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1. INTRODUCTION

Cowpea [Vigna unguiculata (L.) Walp.] is an important pulse crop with a high

amount of nutrients, especially proteins. This crop is cultivated in the tropics of Asia,

Africa and other parts of the world. It is a food not only for human, but also serves as a

feed for animals. With the nodules on root packs with Rhizobium, the cowpea plants are

able to fix atmospheric nitrogen and enhances soil fertility, hence, plants require very less

amount of resources which makes it a valued crop for resource-deprived farmers, and

well-suited for intercropping.

Nevertheless, the economic production of cowpea is unable to achieve its summit.

One of the prime reasons for this is the infestation of a notorious pest, spotted pod borer

{Maruca vitrata Fab.; Lepidoptera: Crambidae). This pest was first reported by Dietz

(1914) on beans in Indonesia. Singh and Allen (1980) reported 20 to 60 per cent loss in

grain yield by spotted pod borer in cowpea, whereas, Kumar et al. (2013) reported pod

damage varying from 22.81 to 32.56 per cent. It was also observed by a number of

researchers that the pest infests plants at flower bud stage, flowering stage and pod

maturity (Philip, 2004; Beegum, 2015). This pest has gained the tremendous attention of

several researchers around the globe because the damage by this pest to cowpea almost

always crosses the economic threshold level (Taylor and Ezedima, 1964).

Control of this pest with insecticides has not been widely adopted by farmers due

to the prohibitive costs. Some farmers use excessive amount of pesticides on the crop

against this pest which leads to health hazards and environmental pollution. Despite this

desired protection could not be achieved. At the damaging stage, this pest feeds internally,

which makes management of the pest through conventional chemical means very

difficult. However, application of insecticides remains the prime means of management.

Breeding for resistance to the pest is of immense importance, both in terms of

environmental well-being and reducing the cost of cultivation. Exploration and

exploitation of host plant resistance against this insect is the most desired way. Sources

of complete or partial resistance to many insect pests are available in different cultivars

within the crop species itself (Singh, 1978; van Emden, 1989). It is also suggested by

several researchers that the screening of commercial and local cultivars should be

undertaken as the primary step in the search for resistance and to initiate a breeding

programme.
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Host plant resistance refers to those heritable characters possessed by the plant

which influence the ultimate degree of damage done by the insect (Maxwell, 1972).

Identification of such characters (morphological and biochemical) of the host plant

conferring resistance to pests is very crucial in breeding for pest resistance (Snelling,

1941). Various biophysical characters viz., trichome length and density on plant parts,

length of peduncle, pod wall thickness, and various biochemical parameters viz., total

sugar, reducing sugar, non-reducing sugar, proteins, phenols, crude fibre as well as some

enzymes activity in cowpea plays an important role in providing resistance to the plant

against spotted pod borer (Phillip, 2004; Sunitha et al., 2008; Beegum, 2015; Barad

et al., 2016; Jakhar et al., 2017; Tiwari et al., 2017).

A prime goal of cowpea breeding programmes around the world is to combine

desirable a^onomic traits with resistance to the major diseases and insect pests (Timko

et al, 2007; Timko and Singh, 2008). The knowledge of the genetic diversity available

within the indigenous and exotic germplasm collections can increase the overall efficacy

of cowpea improvement programmes (Hegde and Mishra, 2009). Molecular markers play

a major role in identifying specific traits at early stage thereby giving an option to select

a right parents to achieve an early success in breeding programme.

Among the varieties of molecular markers used for assessment of genetic diversity

in germplasm, SSR markers have found widespread application because of their high

reproducibility, codominant nature and extensive genome coverage (Agarwal et al., 2008;

Xu and Crouch, 2008) and easy detection by polymerase chain reaction (PGR) (Castillo

etal, 2010).

Keeping all these points in view, the present study entitled 'Breeding cowpea

{Vigm unguiculata (L.) Walp.) for resistance to spotted pod borer {Maruca vitrata Fab.)'

was undertaken with the objective mentioned below.

Identification and incorporation of resistance against spotted pod borer in high

yielding varieties of cowpea and assessment of parental polymorphism at the molecular

level.
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2. REVIEW OF LITERATURE

The damage caused by spotted pod borer {Maruca vitrata Fab.) infestation is very

immense which makes this pest of grave concern with respect to cowpea and other pulse

crops. Several studies have been conducted around the globe, wherever cowpea and other

pulses are the economic crops, to search a potential source of resistance against this pest

and to transfer that resistance into cultivated varieties. The work done on various aspects

of spotted pod borer infestations and transferring resistance into cultivated varieties is

comprehensively reviewed in this chapter.

2.1 SPOTTED POD BORER INFESTATION

The cowpea {Vigna unguiculata (L.) Walp.) is a major pulse crop and serves as

an important source of protein and other nutrients for a vast number of people across the

globe. However, the economic production of cowpea is seriously hampered by the

infestation of a notorious pest, spotted pod borer (M vitrata Fab.; Lepidoptera:

Pyralidae). It is a polyphagous pyralid moth which causes damage to almost all kinds of

pulses over wide range of environmental conditions in all areas where pulses cultivated

as a major crop (Taylor, 1978; Singh and van Emden, 1979; Dabrowski et al., 1983;

Ezeuch and Taylor, 1984; Jackal and Daoust, 1986; Ngugi et al., 1985; Sub, 1986).

It is one of the economically important pests of cowpea in the tropics, and damage

by this pest almost always crosses the economic threshold level (Taylor and Ezedima,

1964). In India, it is a severe pest of cowpea, blackgram, greengram, pigeonpea, beans

and soybean. The most frequent host plants are V. unguiculata, Cajanus cajan, Phaseolus

lunatus and Pueraria phaseoloids (Mahalakshmi et al., 2016). In India, the annual yield

losses caused by spotted pod borer have been estimated to be around 30 million dollars

(Saxena et al., 2002).

Singh and Allen (1980) reported 20 to 60 per cent loss in cowpea grain yield by

the incidence of spotted pod borer. Karel (1985) observed that the spotted pod borer

larvae are more abundant and injurious to cowpea than any other pest. The pod damage

due to the pest ranges from 13 to 31 per cent, the seed damage is about 16 per cent and

the total yield loss averages between 33 to 53 per cent. In Kerala, 8 to 40 per cent pod

damage have been estimated by Anithakumari (1992). She also observed that the high

humidity and low temperature during the months of September and October favours the

pest build up. Kumar et al. (2013) reported pod damage varying from 22.81 to 32.56 per

cent by spotted pod borer in cowpea. Several reports around the world have confirmed
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the economic importance of this pest (Attachi and Djihou, 1994; Dreyer et al., 1994;

Jackai and Adalla, 1997; Tamo et al, 1997; IITA, 1998; Panicker eta/., 2002; Jayasinghe

et al., 2015; Rathwae/a/., 2018).

