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Short Note

MORPHOLOGICAL CHARACTERIZATION OF
CAULIFLOWER VARIETIES/CULTIVARS USING DUS
CHARACTERS

B. Singh™, T. Chaubey, Aastik Jha, D.K. Upadhyay and S.D. Pandey
Indian Institute of Vegetable Research, Varanasi-221305 (Uttar Pradesh), India

Cauliflower is a cool season crop; it is more exacting in its climatic
reguirements than most other crops in this family. The plant is extremely sensitive to
unfavourable conditions, such as unusually hot weather, drought or too low
temperature, which often result in the formation of premature curds. It is
monogenomic species whose genomic constitution is C and chromosome number is
n=9 belongs to Cruciferae family (Thamburaj and Singh, 2001). The variety attains
acceptance when the farmers get genetically pure seed of high standard. For the
purpose, each cultivar should be properly defined with suitable descriptors, so as to
maintain its identity during seed production through field inspection and certification.
In India, Protection of Plant Varieties and Farmer’'s Right Act, 2001 (PPVandFRA,
2001) envisages the registration and protection of new and notified/extant plant
varieties based on the criteria of Distinctness, Uniformity and Stability (DUS) of
morphological characteristics and increasing attention is being paid towards
comprehensive plant genetic recourses.

The characterizations of 15 varieties were done to use as reference material for
protection of other varieties under PPVand FR Rules, 2003. Therefore, the database
of cauliflower varieties generated may be useful for the selection of suitable varieties
to be compared against the candidate varieties developed in India as and when
required. This investigation may also be helpful to the researchers with respect to
breeding of cauliflower varieties for particular traits. Moreover, farmers can also get
benefit with regards to selection of suitable varieties of their interest.

The present investigation was carried out for successive three years during
Rabi season of 2010 to 2012 to carry out characterization of aready released
cauliflower varieties at Research Farm, Indian Ingtitute of Vegetable Research,
Varanasi, India. The seed materials for the present investigation comprised of 15
varieties i.e Pusa Paushja, Pusa Sharad, Pusa Himjyoti, Pusa Shukti, Pusa Meghna,
Pusa Deepali, Kashi Kunwari, Kashi Agahani, CCS-80, Pant Gobhi-3, Pusa Subhra,
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Pusa Snow Ball-1 PSBK-1, PSB-16 and PSBK-25. The field experiment was laid out
in a randomized block design with three replications. Each plot consisted of four
rows of 5m length with spacing of 50 cm between rows and 50 cm between plants
and all the recommended agronomic practices were followed to raise the good crop.
The observations were recorded on 10 plants in each replication at specific stages of
crop growth period when the characters under study had full expression. Varieties
were evaluated for 28 DUS qualitative and quantitative characters listed in National
DUS test guidelines descriptors for cauliflower viz; seedling: anthocyanin colouration
of hypocotyl, outer stem (stalk): length (up to insertion of first leaf) , leaf attributes
viz; leaf: attitude, length, width, shape, lobe, colour, waxiness, torsion of tip profile
of upper side of blade, puckering , crimping near main vein and degree of undulation
of margin, curd characteristics viz; curd: initiation (days to 50% of the plants with
curd initiation from sowing of seed), covering by inner leaves, polar diameter,
equatorial diameter, shape in longitudinal section, doming, colour, knobbing, texture,
compactness, anthocyanin colouration at maturity, maturity group, flower: colour,
and stalk length (Anonymous, 2009).

The characterization of cauliflower varieties is presented in table-l and
frequency distribution of each descriptor of released varieties along with example
varietiesis depicted in table-2.

