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ABSTRACT

Eighteen treatment combinations were evaluated at CCS Haryana Agricultural University, Hisar during 2019 and 2020 cropping
seasons to study the diversity in tuberose traits by multivariate analysis. Significant differences had been observed by analysis
of variance for all the traits during both years. Plant height varied from 40.2 to 82.2 cm, while number of leaves ranged 21.2 to
52.4. Spike length expressed deviation of 33 to 80.2 cm and rachis length showed 15.6 to 42.2 cm. Bulbs yield per clump ranged
154 to 860g with Acid (17.5 to 20.5) and Ester values from 220.3 to 236.7 for the first year. Second year of study observed plant
height varied from 45.3 to 85.2 cm and number of leaves expressed from 38.2 to 78.4 while spike length showed variation from
38.3 to 81.1cm. The rachis length showed 18.3 to 41.3 cm along with variation of 34.6 to 67.4g for spike weight. Bulbs yield per
clump showed variation from 191.9 to 1044.4g and Acid (17.7 to 20.6) along with Ester values expressed variation 220.3 to
236.7. Biplot analysis showed first two principal components accounted for 91.6 % and 89.1 % of the total variation for years.
Four clusters of traits were evident in respective analysis as two clusters in first quadrant and remaining two clusters in second
quadrant. Two dimensional clustering under hierarchical multivariate showed plant height associated with spike length, rachis
length grouped and maintained distance from group of Ester value, pH of oil, number of leaves. Highly significant direct
correlation had been maintained by physical and chemical traits for considered treatment combinations as chemical traits

would be enhanced with additional positive augmentation of physical traits.
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Tuberose (Polianthes tuberosa L.) possessed vast
potential of uses viz. cut flower trade, long vase life,
along with essential aromatic components for oil industry
in the world market (Kumar et al., 2021). Tuberose
flowers out of many popular flowers have been
appreciated much for their aesthetic, attractive and
elegant beauty and pleasant fragrance besides their wide
adaptability to varied climate and soil conditions (Khan
et al., 2020). Tuberose is cultivated on large scale in
France, South Africa, North Carolina, USA and India at
world level (Dogra et al., 2020). Major tuberose growing
states in India are Karnataka, West Bengal, Maharashtra,
Andhra Pradesh and Tamil Nadu. White flowers are
highly fragrant and rich in benzyl achohol, eugenol,
benzyl benzoate and methyl anthranilate. Medicinal and
aromatic properties of essential oil extracted from
flowers has been mentioned in literature (Zamin et al.,
2020). The valuable aromatic oil of tuberose flowers
have great demand in the high cost perfume industry
(Qureshi et al., 2018). More over, the essential oil is
exported to foreign countries like France, Italy and other
countries at attractive prices. Flowers need to be
harvested at appropriate stages to ensure higher oil
content with better quality in tough export scenario
(Madhumathi et al., 2018). Staggered planting has been
established as important strategy to ensure continuous
supply of quality flowers to the market (Meena et al.,
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2018). The vagaries of temperature, humidity and rainfall
pattern affected the harvest yield of flowers which forced
to plan cultivation of crops over the different times of
sowing in the fields (Jadhav ef al., 2020). The planned
staggering planting over different dates enables a
continuous supply of cut flowers over an extended period
to harvest flowers and helps to avoid glut in the market.
This strategy would provide regular income to growers,
employment to youth and increased availability of
flowers to the users. Hierarchical multivariate analysis
based on eighteen treatments combinations had been
evaluated to study diversity in morphological and
chemical characters.

MATERIALS AND METHODS

Genotypes performance had varied from one date of
sowing to other dates owing to varying climatic
conditions of the country over the time period. Eighteen
treatment combinations of experiment consisted of six
promising genotypes sown at three dates of sowings at
Experimental Farm of the Department of Horticulture,
CCS Haryana Agricultural University, Hisar during
2018-19 and 2019-20 cropping seasons to study diversity
in morphological and chemical characters. Factorial
experiment in random complete block designs with three
replications was laid out in fields. Net plot size of 1.5m
x 1.5m was laid out with plant to plant spacing of 30 cm
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x 30cm to accommodate twenty five plants per plot. The
recommended agronomical practices were adopted to
raise the crop. Data pertaining to various traits viz., plant
height (cm), number of leaves per plant, spike length
(cm), rachis length (cm), spike weight (g), number of
florets per spike, number of bulbs, weight of bulbs (g),
bulbs yield per clump(gm), pH of oil, Acid and Ester
values were observed. Statistical analysis and graphical
presentations of research data were carried out by SAS
version 9.3 along with JMP 9 software’s .

