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1. INTRODUCTION

Cabbage (Brassica oleracea L.var.capitata) is a popular green leafy
vegetable belonging to the family Brassicaceae. It is a hardy cool season annual
vegetable, but behaves as a biennial when grown for seed production. The head
consisting of thick leaves overlapping tightly on growing bud is the economic part
used as vegetable.

Cabbage is an excellent source of vitamins and minerals. It also contains
number of antioxidative compounds. 100 g of cabbage contains 5.3 ¢
carbohydrates, 1.4 g protein, 0.2 g fat, 80 IU vitamin A, 0.06 mg thiamine, 0.05
mg riboflavin, 100 mg ascorbic acid, 46 mg calcium, 0.8 mg iron, 38 mg
phosphorus (Bose and Som, 1993). The peculiar flavour of cabbage head is due to
presence of sinigrin which carries sulphur (Rana, 2008). Cabbage is a source of
indole-3-carbinol, a chemical which boosts DNA repair in cells and appears to
block the growth of cancer cells.

Cabbage is cultivated in an area of 3.69 lakh ha with a production of 79.49
lakh MT (NHB, 2011). Indian cabbage has undergone fast diversification within a
short period of two centuries of its introduction (Seshadri and Chatterjee, 1996).
In India cabbage varieties are classified in to early, mid and late. With the
development of tropical cabbage varieties at IARI, New Delhi, the cultivation has
spread to the non traditional areas in South India including Karnataka, Tamil
Nadu and Kerala.

Cabbage is comparatively a new crop in Kerala particularly in the plains.
The high range regions of Kerala offers great scope for cultivation of cabbage and
it is cultivated in the cool climate of the hill tracts of Idukki and Wynad districts.
But with the development of tropical varieties and hybrids which can grow and
form head at high temperatures, cultivation of cabbage was made possible in the
plains of the state.The research on this crop in Kerala is rather negligible except
for the evaluation trials conducted at the College of Horticulture, Vellanikkara,

Thrissur
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and Agricultural Research Station Mannuthy. They had identified NS 43, NS 160

and NS 183 as potential cabbage varieties suitable for plains of Kerala.

Time of planting is another important factor which determines the head
formation, yield and quality of cabbage. The most suitable period for the

cultivation of cabbage under the Kerala conditions is from October to March.

There exists considerable variability in cabbage genotypes in respect of yield
and quality attributes. The information on nature and magnitude of variability for
different characters present in tropical cabbage varieties will help in its crop
improvement. The information on varietal suitability and best date of planting for
a particular variety will be useful for the farmers to cultivate them in the plains of
the state which reduces the consumer depends on supply from neighbouring
states.

Taking into consideration these aspects, the present study was undertaken

with the following objectives:

» To identify superior varieties with high yield, quality and less incidence of

pests, diseases and physiological disorders.
» To identify the most suitable time of sowing of these varieties.
» To study the interaction effect of sowing dates and varieties.

» To assess the genetic variability present in tropical varieties.
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2. REVIEW OF LITERATURE

Cabbage is the most important vegetable commercially produced and
consumed in India. The crop requires cool moist weather for producing best
quality heads. Indian cabbage has undergone fast diversification within a short
period of two centuries of its introduction (Seshadri and Chatterjee, 1996). Based
on maturity of head after transplanting, cabbage varieties are grouped into early,
mid and late season varieties. With the development of tropical cabbage varieties
at IARI, New Delhi, the cultivation has spread to the non traditional areas in
South India including Karnataka and Tamil Nadu. Cabbage is comparatively a
new crop in Kerala particularly in the plains and their cultivation in turn would

reduce the consumer depends on supply from neighbouring states.

In this chapter, effort has been made to review the available literature
pertaining to the effect of date of sowing and varieties on the yield of cabbage.

The literature is reviewed under the following headings:

2.1 Influence of varieties on yield and quality

2.2 Influence of date of sowing and climate on yield and quality
2.3 Interaction between varieties and sowing dates

2.4 Incidence of physiological disorders

2.5 Incidence of pests and diseases

2.6 Genetic parameters

2.1 Influence of varieties on yield and quality

Bhardwaj (1996) evaluated twenty divergent genotypes of cabbage and
found significant difference among the genotypes tested. Evaluation of twenty
five diverse genotypes of cabbage including two land cultivars (Golden acre and
Pride of India) showed highly significant differences among genotypes for all
traits. The genotypes Golden Acre, EC-271632, Express Mail, 83-5 and Pusa
Mukta performed well for marketable maturity, head compactness, head size, net

head weight and per cent compact heads respectively (Kumar, 1998).



