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ABSTRACT

Chinese cabbage is a popular vegetable in Thailand and
internationally. In Thailand, the majority of seeds used by farmers for
cultivation are imported, a trend driven by increasing demand from
both farmers and consumers. To reduce reliance on imported Chinese
cabbage seeds and develop Vvarieties suited to Thailand's
environment, experiments have focused on transferring the genetic
traits of Chinese cabbage into regular varieties through backcrossing
methods. A randomized complete block design (RCBD) with
seventeen treatments, including five fertile varieties, six backcrossed
varieties, and six commercial varieties, was used in our experiments.
Results from the experiments indicated that, by the fifth generation,
backcrossed Chinese cabbage varieties showed no pollen staining,
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distinguishing them from other varieties that exhibited normal pollen
https://doi.org/10.12982/NLSC.2025.012

staining. In terms of yield components and desirable horticultural
traits, two backcrossed (BC) varieties, BCs 142-6-5 and BCs
142-7-12, demonstrated statistically similar pre-trimming and post-
trimming weights compared to commercial varieties, along with a
shape index close to the desired market standard of 1.6. Additionally,
other potential varieties, such as BCs 23-9-3 and BCs 27-8-7,
alongside fertile varieties, 23-9-3, 23-8-7, 27-8-7, and 142-6-5,
showed promise as male lines. These findings underscore several
promising varieties for further breeding. These new backcross lines
could serve as female lines for developing hybrids in Thailand,
exhibiting high post-trimming vyields and desirable head
characteristics that align with consumer preferences.
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INTRODUCTION

Chinese cabbage (Brassica rapa L. var. pekinensis), an economically important
and popular vegetable, similar to regular cabbage. It is widely consumed due to its
popularity and nutritional value, including fiber, calcium, and vitamins. The edible
part is the leaf, which consistently exhibits wide and flat leaf stalks rich in nutrients
such as calcium and vitamins (Tawatsinlapasorn et al., 2017; Okamoto et al., 2021).
Besides being consumed fresh, Chinese cabbage is used in various dishes and
processed foods, such as dried vegetables, ready-to-eat vegetables, crispy
vegetables, and kimchi (Khiaoamphai, 2011). Chinese cabbage varieties are
categorized into non-heading and heading types, each with distinct shapes requiring
specific temperature requirements, particularly in low-temperature or temperate
climates, similar to other cruciferous crops (Sun et al., 2018; Khan et al., 2019).
Water deficiency affects growth, causing the wilting and non-closure of leaves
(Nikornpun, 2002). Hsiao and Acevado (1974) highlighted roots' role in water and
mineral absorption, aiding the plant's tolerance to water scarcity. Additionally, Kuo
et al. (1988) noted that water deficiency inhibits Chinese cabbage growth, while long
daylight hours promote flowering (16 hours/day/month). Conversely, short days and
warm temperatures stimulate growth, making winter the preferred season for
cultivation in warm and semi-warm regions (Khiaoamphai, 2011).

Currently, the majority of Chinese cabbage seeds used in cultivation are F1
hybrids due to their stable lines, high yields, robust growth, consistent quality, and
resilience to diseases and pests. Some regions face challenges in seed production
due to the requirement for low temperatures for flowering and high-quality seed
yield, necessitating large-scale seed imports (Fujimoto et al., 2018; Kang et al.,
2023). F1 hybrids exploit vegetative heterosis, employing mechanisms like self-
incompatibility (SI) or cytoplasmic male sterility (CMS) for seed production (Fujimoto
and Nishio, 2007; Yamagishi and Bhat, 2014; Okamoto et al., 2021).

The breeding method known as the self-incompatibility (SI) system is widely
adopted in parental lines for hybrid seed production to streamline emasculation
procedures and reduce labor costs (Li et al., 2019). Hybrid Chinese cabbage seeds
typically utilize SI lines, ensuring that male flowers function normally and are capable
of self-pollination (self-compatible: SC) (Kaothien-Nakayama et al., 2010; Mufioz-
Sanz et al., 2020). SI plays a critical role in enabling successful pollination between
pollen grains and female stigmas, facilitated by genes associated with S-locus
cysteine-rich (SCR) and S-locus receptor kinase (SRK) in both male and female
gametophyte cells, influencing the production of proteins in pollen and stigma (Goring
et al., 2023; Kusaba et al., 2001).

