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ABSTRACT

This review paper had been prepared on combining ability and heterosis for vegetables
improvement to know the extent of combining ability and heterosis for economic trait
improvement of different vegetables. All data and informations were collected from
secondary sources. In this study good general combiner was found in parents of tomato (P3)
for yield related trait; bitter gourd (P1, P2) for earliness; cabbage (P4, P1, P3) for antioxidant
and nutritional value and tomato (P1) for pest resistance. Highest SCA effect was found in
hybrids of brinjal (L3xT3, L4xT2) for yield related traits; bottle gourd (P1xP2) for earliness;
cauliflower for ascorbic acid (L2xT2), anthocyanin (L3xT1), lycopene (L2xT1), carotenoid
(L2xT4); tomato (L1xT3, L2xT2, L1xT4). In case of heterosis highest standard heterosis
was found in hybrid of ridge gourd (L1xT1) for yield. Heterosis for earliness was found in
squash hybrid (P7xP4) with lowest mean value. Economic heterosis for earliness was also
found in sponge gourd hybrids (P1xP2, P4xP6). Highest economic heterosis for carotenoid
was found in cabbage hybrid (P2xP6) and for ascorbic acid (P3xP9). Highest heterosis over
mid-parent, better parent and check was found in cucumber hybrid (P1xP2). Study of GCA
effects helps to select best performing parents and SCA effects help to select the best cross
combination for utilization in breeding program. And Study of heterosis helps to utilize
heterosis for developing improved cultivars of different vegetables through heterosis

breeding and ultimately vegetables production can be increased.

Key words: GCA, SCA,Heterosis, Heterosis breeding.
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CHAPTER|

INTRODUCTION

Vegetable may be defined as "any plant part (roots, stems, leaves, flowers, fruits, and seeds)
which is used for food. A textbook indicated that important self-pollinated vegetable crops that
have been researched extensively include the legumes [bean (Phaseolussp.) and pea
(Pisumsativum L.)], Solanaceae [eggplant (Solanummelongena L.), pepper (Capsicum nigrum
L.), tomato (Lycopersiconesculentum Mill.)], and lettuce (Lactuca sativa L.) and important
cross-pollinated vegetable crops include the cucurbits [cucumber, melon (Cucumismelo L.),
squash (Cucurbitasp.), and watermelon], the cole crops [broccoli (Brassica oleracea L.),
cabbage (Brassica oleracea L.), and cauliflower (Brassica oleracea L.)], root and bulb crops
[carrot (Daucuscarota L.) and onion (Allium cepa L.),], asparagus (Asparagus ojjicianalis L.),
and spinach (Spinaciaoleracea L.) Wehner, T. C. (1999). Vegetables can be eaten either raw or
cooked and play an important role in human nutrition. Vegetables make up a major percentage of
the human diet in many locations of the world and play a significant role in human nutrition,
especially as sources of phytonutriceuticals: vitamins, minerals, dietary fiber and phytochemicals
(Ryder, E., 2011). Some phytochemicals of vegetables are strong antioxidants and are thought to
reduce the risk of chronic disease by protecting against free-radical damage, by modifying
metabolic activation and detoxification of carcinogens, or even influencing processes that alter
the course of tumor cells (Wargovich, M. J., 2000). Billions of people especially in developing
countries suffer from micronutrient malnutrition “*Hidden Hunger’’ caused by insufficient intake
of micronutrients such as Vitamin-A, zinc and iron (Harvest Plus, 2007). More than 70% of
malnourished children live in Asia. At least half of the preschool children and pregnant women
are affected by micronutrient deficiencies in Bangladesh, Cambodia, Nepal and the Philippines
(Talukderet al., 2010). Vegetables provide these micronutrients and regular consuming
vegetables may reduce the incidence of being malnutrition and provide nutrition to the poor
people at least cost.