Nathoo et al. (1999) evaluated five varieties of cabbage and found
significant differences between the locations and the varieties tested. Chaubey
(1999) carried out stability analysis for maturity and vegetative characters in 23
genotypes of cabbage and revealed significant difference among the genotypes for
all the traits except stalk length and core length. The genotypes Musketeer,
Krishna, Red Ruby, Hari Rani Gold and T-621 showed stable performance.

Rai and Singh (2000) conducted an experiment with nine genotypes of
cabbage and found that both gross and net head weight, number of non-wrapper
leaves and stalk length mainly contributed to its yield. Chaubey (2000) carried out
stability analysis of yield and quality contributing characters in 23 genotypes of
cabbage and best results for gross weight, polar diameter, head shape index and
ascorbic acid content were obtained for Green Challenger, Hari Rani Gold, Mitra,
Red Ruby respectively.

Sharma (2001) reported that out of 30 genotypes of cabbage evaluated for
traits like gross head weight, net head weight, head compactness, head shape
index, stump length, total yield per plot, number of non-wrapper leaves, total
soluble solids, core size, leaf size index, heading percentage, days to marketable
maturity the performance of Winter Keeper, Hansens Progress, Autumn Victory,
Autumn Supreme, Bunkers Hill, Golden Acre Early Forcing and Robinson
champion was found good. Among these seven genotypes Hansens Progress was
found to be best for highest significant yield and other horticultural traits. Sharma
(2001) evaluated four cabbage hybrids in two different seasons (summer and
winter) and found that hybrids Green Challenger and Varun had equal potential to

yield during both the seasons.

Gopalakrishnan (2004) conducted an experiment in the Regional
Agricultural Research Station, Ambalavayal on adaptability testing in cabbage
and revealed that maximum vyield was obtained in the variety

“September”(38.28t/ha). This was closely followed by Sri  Ganesh, Hari Rani,



IAHS 2 and Hybrid 43 which were on par in productivity (25-27 t/ha). September
is a flat head variety with an average head diameter of 16.5cm.

Sharma et al. (2006) conducted stability analysis for marketable head yield
and its contributing horticultural traits in 11 genotypes of cabbage and revealed
that genotypes KGAT-III and Pusa Muktha were suitable for higher marketable

head yield along with stability for important horticultural arttributes.

ljoyah and Rakotoavo (2007) compared the yield performance of five
cabbage varieties at Seychelles and found that variety Gloria Kid YR performed
best and capable of giving satisfactory yield under open field condition. Wambani
et al. (2007) evaluated six improved cabbage (Brassica oleracea var. capitata)
varieties (Gloria F1, Pruktor F1, Riana F1, Fortuna F1, Green Challenger F1 and
Victoria) and found that Gloria had the highest fresh marketable heads followed
by Riana and Pruktor. Sharma (2007) evaluated twenty five exotic lines of
cabbage and revealed that all characters under study contributed up to 99 per cent

towards the variation in yield.

In a study at Tanzania by Adeniji et al. (2009) observed that varieties
Gloria F1 and Victoria F1 were best for head yield during long rainy season,
while Quick Start and Rotan performed best for head yield during short rainy
season. For multiple characters (taste, head shape and firmness) Summer Summit
F1 was best. Tropical Delight was preferred for head size, firmness and low

incidence of loose heads.

Significant differences were obtained for head width and head length of
three cabbage varieties and the variety ‘Paradox’ produced the longest head
length, largest head width, highest head weight and best yield potential (37.7
tonnes/hectare) (Richardson, 2012). An experiment was conducted to investigate
the genetic variability for morphology and quality traits in 30 diverse cabbage
genotypes (Meena et al., 2012). Wide range of variation was observed for almost
all morphological and qualitative traits for yield, days to maturity and leaf length.