RESULTS AND DISCUSSION
Descriptive analysis
First year of study

Highly significant difference had been observed by
analysis of variance for all the traits. Plant height
considered to be a good index of plant vigor contributed
towards higher productivity. Variation from 40.2 to 82.2
cm was observed among treatments (Ali et al., 2019).
The variation in number of leaves ranged from 21.2 to
52.4 which might be due to variation in amount of stored
food material in mother corms expressed by their sizes
(Table 1). It could also be due to variation in rate of
vegetative growth among the genotypes that could be
attributed to their genetic makeup and could have been
further influenced by the date of sowings
(Ramachandrudu and Thangam, 2016). Variation from
33 to 80.2 cm in spike length and rachis length (15.6 to
42.2 cm) might be due to the inherent capacity of the
particular genotype as well as the sowing dates during
the growing period. The increase in spike and rachis
length might be because of cell division, cell elongation
and longer days during spike/ rachis formation stage,
which increases synthesis of amino acids, chlorophyll
formation and better carbohydrate transformation, which
resulted into better rachis length and ultimately produced
more florets per spike. This might also be due to the fact
that long days caused better plant vegetative growth and
stimulated the auxiliary buds resulting in more rachis
length. The numbers of florets per spike directly
influence the yield of the genotype as varied from 16.2
to 30. Good margin for number of bulbs had been
observed as 8.8 to 28.5 among the treatments. The
increased yield might be due to its capacity to produce
maximum number of bulbs which is a genetic makeup
of the genotype. Bulb weight (15.2 to 30.1g) is desirable
important character for marketing of tuberose as such
as loose flowers for garland making. Bulbs yield per
clump ranged from 154 to 860g to highlight the scope
for cultivation of particular genotypes as per suitable
date of sowing (Naik et al., 2018). Acid (17.5 to 20.5)
and Ester variation (220.3 to 236.7) may be one of the
reasons for the variation in essential oil contents among
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treatments. Little range wasachieved by pH value of oil
(4.5 to 5.6) for the considered treatments.

Second year of study

Plant height varied from 45.3 to 85.2 cm among
treatments (Table 2). Number of leaves expressed
difference from 38.2 to 78.4 while spike length managed
variation from 38.3 to 81.1cm. The rachis length showed
(18.3 to 41.3 cm) along with variation of 34.6 to 67.4
for spike weight. The numbers of florets per spike though
influence the yield of the genotype varied from 18.4 to
31.6. Number of bulbs managed 9.7 to 32.5 among the
treatments. More Bulb weight is desirable for marketing
of tuberose exhibited (17.5 to 32.1g) whereas bulbs yield
per clump showed variation from 191.9 to 1044.4g to
highlight the scope for large scale cultivation of particular
genotypes as per suitable date of sowing. pH of oil value
managed only small deviation as range achieved by 4.6
to 5.5 (Meena et al., 2018). Acid (17.7 to 20.6) and
Ester variation (220.3 to 236.7) may be one of the
reasons for variation in essential oil contents among
treatments.

Biplot clustering analysis
First year of study

First two principal components were important in
explaining 91.6 % of the total variation among physical
and chemical traits (Table 3). First component (PC)
accounted for 84.2% of the total variation. It illustrated
that variations in pH of oil, number of bulbs, spike
weight, Number of florets per spike, bulbs yield per
clump, Ester value, spike length contributed more.
Second Principal component augmented by 7.3% to the
remaining variation traits plant height, spike length,
rachis length, weight of bulb, acid value, bulbs yield per
clump were major contributors. Seven traits out of the
evaluated 12 traits contributed most to the first two
principal components (Table 3) and would able to
discriminate the variations among the treatments. Direct
high association of spike length was observed with plant
height and rachis length (Fig. 1). Positive correlation
has been observed between pH of oil with Ester values
(Bharathi and Kirthishree, 2019). Spike weight expressed
direct association with number of florets per spike as
well as with number of bulbs. Positive association was
also expressed by bulbs yield per clump with acid values
and weight of bulb. No association of bulbs yield per
clump with acid values and weight of bulb traits showed
by spike length observed with plant height and rachis
length in this study (Ahmad et al., 2019). Treatments
having long length of the vector viz. D3G5, D3G4,
D3G3, D1G3, D2Gl1, DIGI1 have higher or extreme
values for one or more traits. Four clusters of traits were
evident in Biplot graphical representation as two clusters



Kaur et al.