Crop improvement involves strategies for enhancing yield potentiality and quality components
(Singh et al., 2013). Heterosis and combining ability studies are prerequisite in any plant
breeding programme, which provides the desired information regarding the varietal improvement
or exploiting heterosis for commercia purposes (Singh et al., 2013). Identification of the best
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performing lines (for commercia release) and lines which can be used as parents in future
crosses are two principal objects considering in most crop breeding programs (Oakeyet al.,
2006).The combining ability analysis is an important tool in preferring suitable parents for
hybridization and superior cross combinations through general combining ability (GCA) and
specific combining ability (SCA), respectively (Sharma et al., 2016). It can seldom be predicted
just based on parental phenotype and hence it is measured by progeny testing. When parenta
plants produce potent offspring, they are said to have good combining ability (Vasalet al., 1999).
Combining ability or productivity in crosses is defined as the cultivars or parents ability to
combine among each other during hybridization process such that desirable genes or characters
are transmitted to their progenies (Fasahatet al., 2016). Sprague and Tatum (1942) defined GCA
as the average performance of a genotype in a series of hybrid combinations and SCA as those
cases in which certain hybrid combinations perform better or poorer than would be expected on
the basis of the average performance of the parental inbred lines. Parents showing a high average
combining ability in crosses are considered to have good GCA while if their potential to combine
well is bounded to a particular cross, they are considered to have good SCA (Fasahatet al.,
2016). Combining ability studies are more reliable as they provide useful information for the
selection of parents in terms of performance of the hybrids and elucidate the nature and
magnitude of various types of gene actions involved in the expression of quantitative traits
(Muttappanavaret al., 2014).

Heterosis or hybrid vigour is a phenomenon that describes the survival and performance
superiority of a hybrid offspring over the average of both its genetically distinct parents
(Baranwalet al., 2012). According to Shull (1948) heterosis is “the increased vigor, size,
fruitfulness, speed of development, resistance to diseases and insect pests manifested in cross-
bred organisms as compared to corresponding inbred, as the specific result of unlikeness in the
constitution of uniting parental gamets”. A textbook on “Genetics and exploitation of heterosis in
crops” indicated that hybrid vigor, or heterosis, usually refers to the increase in size or rate of
growth of offspring over parents; for example, hybrid vigor in crop plants can be observed asin
increase in yield of grain, or reduction in number of days to flower (Duvick, 1999). Heterosis
breeding provides an opportunity for achieving unique improvement in yield and other desirable
attributes in one generation that would be more time consuming and difficult with other
conventional breeding methods (Sherpa et al., 2014).Singh et al. (2017) indicated that it is a fast
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and convenient way to combine desirable characters of a vegetable together, for example fruit
size and colour, plant type and disease resistance, and as a mean to control intellectual property
rights through control and protection of the parenta lines by the breeders. Combining ability
study gives the best combiners which are used as parents of breeding program and utilizing these
best combiners desired trait such as yield and yield related traits, earliness, antioxidant and

nutrient quality can be improved in vegetables.
Objectives:

1. To review the extent of combining ability for improving various economic traits of
different vegetables.

2. To highlight the extent of heterosis for various economic traits improvement of different
vegetables.



CHAPTER I

MATERIALSAND METHODS

This paper is absolutely a review paper. With a view to preparing this paper, al informations
were collected from secondary sources.The topic related findings have been reviewed by internet
browsing, studying extensively various articles and research papers published in varied journals,
books, proceedings, dissertation available in online. Vauable suggestion and information were
received from honorable major professor and course instructors. After collecting information,

these were compiled and organized chronologically for preparing this seminar manuscript.



CHAPTER 11

REVIEW OF FINDINGS

3.1 Combing Ability

Combining ability is an estimation of the value of genotypes on the basis of their offspring
performance in some definite mating design (Allard, 1960). From a statistical viewpoint, the
GCA is a main effect and the SCA is an interaction effect (Kulembekaet al., 2012). Based on
Sprague and Tatum (1942), GCA is owing to the activity of genes which are largely additive in
their effects as well as additive x additive interactions. “Specific combining ability is regarded as
an indication of loci with dominance variance (non-additive effects) and all the three types of
epistatic interaction components if epistasis were present. They include additive x dominance
and dominance x dominance interactions” (Griffing, 1956). Triveniet al. (2017) reported that “A
knowledge of general combining ability (GCA) variances, reveals the existence of additive gene
action while specific combining ability (SCA) variances reveals non additive gene action”.