Another breeding method is cytoplasmic male sterility (CMS), which causes a
range of reproductive abnormalities through rearrangements in mitochondrial DNA,
thereby impacting mitochondrial function and influencing adenosine triphosphate
(ATP) levels as well as reactive oxygen species levels. Restorer of fertility (Rf) genes,
frequently encoding PPR proteins, counteract the effects of CMS. Stable lines with
CMS are developed using methods such as interspecific hybridization or somatic
fusion (Chen and Liu, 2014; Toriyama, 2021). In Brassica crops, Ogura CMS,
associated with the mitochondrial orf138 gene, is pivotal for hybrid seed production,
initially discovered in Japanese radish and subsequently transferred to other Brassica
species (Yamagishi and Terachi, 1996). Various male sterility types, including genic
male sterility (GMS), CMS, Ogura CMS, Pol CMS, and Nig CMS, are utilized, with their
traits controlled by nuclear genes in mitochondria. GMS traits are recessive but
influenced by environmental factors such as temperature extremes, drought, and
saline soils (Storme and Geelen, 2014; Sage et al., 2015; Zhang et al., 2016a; and
Zhang et al., 2016b; Singh et al., 2019; Ji et al., 2020). Male-sterile characteristics
are preferred in hybrid seed production for stability over self-incompatible traits
(Nikornpun, 2002; Singh et al., 2019)
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Numerous studies have explored the transfer of CMS genes through
backcrossing methods as a breeding strategy with which to develop parental lines for
future hybrid seed production. For instance, Na Jinda et al. (2023) successfully
transferred the CMS system to normal chilli plants to establish a new A-line.
Additionally, Nikornpun et al. (2023) enhanced the pungency of CMS chilli lines
through backcrossing with the B cultivar. Furthermore, Ahmadikhah et al. (2015)
pioneered the transfer of rice's CMS IR68897A into Yosen B using marker-assisted
backcrossing (MABC) for detection.

This research focuses on improving and developing male-sterile Chinese
cabbage parent lines through backcrossing and selfing methods to create authentic
lines. Following the breeding process, these lines were cultivated to evaluate yield
and yield components, including head wrapping, head shape, and the plant vigor
index. The findings of this study will contribute to further advancements in hybrid
Chinese cabbage varieties in Thailand.

MATERIALS AND METHODS

Chinese cabbage, comprising 17 varieties, includes 6 male sterile lines
developed from 5 backcrossing cycles following the Figure 1 diagram, 5 male fertile
lines, and 6 commercial varieties (Table 1). These were evaluated during the winter
season from November 2022 to February 2023 in experimental plots at the
Horticulture Department, Agricultural Innovation Research, Integration,
Demonstration and Training Center, Faculty of Agriculture, Chiang Mai University,
Chiang Mai, Thailand. The experiment was conducted using a completely randomized
block design with 3 replications. Seeds were sown in tissue paper, and when the
seedlings reached approximately 1 centimeter in length, they were transplanted into
seedling trays filled with peat moss. Seedlings were watered thoroughly when they
reached 20-25 days old. Then, they were transplanted into experimental plots
measuring 1.2 x 20 m. A fertilizer (NPK) with a ratio of 15-15-15 was applied at a
rate of 50 kilograms per hectare in the planting plots. Seedlings of Chinese cabbage
were spaced at 50 x 50 cm intervals between plants and rows and were irrigated and
fertilized using a drip irrigation system. Harvesting of Chinese cabbage occurs when
it reaches 45 days after planting. Data on horticultural characteristics such as plant
height, weight before trimming, weight after trimming, percentage of trimming,
perimeter of the head, length of the head, and head shape index (HSI = head length
/ head width) and head solidity were recorded (Nikornpun, 2002).

When Chinese cabbage begins to flower (at 60 days after transplanting), the
viability of pollen grains is examined. Pollen grains are stained with potassium iodide
and then observed under an electron microscope at a magnification of 40 times. In
the case of varieties where there is no growth in the pollen grains or where the pollen
grains are present but not viable, no pollen grains will appear or they will not stain
(Figure 2A). Conversely, in varieties where there is normal growth in the pollen grains
or where the pollen grains are viable, they will stain properly (Figure 2B).

Table 1. The list includes Chinese cabbage lines, male fertile lines, male sterile lines
and commercial lines.