The moth is nocturnal in habit, and female moths lay flat scaly eggs on floral buds,

flowers, leaves, leaf axils, terminal shoots and tender pods (Mahalakshmi et al., 2016).

The eggs hatch within three days and the first instar larvae start feeding at the place where

the egg had been laid. The caterpillars are internal feeders and bore tiny holes to enter in

flower buds and feed on internal developing organs or enters into a young pods to feed

on immature seeds (Anithakumari, 1992). In pulses, seeds being the economic produce,

infestation by spotted pod borer is considered as serious damage. The larval stage of this

pest also known to attack terminal shoots of cowpea in addition to flower buds, flowers

and pods (Veeranna et al., 1999). There they cause damage by binding the plant parts

together with silken thread and with the leftover faecal matter. The larval growth is of

five instars and with the average life being aroimd 15 days (Sravani and Mahalakshmi,

2015) cause heavy and irreversible damage.

According to Echendu and Akingbohungbe (1989), an infestation of two larvae

per plant is sufficient to cause considerable yield damage in cowpea. Bindu (1997)

observed the presence of spotted pod borer in the field throughout the cropping season,

with the increased population during the post-flowering period, in spite of all chemical

protection measures. As per the report of Attachi and Hountondji (2000), the spotted pod

borer larvae infest the flower buds, flowers and pods of almost all types of cowpea.

Considering yield loss caused by this pest, field screening for resistance and transferring

that resistance into cultivated varieties is a need of the hour.

2.2 SOURCES AND NATURE OF RESISTANCE

As stated by Woolley (1976), resistance to spotted pod borer is dominant and

possibly controlled by more than a few genes. Pathak (1985) studied the nature of

inheritance and degree of dominance of resistance in relation to pod and seed damage,

and reported partial dominance of susceptibility over dominance and also suggested

polygenic inheritance for resistance against this pest.

Sources of complete or partial resistance to many insect pests are available in

different cultivars within the crop species itself (Singh, 1978; van Emden, 1989). It is also

suggested that the screening of commercial and local cultivars should be undertaken as

the initial step in the search for resistance. Saxena and Khan (1991) reported that sources
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of resistance should be looked for in traditional varieties or unimproved germplasm of

the particular crop. Singh (1999) opined that the finding out and using a source of

resistance from wild relatives for transferring the resistant genes to cultivated types may

have a limited scope because of the retention of wild characters in the segregating

generations.

2.3 SCREENING OF COWPEA GERMPLASM FOR RESISTANCE AGAINST

SPOTTED POD BORER

The extent of cowpea resistance to spotted pod borer depends on plant growth

stages, several morphological and biochemical parameters (Dabrowski et al., 1983).

Flower bud, flower, pod and seed damage (Jackai, 1982; Valdez, 1989), larval

population on plant parts (Woolley and Evans, 1979) and pod evaluation index (ratio of

number of pods per plant to pod damage) (Oghiakhe et al., 1992a) have been suggested

as selection criteria to screen plant population for resistance to spotted pod borer. Using

these criteria, number of studies have been conducted to find out resistance against

spotted pod borer in the area where cowpea has been grown for a long time. For instance,

Usua (1975) reported that the cowpea lines 946 and 4557 were resistant to the attack of

spotted pod borer, whereas, Singh (1978) screened 2800 accessions of cowpea at

Intemational Institute of Tropical Agriculture, Ibadan, Nigeria and reported the cultivars

TVu-946 and TVu-4557 as resistant ones.

Woolley and Evans (1979) screened 140 genotypes of V. unguiculata and

observed semi wild-type Wake Jaba was resistant to spotted pod borer. Jackai (1981) and

Macfoy et al. (1983) screened a number of genotypes and reported TVu-946 as one of

the most resistant. Echendu and Akingbohungbe (1989) identified four cowpea varieties

(TVu-946, TVu-1896 AG, H 51-1 and 2 AK) as resistant and three varieties (Ife Brown,

H 144-1 and 58-185) as susceptible in field screening trials. From Dharwad, Jagginavar

et al. (1995) reported substantial variation in the level of resistance in a population of

eowpea with respect to the spotted pod borer damage. In their study, genotypes PI201

was with the least pod damage, TVu-1631 was with the least seed damage, whereas, C11

recorded the lowest larval population.

Singh (1999) evaluated various improved lines of cowpea for resistance against

spotted pod borer and observed that the lines IT90K-277-2, IT93K-452-1, IT94K-437-1,

IT97K-569, IT95K-223-3, IT97K-838 and 1T97K-499-38 suffered less damage in field

conditions. He also observed unnoticeable reduction in yield of these lines even without

cSi)



insecticidal sprays. Veeranna e( al. (2000) screened 45 genotypes of cowpea and reported

that the cultivar TVx-7 was completely resistant to spotted pod borer infestation.

A study was conducted by Vidya and Oommen (2001) with 50 accessions of yard-

long bean at College of Agriculture, Vellayani, Kerala Agricultural University (KAU) to

find out a source of resistance. Evaluation based on synchronised consideration of flower

and pod damages revealed that Kottayam local (16 % pod damage), Palakkad local (18

% pod damage) and Chengaimur local (18 % pod damage) were more resistant among

the cultivars evaluated.

A study conducted by Philip (2004) at College of Agriculture, Vellayani, KAU

to find out resistance against spotted pod borer revealed two local cultivars with least

infestation, Palakkad local and Kottayam local (18 %), and two cultivars, Chengannur

local and DCP 7, with 20 per cent infestation.

A screening trial conducted at Indian Institute Vegetable Research (IIVR),

Varanasi publicised cowpea cultivar Pusa Komal as highly susceptible to flower damage

(50 %) caused by spotted pod borer, whereas, CP-4 and CP-3 recorded 28 per cent and

34 per cent damage, respectively. Overall, CP-2 was the least damaged (19.44 %) (IIVR,

2008).

Fifty genotypes were screened for various damage parameters of spotted pod

borers by Jithesh (2009) at College of Agriculture, Vellayani, KAU and noticed

remarkable variability with respect to all the damage parameters. Based on all the damage

parameters, he reported three genotypes viz., Kurappunthara local, Kanichar local and

KMV-1 with high plant resistance indices.