The varieties were classified on the basis of seedling anthocynin pgiment of
hypocotyls into two groups i.e. absent and present. Most of the varieties exhibited
absent while, snowball group (Pusa Snowball-1, PSBK-1, PSB-16) expressed
seedling anthocyanin colouration. Based on outer stem (stalk) length, cauliflower
varieties were grouped as short, medium and long. Two varieties namely Pusa Sharad
and Pusa Snow Ball-1 expressed medium and 13 varieties showed long stalk length
while, none of the varieties depicted short outer stem (stalk) length. As per leaf
attitude, three varietiesi.e. Pusa Himjyoti, Pusa Snow Ball-1 and PSBK-25 expressed
erect while, Pusa Meghna and Kashi Aghrahani showed horizontal and rest 10
varieties showed semi erect type. Leaf length of cauliflower varieties classified into
three categories viz; short, medium and long. However, in the present study, only
four varieties i.e. Pusa Meghna, Pusa Shukti, PSB-16 and Pusa Sharad had short |eaf
length, ten varieties showed medium leaf length and other varieties showed long |eaf
length. Considerable variation was aso observed for leaf shape, variety like Pusa
Meghna was of narrow élliptic leaf shape while, Pusa Paushja, Pusa Sharad, PSB-1,
Pusa Himjyoti, Pant Gobhi-3, PSBK-25, Pusa Deepali and Kashi Agahani were of
elliptic type and rest varieties i.e. Pusa Snow Ball K-1, Pusa Shukti, CCH-80, Pusa
Subhra, PSB-16 and Kashi Kunwari had broad dlliptic type leaf shape. On the basis
of leaf lobe, the varieties were classified in two group viz; absent and present. Most
of the varieties expressed leaf lobe except Pusa Paushja, Pusa Sharad, Pusa
Himjyoti, Pusa Snow Ball-1and Pusa Shukti.
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The varieties were also classified on the basis of leaf colour in three groups
i.e. light green, dark green and bluish. Most of the varieties were found to have light
and dark green leaves except Pusa Paushja which showed as bluish leaf colour. Leaf
waxiness was another trait with good variability. On the basis of this character, the
varieties were categorized into four groups i.e. absent, light, medium and strong.
Waxiness was absent in Pusa Meghna while, Pusa Paushja, CCS-80, Pant Gobhi-3,
Pusa Subhra and PSB-16 exhibited medium waxiness. Varieties like Pusa Himjyaoti,
Pusa Snow Ball-1, Pusa Shukti, PSBK-1 and Pusa Meghna expressed light whereas;
Pusa Paushja and PSBK-25 showed strong leaf waxiness. The trait leaf torsion of tip
was categorized into four categories namely, absent, weak, medium and strong. Five
varieties i.e. Pusa Snow Ball-1, Pusa Shukti, Pusa Meghna, Pusa Deepali and Kashi
Kunwari depicted absent, while, 5 varieties expressed weak and rest varieties showed
medium torsion of leaf tip. None of the varieties showed strong torsion of leaf tip.
On the basis of leaf profile of upper side of blade character, the varieties were
classified into three groups i.e. concave, flat and convex. Varieties like, Pusa Snow
Ball-1, Pusa Shukti, Pusa Deepali, Kashi Kunwari and Kashi Agahani were of flat
type leaf while, Pusa Paushja, Pusa Sharad, Pusa Himjyoti, CCS-80, Pant Gobhi-3
and PSBK-1 showed convex and rest varieties showed concave type leaf. Among the
varieties, weak leaf puckering was absent in Pusa Himjyoti, Pusa Snow Ball-1, Pusa
Meghna and Kashi Kunwari whereas, Pusa Paushja, Pusa Sharad, CCS-80, Pant
Gaobhi-3, Pusa Subhra, PSBK-1 and Kashi Agahani expressed medium and Pusa
Shukti, PSBK-25 and Pusa Deepali showed strong leaf puckering characters. In the
favour of leaf crimping near main vine, the varieties have been grouped into four
categories, viz; seven varieties as weak, five as medium and 3 as strong whereas,
none of the varieties had no leaf crimping near main vine. On the basis of curd
initiation, cauliflower varieties can be classified into three categories viz; early (<75
days), medium (75-100 days), late (>100 days). There are three varieties with early
curd initiation e.g. Pusa Meghna, Pusa Deepali and Kashi Kunwari while, 9 varieties
i.e. Pusa Himjyoti, Kashi Agahani, Pusa Paushja, Pusa Sharad, Pusa Shukti, CCS-80,
Pant Gobhi-3 and Pusa Subhra were in medium group and Pusa Snowball -1, PSBK-
1, PSB-16 and PSBK-25 exhibited late curd initiations. Curd covering by inner
leaves was another trait with good variability. On the basis of this character, the
varieties were grouped into three types viz; not covered, partly covered, and covered.
Four varieties (Kashi Kunwari, Pusa Himjyoti, Pusa Deepali and Pusa Meghna) were
not covered, whereas, Kashi Agahani Pusa Paushja, Pusa Sharad, Pusa Shukti, CCS-
80, Pant Gobhi-3 and Pusa Subhra exhibited partly covered and four (PSBK-1,
PSB-16, PSBK-25 and Pusa Snow Ball-1) varieties covered by inner leaves. Based
on polar diameter of curd, varieties were classified into 3 groups viz; small (<15 cm),
medium (15-20cm) and large (>20cm). Proportionate distributions of varieties in
small and medium group were observed. Only two varieties Pusa Shukti and PSBK-1
were in large group. Equatorial diameter of curd cauliflower varieties were grouped
as small, medium and large, accordingly, 4 varieties as small, 9 as medium and 2
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were observed as large egquatorial diameter during experimentation. Dubey et al.,
(2003) reported high variability in curd size of cauliflower. Shape in longitudinal
section of curd is another character with sufficient variability in cauliflower varieties.
Circular shape was observed in Pusa Himjyoti, broad elliptic was observed in 11
varieties viz; Kashi Kunwari, Kashi Agahani, Pusa Paushja, Pusa Sharad, Pusa
Shukti, CCS-80, Pant Gobhi-3, Pusa Subhra, PSBK-1, PSB-16 and PSBK-25, while,
Pusa Snow Ball-1, Pusa Megna and Pusa Deepali were depicted as narrow elliptic.
The character of curd doming was categorized as weak, medium and strong. In this
respect variety Pusa Meghna showed weak and variety Pusa Paushja expressed have
strong curd doming whereas, rest of other varieties were depicted as medium curd
doming. Curd colour varied from white to creamy white in the varieties studied. Pusa
Paushja, Pusa Sharad, PSBK-1 and PSBK-25 exhibited white colour whereas, rest of
the varieties showed creamy white colour. Curd knobbing is important character
categorized into three categories i.e. fine, medium and course. Most of the varieties
showed medium knobbing except PSBK-1 which expressed fine curd knobbing.
Among the 15 cauliflower varieties studied considerable variation was observed for
all the characters except curd texture (Table-1) where al the varieties exhibited fine
curd texture. On the basis of curd compactness, the varieties were classified into three
groups viz; loose, medium and compact, seven varieties were found as medium type
and 8 varieties of compact type. Similar findings were reported by Singh et a.,
(2005). Kumar et a. (2010) found significant differences among the genotypes in
Indian cauliflower suggesting sufficient variability for yield and quality characters.

