
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: srishtichauhan141@gmail.com; 
 
Cite as: Prashar, Arshia, DK Mehta, Ramesh Kumar, RK Dogra, and Srishti. 2024. “Morphological Characterization of 
Cytoplasmic Male Sterile Lines With Their Respective Maintainers in Cauliflower (Brassica Oleracea Var. Botrytis L.)”. Journal 
of Experimental Agriculture International 46 (11):471-82. https://doi.org/10.9734/jeai/2024/v46i113069. 
 

 
 

Journal of Experimental Agriculture International 
 
Volume 46, Issue 11, Page 471-482, 2024; Article no.JEAI.126279 
ISSN: 2457-0591 
(Past name: American Journal of Experimental Agriculture, Past ISSN: 2231-0606) 

 
 

 

Morphological Characterization of 
Cytoplasmic Male Sterile Lines with 

their Respective Maintainers in 
Cauliflower (Brassica oleracea var. 

botrytis L.)  
 

Arshia Prashar a, DK Mehta a, Ramesh Kumar a,  
RK Dogra a and Srishti b* 

 
a Department of Vegetable Science, College of Horticulture, Dr. Yashwant Singh Parmar University of 

Horticulture and Forestry, Nauni, Solan-173230, India. 
b Department of Vegetable Science and Floriculture, College of Agriculture, Choudhary Sarwan 

Kumar Himachal Pradesh Krishi Vishvavidyalaya, Palampur-176062, India. 
 

Authors’ contributions  
 

This work was carried out in collaboration among all authors. All authors read and approved the final 
manuscript. 

 
Article Information 

 
DOI: https://doi.org/10.9734/jeai/2024/v46i113069 

 
Open Peer Review History: 

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  
peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 

https://www.sdiarticle5.com/review-history/126279 

 
 

Received: 09/09/2024 
Accepted: 12/11/2024 
Published: 20/11/2024 

 
 

ABSTRACT 
 

Forty lines of cauliflower (Twenty CMS and their respective maintainers) were evaluated and 
analyzed for twenty-two morphological traits. The experimental results showed that maximum stalk 
length was observed in CMS line UHF-CAU-16A (15.86cm) and minimum stalk length was 
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observed in line UHF-CAU-4A (4.22cm). While among the maintainer lines maximum stalk length 
was observed in UHF-CAU-16B (17.46cm) and minimum stalk length was observed in lines UHF-
CAU-5B and UHF-CAU-10B (10.00cm). Days to curd initiation was found to be maximum (130 
days) in CMS lines (UHF-CAU-9A, UHF-CAU-10A, UHF- CAU-17A and UHF-CAU-20A) and 
minimum in lines UHF-CAU-1A, UHF-CAU-2A, UHF-CAU-4A, UHF-CAU-7A, UHF-CAU-12A, UHF-
CAU-15A and UHF-CAU-18A (100 days). Whereas in the maintainer line the days to curd initiation 
was significantly higher (131.04 days) in line UHF-CAU-20B and minimum (99.80 days) in line 
UHF-CAU- 4B. CMS line UHF-CAU-13A (13.50 cm) recorded maximum curd polar diameter and 
maintainer line, UHF-CAU-13B (14.86 cm) recorded significantly higher curd polar diameter. Curd 
equatorial diameter was found to be maximum (19.80 cm) in CMS line UHF-CAU-16A. Whereas, 
among the maintainer lines, the curd equatorial diameter was significantly higher (21.40cm) in line 
UHF-CAU-13B. Further analysis of the lines by paired t-test showed significant differences between 
the CMS lines and their respective maintainer pair in terms of different morphological traits, 
providing evidence to the negative effects caused by the male sterile cytoplasm in the cytoplasmic 
male sterile lines of cauliflower. 
 

 
Keywords: Cauliflower; cytoplasmic male sterility; morphological traits; Ogura. 
 

1. INTRODUCTION 
 
Brassica oleracea (CC, 2n = 18) constitutes a 
diverse group of commercially and nutritionally 
significant morphotypes known as cole 
vegetables (cabbage, cauliflower, broccoli, kale, 
kohlrabi, brussels sprout) (Maggioni et al., 2018). 
Cauliflower (B. oleracea var. botrytis L.), one of 
the morphotypes of B. oleracea, is an important 
vegetable crop that originated in the 
Mediterranean region. The Latin words caulis, 
which means stalk, and floris, which means 
flower, are the origins of the English word 
cauliflower (Sharma et al., 2005). The Brassica 
vegetables are referred to as "super-foods" due 
to their importance as a source of antioxidants, 
vitamins, minerals, and secondary metabolites. 
Among the many glucosinolates found in 
cauliflower, the most important ones are sinigrin 
(9.3 micromol g−1 dw), 4-hydroxy glucobrassicin 
(1.6 µmol g-1 dw) and glucobrassicin (1.3 
micromol g− 1 dw) (Khusad et al., 1999). The 100 
g fresh curd has 2.15 g of protein, 31.3 µg of 
lutein, 45.95 µg of folate, 47.14 µg of ascorbic 
acid, and key dietary minerals such as calcium 
(25.16 mg), potassium (329 mg), phosphorus 
(47.33 mg), iron (0.96 mg), and selenium (0.47 
mg) (Longvah et al., 2017). 
 