Kumar et al. (2013) screened one promising variety Pusa Komal and 14

genotypes of cowpea against spotted pod borer. The genotype KCP-6 recorded the least

overall damage (22.81 %), while, KCP-1 was the most susceptible with 32.56 per cent

damage. However, none of the cultivars recorded an accepted level of resistance to this

pest.

Barad et al. (2016) conducted a field experiment involving 20 genotypes of

cowpea. They found that the accession GC-706 was resistant with lower larval population

(0.06 larvae per plant) and pod damage (8.89 %) and with maximum yield potential

(981.48 kg/ha) under spotted pod borers infestation, while, maximum larval population

(1.96 larvae per plant) and pod damage (24.30 %) were recorded in GC-12.

Beegum and Subramanian (2017) evaluated 48 accessions of cowpea against

spotted pod borer and reported that the five accessions viz., EC 100092, EC 98668,



IC 39945, IC 2918 and IC 52110 suffered no damage at all the three stages (flower bud,

flower and pod). A research trial conducted by Asoontha (2017) at College of

Agriculture, Vellayani, KAU, revealed Puthuppady local, Githika and IC 39947 as

resistant accessions.

2.4 MORPHOLOGICAL BASIS OF RESISTANCE

Certain morphological characters of the plant act as a primary shield against the

pest. These characters restrict the entry or movement of the pest on a plant body thereby

impart mechanical resistance. The pod wall thickness, the presence of trichomes, podding

habit, density and length of trichomes, pod angle, length of peduncle, plant architecture,

etc. of different cultivars are associated with resistance to spotted pod borer (Oghiakhe

et al, 1991; Sharma, 1998; Sunitha, 2006; Haider and Srinivasan, 2011; Beegum, 2015;

Asoontha, 2017). These characters alone or together act as a defence wall against spotted

pod borer.

2.4.1 Pod wall thickness

The anatomical microenvironment of different plant parts plays an important role

in resistance by limiting the larval movement and feeding. Thick and compact

collenchyma cells in the pod wall and fibrous tissues on the pod surface contributed to

resistance (Oghiakhe et al, 1992b). Haider and Srinivasan (2005) observed a negative

correlation between pod wall thickness and pod damage. Susceptible genotype of urd

bean, LBG-17, possessed the lowest pod wall thickness (0.52 mm), compared to resistant

genotypes LBG-611 (0.58 mm). Haider and Srinivasan (2011) supported the earlier

results. They observed the lowest pod wall thickness (0.77 mm) in highly susceptible cv.

GC-9708 and thick pod wall in the most tolerant cowpea cultivar HC-270 (0.89 mm) in

their study. Beegum (2015) screened 48 accessions of cowpea and found a significant

and negative correlation between pod wall thickness and level of spotted pod borer

damage. However, Vidya (2000) observed no significant correlation between pod

damage severity and pod wall thickness in cowpea.

2.4.2 Pubescence

Pubescence is one of the crucial physical character allied with insect resistance

across the plant kingdom. A covering of hair or trichomes on plant organs is an

indumentum, and the surface bearing them is said to be pubescent (Davis and Heywood,

1963). The defensive role of trichomes against insects has been very well documented

by several researchers (Levin, 1973; Johnson, 1975; Webster, 1975; Stipanovic, 1983;

Peter e/a/., 1995).



It is a complex trait which involves several factors viz., distribution of the

trichomes, the length of trichomes, the density of trichomes, disposition of trichomes and

the type of trichomes (Verma and Afzal, 1940). The presence of trichomes has been

reported by Oghiakhe (1995) as one of the mechanisms for ovipositional non-preference

by spotted pod borer in cowpea. Presence of trichomes also causes hurdle in movement

and restrict the larva from reaching flower bud and pod on the plant.

Pubescence can affect the activity of insects by both mechanical and chemical

means. The mechanical effect depends on the physical characteristics of the trichomes

which include density, erectness, length and shape (Dent, 1991). Some volatile

components of trichome exudates serve as repellent or deterrent and in some cases also

toxic to insects (Levin, 1973). Number of researchers have reported defensive role of

trichomes against spotted pod borer (Chiang and Singh, 1988; Jackai and Oghiakhe,

1989; Oghiakhe, 1995; Veeranna and Hussain,1997; Philip, 2004; Haider and Srinivasan;

2005; Sunitha et al, 2008; Beegum, 2015; Asoontha, 2017).

Jackai and Oghiakhe (1989) examined the role of length and density of trichomes

in the resistance by using two wild cowpea (F. vexillata) varieties, TVNu-72 and

TVNu-73 with respect to spotted pod borer. They found that the feeding and development

were daunted in insects on pods of TVNu-72 and TVNu-73, as compared to those on a

susceptible variety, 1T84E-124. However, when trichomes were removed, larvae fed and

developed better on the above varieties. This clearly proved that the trichomes forms the

first line of defense in the resistance against spotted pod borer. Oghiakhe (1995) also

found the same streamline of results when studied three cultivars viz., TVnu-72 (wild,

highly resistant and highly pubescent), TVu-946 (semi-wild, moderately resistant and

pubescent) and 1T82D-716 (cultivated, highly susceptible and less pubescent).

Veeranna and Hussain (1997) screened 45 cowpea genotypes for attack by

spotted pod borer in Karnataka and observed that TVX-7, the most resistant genotype,

had a high trichome density (24.41 /9 mm^), while, DPCL-216, the most susceptible one,

had a low trichome density (2.82 /9 mm^), endorsing earlier findings that trichomes are

important in reducing the attack by spotted pod borer. Sharma (1999) also reported

significant negative correlation between trichome density and spotted pod borer damage.

Haider and Srinivasan (2005) revealed that the highly susceptible genotype of urd

bean, LBG-17, had the least number of trichomes on stems (14.7 /mm^), pods (3.4 /mm^)

and leaves (4.5 /mm^) compared to the highly tolerant LBG-611, which had high

trichome density (20.3 /mm^, 10.1 /mm^ and 8.2 /mm^, respectively). Similarly,



trichome length was also the least (0.95 mm) in LBG-17 compared to LBG-611 (2.4

mm).

Sunitha et al. (2008) reported that the trichome density on upper and lower

surfaces of the leaf and its length, and trichome density and its length on pods were

positively correlated to resistance against spotted pod borer.