The trait anthocyanin colouration of curd at maturity was categorized into two
categories namely, absent and present. Two varieties depicted as present and rest of
13 varieties showed absent in anthocyanin curd colouration. Curd maturity group is
most important character which classified as early, mid early, mid late and late. Only
one variety Pusa Deepali was found early, whereas, Kashi Kunwari, Pusa Meghna
was expressed as mid early group, Pusa Paushja, Pusa Sharad, Pusa Himjyoti, Pusa
Shukti, CCS-80, Pant Gobhi-3 and Pusa Subhra were exhibited as mid late group and
all the snow ball group varieties were depicted as late group for maturity. Late group
varieties viz; Pusa Snow Ball-1, PSB-16, PSBK-1, PSB-16 and PSBK-25 could not
flower due to lack of chilling requirement in northern plane in India. Flower colour
grouped as white, creamy white and yellow. Among the 11 flowered varieties, three
varieties namely Pusa Himjyoti, Pusa Deepali and Pusa Meghna expressed creamy
white, and rest of the other varieties showed yellow flower colour while, none of the
variety was depicted as white colour. Similar grouping trends were reported by Singh
et a., (2012) in cabbage. The trait flower stalk length was categorized into three
categories namely short, medium and long. Out of these, two varieties was depicted
as short stalk length and 9 varieties showed medium stalk length.

It is concluded that the DUS descriptors can be effectively used for
identification and grouping of varieties and satisfying the DUS criteria for these
morphological descriptors could be registered under PPV and FR Act. Pre-breeding
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or genetic enhancement needs emphasis for transfer or introgression of genes and
gene combinations from unadapted source into more usable breeding material. There
are indications that novel and useful traits can be successfully combined from related
varieties. Further, these varieties can be used in varietal improvement programme
depending upon the desired characteristics. However, registration of candidate
varieties only considered under DUS testing as per the legal frame work and till now,
morphological characterizations are being considered as per PPV and FR Act for
notified vegetable crops.
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Table 1: Description of morphological DUS descriptors for fifteen cauliflower varieties/ cultivars.