Because of their uniform maturity, high yield, 
superior curd quality in terms of colour and 
compactness, and resistance to diseases, insect 
pests, and unfavorable weather, the F1 hybrids 
have a lot of potential in cauliflower (Kucera et 
al., 2006; Dey et al., 2014). However, 
morphological characterization of these lines is 
urgently needed for evaluating the usefulness of 

these lines. CMS lines with good morphological 
traits in respective maturity groups would be 
instrumental in developing F1 hybrids in 
cauliflower which could also be useful for 
selecting particular floral traits. Breeders                
can reduce the duplication of accessions in 
germplasm collection by employing 
morphological variability characterization to find 
accessions with desirable traits like leaf length, 
anthocyanin colouration, maturity based on curd 
initiation, etc. Evaluation of cytoplasmic male 
sterile lines derived from 'Ogura' could serve as 
parental lines for the development of hybrid 
cauliflower seeds. Moreover, it is also necessary 
to select the diverse lines in breeding 
programme. The potential of discovering superior 
lines increases with the amount of variation in the 
available germplasm (Srishti and Yogita 2023). 
By using CMS lines with a high degree of 
resemblance, heterotic hybrids may be less likely 
to occur. The variation among lines which was 
observed is useful in identification of superior 
lines for inclusion in breeding programmes or 
direct use as a cultivar. Furthermore, association 
of any of these morphological characters with 
desirable traits or yield components can serve as 
a phenotypic marker in the selection process. 
Further, this will help in studying the combining 
ability in general and general combining ability 
(GCA) in particular will reveal the potential of the 
lines in hybrid breeding. Lines with high GCA for 
distinct characters are crucial for further 
developing hybrids with precise required traits. 
Hence, this investigation was carried out in order 
to identify promising CMS lines for immediate 
application in hybrid development by 
morphological characterization. 
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2. MATERIALS AND METHODS 
 
The present investigation was carried out in the 
experimental farm of the Department of 
Vegetable Science, Dr. Y.S. Parmar University of 
Horticulture and Forestry, Nauni, Solan, H.P. 
during Rabi 2021–22 and 2022–23. The 
experiment field is situated at 35.5 0 North of 
latitude and 77.8 0E East of longitude with an 
altitude of 1,250 m above mean sea level falling 
in the mid-hill zone of Himachal Pradesh. The 
climate of the Experimental Research Farm is 
classified as sub-humid, sub-temperate with cool 
winters. During the experimental trial, average 
values of maximum and minimum temperature 
were recorded to be 16.1 to 33.2˚C and 2.3 to 
18.9˚C. While the relative humidity ranged from 
37 to 79 per cent. The total rainfall which 
occurred during the experimental trial varied from 
1mm to 218.3 mm respectively. The soil texture 
of the Research Farm is sandy loam to clay loam 
comprising of sand (46.09 %), silt (32.12 %) and 
clay (25.01 %). The pH of the soil ranged from 
6.85-7.05. 

 
Twenty CMS lines and their respective twenty 
maintainers were sown in raised nursery beds 
under poly - tunnels and transplanted during the 
month of October, 2021 & 2022 in Randomized 
Complete Block Design (RCBD) with 3 
replications (Table 1). Plant spacing of 60 cm × 
45 cm was kept in a plot having size of 2.40 m × 
2.25 m accommodating 20 plants per plot. The 
twenty CMS lines were used as the female 
parent while their respective twenty maintainers 
were used as male parent and were allowed to 
cross under open conditions.  The CMS lines and 
their respective maintainers were evaluated and 
analysed for different morphological traits  viz., 
seedling anthocyanin colouration of hypocotyl, 
stalk length, leaf attitude, leaf length, leaf width, 
leaf shape, leaf lobe, leaf colour, leaf waxiness, 
leaf puckering, days to 50% curd initiation, curd 
covering by inner leaves, curd polar diameter, 
curd equatorial diameter, curd shape in 
longitudinal section, curd doming, curd colour, 
curd knobbing, curd texture, curd compactness, 
curd anthocyanin colouration at maturity and 
curd maturity on the basis of DUS guidelines. 
The mean values of data were subjected to 
analysis of variance and ANOVA was calculated 
as described by Gomez and Gomez 1984 for 
Randomization Complete Block Design and it 
was used to compare the mean performance of 
genotypes within themselves. Paired-t test was 
used to test the significance of difference 
between the mean values of each cytoplasmic 

male sterile line with its respective maintainer as 
well as in-between both the groups. Analysis of 
variance was carried out as per the method given 
by Panse and Sukhatme, 1985. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Morphological Characterization 
 
Morphological characterization of germplasm is 
the easiest and cheapest method of 
classification, estimating diversity and registering 
cultivar (Dossou-Aminon et al., 2015). In the 
present study forty cauliflower lines (twenty CMS 
and their twenty respective maintainers) were 
morphologically characterized for twenty-two 
traits based on DUS guidelines. DUS testing is 
one of the most essential criteria to test lines for 
distinctness, uniformity and stability; it is one of 
the important requirements for granting Plant 
Breeders Rights (PBR) and is conducted 
according to the national guidelines prepared on 
the basis of UPOV guidelines. Morphological 
characters are useful to establish distinctiveness, 
uniformity and stability of a variety, based on 
which the variety is given protection according to 
“Protection of Plant Variety and Farmers’ Right 
Act” 2001. The characterized varieties are further 
used in varietal improvement programmes 
depending upon their desired characteristics 
(Singh et al., 2013).  
 

3.2 Qualitative Leaf Traits in Cauliflower 
 
Seedling anthocyanin colouration was observed 
in most of the CMS lines while, UHF-CAU-11A 
and UHF-CAU-12A didn’t showed any 
anthocyanin colouration, along with maintainers 
UHF-CAU-11B and UHF-CAU-12B, same results 
were also reported by Singh et al., 2013. Semi-
erect leaf attitude was observed in twelve CMS 
lines, while UHF-CAU-8A, UHF-CAU-9A, UHF-
CAU-10A, UHF-CAU-12A, UHF-CAU-15A, UHF-
CAU-16A, UHF-CAU-17A and UHF-CAU-20A 
showed erect leaf attitude (Table 2). Among the 
twenty maintainers semi-erect leaf attitude was 
observed in eight genotypes while UHF-CAU-3B, 
UHF-CAU-5B, UHF-CAU-8B, UHF-CAU-9B, 
UHF-CAU-10B, UHF-CAU-12B, UHF-CAU-14B, 
UHF-CAU-15B, UHF-CAU-17B, UHF-CAU-18B 
and UHF-CAU-20B showed erect leaf attitude 
character. Horizontal leaf attitude was seen in a 
single line UHF-CAU-19B which belonged to the 
maintainers. For trait leaf attitude substantial 
difference was noticed among the CMS lines and 
their respective maintainer’s. Hence further 
backcrossing was required for the above-