3.1.1 Combing Ability for Yield and Yield Related Traits
3.1.1(a) General combining ability effect

General combining ability of tomato parents for yield related traits is described in Table 1.
According to Dharvaet al. (2018), parent P3 were found to be good general combiners for fruit
yield per plant, its other yield contributing characters. Dharvaet al. (2018), mention that among
parents, high GCA effect for fruit yield per plant was found in P3 were associated positive
significant GCA effect for number of fruits per plant, average fruit weight. Almost identical
results have been reported by Kumar etal. (2015), Bhattarai et al. (2016), Jaiprakashnarayan et
al. (2016), Josna Jose et al. (2016) and Jadavet al. (2017).Dharvaet al. (2018), also reported that
high general combining ability of P3 for one or more yield attributing traits might be resulted in
to higher combining ability for fruit yield. The parent could therefore effectively utilize in
breeding programme for devel oping high yielding hybrids.



Table 1 Estimates of GCA effects of parentsfor yield related traits in tomato

Characters Parental cultivars
P1 P2 P3
No. of fruits per plant 3.13* -0.91 1.18*
Aver age fruit weight(g) -6.61** 1.26 2.39*
Fruit yield per -0.02 -0.03 0.16*
plant(kg)

P4
-0.89
2.90%
0.03

*- Significant at 5% and **- Significant at 1%

P1=Avto-2, P2= Avto-3, P3= Avto-4, P4= Avto-7

(Source: Modified from Dharvaet al., 2018)

3.1.1(b) Specific combining ability effect

Specific combing ability for brinjal crosses is described in Table 2.According to Khapteet al.
(2013), SCA effect for per cent fruit set was highest in the cross L3 x T3 (9.61). Khapteet al.
(2013) indicated that the cross L4 x T2 (1.90) recorded high SCA effect for fruit length and the
cross L6 x T2 (1.73) for fruit diameter. Khapteet al. (2013) also indicated that SCA effect for
average fruit weight was highest in the cross L2 x T3 (23.15).

Table 2 Estimates of SCA effect of crosses for yield related traitsin brinjal

Characters
L2xT3 L3xT3
% Fruit set 4.87** 9.61**
Fruit length  (cm) -0.09 1.41**
Fruit diameter (cm) -0.47 1.23**
Averagefruit 23.15** 3.60**
weight(g)
No. of fruits per plant -4.06** -2.84**
Fruit yield per 0.08 -0.16*
plant(kg)

Cross
L4AxT2
-0.05
1.90**
1.50**
13.00**

3.26**
0.66**

L6XxT2
1.27
1.65**
1.73**
-4.33

-0.28
0.15*

L6xT3
-7.06**
-0.95**
-1.19*%*
-8.61*

5.38**
0.34*




*- Significant at 5% and **- Significant at 1%

(Source: Modified from Khapteet al., 2013)
For number of fruits per plant, the cross L6 x T3 (5.38) recorded highest SCA effect. Good
specific combiner for yield per plant turned out to be the cross L4 xT2 (0.66).Among the crosses,
L4 x T2 and L3 x T3 were good specific combiners for most of the yield attributing traits, and

can be exploited for heterosis breeding and further subjected to selection to isolate desirable
genotypes in Manjarigota type brinjal.

3.1.2 Combing Ability for Earliness
3.1.2(a) General combining ability effect

Genera combining ability of bitter gourd parents for earliness is described in Table 3.According
to Bhatt et al. (2017), parents P1 showed highest significant negative GCA value for days to first
flowering followed by P2 and P4. Bhatt et al. (2017), also indicated that P1, and P2 were found
good genera combiner for earliness.

Table 3 Estimates of GCA effects of parents for earlinessin bitter gourd

Characters Parents
Pl P2 P3 P4

Days to first female -2.87** -2.14** 0.13 -2.14**
flowering
Days to first fruit -2.56** -1.83** -0.19 -1.92**
set
Days to first 0.30 -3.24** 5.12*%* -1.33
harvest

*- Significant at 5% and **- Significant at 1%
P1=Punjab-14, P2=ArkaHarit, P3=Panipat Local, P4=Ka yanpurSona
(Source: Modified from Bhatt et al., 2017)

3.1.2(b) Specific combining ability effect



Specific combining ability for earliness of bottle gourd crosses is described in Figure 1.
According to Shindeet al. (2016)’ the cross combination P1xP2 showed highest significant
negative SCA effect for both days to first female flower (-8.73) and days to first harvest (-
9.09)respectively followed by P1xP4, P1xP5, P2xP3, P3xP6, P3xP7. Shindeet al. (2016) aso
reported that these crosses can be exploited for further heterosis breeding for improvement in

bottle gourd.