¥80°0 190°0 $90°0 L19°0¢ 9¢T'l 6’0 LTT1 7SC1 re'l 0r¢'l 66C'1 CI A %S dD
€000 100°0 2000 1294014 89%°0 60¢°0 L¥S0 LL80 9690 €290 €190 S8v'0 SSIN
19°0€C 1881 YA ELYLE €S'1¢e Ov'LI 0v'ST €'8¢ er'og eroL 09°6¢ ereL 9D¢d
08'6CcCc T8I 9I'¢ oV LEY 01'ce 086l LTET €LY L96€ L9°CL el'vy L9'8L SOed
6S¥EC 8’61 9¢°¢ 17°08¢S 06°ST 0v'Cc LO'LT 0y 9% 0Ty 0708 LT 6¢€ 0T'C8 ¥Ded
L99€T  61°0C ¢e'¢e €0°098 €1'0¢ £€6°8C 00°0¢ £€9°8¢ 0C'6¢ LY9L (0148 LY'8L £0ed
ceIce  SLLT 70°S 06'1¢E L9'81 €6'L1 LT1T €SIy 08°8¢ 08°¢S 079¢ 08°9¢ HOed
L9CCC  SS'LI 8Ly EL'ELT LT'IT £€6'Cl £€¢'0¢ LY'CE eree erey LO'8T eroy 19¢d
€6'0ec  PvL'8I 61°¢ SeIle €2°0¢C ov' Sl 09°¢T LESE 09°SC 0919 eL’LE 09°89 9D7d
S9'6cc 1181 Ire €CLLE LS 0C €e'81 LO'TC 0r'6¢ el've el'lL L8 1Y €1'9L [Serddl
6E¥EC  6€°61 [EY ¢rI'00s €L'ET LO'TC L9°CC ey 09'9¢ 09°SL €€'9¢ 09'8L 129144l
17°9€T 0¥ 0T 61°S €eLTL 0v'8T 09°ST LT LT 08'tS €e'Te ov'CL 00°LY 08'¥L £€07d
60°1CC  S9°LI S6'v 8L799C €L91 €6'Cl 0v'8I 09°8¢ L¥'€T L8 00°¢Ce LOYS oTa
e 8LLI ILy 91°1¢€C £€6'61 0911 00°8I £8°6¢ 0T8I 0T'8¢ LY'¥T (9% 197d
€coec 981 148Y 68°€9¢ LO'8I 09'¥1 09°1¢ er'ee 09°1¢ 09°'19 ov'Se 00°L9 9D1d
or'6cc €08l SO'S 9T°6¢C¢ LY'61 €691 LT61 0€'9¢ £6°8C €699 (0174014 €C'EL SOIA
YTree  TTel vCS Ly SOV LS'1C 0881 L9°€T L8 1Y 09°'6¢ 09'69 €C'I¢ 09'vL 7O1d
LTI9ET  80°0C €r'c 8TCEL9 08'9¢ 09°¢C 09'v¢ €e'8Yy €1'9¢ €199 LO'EY el'lL €01d
9¢€°0CC  6S°LI 78y €C91¢ LTSI eyl 091 LS SE €col €Sy 08'LT €S'1S OI1d
€eeee 99°'L1 S % 66751 evLl L8'8 ov'91 €1°6¢ 09°C1 00°¢e 0T'1¢ LT OY 191d
3) 3 oyids 3 (uo) (o) (o)
anfea anea o duwnpo aad qmq sqnq Jd sypaoy  jySom I3ud| Y)3ud| SIABI 1YSY
REITG | PPV Jogd ppIf squg JOIUSPAL  JoxdqunN Joxdquny  Iyidg SURI | yidS JoxdquinN Jue[J SIUdUNBAI]J,