2.4.3 Plant architecture

Plant architecture also plays a noticeable role in defense against a number of pest

including spotted pod borer. Distribution of spotted pod borer larvae is closely related to

the distribution of reproductive structures which serve as the larval feeding sites, and

hence, plant architecture is important in deciding the level of damage. Several researchers
reported the importance of a position of the reproductive structure as a non-preference
mechanism.

For instance, Oghiakhe et al. (1991) observed that the cowpea cultivars with pods

held within the leaf canopy damaged significantly more than the cultivars with pods held

above the canopy. Defoliated cultivars suffered significantly less infestation and damage

than those with leaves. Cultivars with luxurious leafy growth can hold more relative

humidity under the canopy than that of less luxurious cultivars. This also reduces soil and
ambient temperatures, which in turn favour larvae of spotted pod borer. They also

observed that the per cent pod damage and larval infestation by spotted pod borer were

positively correlated with relative humidity and negatively correlated with high
temperature. Canopy structure and pod position acting together or independently exerted

a reflective effect on cowpea resistance to spotted pod borer. Beegum (2015) also

recorded the same streamline of results while working with 48 accessions of cowpea.

2.5 BIOCHEMICAL BASIS OF RESISTANCE

A wide range of phytochemical substances including primary, secondary and

intermediary metabolites play a crucial defensive role against spotted pod borer

infestation. Biochemical parameters include total sugar content, reducing sugar content,

total protein content, total phenol content, polyphenol oxidase activity, peroxidase

activity, crude fibre content, etc. All these components play a deciding role in conferring

resistance in one or other way. For instance, susceptible genotypes tend to have higher

sugar content, reducing sugar, non-reducing sugar, protein content, and low phenolic
content, crude fibre content, low enzymatic activity (polyphenol oxidase activity,

peroxidase activity), etc., whereas, resistant genotypes often show overall reverse

scenario.



10 5.^''
Macfoy et a/. (1983) recorded a higher content of sugars, amino acids and proteins

in spotted pod borer susceptible cowpea variety Vita-1 and lower concentrations in

resistant cowpea variety TVu-946. Moreover, the secondary metabolites, phenols,

flavonoids, crude fibre and dry matter content were higher in resistant variety. This

clearly indicates that the resistant varieties are less nutritionally suitable for larval

development of spotted pod borer.

Anithakumari (1992) conducted an experiment to pinpoint the role of different

biochemicals in resistance against spotted pod borer. The results of the study revealed

that the total sugars, amino acids, total nitrogen and crude protein plays a deciding role

in conferring resistance. She reported that the cowpea accessions viz., V98, V30, V95,

V61, V75 under the moderately resistant group possessed lower total sugar content of

2.90, 2.80, 3.37, 3.20 and 3.0 per cent, respectively. The susceptible accessions had

higher total sugar (ranging from 4.5 to 5.7 %). Moreover, higher amino acid content was

recorded in case of moderately and highly susceptible accessions (VI3 - 0.85 pg /g, V41

- 0.843 pg /g, V90 - 0.833 pg /g, V89 - 0.877 pg /g, V2 - 0.967 pg /g and VI - 1.83 pg

/g)-

Reports of Oghiakhe et al. (1993a) clearly indicate that the susceptible genotypes

almost always tend to have high sugar and protein content in flower buds and pods, while,

resistant genotypes tend to have high phenol concentration and low protein content.

Veeranna (1998) observed higher phenol and tannin contents in tolerant genotypes than

susceptible genotypes. In contrast to the report of Veeranna (1998), Oghiakhe et al.

(1993b) reported that the phenol content does not play a significant role in spotted pod

borer resistance in cowpea.

Haider et al. (2006) from Andhra Pradesh reported that the highly susceptible

cultivar of mungbean, LOG- 450, had the highest amount of total sugar, reducing sugar,

non-reducing sugar, amino acids and protein compared to the highly tolerant cultivar,

whereas, phenols were highest in the resistant cultivar (LGG-497) than the susceptible

cultivar. They also observed a significant positive correlation between total sugar,

reducing sugar, non-reducing sugar, amino acids and proteins with pod damage, and a

negative correlation between total phenol content in pods with pod damage. Sunitha et

al. (2008) reported higher sugar content in flowers (22 %) and pods (10.6 %) as well as

higher protein content in the susceptible genotype of pigeonpea, ICPL88034, as

compared to the resistant genotype 1CPL98003 with respect to spotted pod borer damage.
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Singh and Singh (2014) screened 28 genotypes of cowpea against spotted pod

borer at the Agricultural Research Farm, Banaras Hindu University, Varanasi (Uttar

Pradesh). Their reports clearly established a high negative correlation between phenol in

flowers and immature pods with the level of spotted pod borer infestation. They also

reported that higher concentrations of carbohydrate and protein favour insect infestation.

Beegum (2015) observed a significant positive correlation between total damage

caused by spotted pod borer and total protein content, moisture content, total sugars and

reducing sugar content. However, the significant negative correlation was observed in

peroxidase and polyphenol oxidase activities with total damage.

Barad et al. (2016) conducted a field experiment to find out biochemical basis of

resistance in different genotypes of cowpea with respect to spotted pod borer. Amid the

different genotypes evaluated, the resistant one, GC-706, had low amount of total amino

acid (6.2 mg /g), total soluble sugar (4.5 %), nitrogen (2.9 %), proteins (25.4 %), moisture

(85.9 %) and fibre content (1.8 %), whereas, anti-nutritional constituents viz., total phenol

(0.8 %), tannin (11.8 %) and flavonoid (1.0 %) were higher as compared to susceptible

genotypes. These anti-nutritional constituents exhibited a signifieant negative correlation

with pod damage.

Jakhar et al. (2017) carried out a research trial to associate resistance to spotted

pod borer with biochemieal traits of seven cowpea genotypes. They recorded high phenol

content (428.63 mg /100 g, 326.33 mg /100 g) and high flavonoid concentration (484.08

mg /lOO g, 458.81 mg /lOO g) in the pods of resistant genotypes GC-5 and GC-0815,

respectively.

Several researehers reported similar results while working with various resistant

and susceptible varieties of cowpea. Above mentioned studies clearly indicate the

existence of significant positive correlation between total sugar, reducing sugar, non-

reducing sugar and proteins with overall damage, whereas, negative eorrelation between

phenols content, crude fibre, peroxidase activity, polyphenol oxidase activity, etc. with

spotted pod borer damage.