Varieties/Cultivars

S. No. Descriptor Remarks
1]2[3]4a]5]6|7]8]9o]10|1n]12]13]14]15
1  Seedling: anthocyanin 111 9 1 1 1 1 9 1 9 1 1 1 1 1l:absent, 9:present
colouration of hypocotyl
2 Outer stem (stalk): length 7 5 7 5 7 7 7 7 7 7 7 7 7 7 7 3:short, 5: medium,7: long
(up to insertion of first leaf)
3 Lesf : attitude 3 3113 3 3 3 3 3 1 5 3 3 5 lLerect, 3: semi erect,5: horizontal
4  Leaf: length 5 3 5 3 5 5 5 5 7 3 5 3 5 5 5 3:short, 5: medium,7: long
5 Leaf: width 5 5 3 3 7 5 5 5 5 3 5 5 5 3 5 3:narrow, 5:medium, 7:broad
6 Leaf: shape 5 5 5 5 7 75 77 7 5 3 5 7 5 3:narrow dliptic, 5:eliptic,7:broad
eliptic
7 Ledf: lobe 9 99 9 9 9 1 1 1 1 1 1 1 1 1 1l:absent, 9:present
8 Leaf: colour 2 21 1 2 2 2 1 2 2 2 1 1 1 2 Llight green, 2:dark green,3: bluish
9  Leaf: waxiness 7 3 2 3 3 3 2 3 3 3 lL:absent, 2:light,3:medium.7:strong
10 Lesf: torsion of tip 3 5 1 5 3 3 5 5 1 3 1l:absent, 3:weak,5:medium,7:strong
11 Ledf: profileof upperside 3 3 2 3 3 1 3 1 2 2 1:concave, 2:flat, 3:convex
of blade
12 Lesf: puckering 5 5 3 5 5 5 5 3 3 5 1:absent, 3:weak,5:medium,7:strong
13 Leaf: crimpingnear main 5 5 3 5 5 3 7 3 3 3 labsent, 3:weak,5:medium,7:strong
vein
14 Leaf: degreeof undulation 3 5 3 1 7 5 5 5 5 3 7 5 3 3 3 labsent, 3:weak,5:medium,7:strong
of margin
15 Curdinitiation (daysto 5 5 5 7 5 5 5 5 7 7 7 3 3 3 5 3ealy 5medium, 7:lae
50% of the plants with curd

initiation from sowing of

seed)




Varieties/Cultivars

S. No. Descriptor Remarks
1]2[3]4a]5]6|7]8]9o]10|1n]12]13]14]15
16  Curd: covering by inner 5 5 3 7 5 5 5 5 7 7 7 3 3 3 5 3:not covered, 5: partly
leaves covered,7:covered
17 Curd: polar diameter 5 5 3 3 5 5 5 7 5 5 3 3 5 5 3smdl 5medium,7;large
18 Curd: equatorial diameter 5 5 3 3 7 5 5 7 5 5 3 3 5 5 3:smal, 5:medium,7;large
19 Curd: shapeinlongitudina 3 3 1 5 3 3 3 3 5 5 3 3 l:circular,3: broad elliptic,5: narrow
section elliptic
20 Curd: doming 7 5 5 5 5 5 5 5 5 5 5 3 5 5 5 3:weak,5:medium,7:strong
21 Curd: colour 11 2 2 2 2 2 2 1 2 1 2 2 2 2 1:white, 2:creamy white, 3:0orange
22 Curd: knobbing 5 5 5 5 5 5 5 5 3 5 5 5 5 5 5 3fine5medium,7:coarse
23 Curd: texture 3 3.3 3 3 3 3 3 3 3 3 3 3 3 3 3:fine7:coarse
24 Curd: compactness 7 7 5 7 5 5 5 7 7 5 7 5 5 7 7 3:loose,5:medium,7:compact
25 Curd: anthocyanin 111 9 1 1 1 1 9 1 1 1 1 1 1 1:absent, 9:present
colouration at maturity
26  Curd: maturity group T 7T 7 9 7 7 7 7 9 7 9 5 3 5 7 3early,5:mid early,7:mid late,
9:late
27 Flower: colour 3 3 2 - 3 3 3 3 - - - 2 2 3 3 1l:white,2:creamy white,3:yellow
28 Flower: stalk length 5 3 5 - 5 55 5 - - - 5 3 5 5 3:short, 5: medium,7: long

Varieties/cultivars: 1: Pusa Paushja, 2: Pusa Sharad, 3: Pusa Himjyoti,4: Pusa Snow Ball-1, 5: Pusa Shukti,6: CCS-80, 7: Pant Gobhi-3, 8: Pusa
Subhra,9: PSBK-1,10: PSB-16, 11:PSBK-25,12: Pusa Meghna,13: Pusa Deepadli, 14: Kashi Kunwari, 15: Kashi Agahani

Note: (-) is Pusa Snow Ball-1, PSBK-1, PSB-16 and PSBK-25 are snowball group. Temperate region is suitable for this group flowering.
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Table 2: Frequency distribution and example varieties of some important
attributes of 15 varieties/ cultivars of cauliflower