 
 
 
 

Prashar et al.; J. Exp. Agric. Int., vol. 46, no. 11, pp. 471-482, 2024; Article no.JEAI.126279 
 
 

 
474 

 

mentioned CMS lines and their maintainers, 
while the remaining were found to be uniform 
and perfectly stable with each other. According to 
Table 2, ten CMS lines showed the presence of 
leaf lobe, while in maintainers it was found to be 
present in twelve genotypes. Majority of the CMS 
lines and their respective maintainers showed 
uniformity for the trait leaf lobe and were found to 
be perfectly stable except the genotypes UHF-
CAU-9A & UHF-CAU-9B and UHF-CAU-15A & 
UHF-CAU-15B which required more 
backcrossing before reaching stability. Leaf 
colour was observed visually, most CMS lines 
showed dark green colour while, the lines viz., 
UHF-CAU-6A, UHF-CAU-10A, UHF-CAU-11A, 
UHF-CAU-13A, UHF-CAU-19A and UHF-CAU-
20A exhibited light green leaf colour. Only three 
lines namely UHF-CAU-4A, UHF-CAU-5A and 
UHF-CAU-8A showed bluish green leaf colour. In 
maintainers light green leaf colour was observed 
in lines namely UHF-CAU-6B, UHF-CAU-10B, 
UHF-CAU-11B, UHF-CAU-13B, UHF-CAU-19B 
and UHF-CAU-20B. Only two lines UHF-CAU-5B 
and UHF-CAU-8B expressed bluish green leaves 
among the maintainers. Same results were 
noticed by Singh et al., 2013.  Medium leaf 
waxiness was observed in twelve CMS lines, 
whereas the lines namely UHF-CAU-4A, UHF-
CAU-7A, UHF-CAU-12A, UHF-CAU-14A and 
UHF-CAU-18A showed strong leaf waxiness, 
and only three genotypes exhibited light leaf 
waxiness. Majority of the lines under maintainers 
showed medium leaf waxiness. Strong leaf 
waxiness was spotted UHF-CAU-4B, UHF-CAU-
7B, UHF-CAU-12B, UHF-CAU-14B and UHF-
CAU-18B. Only three lines among the maintainer 
lines showed light leaf waxiness and all the 
twenty CMS lines showed complete uniformity 
with their respective maintainers. Eight CMS 
lines expressed medium leaf puckering while 
UHF-CAU-3A, UHF-CAU-9A, UHF-CAU-10A, 
UHF-CAU-13A, UHF-CAU-16A, UHF-CAU-18A 
and UHF-CAU-20A didn’t show any leaf 
puckering trait in them. While among the 
maintainer lines medium leaf puckering was 
observed in UHF-CAU-1B, UHF-CAU-2B, UHF-
CAU-4B, UHF-CAU-6B, UHF-CAU-7B, UHF-
CAU-12B and UHF-CAU-18B, but seven 
maintainer lines didn’t express the trait. 
 

3.3 Quantitative Leaf Traits in Cauliflower 
 
Outer stalk length ranged from 7.54 cm to 
15.86cm in CMS lines and 10.00cm to 17.46cm 
in the maintainer lines. Among the CMS lines 
maximum stalk length was observed in UHF-
CAU-16A and minimum stalk length was 

observed in line UHF-CAU-4A. While among the 
maintainer lines maximum stalk length was 
observed in UHF-CAU-16B and minimum stalk 
length was observed in lines UHF-CAU-5B and 
UHF-CAU-10B (10.00cm). A further comparison 
of every CMS line with its respective maintainer 
through Paired t-test revealed that among the 
twenty pair stalk length varied significantly in 
fifteen lines and was found statistically similar in 
five pair. The present results were in conformity 
to the findings of Singh and Dogra 2013; 
Santhosha et al., 2014 and Sharma et al., 2017. 
For character leaf length significant difference 
was observed which ranged from 28.40 cm to 
41.40 cm in CMS lines and 29.90 cm to 45.40 cm 
in the maintainer lines. Minimum leaf length was 
observed in UHF-CAU-7A and UHF-CAU-8A and 
maximum leaf length was recorded in UHF-CAU-
18A. While among the maintainer lines maximum 
leaf length was observed in UHF-CAU-19B and 
minimum leaf length was observed in UHF-CAU-
6B. A comparison of every CMS line with its 
respective maintainer through Paired t-test 
revealed that among the twenty pair leaf length 
varied significantly only in one pair viz., UHF-
CAU-17A & UHF-CAU-17B. Leaf length ranged 
from 14.40 cm (UHF-CAU-16A) to 26.20 cm 
(UHF-CAU-4A) in CMS lines and 17.06 cm 
(UHF-CAU-11B) to 27.56 cm (UHF-CAU-20B) in 
the maintainer lines. Further comparison  of 
every CMS line with its respective maintainer 
through Paired t-test revealed that among the 
twenty pair leaf width varied significantly in four 
pair viz., UHF-CAU-13A & UHF-CAU-13B, UHF-
CAU-17A & UHF-CAU-17B, UHF-CAU-19A & 
UHF-CAU-19B and UHF-CAU-20A & UHF-CAU-
20B. Same observations have also been 
reported by earlier workers Kalia et al., 2014 and 
Dey et al., 2017 (Table 2). 