2.6 VARIABILITY STUDIES

Variability in a population is measured by the phenotypie and genotypic

coefficients of variation (PCV and GCV). Assessment of PCV and GCV of genotypes

under study is essential for a successful crop improvement programme.
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Heritability estimates the degree of variation in quantitative traits that is due to

genetic variation between genotypes. Burton and DeVane (1953) proposed the expected

gain (genetic gain) from selection as a product of heritability, phenotypic standard

deviation and selection differential. As per Johnson et al. (1955), high heritability and

high genetic gain of the respective trait are more useful than high heritability alone in

predicting the performance of the progenies of selected lines.

Hanson et al. (1956) defined heritability in a broad sense as the ratio of genotypic

variance to the total variance in non-segregating populations. According to Panse and

Khargonkar (1957), the genetic advance would be high if the heritability is due to additive

gene action. Johnson et al. (1955) classified heritability into low (0-30 %), moderate

(>30-60 %) and high (>60 %), and the genetic gain was categorised as low (0-10 %),

moderate (>10-20 %) and high (>20 %). A number of researchers reported prominence

of genetic parameters of different characters while working with different genotypes of

cowpea around the globe. The important results of their studies are cited in the

accompanying table (Table 1).

Table 1. Genetic parameters of different characters of cowpea

Characters PCV GCV Heritability
Genetic

gain
References

Days to 50

per cent

flowering
- - - Low

Khanpara et al., 2015;

Tudu et al., 2015; Sharma,

2016

Low Low -
-

Vidya, 2000; Borah and

Khan, 2002

- - High High
Jana et al, 1982; Roquib

and Patnaik, 1990

High High
Moderate

to high
-

Anbuselvam et al., 2000

Low Low High Low
Mareena, 1989; Khanpara

et al., 2015

Moderate

to high

Moderate

to high
High High

Tyagi et al., 2000; Srinivas

et al., 2017

High High High High
Sreekumar et al., 1996;

Sharma, 1999; Ajith, 2001
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Table 1 continued

Characters PCV GCV Heritability
Genetic

gain
References

Plant height
- -

- Moderate
Nehru and Manjunath,

2001

- -

Moderate

to high
High Kumar and Sangwan, 2000

High High - -

Tyagi et al, 2000

Anbuselvam et al., 2001

Purushotham et ah, 2001

Singh and Verma, 2002

Prakash et al., 2003

Ananda, 2012; Khanpara e\

al., 2015; Dinesh et al.

2017; Sarath and Reshma

2017; Singh et al, 2018

>

)

- - High High

Vidya, 2000; Borah and

Khan, 2002; Dinesh et al.,

2017

High High
Moderate

to high
High

Mareena, 1989; Anbusel

vam et al., 2000

Moderate

to high

Moderate

to high
High High Tyagi et al., 2000

High High High High

Ajith, 2001; Venkatesan e

al., 2003; Khanpara et al.

2015; Srinivas et al., 2017

Singh and Singh, 2018

>

)

Number of

primary

branches

per plant

High High - -

Radhakrishnan anc

Jebaraj, 1982; Anbuselvanr

et al., 2000; Nehru and

Manjunath, 2001

High High High High

Kalaiyarasi and Palanisa-

my, 2000; Borah and

Khan, 2002; Khanpara et

al., 2015; Srinivas et al.,

2017

Number of

pods per

plant
Moderate Moderate Moderate Moderate Venkatesan et al., 2003
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Table 1 continued

Characters PCV GCV Heritability
Genetic

gain
References

Number of

pods per

plant High High - -

Gowda ef ah, 1991;

Backiyarani and Natara-

jan, 1996; Rangaiah, 2000;

Chaudhari e/ a/., 2013

- - Low High Ravindran and Das, 1997

- -

Moderate

to high
High Kumar and Sangwan, 2000

- - High High
Thiyagarajan, 1989; Ram

et al., 1994

High High - High
Renganayaki and Rengasa-

my, 1992

High High
Moderate

to high

Moderate

to high

Mareena, 1989; Rangaiah

and Mahadevu, 1999

Moderate

to high

Moderate

to high
High Moderate

Tyagi et al., 2000;

Malarvizhi, 2002; Dinesh

et al., 2017

High High High High

Panicker, 2000; Vidya,

2000; Ajith, 2001; Nehru

and Manjunath, 2001;

Subbiah et al., 2013;

Khanpara et al., 2015;

Srinivas et al., 2017; Singh

and Singh, 2018

Pod length
- -

Moderate

to high
- Anbuselvam et al., 2000

- - High -

Siddique and Gupta, 1991;

Savithramma, 1992; Ram

and Singh, 1997;

Ravindran and Das, 1997

- -

Moderate

to high
High Kumar and Sangwan, 2000

- - High High

Roquib and Patnaik, 1990;

Sobha, 1994; Khanpara et

al, 2015

Moderate Moderate Moderate Moderate Venkatesan et al, 2003
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Table 1 continued

Characters PCV GCV Heritability
Genetic

gain
References

Pod length Moderate

to high

Moderate

to high
High Moderate

Tyagi et al., 2000; Srinivas

et a/., 2017

High High High High

Sawant, 1994; Sreekumar

et al, 1996; Hazra et al,

1999; Kalaiyarasi and

Palanisamy, 2000; Ajith,

2001; Subbiahe^ al, 2013;

Singh and Singh, 2018

Number of

seeds per

pod
- - High -

Siddique and Gupta, 1991;

Ram and Singh, 1997;

Arunachalam et al, 2002

- - High High

Roquib and Patnaik, 1990;

Thiyagarajan et al, 1990;

Mehta and Zaveri, 1998

High High -
-

Jana et al, 1982

High High
Moderate

to high
-

Anbuselvam et al, 2000

High High High -
Mathur, 1995

Moderate Moderate High Moderate Khanpara et al, 2015

High High High High

Kalaiyarasi and Palanisa

my, 2000; Ajith, 2001;

Srinivas et al, 2017

Grain yield

per plant
Low Low - -

Indarsingh et al, 2007;

Mishra et al, 2009

High High - -

Rangaiah, 2000; Borah and

Khan, 2002

- -

Moderate

to high
High Kumar and Sangwan, 2000

- - High High

Ram et al, 1994; Sobha,

1994; Backiyarani and

Natarajan, 1996; Mehta

and Zaveri, 1998

High High - Moderate
Nehru and Manjunath,

2001

Moderate Moderate Moderate Moderate Venkatesan et al, 2003

High High Moderate Moderate Anbuselvam et al, 2000
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Table 1 continued