Plant descriptors esspegsiilgn vaNr(;éfi{es Example varieties
Seedling: anthocyanin ~ absent 12 Pusa Deepali, Kashi Agahani
colouration of hypocotyl - ecen 3 PSBK-1, PSBK-25, Pusa Snowball-1
Leaf : attitude erect 3 PSBK-25, Pusa Snowball-1
semi-erect 10 Pusa Paushja, Pusa Sharad, Pusa
Himjyoti
horizontal 2 Pusa Meghna
Leaf: length short (<35 cm) 4 Pusa Meghna, Pusa Shukti, PSB-16
medium (35-50 cm) 10 Pusa Sharad, Kashi Agahani, CCS-80
large (>50 cm) 1 PSBK-1
Leaf: width narrow ( <15 cm) 4 Pusa Himjyoti, Kashi Kunwari
medium ( 15-25 cm) 10 Kashi Agahani, Pusa Deepali, , PSBK-25
broad ( >25 cm) 1 Pusa Shukti
Leaf: shape narrow elliptic 1 Pusa Meghna
elliptic 8 Pusa Paushja, Pusa Sharad, PSB-1, Pusa
Himjyoti
broad elliptic 6 Pusa Snow Ball-1, Pusa Shukti
Leaf: profile of upper concave 4 Pusa Meghna, PSB-16
side of blade flat 5  PusaShukti, Kashi Kunwari, Pusa Deepdli
convex 6 Pusa Paushja, Pusa Sharad, Pusa Himjyoti
Leaf: puckering absent 1 PSB-16
weak 4 Kashi Kunwari, Pusa Meghna, Pusa
Himjyoti
medium 7 Kashi Agahani Pusa Paushja, Pusa Sharad,
strong 3 Pusa Deepali, Pusa Shukti
Leaf: crimping near absent 0 Nil
main vein weak 7 Kashi Kunwari, Pusa Meghna
medium 5 Pusa Paushja, Pusa Sharad, Pusa Deepali
strong 3 Pusa Shukti, PSBK-25, PSBK-1
Curd initiation (daysto  early (<75 days) 2 Pusa Meghna, Pusa Deepali
50% of the plantswith ey 1 (75.100) 9 Kashi Kunwari, , Pusa Himjyoti, Kashi
curo! initiation from Agahani Pusa Paushja, Pusa Sharad, Pusa
sowing of seed) Shukti
late (>100) 4 Pusa Snowball -1, PSBK-1, PSB-186,
PSBK-25
Curd: covering by inner  not covered 4 Kashi Kunwari, PusaHimjyoti, Pusa
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Plant descriptors Range In NQ' O.f Example varieties
expression varieties
leaves Deepali, Pusa Meghna
partly covered 7 Kashi Agahani Pusa Paushja, Pusa Sharad,
Pusa Shukti
covered 4 PSBK-1, PSB-16, PSBK-25, Pusa Snow
Ball-1
Curd: polar diameter small (<15 cm) 4 Pusa Himjyoti, Pusa Deepali, Pusa
Meghna
medium (15-20 cm) 9 Kashi Agahani Pusa Paushja, Pusa Sharad
large (>20cm) 2 Pusa Shukti, PSBK-1
Curd: equatorial small (<15 cm) Pusa Himjyoti, Pusa Deepali, Pusa
diameter Meghna
medium (15-20 cm) Kashi Agahani Pusa Paushja, Pusa Sharad
large (>20cm) Pusa Shukti, PSBK-1
Curd: shapein circular Pusa Himjyoti
longitudinal section broad elliptic 11 Kashi Kunwari, Kashi Agahani Pusa
Paushja, Pusa Sharad, PSBK-25
narrow elliptic 3 Pusa Deepali, Pusa Meghna PSB-1
Curd: doming weak 1 Pusa Meghna
medium 13 Kashi Kunwari, Kashi Agahani, PSBK-25,
Pusa Sharad, Pusa Himjyoti
strong 1 Pusa Paushja
Curd: compactness loose 0 Nil
medium 7 Pusa Himjyoti, Pusa Deepali, Pusa
Meghna,
compact 8 PSBK-25, Pusa Sharad, Pusa Paushja,
Pusa Shukti
Curd: maturity group early 1 Pusa Deepali
mid-early 2 Kashi Kunwari, Pusa Meghna
mid-late Pusa Paushja, Pusa Shukti ,Pusa Sharad,
Kashi Agahani
late 3 PSBK-25, PSB-1, Pusa Snowbal| -1
Flower: colour white 0 Nil
creamy white 3 Pusa Himjyoti, Pusa Deepali, Pusa
Meghna
yellow 8 Pusa Sharad, Kashi Agahani, Pusa

Himjyoti, Kashi Kunwari