Hasan and Solaiman (2012) conducted varietal evaluation in cabbage and
found that variety Atlas 70 achieved the highest plant height, leaf length with
petiole, stem length, diameter of head, weight of whole plant, gross yield and
marketable yield. Narayanankutty et al. (2012) evaluated 28 cabbage varieties and
identified NS 43, NS 160 and NS 183 as suitable varieties for cultivation under

warm humid tropics of Kerala.

Kumar et al. (2013) evaluated fourteen genotypes of cabbage and revealed
significant difference among the genotypes for all the characters. Among all the
genotypes Pusa Ageti was found best for early maturity. Leaf size index and
heading percentage was highest in AC-83 and AC- 1 respectively. Overall gross
head weight, net weight, yield per plot and per hectare was found maximum in

genotype AC-16.

2.2 Influence of date of sowing and climate on yield and quality

Environmental factors like air, soil, temperature, quality, intensity and
duration of radiation and humidity affects physiological functioning of cabbage.
Since, the effects of weather on head yield are complex, deeper and clear
understanding of how the climatic factors affect the growth and yield of cabbage
are needed.

Cabbage varieties are grouped into early, mid and late season varieties on
the basis of temperature requirement for head formation (Seshadri and Chatterjee,
1996). Varieties have been evolved for different seasons in India: early varieties
include Golden Acre and Pride of India, mid season varieties include Glory of
Enkhuizen and September and late season varieties include Pusa Drumhead.

2.2.1 Influence of date of sowing

Time of sowing is a major factor which determines the head initiation
development and quality. The influence of time of planting on cabbage varieties
were studied by different workers (Everaarts and Moel., 1991; Futane et al.,
1995; Sharma, 2001; Radovich et al., 2005).



Kapelev (1964) studied effect of planting dates and weather conditions on
the growth and development of cabbages and reported that cabbages planted on

November showed less tendency to bolt than those planted in October.

Everaarts and Moel (1991) compared the influence of different dates of
planting on yield and shape of cabbage cultivars Castello and Bartolo. They
reported that early planting (May 10" increased head weight and size in cabbage
and showed a decline in yield with later planting. In an experiment conducted at
Akola to study the effect on planting dates on ratoon cabbage with four planting
dates it was found that planting on October 27" resulted in a significantly higher
percentage of ratoon-forming plants, larger ratoon heads and higher yield (Futane
etal., 1995).

A study conducted by Cebula et al. (1996) revealed that delayed planting

dates in cabbage brought significant decrease in yield.

Processing yield, total yield, final dry weight, leaf thickness, stem weight,
leaf weight, root weight, leaf area, net assimilation rate, relative growth rate, total
plant weight was influenced by planting times and planting densities in Brussels

sprouts and broccoli (Moel and Everaarts, 1998).

Kumar et al. (2000) reported that marketable yield was significantly
higher in the crop transplanted in March than April but at par with May

transplanted crop.

Sharma (2001) evaluated four dates of transplanting (8" Oct., 18" Oct.,
28" Oct. and 7™ Nov. during winters and 7 Apr., 17" Apr., 27" Apr. and 7" May
during summers) and four cabbage hybrids and observed that irrespective of the
season, growth, yield and quality characters were significantly favoured with

earlier dates of transplanting i.e. 8" October in winters and 7™ April in summers.

Pradeepkumar et al. (2002) conducted adaptability trail of cauliflower
genotypes in the high ranges of Kerala. They reported that synthetic cultivars
belonging to the early maturing type of tropical cauliflower performs better under



high range conditions of Kerala. The performance of mid season and late types
was poor in all the planting dates. Even for the tropical cauliflower types a
difference of 20 days in planting resulted in direct reduction in production of curd
and its size. Early planting (first week of October) is ideal for realizing potential

yields in cauliflower under high range situations of Kerala.

Kleinhenz and Wszelaki (2003) evaluated seven cultivars of fresh market-
type cabbage planted in May and June and reported that the PD x C interaction
was significant for head density, the ratio of head polar and equatorial diameter,
and core base width. May planting resulted in greater yield and larger, heavier
heads with greater polar/equatorial diameter values relative to June planting. The

number of head and core traits affected by planting date differed among cultivars.

Yields of marketable cabbage heads were the highest when planted in
November and the yields decreased from December and the lowest yield was

recovered in crops planted in March (Chavan et al., 2004).