610Z Siea) [edruayd pue [edrsojoydiou Jo sisA[euy :J dqeL,

209

J. Crop and Weed, 18(2)



Evaluation of (Polianthes tuberosa L.) diversity

7900  LE00 0200 L1€°TE 6260 6,60 Sev'l [0 45! 19¢°1 600°C [430N! %S 1 dD
S100°0  S000°0  TO000 Ie€6LE SeIeo 8LYE0 LLYL O IvIL0 LI9LB0 €CL90 eSor’l €200 oSN
19°0€C 98781 8CT'S €80l €L'TC LO8I 0T9¢C 0r°sv LYYE eL'TL 09°6S £5°C8 9D¢ed
08°6CC 8¢8I 81°G €L'6SS €SLT £€'0¢ eLVC £e 8y Ly'6¢ 0T'8L 0v'8L LTS8 ¢Oed
6SveC  9¢6l oS L9T0L €0°0¢ 0r'ec 09'8¢C 0s'61 0c' 1y LT08 el'v9 09°¢8 ¥Ded
L979€C  GL0C 8¢°¢ Y v0l 60°C¢ €6Ce L9°TE ev'L9 ee 1y el'18 LO8L €1'68 £Ded
ceIce  08°LI SRS 81°0LE €86l L9781 00°C¢ L1°8Y LT9¢ LY'6S €Sy LY v9 hed
L9'TCT  68'LI 081 86°60¢ 00°¢¢ Ly el L3'1T 0S0r £€5°9¢C eS'LYy LO9S €SCs 1Ded
€6°0€C  6L'8I vTs 01°¢se 0T'1¢C L9791 £5el LY Ty e1og €1'69 0Tcs eL'6L 9DO7d
€9'6CC 9181 148 eV vor 08T L8l €eed 01°9% 08°¢¢ eSeL 0969 LTE8 ¢Ocd
6eveC  evol ges 88'809 0S°LT e1'ee 09°9¢C €9'LY Ly'SE LTLL 0819 eL'6L ¥Dcd
Iv'9¢C  L9°0C 42 wsl6 0rog (0013 0t'6¢C v v9 09°LE 09°LL €S'GL ov'e8 £DTd
60°'1CC  69°LI L6V ¥9°60¢ L6'81 €e9l £5°0¢C ev Sy £eee A 08°0% €S'19 ¢DTd
rece  €8°LI YLy 66'9SC £8°0C €eCl €1'0¢C Lv'LE 09°C¢ LOEY el'vs LO'6Y 1Dcd
€C0eC  0L'8I 81°G 6L°01¢ LL6] eLCl eL'1e LY Oy A £€'S9 LO'6Y €L9L 9D1d
0or'6cc  80°81 LO'S 0501y €Ced LOLT eL'1C oLev £6°8¢ €S°L9 €Sy 0908 ¢OId
Yovee  1e6l 9T'S 86°So61 LEST esol 09'vC LY’ Sy LY'6C L9°69 L98S L99L ¥D1d
LT9¢C  LS0C Sv'S VI'LLL 01°8¢ L9°LT LT9C LT19 09°Ce €6'vL L9EL €6°6L £DI1d
9¢°0cCc  v9°LI1 L8V 67°6SC 0S°LIT 081l L8381 LLTY LT8TC eL'1S 0T'8¢ £6'8S ¢D1d
€CCee  TLLI S9v £6'col 06'61 €L'6 0v'8I 09°v¢ LE8I LE8E eL'1S LESY 1D1d
3) ®) ands @) (w)  (w) (o)
anfea anfea to duwnp xd qmq squnq Jd sjpaoy  ySEM YISud| YI3ud[ SIABI Y3y
REING | PRV JoHd ppRIAsqng  JoySmppy  JordqumyN Jorqumy  Iyidg siyoey MidS Joxquny jue[d SpUdUNBIAI],

0207 SHie) [eauRyd pue [edrdojoydiour Jo sisA[euy :g d[qe]L,

210

J. Crop and Weed, 18(2)



Kaur et al.

Table 3: Loading of traits for tuberose genotypes in 2019

Trait Principal Principal Trait Principal Principal
Component-1 Component -2 Component-1 Component-2
Plant height 0.2783 0.4665 Number of bulbs 0.3030 -0.1091
Number of leaves 0.2827 0.1513 Weight of bulb 0.2815 -0.3774
Spike length 0.2860 0.4293 Bulbs yield per clump  0.2978 -0.2965
Rachis length 0.2651 0.4005 pH of oil 0.3054 0.0259
Spike weight 0.2912 -0.1892 Acid value 0.2845 -0.3603
Number of florets per spike  0.2981 -0.0789 Ester value 0.2878 -0.0027
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Fig. 2: Biplot clustering of traits (2019)
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Fig. 3: Biplot graphical analysis of treatments and
traits (2020)
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Fig. 4: Biplot clustering of traits (2020)

Table 4: Loading of traits for genotypes x date of sowing combinations in 2020

Trait Principal Principal Trait Principal Principal
Component-1 Component -2 Component-1 Component-2
Plant height 0.2664 0.5538 Number of bulbs 0.3055 -0.1403
Number of leaves 0.2578 -0.3159 Weight of bulb 0.2935 -0.2375
Spike length 0.2917 0.4275 Bulbs yield per clump  0.3065 -0.2483
Rachis length 0.2556 0.3105 pH of oil 0.3057 0.2043
Spike weight 0.2836 -0.2514 Acid value 0.2922 -0.2559
Number of florets per spike  0.3082 -0.0505 Ester value 0.2907 0.0609

in first quadrant consisted of weight of bulb, Acid value,
bulbs yield per clump and spike weight, number of bulbs,
number of florets per spike (Fig. 2). Remaining two
clusters in second quadrant comprised of Ester value,
pH of oil, number of leaves, and plant height , spike
length, rachis length.