 
3.4 Qualitative Curd Traits in Cauliflower 
 
Inner leaves covering the curd is found to be a 
desirable character as it protects the curds from 
direct sun exposure helping in retaining the 
perfect white colour of the curd. Among CMS 
lines maximum lines were found to be partly 
covered by inner leaves. Moreover lines viz., 
UHF-CAU-3A, UHF-CAU-5A, UHF-CAU-18A and 
UHF-CAU-20A were fully covered by inner 
leaves providing highest degree of protection 
from direct sunlight. Only the curds of two lines 
namely UHF-CAU-4A and UHF-CAU-19A were 
found to be not covered by inner leaves. While 
among the maintainer eleven lines showed 
curds, which were partly covered by inner leaves. 
Lines namely UHF-CAU-3B, UHF-CAU-10B, 
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UHF-CAU-15B, UHF-CAU-17B, UHF-CAU-18B, 
UHF-CAU-20B expressed curds which were fully 
covered by inner leaves and only lines viz., UHF-
CAU-4B, UHF-CAU-12B and UHF-CAU-19B 
were not covered by inner leaves. Singh et al 
(2013) reported the same findings. Majority of the 
CMS lines were found in uniformity with their 
respective maintainers except lines UHF-CAU-
5A & UHF-CAU-5B, UHF-CAU-10A & UHF-CAU-
10B, UHF-CAU-12A & UHF-CAU-12B and UHF-
CAU-17A & UHF-CAU-17B and therefore 
required more backcrossing for reaching the 
level of stability. Circular curd shape was 
expressed in majority of the CMS lines. Moreover 
lines viz., UHF-CAU-1A, UHF-CAU-2A, UHF-
CAU-3A, UHF-CAU-10A, UHF-CAU-11A and 
UHF-CAU-12A exhibited broad elliptic curd 
shape and only two genotypes expressed narrow 
elliptic curd shape which was UHF-CAU-9A and 
UHF-CAU-17A. While among the maintainers 
eleven lines showed circular curd shape and 
broad elliptic curd shape was observed in eleven 
lines. Only four lines expressed narrow elliptic 
curd shape (Table 3). The results were found to 
be in accordance with Singh et al., 2013 and 
Santhosha et al., 2014.  Strong curd doming was 
observed in eight CMS lines. Moreover, the lines 
namely UHF-CAU-1A, UHF-CAU-9A, UHF-CAU-
11A, UHF-CAU-12A, UHF-CAU-13A, UHF-CAU-
14A and UHF-CAU-18A showed medium curd 
doming in them and only five lines viz., UHF-
CAU-3A, UHF-CAU-5A, UHF-CAU-8A, UHF-
CAU-10A and UHF-CAU-15A expressed week 
curd doming character. While it was noticed that 
among the maintainer lines strong curd doming 
was observed in eight genotypes. Other lines 
namely UHF-CAU-1B, UHF-CAU-9B, UHF-CAU-
11B, UHF-CAU-12B, UHF-CAU-13B, UHF-CAU-
14B and UHF-CAU-18B expressed medium curd 
doming in them and the remaining five lines 
exhibited weak curd doming in them. Singh et al 
(2013) gave the same findings. Majority CMS 
lines expressed creamy white curd colour except 
four lines namely UHF-CAU-9A, UHF-CAU-10A, 
UHF-CAU-18A and UHF-CAU-20A which 
showed white colour curds in them. While among 
the maintainer lines white curd colour was 
exhibited by UHF-CAU-9B, UHF-CAU-10B, UHF-
CAU-18B and UHF-CAU-20B. All the remaining 
lines expressed cream white curd colour in them. 
The same results have also been reported by 
Chittora et al., 2016 and Chatterjee et al., 2018. 
All the twenty CMS lines showed complete 
uniformity with their respective twenty 
maintainers and were found to be perfectly stable 
for the character curd doming. Therefore, no 
further back-crossing was required for this trait. It 

was observed that for trait curd knobbing 
maximum CMS lines expressed coarse curd 
knobbing in them. Medium curd knobbing was 
expressed in only two lines i.e. UHF-CAU-12A 
and UHF-CAU-13A. Moreover, in the remaining 
lines fine curd knobbing was observed. While 
among the twenty maintainer lines twelve lines 
exhibited coarse curd knobbing character. Fine 
curd knobbing was disported by five lines. Only 
three lines namely UHF-CAU-11B, UHF-CAU-
12B and UHF-CAU-13B expressed fine curd 
knobbing in them (Table 3). Curd texture was 
observed visually at the time of curd harvesting 
and the lines were found to be of fine, medium 
and coarse texture. Among the CMS lines 
majority of lines expressed coarse curd texture in 
them. Seven lines showed fine curd texture. 
While among the twenty maintainer lines 
disported coarse curd texture and the remaining 
lines expressed fine curd texture in them. Upon 
further analysis it was found that most of the 
CMS lines along with their respective maintainers 
showed uniformity with each other except the 
lines UHF-CAU-2A & UHF-CAU-2B, UHF-CAU-
6A & UHF-CAU-6B, UHF-CAU-14A & UHF-CAU-
14B and UHF-CAU-18A & UHF-CAU-18B which 
require further backcrossing for reaching the 
stage of perfect uniformity. Compact curds were 
found in nine lines. While medium curd 
compactness was observed in lines namely 
UHF-CAU-3A, UHF-CAU-6A, UHF-CAU-7A, 
UHF-CAU-11A, UHF-CAU-12A, UHF-CAU-15A 
and UHF-CAU-16A. Only four lines exhibited 
loose curd in them. Among the maintainer lines 
compact curds were reported in nine lines. Lines 
namely UHF-CAU-3B, UHF-CAU-6B, UHF-CAU-
9B, UHF-CAU-11B, UHF-CAU-12B, UHF-CAU-
15B, UHF-CAU-16B and UHF-CAU-20B showed 
medium curd compactness and only three lines 
expressed loose curds in them. The results were 
found to be in accordance with Kumar et al 2011, 
and Sharma et al 2018. The character 
anthocyanin colouration of curd at maturity was 
categorized into two categories namely, absent 
and present. Among all the twenty CMS lines 
only two lines namely UHF-CAU-10A and UHF-
CAU-15A expressed anthocyanin colouration in 
them at maturity while the remaining lines 
showed absence of anthocyanin colouration in 
them. Moreover, among the maintainer lines 
UHF-CAU-10B and UHF-CAU-15B expressed 
anthocyanin colouration in them while it 
remained absent in the remaining lines. All the 
twenty CMS lines showed complete uniformity 
with their respective twenty maintainers and  
were found to be perfectly stable for this trait 
(Table 3). 
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Table 1. List of the cauliflower genotypes used in the present investigation 
 