The effects of planting date (18 July and 3 August) on characteristics and
yield components of Brussels sprouts (cv. De La Halle) were studied and found
that planting date had a significant effect on plant weight and height, number of
leaves, fresh and dry weight of leaves and stems, number of bud and bud weight,

time from planting to bud initiation and bud initiation to harvest (Kurtar, 2006).

Pankaj (2007) reported that significantly higher marketable cabbage yield
was recorded in June second week (267.47 g/ha) and May second week (260.07
g/ha) transplanted crop. Zhang et al. (2008) reported that middle of June was the

best suitable sowing period for cabbage in Songming.

Singhal et al. (2009) studied the effects of planting dates on performance
of broccoli and found that planting on 15" October resulted in greater plant
weight and net head weight. It was also noticed that longest shelf life was
obtained in planting on 14" November.



Zagade et al. (2010) reported that sowing cabbage crop on October 15™
produced significantly higher cabbage yield than delayed sowing on 30" October
and 15" November.

Bana et al. (2012) reported that highest yield of cabbage heads was obtained
from the crop transplanted on 10" October, while minimum yield was in late
transplanted crop. Katuzewicz et al. (2012) studied variation in length of the
period from planting to head initiation in broccoli and shortest period from
planting to initiation was when the plants were planted in April and June (17-18
days). The length of the period from planting to head initiation depended on mean

daily air temperature.

Karthika et al. (2013) reported significant difference between different
planting dates for curd weight of cauliflower in the central region of Kerala.
Among the different planting dates November 1% was found to be ideal (532.2¢g

per plant) for getting higher economic yield.

2.2.2 Influence of climate

Hara and Sonoda (1982) reported seasonal environmental conditions affect
the head formation of cabbage plants. Among the environmental factors,
temperature is the most influential through its effect on carbohydrate production
and consumption of plants. Rabino and Mancinelli (1986) reported that

temperature affects light-dependent anthocyanin production in cabbage seedling.

Sharma and Verma (2000) conducted an experiment to identify the suitable
varieties of cabbage for dry, temperate, high hills of northern India. The hybrid
Bahar and Pusa Muktha recorded a yield of 30.79 and 22.27 tonnes/ha compared
to Golden Acre (14.39 tonnes/ha). Differences in daylight hours and temperatures

also affect the number of days to maturity (Greenland et al., 2000)

High temperature had a negative effect on bud initiation in brussels sprouts
and thermal time needed for vegetative growth was higher than bud initiation to

harvest. Brussels sprouts requires a period of low temperature (12-17°C) for



proper bud initiation (Vural et al., 2000). Cooper (2000) reported that optimal

temperature range of 20-30 ° C is ideal for cabbage.

Sharma and Sharma (2001) conducted a study and found that
continuously increasing temperature of summer have boosted up the growth of

later planted cabbage crop, thereby ensuring early maturity.

Ajithkumar (2005) reported that weather had played a significant role in
deciding the yield of cauliflower. The LAI values revealed that the development
of the leaf area remained slow during the early vegetative growth period (juvenile
phase) up to 30-40 days after planting and thereafter, increased sharply with the

advancement of crop age.

A study was conducted to determine relationship between yield and
seasonal weather patterns of five cruciferous vegetables (broccoli, cabbage,
cauliflower, radish and rutabaga) and their yields showed roughly a 10 % yield
loss for every 1°C increase, when temperature reached 30°C or above during the

growing season (Warland et al., 2006).
2.3 Interaction between varieties and sowing dates

Jonassen (1976) studied the effect of planting and harvesting dates on the
yield of cabbage and found that the earliest dates for planting in the field (9" and
14" May) resulted in best yields.

Home and Waters (1994) evaluated cabbage cultivars during two winter
seasons (November & February) and revealed that cultivar PSR 18589 and Pennet

showed good performance in both the seasons.

Futane et al. (1995) conducted an experiment in which cabbage cultivars
Sri Ganesh Gol, Kranti, Maharani, Danish Supreme and Pride of India were
planted on 27" October, 17" November, 7" December and 27" December.
Planting on October 27" resulted in a significantly higher percentage of ratoon-
forming plants, larger ratoon heads and higher yield than planning on other dates.

10



Danish Supreme was the most productive cultivar and Sri Ganesh Gol was the
least productive.