-1 P1-P2 P1-P4 P1-PS P2-P3 P3-P6 P3-P7

-2 Crosses

o= Days to first female flower o= Days to First Harvest

Figure 1: SCA effect of crosses for earlinessin bottle gourd.

P1xP2= Samrat X Pusa Summer Prolific Long, P1xP4= Samrat X NDBG 619, P1xP5= Samrat
X NDBG 129, P2xP3= Pusa Summer Prolific Long X PusaSamrudhi, P3xP6= PusaSamrudhi X
DBG 5, P3xP7= PusaSamrudhi X Bhagirathi.

(Source: Modified from Shindeet al., 2016)
3.1.3 Combing Ability for Antioxidant and Nutritional Value
3.1.3(a) General combining ability effect

Genera combining ability of Cabbage CMS lines for antioxidants is described in Table 4.
According to Singh et al. (2018), the CMS lines P4, P1 and P3 were good general combiner and
CMS line P2 was poor general combiner for magjority of traits.Singh et al. (2018) also indicated

that line P4 was found significantly good general combiner for all the antioxidants except FRAP



and the line P3 exhibited highly positive significant GCA effects at P < 0.001 for all the traits
except lycopene, b-carotene. Singh et al. (2018) also reported that P1 exhibited significantly
positive GCA effects for FRAP, ascorbic acid, lycopene, total carotenoids respectively.

Table 4 Estimates of GCA effects of CM S lines for antioxidants in cabbage

Characters Parents
P1 P2 P3 P4
CUPRAC 0.04*** =07 0.18*** 0.10***
FRAP 1.07*** -0.06*** 0.05%** 0.00
Ascor bic acid 1.76*** -2.60*** 1.73*** 1.55%**
Phenols -76.84%** -80.92%** 223.67%** 39.74***
Anthocyanin -0.06*** -0.02 0.20%** 0.24***
L ycopene -0.02*** -0.02*** -0.01* 0.00
Beta carotene 0.07*** -0.02* -0.04*** 0.04***

* = gignificant at 5% probability, ** = significant at 1% probability, *** = significant at 0.1%
P1=0gul22-5A, P2=0gul18-6A, P3=0Ogul19-1A, P4=0Ogu33-1A

(Source: Modified from Singh et al., 2018)
3.1.3(b) Specific combining ability effect

Specific combining ability effects for Ascorbic acid and Anthocyanin of crosses in cauliflower is
described in Figure 2. According to Deyet al. (2014), highest SCA effect in positive direction
was found in the cross combination L2xT2 (24.21)for ascorbic acid concentration andfor
anthocyanin content cross combination L3xT1 (0.25) exhibited highest SCA effect in positive

direction.
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Figure 2: SCA effect of crosses for ascorbic acid and anthocyanin in cauliflower.

L1xT3=0gul3AxKt-2, L2xT2= Ogul4AxSel-27, L2xT4= Ogul4AxPSBK-1, L3xT1=
Ogu33AxHLSRO5

(Source: Modified from Deyet al., 2014)

Specific combining ability effects for Lycopene and p-carotene of crosses in cauliflower is
described in Figure 3. Deyet al. (2014), mention that the highest SCA effect for lycopene content
was recorded in the hybrid L2xT4 (0.41), followed by hybrid L1xT3 (0.40). Deyet al. (2014),
also reported that the hybrid L2xT4 (39.93) followed by hybrid L1xT3 (32.62) showed high

SCA for [-carotene content.
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Figure 3: SCA effect of crosses for lycopene and [3-carotene in cauliflower.

L1xT3=0Ogul3AxKt-2, L2xT2= OguldAxSel-27, L2xT4= Ogul4AxPSBK-1, L3xT1=
Ogu33AxHLSRO5

(Source: Modified from Deyet al., 2014)
3.1.4 Combing Ability for Disease and Pest Resistance
3.1.4(a) General combing ability effect

Genera combining ability of parents for pest resistance in tomato is described in Table 5.
According to lzge and Garba (2012), the general combining ability effect for number of
fruits/plant showed that P1 had the highest positive and significant value (40.04**), followed by
P2 (21.46**) and P3 (20.63**). P4 showed insignificant negative GCA values. 1zge and Garba
(2012) also reported that al the remaining traits of which some were positive and negative did
not show any significant valuesin their GCA effects.