S. No. CMS Lines Maintainers Source 

1 UHF-CAU-1A UHF-CAU-1B Dr YSP UHF Nauni, Solan (HP) 
2 UHF-CAU-2A UHF-CAU-2B Dr YSP UHF Nauni, Solan (HP) 
3 UHF-CAU-3A UHF-CAU-3B Dr YSP UHF Nauni, Solan (HP) 
4 UHF-CAU-4A UHF-CAU-4B Dr YSP UHF Nauni, Solan (HP) 
5 UHF-CAU-5A UHF-CAU-5B Dr YSP UHF Nauni, Solan (HP) 
6 UHF-CAU-6A UHF-CAU-6B Dr YSP UHF Nauni, Solan (HP) 
7 UHF-CAU-7A UHF-CAU-7B Dr YSP UHF Nauni, Solan (HP) 
8 UHF-CAU-8A UHF-CAU-8B Dr YSP UHF Nauni, Solan (HP) 
9 UHF-CAU-9A UHF-CAU-9B Dr YSP UHF Nauni, Solan (HP) 
10 UHF-CAU-10A UHF-CAU-10B Dr YSP UHF Nauni, Solan (HP) 
11 UHF-CAU-11A UHF-CAU-11B Dr YSP UHF Nauni, Solan (HP) 
12 UHF-CAU-12A UHF-CAU-12B Dr YSP UHF Nauni, Solan (HP) 
13 UHF-CAU-13A UHF-CAU-13B Dr YSP UHF Nauni, Solan (HP) 
14 UHF-CAU-14A UHF-CAU-14B Dr YSP UHF Nauni, Solan (HP) 
15 UHF-CAU-15A UHF-CAU-15B Dr YSP UHF Nauni, Solan (HP) 
16 UHF-CAU-16A UHF-CAU-16B Dr YSP UHF Nauni, Solan (HP) 
17 UHF-CAU-17A UHF-CAU-17B Dr YSP UHF Nauni, Solan (HP) 
18 UHF-CAU-18A UHF-CAU-18B Dr YSP UHF Nauni, Solan (HP) 
19 UHF-CAU-19A UHF-CAU-19B Dr YSP UHF Nauni, Solan (HP) 
20 UHF-CAU-20A UHF-CAU-20B Dr YSP UHF Nauni, Solan (HP) 

 
Table 2. Performance of CMS lines and their respective maintainers for different qualitative and quantitative leafy traits in cauliflower 

 
Traits/CMS lines & 
their maintainers 

Seedling 
anthocyanin 
colouration of 
hypocotyl 

Outer stem 
length 

Leaf attitude Leaf shape Leaf lobe Leaf colour Leaf 
waxiness 

Leaf puckering Stalk Length Leaf Length Leaf Width 

UHF-CAU-1A Present  Long  Semi-erect Elliptic  Present  Dark Green Medium  Medium  10.10* 35.60 17.90 
UHF-CAU-1B Present  Long  Semi-erect Elliptic Present Dark Green Medium Medium 15.68 34.60 21.20 
UHF-CAU-2A Present  Long  Semi-erect Elliptic Present Dark Green Medium Medium 14.16* 39.40 22.90 
UHF-CAU-2B Present  Long  Semi-erect Elliptic Present Dark Green Medium Medium 16.16 35.20 21.90 
UHF-CAU-3A Present  Long  Semi-erect Elliptic Absent  Dark Green Medium Absent  11.90* 36.40 20.56 
UHF-CAU-3B Present  Long  Erect  Elliptic Absent  Dark Green Medium Absent  14.10 41.60 20.40 

UHF-CAU-4A Present  Long  Semi-erect Broad - 
Elliptic 

Present Bluish 
Green 

Strong  Medium  7.54* 40.00 26.20 

UHF-CAU-4B Present  Long  Semi-erect Broad - 
Elliptic 

Present Dark Green Strong  Medium  12.00 42.80 21.60 

UHF-CAU-5A Present  Long  Semi-erect Elliptic Present Bluish 
Green 

Light  Weak  9.96 41.20 24.00 

UHF-CAU-5B Present  Long  Erect Elliptic Present Bluish 
Green 

Light  Weak  10.00 36.40 26.00 

UHF-CAU-6A Present  Long  Semi-erect Elliptic Present Light Green Medium  Medium 13.36* 30.40 20.70 

UHF-CAU-6B Present  Long  Semi-erect Elliptic Present Light Green Medium  Medium 16.10 29.90 22.60 

UHF-CAU-7A Present  Long  Semi-erect Narrow -
Elliptic 

Present Dark Green Strong  Weak  14.60 28.40 17.30 

UHF-CAU-7B Present  Long  Semi-erect Narrow -
Elliptic 

Present Dark Green Strong  Medium  15.14 33.40 19.30 

UHF-CAU-8A Present  Long  Erect  Broad-Elliptic Present Bluish 
Green 

Medium Medium 15.20* 28.40 20.00 

UHF-CAU-8B Present  Long  Erect  Elliptic Present Bluish 
Green 

Medium Medium 17.40 30.80 24.00 

UHF-CAU-9A Present  Long  Erect  Elliptic Absent  Dark Green Medium Absent  11.10 36.00 19.20 
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Traits/CMS lines & 
their maintainers 