Moel and Everaarts (1996) carried out an experiment during two seasons
to study growth, development and yield of early maturing white cabbage cultivar
Castello, and the late maturing cv. Bartolo, in relation to time of planting during
the season. Results indicated that for both cultivars, planting late in the season
resulted in a substantially reduced yield at the end of the season. When harvested
at an average weight of 1.1 kg per head, effects for cv. Castello on necessary
period of growth were small. The onset of rapid head growth was earlier with cv.
Castello and this cultivar partitioned a greater part of total weight to the head as
compared to cv. Bartolo. With planting late in the season quality of the head of cv.
Bartolo was unacceptable.

Shaker (1999) evaluated the effect of planting date (first week of
November, December and January) on cabbage cv. Balady and found that early
planting significantly enhanced the growth of cabbage. Kumar et al. (2000)
reported that cv. Golden Acre transplanted in March in Himachal Pradesh

produced significantly higher marketable heads than those planted in April.

Chaubey et al. (2000) conducted stability analysis in 23 genotypes of
cabbage over 8 environments during winter spring and spring summer season and
revealed that mean squares due to G x E (Liner) was significant for all the
characters except equatorial diameters of heads. None of the genotypes were
found stable for yield, percentage of marketable heads and net weight of heads.

A experiment was conducted by Sharma (2001) to study the effect of four
dates of transplanting (8" Oct., 18" Oct., 28" Oct. and 7" Nov. during winters and
70 Apr., 17" Apr., 27" Apr. and 7" May during summers) and four hybrids
(Bajrang, Green Challenger, Bharati and Varun) on growth, yield and quality
characters of cabbage. It was found that earlier dates of transplanting (8" Oct. in
winters and 7" April in summers) and hybrids Green Challenger and Varun yield

significantly well.

11



Kleinhenz and Wszelaki (2003) evaluated seven cultivars of cabbage
planted in May and June and found that May planted cabbage showed greater
yield and larger, heavier heads with greater polar/equatorial diameter values.

Radovich et al. (2005) conducted a study to determine the independent and
interactive effect of planting date (PD) cultivar (C) on the total glucosinolate
concentrations in cabbage. Six commercial fresh market cabbage cultivars were
planted in May and June. Total glucosinolate concentrations were significantly
affected by PD and C, but the PD x C interaction was not significant.

Chaubey (2006) evaluated twenty three genotypes of cabbage. The spring-
summer planting resulted in significantly earlier maturity as compared to winter-
spring planting with the difference of two weeks. Number of non-wrapper leaves
was always higher during summer than in winter season at any fertility levels. It
was also observed that the most of the early maturing genotypes showed lower
number and the late maturing ones showed higher number of non-wrapper leaves
is considered as an undesirable traits.

Adeniji et al. (2009) carried out a participatory evaluation of varieties for
adaptation and yield. Results indicated that for each season marketable head yield
differed significantly (P<0.05) among the varieties. During the long rainy season,
Gloria F1 and Victoria F1 were best for head yield; while Quick Start and Rotan
performed best for head yield during the short rainy season. For multiple
characters (taste, head shape and firmness), Summer Summit F1 was best.
Tropical Delight was preferred for head size, firmness and low incidence of loose
heads. Gloria F1 was identified as an early maturing variety with good head
solidity. Good-tasting cabbage varieties were Summer Summit, Summer Glory

and Bonus.

Singh et al. (2010) studied the effect of transplanting dates on plant growth
yield and quality traits of cabbage cultivars and reported that maximum yield
potential of various cultivars was realised by transplanting of cabbage seedling on
December 1%, The most compactable head was observed for Indam 1299 followed
by Golden Acre, NS-160, KGMR-1 and lowest in Ryozeki. Zagade et al. (2010)
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reported that sowing of cabbage cv. Golden acre on 15" October produced

significantly higher yield.

Khan and Yadav (2010) studied effects of planting dates (15 Oct., 30 Oct
and 15 November ) on performance of broccoli variety Fiesta and revealed that
maximum plant height , number of leaves per plant, early curd initiation and early
curd maturity were recorded when transplanted on 15" October to 30"
October.