Code MalTi:leertlle Code MaITiiteerlle Code Comlril:;rcml
23-6 Inbred line BCs 23-6 Backcross line C-001 C1
23-9-3 Inbred line BCs 23-9-3 Backcross line C-003 Cc2
23-8-7 Inbred line BCs 23-8-7 Backcross line C-008 C3
27-8-7 Inbred line BCs 27-8-7 Backcross line C-009 c4
142-6-5 Inbred line BCs 142-6-5 Backcross line C-010 C5

BCs 142-7-12 Backcross line C-011 C6
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Ogura CMS x Fertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)
(Recurent parent)

Fl A x Fertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)
(BC1) B x Fertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)
(BC2) Ci Fertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)
(BC3) DiFertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)
(BC4) E x Fertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)
(BC3) E x Fertile line (23-6, 23-9-3, 23-8-7, 27-8-7, 142-6-5, 142-7-12)

Figure 1. Backcross breeding with a recessive trait program for the
development of Ogura cytoplasmic male sterility (CMS) (A-line program).
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Figure 2. Pollen staining with potassium iodide was employed to assess
pollen viability. The classification is as follows: A = no pollen grains or pollen
grains are not living, B = pollen is alive (scale bar 0.2 mm).

RESULTS

The examination of pollen viability

Upon staining with potassium iodide, all five Chinese cabbage varieties (strains
23-6, 23-9-3, 23-8-7, 27-8-7, and 142-6-5) showed proper staining and exhibited
pollen grains with a relatively round shape (Figure 3A-E). In contrast, strains
BCs 23-6, BCs 23-9-3, BCs 23-8-7, BCs 27-8-7, BCs 142-6-5, and BCs 142-7-12 did
not display any stained pollen grains (Figure 3F-K).
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Figure 3. Pollen staining with potassium iodide was employed to assess
pollen viability. The classification is as follows: A = 23-6, B = 23-9-3, C =
23-8-7, D = 27-8-7, E = 142-6-5, F = BC5 23-6, G = BC5 23-9-3, H = BC5 23-
8-7,1 = BC5 27-8-7,]J = BC5 142-6-5, K = BC5 142-7-12 (scale bar 0.2 mm).

Weight before trimming, weight after trimming, and trimming percentage

When comparing the cultivation of different varieties of Chinese cabbage,
including 5 lines of normal type, 6 lines of Ogura cytoplasmic male sterility (CMS),
and 6 commercial lines (Figure 4), significant statistical differences were found in the
studied characteristics, which include weight before trimming, weight after trimming,
and trimming percentage. The lines with higher weights before trimming were 23-9-
3, 23-8-7, 27-8-7, 142-6-5, BCs 23-9-3, BCs 27-8-7, BCs 142-6-5, BCs 142-7-12,
C-001, C-003, C-008, and C-011, with values of 9.44, 10.35, 9.49, 8.27, 8.69, 8.75,
8.05, 9.12, 9.49, 8.37, 10.24, and 9.44 tons/ha, respectively. These values showed
statistically significant differences compared to the commercial lines C-009 and
C-010 (Table 2).

The varieties with higher weights after trimming are 23-9-3, 23-8-7, 27-8-7,
142-6-5, BCs 23-9-3, BCs 27-8-7, BCs 142-6-5, BCs 142-7-12, C-001, C-003, C-008,
and C-011, with values of 6.68, 6.45, 6.24, 5.39, 6.03, 5.61, 6.03, 6.51, 4.96, 4.00,
6.21, and 5.56 tons/ha, respectively. These values showed statistically significant
differences compared to all commercial strains C-009 and C-010. Regarding the
quality characteristics of Chinese cabbage, it was found that the size of the heads
was similar, both large and small. The varieties with trimming percentages below
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35%, including 23-9-3, 142-6-5, BCs 23-9-3, BCs 142-6-5, and BCs 142-7-12, have
values of 29.94, 34.70, 30.15, 31.6, and 27.37%, respectively, which significantly
differ statistically from all commercial strains, with trimming percentages ranging
from 39.76% to 51.47% (Table 2).

Commercial Chinese cabbage varieties such as C-003 and C-009 are lightweight
with a short head-forming period and early bolting. Varieties C-001, C-008, and C-
011 have longer head-forming periods.