Characters PCV GCV Heritability
Genetic

gain
References

Grain yield

per plant

Moderate

to high

Moderate

to high
High High Tyagi et al., 2000

High High High High

Kalaiyarasi and Palanisa-

my, 2000; Panicker, 2000

Vidya, 2000; Ajith, 2001

Khanpara et al., 2015

Singh and Singh, 2018

100 seed

weight - High -

Apte et al., 1987;

Damarany, 1994; Ram and

Singh, 1997

High High - - Gowda et al., 1991

- - High High

Kandasamy et al., 1989

Thiyagaraj an, 1989

Rewale et al., 1995

Sreekumar, 1995; Ram anc

Singh, 1997

High High High -

Patil and Baviskar, 1987;

Siddique and Gupta, 1991

High High
Moderate

to high
High Mareena, 1989

High High High High

Kalaiyarasi and Palanisa-

my, 2000; Khanpara et al.,

2015

2.7 ASSESSMENT OF PARENTAL POLYMORPHISM THROUGH SSR

Successful breeding requires profound information of the diversity available

within the species. This information helps breeder to decide appropriate and diverse

parents as per the objective/s of the breeding programmes. The parents which are

phenotypically dissimilar need not to be always dissimilar genotypically as the

phenotypes is a product of genotype and micro/macro environment. Moreover,

morphological and physiological traits of different members of same species have a high

level of genetic variation associated with a population of different geographic origin

(Libby et al., 1969). These facts make an assessment of parental polymorphism in

available genotypes of great importance. It is also presumed that the varieties developed

through crossing will give a more frequency of transgressive segregants if the parents

used for crossing are, to some extent, genetically diverse (Simioniuc et al., 2002).

Knowledge of genetic diversity among the genotypes also helps for determining core

collection for plant biodiversity conservation.
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2.7.1 Molecular DNA based markers

The development and use of molecular markers for the detection and exploitation

of DNA level polymorphism is a single most momentous development in the field of

molecular genetics. Molecular markers (DNA markers) are developed to overcome the

limitations of morphological markers which tend to express differently as the

environment around plants changes. However, it does not mean that any of the

biochemical or molecular techniques or both have replaced morphological markers.

Molecular markers own great potential for its use in the breeding programmes. These

markers are distinguishable DNA sequences, found at specific loci and transmitted by the

standard laws of inheritance fi:om one generation to the next (Semagn et al, 2006). Apart

from this, DNA markers are stable in different environments and plant developmental

stages. The polymorphism in these markers provide the ability to discriminate between

individuals, thereby helps in the careful selection of parents for a breeding programme.

A large number of PCR-based DNA markers viz.. Random Amplified

Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP),

microsatellites or Simple Sequence Repeats (SSR), Inter-Simple Sequence Repeats

(ISSR), etc. provide an opportunity for fine-scale genetic characterisations. Nevertheless,

they also generate a large amount of data in a short period of time (Powell et al., 1996;

Hokanson et al., 1998). Therefore, these DNA markers are often used for assessment of

genetic diversity and relationships, DNA fingerprinting, genome mapping, in the

conservation of genetic resources, studies of phylogeny and evolutionary biology, gene

tagging, selection of targeted traits, etc. (Tautz, 1989; Williams et al., 1990; Reddy et ah,

2002). Among Vigna genotypes, genetic diversity and intraspecific or interspecific

relationships have been evaluated based on several DNA markers viz., RAPD, SSR,

AFLP, ISSR, etc. by several researchers (Fatokun et ah, 1993; Kaga et ah, 1996; Ajibade

et ah, 2000; Li et ah, 2001; Soufi-amanien and Gopalakrishna, 2004). For the present

study, we have used SSR markers in order to assess the diversity among 30 different

cowpea genotypes.

2.7.2 Simple Sequence Repeats (SSR)

The term microsatellite was coined by Litt and Lutty (1989). They are also called

Simple Sequence Repeats (SSR) which are species-specific and belong to the repetitive

DNA family. The SSRs are short tandem repeats consist of 1-6 bp long monomer

sequence that is repeated number of times (Joshi et ah, 2000). These sections of DNA
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contain repeating mono, di, tri, tetra or pentanucleotide units (Powell et al, 1996).

Dinucleotides are generally abundant in genomes. The SSR markers are PCR based and

genetically co-dominant in nature. They are robust, reproducible, hypervariable,

abundant, with good genome coverage and uniformly dispersed in the plant genome, and

have a significance in plant genetics and breeding (Powell et al., 1996; Gupta and Prasad,

2009; Sharma et al., 2015).

Microsatellite markers have applications in genetic mapping, functional diversity

and comparative mapping (Jonah et al., 2011). They have been successfully adopted to

analyse the genetic diversity in a variety of different plant species (McCouch et ah, 1997;

He et ah, 2003; Frary et ah, 2005; Sarikamis et ah, 2010). The SSRs have been widely

used in major crops. The first attempt to map microsatellites in plants was in rice using

(GGC)n by Zhao and Kochert (1993) followed by mapping of (GA)n and (GT)n by

Tanksley et al. (1992) and (GA/AG)n, (ATC)IO and (ATT)14 by Panaud et al. (1995).

Several researches have used SSR marker system to assess genetic diversity. It was used

to assess genetic diversity in barley (Saghai Maroof et ah, 1994; Holton et ah, 2002),

wheat (Gupta and Varshney, 2000), rice (Chakravarthi and Naravaneni, 2006), sugarcane

(Sharma et ah, 2014), Brazilian barley (Ferreira et ah, 2016), Chinese jujube (Fu et ah,

2016), some accessions of African plum in Cameroon (Tchinda et ah, 2016), etc.

1.1.'i Assessment of diversity in cowpea through SSRs

The SSR markers are widely used in cowpea to have an insight look of diversity

present in available germplasm. Several researchers around the globe have reported

diversity in cowpea genotypes by using SSR markers. For instance, Ogunkanmi et ah

(2008) used SSR markers to assess the genetic diversity in wild accessions of cowpea.

They used 48 wild cowpea lines collected from different geographical locations in Africa.