Seedling 
anthocyanin 
colouration of 
hypocotyl 

Outer stem 
length 

Leaf attitude Leaf shape Leaf lobe Leaf colour Leaf 
waxiness 

Leaf puckering Stalk Length Leaf Length Leaf Width 

UHF-CAU-9B Present  Long  Erect  Elliptic Present  Dark Green Medium Weak  11.00 37.20 22.50 

UHF-CAU-10A Present  Long  Erect  Broad - 
Elliptic 

Absent  Light Green Medium Absent  8.80* 33.20 18.50 

UHF-CAU-10B Present  Long  Erect  Broad - 
Elliptic 

Absent  Light Green Medium Absent  10.00 33.60 21.50 

UHF-CAU-11A Absent  Long  Semi - erect Narrow -
Elliptic 

Absent  Light Green Medium Absent  8.76* 31.50 15.56 

UHF-CAU-11B Absent  Long  Semi - erect Narrow -
Elliptic 

Absent  Light Green Medium Absent  10. 46 33.80 17.06 

UHF-CAU-12A Absent  Long  Erect  Narrow -
Elliptic 

Present Dark Green Strong  Medium  13.06 36.00 18.80 

UHF-CAU-12B Absent  Long  Erect  Narrow -
Elliptic 

Present Dark Green Strong  Medium  13.36 37.60 21.00 

UHF-CAU-13A Present  Long  Semi - erect Narrow -
Elliptic 

Absent  Light Green Light  Absent  9.80* 30.10 14.60* 

UHF-CAU-13B Present  Long  Semi - erect Broad -Elliptic Absent  Light Green Light  Absent  12.00 39.50 22.20 

UHF-CAU-14A Present  Long  Semi-erect Narrow -
Elliptic 

Absent  Dark Green Strong  Weak  11.04* 36.80 15.06 

UHF-CAU-14B Present  Long  Erect  Narrow -
Elliptic 

Absent  Dark Green Strong  Weak  12.60 40.10 19.20 

UHF-CAU-15A Present  Long  Erect  Broad -Elliptic Absent  Dark Green Medium Medium  12.40* 39.20 23.30 

UHF-CAU-15B Present  Long  Erect  Broad -Elliptic Present  Dark Green Medium Weak  14.08 37.70 23.42 

UHF-CAU-16A Present  Long  Erect  Narrow -
Elliptic 

Absent  Dark Green Medium Absent  15.86* 35.00 14.40 

UHF-CAU-16B Present  Long  Semi - erect Narrow -
Elliptic 

Absent  Dark Green Medium Absent  17.46 37.80 19.16 

UHF-CAU-17A Present  Long  Erect  Elliptic Present Dark Green Medium Weak  15.04 31.20* 16.70* 
UHF-CASU-17B Present  Long  Erect  Elliptic Present Dark Green Medium Weak  15.10 43.00 21.80 
UHF-CAU-18A Present  Long  Semi-erect Elliptic Absent  Dark Green Strong  Absent  9.76* 41.40 21.26 
UHF-CAU-18B Present  Long  Erect  Elliptic Absent  Dark Green Strong  Absent  16.04 38.80 25.20 
UHF-CAU-19A Present  Long  Semi-erect Elliptic Absent  Light Green Medium Weak  15.20* 40.60 20.66* 
UHF-CAU-19B Present  Long  Horizontal  Elliptic Absent  Light Green Medium Weak  16.38 45.40 24.30 
UHF-CAU-20A Present  Long  Erect  Broad -Elliptic Present  Light Green Light  Absent  8.34* 41.00 23.70* 
UHF-CAU-20B Present  Long  Erect  Broad -Elliptic Present  Light Green Light  Absent  14.26 43.00 27.56 

*Significant difference at 5% level of significance between CMS line and its maintainer 
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Table 3. Performance of CMS lines and their respective maintainers for different qualitative and quantitative curd traits in cauliflower 
 

Traits/CMS lines & 
their maintainers 

Curd covered by 
inner leaves 

Curd shape in 
longitudinal 
section 

Curd doming Curd colour Curd 
knobbing 

Curd 
texture 

Curd 
compactness 

Curd anthocyanin 
colour at maturity 

Curd initiation (Days to 50% of the 
plants with curd initiation from 
sowing of seed) 

Curd 
polar 
diameter 

Curd 
equatorial 
diameter 

F-CAU-1A Partly covered Broad elliptic Medium Creamy 
white 

Coarse Coarse Compact Absent 100.00 10.80 16.26 

UHF-CAU-1B Partly covered Broad elliptic Medium Creamy 
white 

Coarse Coarse Compact Absent 100.00 11.06 17.20 

UHF-CAU-2A Partly covered Broad elliptic Strong Creamy 
white 

Coarse Fine Compact Absent 100.00 8.80* 14.86 

UHF-CAU-2B Partly covered Broad elliptic Strong Creamy 
white 

Coarse Coarse Compact Absent 100.00 9.96 16.00 

UHF-CAU-3A Covered Broad elliptic Weak Creamy 
white 

Coarse Coarse Medium Absent 129.00* 8.60 17.80* 

UHF-CAU-3B Covered Broad elliptic Weak Creamy 
white 

Coarse Coarse Medium Absent 126.04 9.40 18.80 

UHF-CAU-4A Not covered Circular Strong Creamy 
white 

Fine Fine Compact Absent 100.00 9.04 14.40* 

UHF-CAU-4B Not covered Circular Strong Creamy 
white 

Fine Fine Compact Absent 99.80 9.20 17.60 

UHF-CAU-5A Covered Circular Weak Creamy 
white 

Coarse Coarse Loose Absent 129.00 10.84* 16.60 

UHF-CAU-5B Partly covered Circular Weak Creamy 
white 

Coarse Coarse Loose Absent 129.00 12.80 17.60 

UHF-CAU-6A Partly covered Circular Strong Creamy 
white 

Coarse Coarse Medium Absent 124.00* 11.86* 19.40 

UHF-CAU-6B Partly covered Circular Strong Creamy 
white 

Fine Fine Medium Absent 126.04 12.68 20.00 

UHF-CAU-7A Partly covered Circular Strong Creamy 
white 

Fine Fine Medium Absent 100.00 10.16* 15.60* 

UHF-CAU-7B Partly covered Circular Strong Creamy 
white 

Fine Fine Compact Absent 100.00 10.60 16.60 

UHF-CAU-8A Partly covered Circular Weak Creamy 
white 

Coarse Fine Loose Absent 126.00* 11.40* 17.18 

UHF-CAU-8B Partly covered Circular Weak Creamy 
white 

Coarse Fine Loose Absent 129.96 12.80 17.80 

UHF-CAU-9A Partly covered Narrow elliptic Medium White Coarse Coarse Loose Absent 130.00 12.06* 14.90 