Figure 4. Head shape of parental lines; A = 23-6, B = 23-9-3, C = 23-8-7,
D = 27-8-7, E = 142-6-5, male sterile line; F = BCs 23-6, G = BCs 23-9-3,
H = BCs 23-8-7, I = BCs 27-8-7, J = BCs 142-6-5, K = BCs 142-7-12,
commercial line; L = C-001, M = C-003, N = C-008, O = C-009, P = C-010,
Q = C-011.
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Table 2. Weight before trimming, weight after trimming, and percentage of trimming
of male fertile line, male sterile line and commercial variety.

Line/Varieties Weight before Weight after Percentage of
trimming trimming trimming
(tons/ha) (tons/ha) (%)
Male fertile line
23-6 0.96 cd 0.53 de 44.94 a-d
23-9-3 1.51 a 1.07 a 29.24 ef
23-8-7 1.66 a 1.03 ab 37.68 b-f
27-8-7 1.50 a 1.00 a-c 33.62 c-f
142-6-5 1.32 a-c 0.86 a-d 34.82 b-f
Male sterile line
BCs 23-6 0.75 d 0.41 e 4542 a-c
BCs 23-9-3 1.39 ab 0.96 a-d 30.61 ef
BCs 23-8-7 0.86 d 0.54 de 37.66 b-f
BCs 27-8-7 1.40 ab 0.90 a-d 35.89 b-f
BCs 142-6-5 1.29 a-c 0.96 a-d 25.09 d-f
BCs 142-7-12 1.46 a 1.04 a 28.62 f
Commercial
variety
C-001 1.52 a 0.79 a-e 47.73 ab
C-003 1.34 a-c 0.64 a-e 52.21 a
C-008 1.64 a 0.99 a-c 39.36 a-e
C-009 0.96 cd 0.60 b-e 37.81 a-e
C-010 0.99 b-d 0.58 c-e 41.03 a-f
C-011 1.51 a 0.89 a-d 41.10 a-e
Mean 1.30 0.81 37.44
F-test * * *
CV (%) 17.00 17.7 16.6

Note: * = There was a statistically significant difference at P < 0.05.

Plant height, head circumference, and head length

The plant height ranged from 13.87 to 20.54 cm. Varieties with taller plant
heights included BCs 142-6-5, with a height of 20.54 cm, followed by 23-9-3 and 23-
8-7, with heights of 19.44 cm and 18.50 cm, respectively. These differences were
statistically significant compared to commercial varieties C-009 and C-003, which
had heights of 16.86 cm and 18.00 cm, respectively (Table 3).

The head circumference ranged from 29.93 to 52.58 cm. Varieties with larger
head circumferences included 23-9-3, 23-8-7, and 27-8-7, with circumferences of
45.21 cm, 52.58 cm, and 42.67 cm, respectively. These differences were statistically
significant compared to commercial varieties C-001, C-003, C-008, C-009, and C-
010. Following them were BCs 23-9-3 and BCs 142-7-12, with circumferences of
40.84 cm and 45.13 cm, respectively.

The head length ranged from 13.87 to 20.54 cm. Varieties with longer head
lengths included BCs 142-6-5, with a length of 20.54 cm, which was statistically
significantly different from commercial variety C-009, with a length of 16.86 cm.
Following them were 23-9-3, 23-8-7, and BCs 23-8-7, with lengths of 18.50 cm,
19.03 cm, and 18.22 cm, respectively (Table 3).
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Table 3. Plant height, head diameter, and head length of male fertile line, male
sterile line and commercial variety.

Line/Varieties Plant height Head Head length
(cm) circumference (cm)
(cm)
Male fertile line
23-6 17.44 b-e 39.74 b-e 17.44 b-d
23-9-3 18.50 a-c 4521 b 18.50 ab
23-8-7 19.44 a-c 52.58 a 19.03 ab
27-8-7 17.61 b-e 42.67 bc 17.61 b-d
142-6-5 15.42 ef 40.88 b-d 15.42 de
Male sterile line
BCs 23-6 13.87 f 29.93 f 13.87 e
BCs 23-9-3 17.57 b-e 40.84 b-d 17.57 b-d
BCs 23-8-7 18.22 bc 34.23 d-f 18.22 a-c
BCs 27-8-7 15.88 d-e 36.74 c-f 15.88 c-e
BCs 142-6-5 20.54 a 29.93 f 20.54 a
BCs 142-7-12 15.88 g-e 45.13 b-d 15.88 c-e
Commercial
variety
C-001 18.50 a-c 33.96 d-f 18.50 ab
C-003 18.09 b-d 31.95 ef 18.09 a-c
C-008 18.75 a-c 33.96 d-f 18.75 ab
C-009 16.86 c-e 31.52 f 16.86 b-d
C-010 19.44 ab 32.71 ef 19.44 ab
C-011 18.93 a-c 35.89 c-f 18.93 ab
Mean 17.07 38.21 17.68
F-test * * *
CV (%) 7.52 10.72 7.52

Note: * = There was a statistically significant difference at P < 0.05.