A total of 90 polymorphic bands produced by 12 selected SSR markers. The highest

polymorphism information content (PIC) was recorded in the aecessions which were

collected from a Southern part of Africa. These high values suggested a high level of

diversity present in wild cowpea. Another study by Asare et ah (2010) also suggested the

usefulness of SSR markers in the study of assessing genotypic polymorphism. They

screened 141 accessions collected from nine geographical regions of Ghana using SSR

molecular markers. Out of the 25 markers used, 20 produced distinct polymorphism. In

their study, they detected 74 alleles at 20 loci with an average of 3.8 alleles per locus.
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Wamalwa et al. (2016) assessed the genetic diversity of 20 accessions of cowpea

using SSR markers. They observed high divergence between accessions from Ethiopia

and Australia and those from Westem Kenya. Chen et al. (2017) screened 54 SSR

markers to assess genotypic polymorphism in 105 cowpea genotypes. They identified a

total of 155 alleles and 2.9 alleles per marker with the average PIC value 0.366. Mafakheri

et al. (2017) used 22 SSR markers in order to assess polymorphism in 32 genotypes of

cowpea. In the molecular analysis of generated data, they observed a total of 186 alleles

with an average of 2 alleles for each locus, and the PIC ranged from 0.250 to 0.625 with

an average of 0.445.

A vast number of researchers used SSR markers in their study to assess genetic

polymorphism of various crops. The reviews enlisted above clearly explain the usefulness

and importance of SSR markers in assessing the genetic polymorphism and diversity

present in cowpea germplasm.

2.8 COMBINING ABILITY AND GENE ACTION

A higher magnitude of general combining ability (GCA) variance indicates the

predominant role of additive gene action which is fixable and higher specific combining

ability (SCA) variance indicates dominance deviation and epistatic effect.

The literature on gene action of resistance to spotted pod borer in cowpea is

scanty. However, as quoted by Phillip (2004), Pathak (1985) suggested additive gene

action for resistance to spotted pod borer in cowpea.

As per Anilkumar (1993), in cowpea, the non-additive components are more

predominant in the expression of days to flowering and number of pods per plant. Number

of seeds per pod and 100 seed weight are governed by additive gene effects. Jayarani

(1993) also reported the dominance of non-additive gene effects for plant height, number

of branches per plant, number of pods per plant, number of seeds per pod, 100 seed weight

and seed yield per plant.

Madhusudan et al. (1995), while working with a cowpea segregating generation,

reported the presence of both additive and non-additive genetic interaction. They also

reported the importance of additive and non-additive genetic variances in the inheritance

of major quantitative traits with a dominance of non-additive gene effects in most cases.

Anbuselvam et al. (2000) and Bastian et al. (2001) reported the involvement of non-

additive and additive gene effects in the expression of agronomic characters.
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Philip (2004) reported substantial GCA effects in cowpea for inflorescence per

plant, pods per plant, pod length, seeds per pod and grain yield per plant. Patil and Navale

(2006) in their study synthesised 24 hybrids of cowpea by crossing four lines and six

testers in a Line x Tester (L x T) fashion. The 24 hybrids along with their parents and

standard check (Pusa Komal) were then evaluated to estimate GCA and SCA effects and

variances for yield and various yield contributing characters. The local cultivar,

Manjarkheda Local among the lines and IC-201097 among the testers recorded

significant GCA effects for seed yield per plant and most of the yield attributes viz., plant

height, pods per plants, pod length, seeds per pod and test weight. All the crosses with

significant SCA effects involved parents with high x high, high x low and low x low

combining ability suggesting the presence of allelic and non-allelic interaction in the

expression of these characters.

Nair (2006) reported significant differences among different genotypes for all

characters particularly pod yield per plant in yard-long bean. The magnitude of SCA

variance alone was significant indicating the predominance of dominance gene action in

controlling the quantitative and biochemical characters. The same streamline of result

was also reported by Kwaye et al. (2008).

Valarmathi et al. (2007) synthesised 36 hybrids using nine genotypes from V.

unguiculata subsp. unguiculata (grain type) as female parents and four genotypes from

V. unguiculata subsp. sesquipedalis (vegetable type) as male parents following L x T

mating design. They observed a preponderance of SCA variance over the GCA variance

for all characters studied, and further suggested the predominant role of non-additive gene

action in controlling these characters.

Patel et al. (2010) confirmed the preponderance of non-additive gene action in the

inheritance of days to 50 per cent flowering, days to first picking and seeds per pod. They

also observed of both additive and non-additive gene action for pod yield per plant, leaf

area, branches per plant, plant height, pods per plant and protein content. However, in

their study, the magnitude of dominant gene action was greater than their corresponding

additive gene effects for all the traits. Finally, they concluded that the dominant genes

played a significant role in the control of all the characters in cowpea.

Selvakumar et al. (2014) carried out a research trial to determine combining

ability of 11 selected cowpea genotypes and derived crosses. Six lines and five testers

were crossed in L x T fashion and 30 hybrids were developed. Genotypes GC3, Co6,

ACM05-07, RClOl, Co(CP)7 and ACM05-02 belonging to V. unguiculata were used as
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lines, whereas, Vellayani Local, Ettumanoor Local, Vyjayanthi and Vellayani Jyothika

belonging to V. unguiculata spp. sesquipedalis and VBN2 belonging to V. unguiculata

were used as testers. The results indicated the presence of both additive and non-additive

genetic components for most of the traits. Based on GCA, the parents GC3, RClOl,

Vyjayanthi and Vellayani Jyothika were selected as good combiners.

Dias et al. (2016) evaluated six cowpea genotypes and their Fi hybrid

combinations for GCA and SCA effects, and confirmed the presence of additive and non-

additive gene effects for a number of characters. Moreover, they observed the

predominance of additive gene effects in the trait expression.

Gupta et al. (2017) established the higher magnitude of dominance component

than the additive component for a number of quantitative characters. By their study, both,

additive and non-additive gene actions also confirmed to contribute significantly to the

inheritance of various quantitative characters in cowpea.

Pethe et al. (2018) analysed eight lines, three testers and their 24 crosses of

cowpea (developed through L x T mating design). The data clearly indicated the

preponderance of non-additive gene action for all characters under study. They also

observed that the characters viz., pod length (46.61 %), number of grains per pod (40.36

%) and harvest index (33.21 %) had high heritability.

2.9 HETEROSIS IN YIELD CONTRIBUTING TRAITS

The term heterosis was first used by G. H. Shull in 1914 (Shull, 1914). The

superiority of a hybrid in one or more quantitative traits over its parents is known as

heterosis. Presence of significant amount of dominance variance is crucial for conducting

heterosis breeding programmes. Even, the expression of small amounts of heterosis for

yield contributing characters is also greatly desirable in breeding.