In a study conducted at Solan with cabbage cv. Pride of India transplanted
on seven planting times from 3™ week of June to 1% week of August Dev (2011)
found that cabbage seedling transplanted in the second week of July produced

significantly higher percentage of mature normal heads
2.4 Influence of season on incidence of physiological disorders

Physiological disorders of cole crops are abnormalities in leaf and stem
morphology, colour, or both which are not caused by infectious diseases or
insects. The abnormalities occur as a result of environmental stress, nutritional
deficiencies or excess on the plant. Various physiological disorders of cabbage
includes blindness, bolting, boron deficiency, bursting/split heads and tip burn.
(Verma, 2009).

Blindness disorder occurs in cabbage and results in no head formation or
multiple small heads form. Pre- and/ or post transplanting factors, such as damage
to the terminal growing point due to low temperature, cutworm damage or rough
handling of transplants results in blindness (Verma, 2009).

Masarirambi et al. (2011) reported physiological disorders like head
splitting, blindness, vein streaking necrosis and necrotic spot in cabbage and
suggested measures to alleviate these physiological disorders.

Heads split or burst usually due to heavy rains or overwatering or delayed
harvest of cabbage. Rapid growth causes splitting of heads. Early maturing

cultivars are most susceptible. This disorder may be alleviated by avoiding over-
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watering and maintaining uniform growth with proper irrigation. Harvesting on
time and use of resistant cultivars preferably late cultivars may help to alleviate

this problem ( Masarirambi et al., 2011).

2.5 Influence of season on incidence of pests and diseases
2.5.1 Incidence of pests

The major pests in cruciferous vegetables include diamond back moth
(Plutella xylostella), tobacco caterpillar (Spodoptera litura), cabbage aphid
(Brevicoryne brassicae, Myzus persicae), cabbage butterfly (Pieris brassicae) and

cabbage head caterpillar (Corcidolomia pavonana) (Loganathan, 2002).
2.5.1.1 Leaf caterpillar (Spodoprtera litura)

Seasonal flight activity in Spodoptera litura in cauliflower fields indicated
a peak of activity in November-December and February-March, which shows the

survival of adults in cold winter temperatures (Ali, 1989).

Soujanya et al. (2004) reported that novaluron 0.005% + indoxacarb
0.00725% + and indoxacarb 0.0145% were found to be most effective against
Spodoprtera litura on cabbage. Varalekshmi et al. (2006) reported that favourable

time for multiplication of Spodoprtera litura is from December to January.

In an experiment conducted to determine the seasonal incidence
of Spodoptera litura on cauliflower, it was found that the larvae could be seen
from 36" standard week onwards in a fluctuating manner and the population
attained its peak during the 43" standard week (Tmax= 39.5°C and Tmin= 20.7°C)
and declined gradually after the 46" standard week (Monobrullah et al., 2007).

The feeding pattern of polyphagous pest, Spodoptera litura revealed that
the larvae prefers mostly to feed on cauliflower and least preference for castor
(Chand and Tripathi, 2008).
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2.5.2 Incidence of diseases

The major diseases in cruciferous vegetables include club rot
(Plasmodiophora brassicae), black rot (Xanthomonas campestris pv. campestris),
stalk rot (Sclerotinia sclerotiorum), downy mildew (Pernospara parasitica), leaf
spot and head rot (Alternaria brassicae) and rhizoctonia blight (Rhizectonia

solani).

Optimum temperatures for spore production of Alternaria spp. are 24°C—
28°C, and new spores can be produced in 7-10 days of infection under favorable

temperature conditions for penetration and germination (Kucharek, 2000).

Massomo (2003) conducted a study to manage black rot of cabbage,
caused by Xanthomonas campestris pv. campestris (Xcc) and he screened thirty-
one local and introduced cabbage varieties. He found that Amigo F1, Maja F1,
Rotan F1, Ducati F1, Adelita F1, Bravo F1, Blue Thunder F1, Fortress F1, JK-1
F1, Gianty F1, T-689 F1, N-9690 F1, N 66 F1 and Riana F1 showed partial

resistant.

Alternaria epidemic occur under high relative humidity condition (>87%)
and high temperatures (A. brassicicola) or moderate (A. brassicae). For the
infection, at least, 9 h of free water in the surface of the plant is necessary
(Mehta et al., 2005)

2.6 Genetic parameters
2.6.1 Variability

The efficiency of selection in crop improvement programmes largely
depends on the extent of genetic variability present in the population.