Second year of study

Nearly 89.1 % of the total variation among traits was
accounted by the first two principal components
(Table 4). The first principal component (PC) accounted
for 82.1% on the support of the variations in number of
florets per spike, bulbs yield per clump, pH of oil,
number of bulbs, Acid value, Ester value. 6.9% share
of second principal component was augmented by the
variation traits plant height, spike length, number of
leaves, Acid value, spike weight. These 7 important traits
were considered most discriminate to summarize
variations among the treatments. Strong association of
spike length was observed with plant height and rachis
length. pH of oil maintained positive correlation with
Ester values. Direct association of Number of florets
per spike was observed with number of bulbs (Fig. 3).
Spike weight was tightly associated bulbs yield per
clump, acid values and weight of bulb. No association
of spike length and plant height was assessed with
number of florets per spike , acid values , weight of bulb
traits in this second year of study. Treatments D3Gl,
DI1G3, D2G2, D2G6, D3G6, D3G4 have extreme values

J. Crop and Weed, 18(2)

for one or more traits as expressed by long length of the
vector. Four clusters of traits were evident in Biplot
graphical representation as two clusters in first quadrant
consisted of number of leaves, weight of bulb, Acid
value, bulbs yield per clump and number of bulbs,
number of florets per spike (Fig. 4). Remaining two
clusters in second quadrant were comprised of Ester
value, pH of oil and plant height, spike length, rachis
length.

Hierarchical Multivariate analysis
First year of study

Hierarchical multivariate clustering methods are
appropriate to group the genotypes as per their
similarities based on recorded traits (Ali et al., 2021).
Ward’s method was used for multivariate clustering of
treatments based on studied traits. Only two clusters had
been observed as marked by different colors in clustering
pattern as well as by clustering handle (Fig. 5).
Treatments (D1G1, D2G1, D3G1 & D1G2, D2G2,
D3G2) were clustered in first and separated by cluster
of remaining treatments. Two dimensional clustering had
also been carried out to group the traits as per variations
observed in studied treatments combinations during field
evaluation (Fig. 6). Traits plant height ,spike length,
rachis length were grouped and maintained distance from
group consisted of Ester value, pH of oil, number of
leaves .
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Fig. 5: Hierarchical Multivariate analysis of
treatments by Ward’s method in 2019
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Fig. 7: Hierarchical Multivariate analysis of
treatments by Ward’s method in 2020
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Fig. 6: Multivariate two clustering of treatments vis-
a-vis traits in 2019

Fig. 8: Multivariate two clustering of treatments vis-
a-vis traits in 2020



Second year of study

Two clusters of treatments had been observed as
marked by clustering handle (Fig. 7). Treatments (D1G1,
D2G1, D3GI1 & D1GS5, D2G6, D1G6, D2G2, D3G2)
were clustered in first and separated by cluster of
remaining treatments. Two dimensional clustering had
also been carried out to group the traits as per variations
observed in studied treatment combinations during field
evaluation (Fig. 8). Traits plant height, spike length,
rachis length were grouped and maintained distance from
group consisted of Ester value, pH of oil, number of
florets per spike.

Correlation analysis
First year of study

Highly significant direct correlation had been
maintained by physical and chemical traits for considered
treatment combinations as chemical traits would be
enhanced with additional positive augmentation of
physical traits (Table 5). High values of bulbs yield per
clump with number of bulbs, weight of bulbs, spike
weight, Acid value, number of florets per spike need to
be mentioned (Madhumathi et al., 2018). pH of oil had
expressed highly significant values for number of bulbs,
Number of florets per spike, spike length whereas Acid
value exhibited for bulbs yield per clump, weight of bulb,
number of florets per spike etc.

Second year of study

Significant positive values of correlation coefficients
had been showed by physical and chemical traits for
considered treatment combinations implied chemical
traits would be enhanced with corresponding positive
augmentation of physical traits (Table 6). High values
of Bulbs yield per clump with spike weight, number of
florets per spike, number of bulbs, weight of bulb
number of bulbs, weight ob bulbs, spike weight, Acid
value, number of florets per spike needs to be mentioned.
pH of oil had expressed highly significant values for
number of bulbs, number of florets per spike, spike length
whereas Acid value exhibited for bulbs yield per clump
weight of bulb, number of florets per spike etc.
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