in groups on the
basis of their geographical locations. Cluster analysis
have been extensively employed for investigating the
genetic similarity among different genotypes, as the
genotypes appearing closer to each other in same
clusters are expected to carry alike genetic make-up
(Ghaderi et al., 1980). We observed similar observations
as most of the genotypes in our study classified on the
basis of the parent they mutated from. The techniques
have been employed in various other crops as well
(Esmail et al., 2008; Guerral et al., 2009). The selected
mutants from these treatments may be further evaluated
as new genotypes, and may also be utilized for further
breeding progaramme as genetic stalk to improve the
yield and qualitative traits in sugarcane. Hybridizing the
genotypes appearing in different cluster is expected to

(2013) subjected sugarcane genotypes, evolved at play important role in getting diverse genetic
different environmental locations, to cluster analysis and combinations in the progeny plants.
Table 8. Characteristics of the clusters developed on the basis of Euclidean distance.

Parameters Cluster I Cluster 11 Cluster I1I Cluster IV
Plant height (cm) 231.536 428.665 432.339 136.194
Number of tiller plant™ 6.844 8.165 8.699 5.266
Stool weight (kg) 7.286 8 8.7 6.464
Stool girth (cm) 2.187556 2.245 2.271 2.198
Number of internodes 23.70089 25 26.398 21.598
Internodes length (cm) 16.15422 19.03 19.49 14.398
Leaf length (cm) 122.6753 158.835 130.715 118.798
Leaf width (cm) 4.066 3.745 3.787 4.024
Fiber (%) 12.36733 11.21 11.488 12.656
Brix (%) 18.12116 17.4635 17.3327 18.5034
CCS (%) 6.919284 7.805 7.491 6.45726
Purity (%) 65.31162 69.8915 68.6889 62.3746
Sucrose (%) 12.20682 11.215 11.3824 12.3014
Sugar yield (t ha™) 7.37 6.2845 6.5247 4.194
Cane yield (t ha™) 73.99956 80 87.334 64.666

Table 9. Chanters selection from the clusters.

Cluster Characters
Cluster I Sucrose %, sugar yield, leaf width
Cluster II Leaf length, CCS %, Purity %
Cluster Il Excellent quantitative traits (Plant height, number of tillers, stool weight, stool girth, number of
internodes, internodes length, cane yield)
Cluster IV Excellent qualitative traits (Brix %, fiber %, sucrose %, sugar yield)
Conclusions Acknowledgement

The induced mutagenesis of sugarcane genotypes in
the study resulted in significant differences among the
mutants. 10Gy treated plants of NIA-0819were observed to
have highest cane yield, whereas NIA-98 (10Gy) recorded
the highest sugar yields. The gamma radiation doses of 30
and 40Gy showed negative effect on the cane yield in all
varieties. Cluster analysis divided the genotypes into four
major groups. Hybridizing the genotypes from different
clusters can be of promising outcomes in terms of getting
the genetic diversity among progeny plants for further
evaluation in cane breeding programs.
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NIA-0819 20Gy

Figs. 2, 3, 4. Photograph of the sugarcane variety NIA-98, BL4 and NIA-0819 20Gy root zone, wax bands and bud shape.

Fig. 5. Photograph of the cane stalk of the sugarcane variety NIA-98 different doses of gamma irradiation showing the shape of
internodes.

Fig. 6. Photograph of the cane stalk of the sugarcane variety NIA-0819 different doses of gamma irradiation showing the shape of
internodes.

::.“-
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Fig. 7. Photograph of the cane stalk of the sugarcane variety BL4 different doses of gamma irradiation showing the shape of
internodes.
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