Head shape index and head solidity

The head shape index ranges from 1.44 to 1.88, with commercial varieties
ranging from 1.68 to 1.88. Varieties with a head shape index do not significantly
differ statistically from commercial varieties, including BCs 23-6, BCs 23-8-7 and
BCs 142-6-5, with values of 1.45, 1.67, and 1.56, respectively. BCs 23-8-7 and
BCs 142-6-5 exhibit head shape index values of 1.67 and 1.56, respectively, which
closely match Thai consumer preferences and market demands (rounded head shape,
slightly shorter, roundish or oval). The top three varieties with high head solidity are
BCs 27-8-7, BCs 23-6, and 142-6-5, with values of 0.78, 0.65, and 0.61 g /cm?3,
respectively (Table 4).
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Table 4. Head shape index (HSI), and solidity of male fertile line, male sterile line
and commercial variety.

Line/Varieties HSI Solidity (g/cm?)
Male fertile line

23-6 1.40 d-f 0.36 d
23-9-3 1.28 ef 0.52 cd
23-8-7 1.14 f 0.36 d
27-8-7 1.30 d-f 0.57 b-d
142-6-5 1.19 ef 0.61 bc
Male sterile line

BCs 23-6 1.45 c-e 0.65 a-c
BCs 23-9-3 1.36 d-f 0.60 bc
BCs 23-8-7 1.67 a-c 0.47 cd
BCs 27-8-7 1.37 d-f 0.78 ab
BCs 142-6-5 1.56 b-d 0.51 «cd
BCs 142-7-12 1.15 f 0.59 b-d
Commercial variety

C-001 1.72 ab 0.67 a-c
C-003 1.78 ab 0.64 bc
C-008 1.76 ab 0.88 a
C-009 1.69 a-c 0.66 a-c
C-010 1.88 a 0.52 cd
C-011 1.68 a-c 0.69 a-c
Mean 1.49 0.59
F-test e e
CV (%) 9.56 20.88

Note: * = There was a statistically significant difference at P < 0.05.

DISCUSSION

The examination of pollen viability

This indicates that male sterile traits from cytoplasmic plastid genes (Ogura
cytoplasmic male sterility) can be transmitted through multiple generations via
backcrossing, starting from the initial backcross and continuing through the fifth
backcross (Srima, 2018). Additionally, Tisa (2021) observed morphological
differences in fully bloomed flowers between normal and male sterile Chinese
cabbage plants, particularly in the anatomical structure of their reproductive organs.
Male sterile plants showed shortened stigmas and underdeveloped anthers but
normal female organs, contrasting with normal plants that exhibited typical male and
female reproductive structures. The transfer of Cytoplasmic Male Sterility (CMS)
traits through backcrossing involves crossing pollen from vegetables like peppers and
cruciferous vegetables, which possess sterility traits, with plants carrying normal
pollen. This process aims to introduce the sterility trait into resulting vegetable plants.
Differentiating between fertile and sterile pollen grains in crops inheriting CMS traits
is critical for monitoring the backcrossing process and developing new genetic traits
in peppers and cruciferous vegetables exhibiting male sterility traits in various
research studies (Gulyas et al., 2006; Na Jinda et al., 2023).

Weight before trimming, weight after trimming, trimming percentage, plant
height, head circumference, and head length

The studied characteristics of weight before trimming, weight after trimming,
and trimming percentage provide important information for evaluating the cultivation
performance and potential yields of different Chinese cabbage varieties. Higher
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weights before and after trimming are generally desirable for maximizing crop yields.
The quality of Chinese cabbage encompasses commodity, flavor, and nutritional
aspects. Commodity quality pertains to external factors like freshness and the
tightness of the leaf ball, assessed primarily through sensory perception. Flavor
quality relates to the distinct aroma and taste of Chinese cabbage, discerned through
tasting and analysis of flavor-related components. Nutritional quality is determined
by nutrient content and distribution, such as crude protein, soluble sugars, fiber,
organic acids, amino acids, and minerals, impacting human health. Currently, both
domestically and internationally, Chinese cabbage quality evaluation predominantly
emphasizes sensory attributes and flavor characteristics (Gong et al., 2016; Li et al.,
2008; Wu et al., 2012).