UHF-CAU-9B Partly covered Narrow elliptic Medium White Coarse Coarse Medium Absent 130.00 13.60 15.00 

UHF-CAU-10A Partly covered Broad elliptic Weak White Coarse Fine Compact Present 130.00 8.00* 14.00* 

UHF-CAU-10B Covered Broad elliptic Weak White Coarse Fine Compact Present 130.00 9.32 16.14 

UHF-CAU-11A Partly covered Broad elliptic Medium Creamy 
white 

Fine Fine Medium Absent 126.00* 12.72 17.60* 

UHF-CAU-11B Partly covered Broad elliptic Medium Creamy 
white 

Medium Fine Medium Absent 124.00 13.00 18.80 

UHF-CAU-12A Partly covered Broad elliptic Medium Creamy 
white 

Medium Coarse Medium Absent 100.00 13.20 18.80 

UHF-CAU-12B Not covered Narrow elliptic Medium Creamy 
white 

Medium Coarse Medium Absent 100.00 14.32 19.80 

UHF-CAU-13A Partly covered Circular Medium Creamy 
white 

Medium Fine Compact Absent 124.00 13.50* 19.80 

UHF-CAU-13B Partly covered Circular Medium Creamy 
white 

Medium Fine Compact Absent 126.00 14.86 21.40 

UHF-CAU-14A Partly covered Circular Medium Creamy 
white 

Coarse Coarse Compact Absent 126.00 8.56 15.20 

UHF-CAU-14B Partly covered Circular Medium Creamy Coarse Fine Compact Absent 124.00 9.30 15.60 
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Traits/CMS lines & 
their maintainers 

Curd covered by 
inner leaves 

Curd shape in 
longitudinal 
section 

Curd doming Curd colour Curd 
knobbing 

Curd 
texture 

Curd 
compactness 

Curd anthocyanin 
colour at maturity 

Curd initiation (Days to 50% of the 
plants with curd initiation from 
sowing of seed) 

Curd 
polar 
diameter 

Curd 
equatorial 
diameter 

white 

UHF-CAU-15A Partly covered Circular Weak Creamy 
white 

Fine Coarse Medium Present 100.00 9.98* 17.80* 

UHF-CAU-15B Partly covered Circular Weak Creamy 
white 

Coarse Coarse Medium Present 100.00 10.80 19.40 

UHF-CAU-16A Partly covered Circular Strong Creamy 
white 

Coarse Coarse Medium Absent 126.00* 9.60 13.40* 

UHF-CAU-16B Partly covered Circular Strong Creamy 
white 

Coarse Coarse Medium Absent 122.96 10.90 19.40 

UHF-CAU-17A Partly covered Narrow elliptic Strong Creamy 
white 

Fine Coarse Loose Absent 130.00* 8.00* 14.00 

UHF-CAU-17B Covered Narrow elliptic Strong Creamy 
white 

Fine Coarse Loose Absent 124.04 9.80 14.60 

UHF-CAU-18A Covered Circular Medium White Fine Coarse Compact Absent 100.00 8.40* 15.60 

UHF-CAU-18B Covered Circular Medium White Fine Fine Compact Absent 100.00 9.20 16.60 

UHF-CAU-19A Not covered Circular Strong Creamy 
white 

Coarse Coarse Compact Absent 125.00* 9.80* 13.50 

UHF-CAU-19B Not covered Circular Strong Creamy 
white 

Coarse Coarse Compact Absent 126.00 10.52 14.60 

UHF-CAU-20A Covered Circular Strong White Coarse Coarse Compact Absent 130.00* 9.96* 13.60 

UHF-CAU-20B Covered Narrow elliptic Strong White Coarse Coarse Medium Absent 131.04 11.00 14.00 

*Significant difference at 5% level of significance between CMS line and its maintainer 
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3.5 Quantitative Curd Traits in Cauliflower 
 