Table 5 Estimates of GCA effects of parents for pest resistance in tomato

Characters Parents
Pl P2 P3 P4
Trichome count 0.24 0.60 -0.07 -0.49
No. of fruits per plant 40.04** 21.46* 20.63* -4.29
Weight of fruits per 1.26 0.61 0.75 0.13
plant(g)
% damaged fruits -4.81 -5.01 -4.50 -0.95

*- Significant at 5% and **- Significant at 1%
P1=Cherry, P2=US, P3=Roma VF, P4=Tandino

(Source: Modified from Izge and Garba, 2012)
3.1.4(b) Specific combining ability effect

Specific combining ability (SCA) effect of hybrids for pest resistance in tomato is described in
Table 6. According to l1zge and Garba (2012), the four cross combinations L1xXT3 (15.21**),
L2xT2 (14.38**), L1xT4 (12.38**) and L2xT1 (9.88**) showed highly significant and positive
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values for number of fruits/plant. Mahendrakar (2004), Premalkshminet al. (2006) and Asatiet al.
(2007) aso indicated positive and significant SCA effects for number of fruits/plant in tomatoes.
Izge and Garba (2012) reported that these same sets of hybrids parenthetically had the highest
number of trichome count and could mean that some level of resistance consequential due to the
presence of the glandular trichome was at display and these give rise to high number of
fruits/plant. Heinz and Zalom (1995) reported similar result. 1zge and Garba (2012) suggested
that these hybrids or cross combinations could be exploited for the improvement of tomato to
fruit worm resistance, number of fruits/plant and yield as per they have displayed some levels of
stability in their specific combining abilities.

Table 6 Estimates of SCA effect of hybrids for pest resistance in tomato

Characters Crosses
L1xT3 L1xT4 L2xT1 L2xT2
Trichome count 0.51 0.10 0.15 0.32
No. of fruits per plant 15.21** 12.38** 0.88** 14.38**
Weight of fruits per 0.55 0.37 0.31 0.44
plant(g)
% damaged fruits -7.58 -4.41 -3.95 -3.72

*- Significant at 5% and **- Significant at 1%

L1xT3=Cherry x Hong Large, L1xT4=Cherry x Golden Roma L2xT1=Current x UC,
L2xT2=Current x Roma VF

(Source: Modified from I zge and Garba, 2012)
3.2 Heterosis

Genetic basis of heterosis in crops is explain by two hypotheses that is, the dominance
hypothesis (Davenport, 1908) and the overdominance hypothesis (East, 1908). The dominance
hypothesis states that deleterious alleles at different loci in parental genomes are countered in the
F1, producing a better phenotype. The overdominance hypothesis states that improved

performance of an F1 hybrid, in relation to its inbred parents, is a result of favorable alelic
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interactions at heterozygous loci that outperform either homozygous parent. Utilization of
heterosis increases productivity and contributes to increase of agricultural production (Huang et
al., 2006; Stuber, 1994; Yuan, 1998) and quality (Gwanamaet al., 2001). Heterosis has been
utilized to exploit dominance variance through production of hybrids (Ahmed et a., 2003;
Olfatiet al., 2011).

3.2.1 Heterosisfor Yield and Yield Related Traits

Heterosis for yield and yield related traits is described in Figure 4, Figure 5 and Table 7. In
Figure 4 (a) showed whole plants of parents (P1, Black leaf succession; P2, Early summer) and
their F1 hybrid on the 83rd day after transplanting and (b) showed vertically divided heads
(Tanaka and Niikura, 2006).
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(a)

Wrapper leaf

Lecal position at which the

head formation started (LPH)

(b)

Figure: 4 An example of heterosis in cabbage.
(Source: Tanaka and Niikura, 2006)