The post-trimming weight and trimming percentage are important quality and
yield parameters for Chinese cabbage. Varieties with higher post-trim weights
generally have greater marketable yields. The Thai consumer preference for 0.5-1.5
kg heads after trimming, as noted by Nikornpun (2002), provides a target range for
breeders and growers. Lower trimming percentages are also desirable as they
indicate less waste and higher edible yield from the total plant biomass. Selecting
varieties that combine high post-trim weights with low trimming loss percentages
can help optimize both yield and quality for cultivation and marketing of Chinese
cabbage.

Chinese cabbage is a cool-season vegetable that requires cool temperatures for
growth, heading, and flowering. The suitable temperature for growth and heading
development ranges between 15-16 degrees Celsius. Planting in temperatures higher
than 24-25 degrees Celsius can result in delayed heading or poor head quality,
including loose heading, leaf tip burn, and bitterness (Motoki et al., 2019). Song
et al. (2016) reported that a low temperature of 15 degrees Celsius for a 5-day
treatment induces flowering in Chinese cabbage 27 days after transplantation. The
timing of flowering and bolting in cruciferous vegetables is influenced by factors such
as temperature, plant hormones, genetics, physiology, and biochemical substances
(Yan and Hunt 1999; Yang et al. 1996). Low temperatures signal stem elongation
and flowering in winter annuals and biennials, inducing physiological and biochemical
changes in plants over extended periods of cold exposure (Hébrard et al. 2013; Liang
et al. 2018).

The harvesting age of Chinese cabbage depends on the variety characteristics.
Varieties with loose heading require approximately 40-50 days from seed sowing to
harvesting, while long-heading and round-heading varieties need about 50-80 days
from seedling transplanting to harvesting. Harvesting is usually done when the heads
are fully mature and reach the desired size. Varieties grown in this experiment
showed statistically significant differences in weight before pruning, weight after
pruning, pruning percentage, head circumference, and head length.

Planting Chinese cabbage during the winter season, with temperatures ranging
from 13-21 degrees Celsius, is suitable for growth (Yamaguchi, 1983). Large outer
leaves contribute to higher trimming percentages because typically, pruning involves
removing outer leaves and uncurled leaves. Bayogan et al. (2018) reported that
Chinese cabbage grown in cooler climates had trimming percentages as high as
43.9% due to favorable conditions for growth, resulting in abundant foliage.
Conversely, in warmer areas, foliage tends to be less abundant, leading to lower
trimming percentages, around 28.5%.

Head shape index and head solidity

Consumer preferences for Chinese cabbage in Thailand indicate a preference
for long-headed varieties, with a head shape index greater than 1.6. In this
experiment. Additionally, long-headed Chinese cabbage, with a head shape index of
4.33 (head length 57.33 / head width 13.25 cm), with a higher proportion of leaves
than leaf stems, is popularly processed into kimchi in Korea. Furthermore, head
solidity ranges from 0.36 to 0.88 g /cm3, with all varieties having densities close to
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commercial varieties ranging from 0.52 to 0.88 g /cm3. The agricultural and
consumer quality of Chinese cabbage hinges on its shape, particularly the head top
shape (HTS) formed by the folding of heading leaves. Consumers favor the
overlapping HTS, characterized by inward-curved leaves overlapping at the top (Sun
et al., 2021).

CONCLUSIONS

From this experiment, it was found that Chinese cabbage obtained from the
fifth backcross (BCs) in all lines exhibits male sterile characteristics with suitability
for future development of female line. Chinese cabbage varieties 23-9-3, 23-8-7, 27-
8-7, 142-6-5, BCs 23-9-3, BCs 27-8-7, BCs 142-6-5, and BCs 142-7-12 have higher
weights before and after pruning but lower pruning percentages. Additionally, in the
BCs 142-6-5 and BCs 142-7-12 varieties, the head shape index is as good as that of
commercial varieties. Therefore, overall, the best Chinese cabbage plant
characteristics with the most potential for development as breeding parents for
producing the highest hybrid Chinese cabbage yield are BCs 142-6-5 and BCs 142-7-
12, followed by BCs 23-9-3 and BCs 27-8-7.
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