For character outer stalk length variability ranged 
from 7.54 cm to 15.86cm in CMS lines and 
10.00cm to 17.46cm in the maintainer lines. 
Among the CMS lines maximum stalk length was 
observed in UHF-CAU-16A which was found to 
be at par with lines UHF-CAU-8A and UHF-CAU-
19A (15.20cm) and minimum stalk length was 
observed in line UHF-CAU-4A. While among the 
maintainer lines maximum stalk length was 
observed in UHF-CAU-16B which was 
statistically at par with UHF-CAU-8B (17.40cm) 
and minimum stalk length was observed in lines 
UHF-CAU-5B and UHF-CAU-10B. A further 
perusal of data revealed that for the character 
stalk length the means of CMS lines and their 
maintainers varied significantly with each other. 
Mean stalk length of CMS lines was found to be 
11.80cm which was significantly low (*P<0.05) 
than the mean stalk length of maintainers i.e. 
13.97cm. A comparison of every CMS line with 
its respective maintainer through Paired t-test 
revealed that among the twenty pair stalk length 
varied significantly in fifteen lines and was found 
statistically similar in five pair (Table 3). Same 
findings have also been reported by Santhosha 
et al 2014 and Sharma et al 2017. Variability for 
character curd initiation ranged from 100 days to 
130 days in CMS lines and 99.80 days to 131.04 
days in the maintainer lines. Among CMS lines, 
days to curd initiation was found to be maximum 
in lines UHF-CAU-9A, UHF-CAU-10A, UHF-
CAU-17A and UHF-CAU-20A which was at par 
with other 02 lines UHF-CAU-3A (129 days)  and 
UHF-CAU-5A (129 days) and it was minimum in 
lines UHF-CAU-1A, UHF-CAU-2A, UHF-CAU-
4A, UHF-CAU-7A, UHF-CAU-12A, UHF-CAU-
15A and UHF-CAU-18A. Whereas in the 
maintainer line the days to curd initiation was 
significantly higher in line UHF-CAU-20B. Among 
the maintainer lines, days to curd initiation was 
minimum in line UHF-CAU- 4B which was found 
to be at par with six maintainer lines. A further 
perusal of data revealed that for the trait days to 
curd initiation the means of CMS lines and their 
maintainers did not varied significantly with each 
other. A significant amount of variability was 
observed for character polar diameter which 
ranged from 8.00 to 13.50 cm in CMS lines and 
9.20 cm to 14.86 cm in the maintainer lines. 
Among the CMS lines, curd polar diameter was 
found to be maximum (13.50 cm) in line UHF-
CAU-13A which was at par with line UHF-CAU-
12A (13.20 cm) and it was minimum in lines 
UHF-CAU-10A and UHF-CAU-17A (8.00 cm) 
which was also at par with lines UHF-CAU-14A 

(8.56 cm) and UHF-CAU-18A (8.40 cm). Among 
the maintainer lines, the curd polar diameter was 
significantly higher (14.86 cm) in line UHF-CAU-
13B which was at par with line UHF-CAU-12B 
(14.32 cm) and it was minimum (9.20 cm) in lines 
UHF-CAU-4B and UHF-CAU-18B which were at 
par with another four maintainer lines viz., UHF-
CAU-3B (9.40 cm), UHF-CAU-10B (9.32 cm), 
UHF-CAU-14B (9.30 cm) and UHF-CAU-17B 
(9.80 cm). A further perusal of data revealed that 
for the character curd polar diameter the means 
of CMS lines and their maintainers varied 
significantly with each other. Mean curd polar 
diameter of CMS lines was found to be 10.26 cm 
which was significantly low *P<0.05 than the 
mean curd polar diameter of maintainers i.e. 
11.26 cm (Table 3). Variability was observed for 
the character curd equatorial diameter ranging 
from 13.40 cm to 19.80 cm in CMS lines and 14 
cm to 21.40 cm in the maintainer lines. Among 
CMS lines, curd equatorial diameter was found to 
be maximum in line UHF-CAU-16A which was at 
par with line UHF-CAU-6A (19.40 cm) and it was 
minimum in line UHF-CAU-16A which was at par 
with other four lines. Among the maintainer lines, 
the curd equatorial diameter was significantly 
higher (21.40cm) in line UHF-CAU-13B. Among 
the maintainer lines, curd equatorial diameter 
was minimum (14 cm) in line UHF-CAU-20B 
which was at par with two maintainer lines viz., 
UHF-CAU-17B (14.60 cm) and UHF-CAU-19B 
(14.60 cm). A further perusal of data revealed 
that for the character curd equatorial diameter 
the means of CMS lines and their maintainers 
varied significantly with each other. Mean curd 
equatorial diameter of CMS lines was found to be 
16.02 cm which was significantly low (*P<0.05) 
than the mean curd equatorial diameter of 
maintainers i.e. 17.35 cm. Comparison of each 
CMS line with its counterpart maintainer line 
through Paired t-test revealed that among 20 
pair, curd equatorial diameter varied significantly 
in seven line pair. Similar findings have also 
been reported by workers Singh and Dogra 
2013; Yadav et al 2013; Kalia et al 2014, and 
Rakshita et al 2021. The present results are also 
in conformity to these findings.  
 

4. CONCLUSION 
 

It was concluded that significant differences were 
found between the CMS lines and their 
respective maintainer pair in terms of different 
morphological traits, providing evidence to the 
negative effects caused by the male sterile 
cytoplasm in the cytoplasmic male sterile lines of 
cauliflower. The CMS line UHF-CAU-18A (41.40 
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cm) recorded maximum leaf length, while among 
the maintainer lines maximum leaf length was 
observed in UHF-CAU-19B (45.40 cm). CMS line 
UHF-CAU-4A (26.20 cm) recorded maximum leaf 
width, while among the maintainer lines UHF-
CAU-20B (27.56 cm) recorded maximum leaf 
width. Days to curd initiation was found to be 
maximum (130 days) in CMS lines (UHF-CAU-
9A, UHF-CAU-10A, UHF- CAU-17A and UHF-
CAU-20A) and minimum in lines UHF-CAU-1A, 
UHF-CAU-2A, UHF-CAU-4A, UHF-CAU-7A, 
UHF-CAU-12A, UHF-CAU-15A and UHF-CAU-
18A (100 days). Whereas in the maintainer line 
the days to curd initiation was significantly higher 
(131.04 days) in line UHF-CAU-20B and 
minimum (99.80 days) in line UHF-CAU- 4B. 
CMS line UHF-CAU-13A (13.50 cm) recorded 
maximum curd polar diameter and maintainer 
line, UHF-CAU-13B (14.86 cm) recorded 
significantly higher curd polar diameter. The 
CMS line UHF-CAU-16A (19.80 cm) observed 
maximum curd equatorial diameter. Whereas, 
among the maintainer lines, the curd equatorial 
diameter was significantly higher (21.40cm) in 
line UHF-CAU-13B. After using paired t-test, 
significant differences were found between the 
CMS lines and their respective maintainer pair in 
terms of different morphological traits, providing 
evidence to the detrimental effects caused by the 
ogura male sterile cytoplasm in the cytoplasmic 
male sterile lines of cauliflower. 
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