According to MH and Jadav (2018), the cross L1xT1 exhibited the highest standard heterosis for
fruit yield per vine (26.25), no. of fruits per vine (38.61) and fruit weight (27.05) followed by
cross L1xT2, L1xT3 and cross L2xT3 exhibited higher standard heterosis. MH and Jadav (2018)
also indicated that cross L2xT3 exhibited highest standard heterosis (12.17) for fruit length and
cross L1xT2 exhibited highest standard heterosis (52.17) for girth of fruit.
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Table 7 Comparative study of four most standard heterotic crosses for fruit yield per vine along

with their heterotic effects for component characters in ridge gourd

Characters Crosses
L1xT1 L1xT2 L1xT3 L2xT3
Fruit yield per vine 26.55** 17.23** 17.11** 14.23**
No. of fruitsper vine 38.61** 30.38** 27.85%* 20.25*%*
Fruit weight 27.05** 17.23** 16.83** 14.23**
Fruit length 4.41** -8.03 0.33 12.17*
Girth of fruit 18.34** 52.17** 25.41** 8.70

*- Significant at 5% and **- Significant at 1%

L1xT1= JRG-13-04 x Jaipur Long, L1xT2= JRG-13-04 x ArkaSujat, L1xT3= JRG-13-04 x
PusaNasdar, L2xT3= JRG-13-07 x PusaNasdar

(Source: Modified from MH and Jadav, 2018)

MH and Jadav (2018) reported that crosses L1xT1, L1xT2, L1xT3 exhibited high per se fruit
yield per vine (Figure 5) and these crosses also showed significant and desirable heterobeltiosis
and standard heterosis. MH and Jadav (2018) suggested that these three cross combinations
might be exploited as commercia hybrids, after testing on large scale as well as for its reaction

to major diseases and pests.

860
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2 800
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=
= 780
&=
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~ 740
L1-T1 L1-T2 L1-T3 L2-T1
Crosses

Figure: 5 Per sefruit yield per vine in crosses in ridge gourd.
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L1xT1= JRG-13-04 x Jaipur Long, L1xT2= JRG-13-04 x ArkaSujat, L1xT3= JRG-13-04 x
PusaNasdar, L2xT1= JRG-13-07 x Jaipur Long

(Source: Modified from MH and Jadav, 2018)

3.2.2 Heterosisfor Earliness

Earliness is an important economic character, as it gives earliest yield and at the same time may
widen the flowering and fruiting span of the plants, which ultimately result in higher fruit yield.
Heterosis for earliness is described in Figure 6 and Table 8. According to El-Adlet al. (2014),
(Figure 6) the highest mean value for days to 1% female flower exhibited by P6 x P2 (34.93)
which was undesirable. El-Adlet al. (2014) reported that hybrid P7 x P4 exhibited the lowest
mean value for both days to 1% female flower (26.37) and days to 1% harvest which was desirable

for earliness.
mDaysto st fernale flower mDaysto 1st harvesting

40

35

30

25

» 20
;.

a 15

10

5

0

P1<P6 P2-<P4 P4<P7 P6-P2 P7<P4
F1 hybrids

Figure: 6 The mean performances of the F1 hybrids for earliness traitsin squash.
(Source: Modified from El-Adlet al., 2014)

According to Venugopalaet al. (2019), the F1 hybrids P1xP2 (-14.42%) and P4 xP6 (-11.54%)
exhibited (Table 8) the highest economic heterosis for days to first female flower appeared.
Venugopalaet al. (2019) aso indicate that P1xP2 and P1xP7 exhibited highest standard heterosis
for days to 1st fruit harvest. The heterosis for earliness has also been reported by Maurya and
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Singh (1994) and Singh et al. (1996) in bottle gourd; Munsi and Sirohi (1993) in bitter gourd;
Tyagi (1997) and Sharma et al. (2002) in ridge gourd.

Table 8 Estimation of standard heterosis for earliness traits in sponge gourd

Characters F1 hybrids
P1xpP2 P1xP7 P4xP6 P5xP3
Days to female flower -14.42** -5.77 -11.54** -8.65
appear ance
Daysto 1% harvest -10.45* -8.21* -3.73 -9.70
Daysto last harvest 11.01 4.40 1.26 5.66

*- Significant at 5% and **- Significant at 1%

P1xP2=KulgodlocalxPusachikini, P1xP7=Kulgod locaxKRCCH-1, P4xP6=SG-4xSG-6,
P5xP3= SG-5xSG-3

(Source: Modified from Venugopalaet al., 2019)
3.2.3 Heterosisfor AntioxidantandNutritional value

According to Singh et al. (2009), (Figure 7) hybrid P2xP6 (1865.3) showed high amount of
carotenoid followed by P1xP8 (913.3) and exhibited significant and high economic heterosis for
carotenoid content in cabbage head.
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Figure: 7 Carotenoid content in hybrids of cabbage.

P2 x P6=Golden Acre x AC-204, P1 x PB=CMS-GA x PusaMukta, P3 x P11=83-1 x C 2, P2 x
P14= Golden Acre x MR 1, P4 x P13= 83-2 x EC 490192, P3 x P16= 83-1 x AC 1021, P5 x
PO9= Pride of Asiax C 4.

(Source: Modified from Singh et al., 2009)

According to Singh et al. (2009), the highest amount of ascorbic acid content (Figure 8) found in
hybrid P3xP9 (54.3) followed by P2xP9 (53.6), P5xP8 (52.7), P5xP9 (52.7) and exhibited
significant and high economic heterosis for ascorbic acid content in cabbage head. According to
Singh et al. (2009) aso indicated the superior hybrids in cabbage those were the best for Fe, Zn,
Mn and Cu content. Singh et al. (2009) also reported that the three hybrids (CMS-GAx AC-
1021, Golden Acre x EC-490192 and Golden Acre x PusaMukta) have the potential to improve
the macronutrient content in cabbage head through heterosis breeding.

54.5
54
§3.5

53

52.5
5
51

P3-<P9 P2-P9 P5<P11 P5-P8 P5<P9 P4<Pl1 P4PY
Hybrids

n

[ ]

Ascorbic acid (mg/100g fresh
head weight)
g/

Figure: 8 Ascorbic acid content in hybrids of cabbage.

P3xP9= 83-1x C 4, P2xP9= Golden Acrex C 4, P5xP11= Pride of Asia xC 2, P5xP8= Pride of
Asiax PusaM ukta, P5xP9= Pride of Asiax C 4, PAxP11= 83-2x C 2, P4xP9= 83-2x C 4.
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(Source: Modified from Singh et al., 2009)
3.24 Heterosisfor DiseaseandPest Resistance

According to Pradhan et al. (2017) only hybrid P1xP2 exhibited significant negative heterosis
over mid parent (-63.64%), better parent (-75%) and standard check (-60%) and was found to be
the best among the hybrids. Pradhan et al. (2017) reported that hybrid P1xP3 exhibited
significant negative heterosis over better parent (-54.55%) and standard check (-50.00*). Pradhan
et al. (2017) aso indicated that hybrids P1xP4 (-57.14%), P1xP3 (-54.55%) and P1xP5 (-
41.67%) exhibited significant negative better parent heterosis. Heterosis for pest and disease
resistance also reported by Thakur et al. (2019) in cucumber hybrids. Pradhan et al. (2017)
suggested that there is a good opportunity for devel oping disease resistance competency of plants

especially hybrid cucumbers by means of heterosis breeding.

Table 9 Heterosis % over mid-parent, better parent and check for downy mildew scoring in

cucumber
Hybrids Heterosis % over
Mid-parent Better parent Check
P1xP2 -63.64** -75.00** -60.00*
P1xP3 -41.18 -54.55* -50.00*
P1xP4 -40.00 -57.14** -40.00
P1xP5 -22.22 -41.67* -30.00

*- Significant at 5% and **- Significant at 1%

P1xP2= Hot Season x White Long, P1xP3= Hot Season x PusaSanyog, P1xP4= Hot Season X
PCO-2, P1xP5= Hot Season x Priya.

(Source: Modified fromPradhan et al., 2017)
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CHAPTER IV

CONCLUSIONS

> GCA effect helps to select best performing parents of different vegetables those possess
higher yield, earliness, higher nutritional value, antioxidant and biotic stress resistance
and SCA effect help to select the best cross combination having those characters.

> Proper utilization of heterosis will give improved cultivars of different
vegetables possess higher yield, earliness, higher minera content, antioxidant and

fetching biotic stress resistance through heterosis breeding.
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