Danam and Chaudhari (2000) crossed nine parents of cowpea following diallel

mating design and observed desired positive heterosis in seed yield over mid-parent,

better parent and standard check. They also reported that the heterotic effect in yield was

a cumulative effect of heterosis in yield contributing traits mainly pods per plant, seeds

per pod, clusters per plant and branches per plant. Bhushana et al. (2000) also reported

the similar results with respect to heterosis in yield contributing characters.

Philip (2004) reported desirable negative heterosis for days to flowering. In the

study, she observed seven crosses with positive and significant estimates of all three types

of heterosis (heterobeltiosis, average heterosis and standard heterosis) for pods per plant
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whereas, three crosses had positive and significant estimates of heterosis for inflorescence

per plant, pods per inflorescence and grain yield.

Several other researchers reported heterosis in segregating generations of

different crosses of cowpea. Patel et al. (2009) reported desired heterosis in yield

contributing characters like days to flowering, plant height, branches per plant, pods per

plant, pod length, seeds per pod, 100 seed weight and seed yield per plant, Patel et al.

(2013) reported heterosis in number of effective branches per plant, number of pods per

plant, pod length, seeds per pod and 100 seed weight, Anitha et al. (2017) reported

heterosis in days to 50 per cent flowering, plant height and number of branches per plant.

Varan et al. (2017) reported heterosis in number of pods per plant, pod length, plant

height, number of seeds per pods, 100 seed weight and seed yield per hectare.
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3. MATERIALS AND METHODS

The present study was taken up at the Department of Plant Breeding and Genetics,

College of Horticulture, Kerala Agricultural University (KAU), Thrissur from 2015 to

2018. Evaluation of cowpea genotypes for resistance to spotted pod borer {Maruca vitrata

Fab.) was carried out as experiment 1. The selected parents from experiment 1 were

hybridised with high yielding varieties to develop Fis in experiment 2. Parental

polymorphism was studied by molecular markers in experiment 3, and evaluation of Fi

and F2 populations were done in experiments 4 and 5, respectively. Details of the

materials used and methods followed in the study are described in this chapter.

3.1 EXPERIMENTAL DETAILS

3.1.1 Experimental material

Thirty genotypes of cowpea (Plate la and lb) comprising of 20 genotypes from

National Bureau of Plant Genetic Resources, Jodhpur Regional Station, Rajasthan

(NBPGR RS), Jodhpur, six released varieties from KAU, one genotype each from

University of Agricultural Sciences (UAS), Bengaluru, Vegetable and Fruits Promotion

Council Keralam (VFPCK), Thiruvananthapuram, Indian Institute of Vegetable Research

(IIVR), Varanasi and Indian Institute of Horticultural Research (IIHR), Bengaluru were

evaluated for resistance to spotted pod borer. These genotypes constituted the treatments

in the field experiment (Table 2).

3.1.2 Design and layout of field experiment

The experiment was laid out in Randomized Block Design (RBD) with 30

treatments and two replications, with 20 plants in each replication (Fig. 1). Agronomic

practices were adopted as per the Package of Practices Recommendations of Kerala

Agricultural University (KAU POP, 2011).

Table 2. Details of the cowpea genotypes evaluated for resistance to spotted pod
borer

Treatment Genotype Source Type and growth habit

T1 Geethika KAU, Thrissur Vegetable type- Trailing

T2 Vellayani Jyothika KAU, Thrissur Vegetable type- Trailing

T3 Lola KAU, Thrissur Vegetable type- Trailing

T4 Hridya KAU, Thrissur Grain type

T5
Palakkadan

thandan payar

VFPCK,

Thiruvananthapuram
Grain type
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Table 2 continued

Treatment Genotype Source Type and growth habit

T6 Kanakamony KAU, Thrissur
Vegetable type- Semi
trailing

T7 Mysore Local IIHR, Bengaluru Grain type

T8 Kashi Kanchan IIVR, Varanasi Dual purpose-Bushy

T9 EC 300039 NBPGR RS, Jodhpur Grain type

TIO EC 98668 NBPGR RS, Jodhpur Grain type

Til EC 101216 NBPGR RS, Jodhpur Grain type

T12 IC52110 NBPGR RS, Jodhpur Grain type

T13 IC 39945 NBPGR RS, Jodhpur Grain type

T14 IC 2918 NBPGR RS, Jodhpur Grain type

T15 IC 39922 NBPGR RS, Jodhpur Grain type

T16 IC 52118 NBPGR RS, Jodhpur Grain type

T17 IC 39916 NBPGR RS, Jodhpur Grain type

T18 IC2196 NBPGR RS, Jodhpur Grain type

T19 IC 20645 NBPGR RS, Jodhpur Grain type

T20 IC 26048 NBPGR RS, Jodhpur Grain type

T21 IC 52107 A NBPGR RS, Jodhpur Grain type

T22 IC 39947 NBPGR RS, Jodhpur Grain type

T23 IC 39921 NBPGR RS, Jodhpur Grain type

T24 IC 26029 NBPGR RS, Jodhpur Grain type

T25 IC 20720 NBPGR RS, Jodhpur Grain type

T26 IC 39870 NBPGR RS, Jodhpur Grain type

T27 IC 52105 NBPGR RS, Jodhpur Grain type

T28 IC 9883 NBPGR RS, Jodhpur Grain type

T29 TVX-944 UAS, Bengaluru Grain type

T30 Bhagyalakshmy KAU, Thrissur Vegetable type- Bushy
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Plate la. Seeds of cowpea genotypes used in the study
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3.2 EXPERIMENT 1

3.2.1 Field screening of cowpea genotypes for resistance to spotted pod borer

Field evaluation of 30 cowpea genotypes was carried out by raising plants in

an open field at a spacing of 30 x 15 cm, 45 x 15 cm and 2 x 2 m for bush, semi-trailing

and trailing types, respectively (Plate 2) during X'/2flr//2016. Two weeks prior to planting,

the variety Lola was sown along the border around the plot to serve as multiplication

site for the test insect, spotted pod borer. Observations on the spotted pod borer

incidence were recorded at three days interval starting from first flowering up to the

end of flowering. Ten plants were selected at random from each genotype and tagged to

record spotted pod borer incidence on flower buds, flowers and pods (Plate 3). Flower

buds, flowers and pods once counted were tagged to avoid recounting. The per cent

damage was calculated based on the ratio of infested flower buds, flowers and pods to

the total number of flower buds, flowers and pods, respectively. Based on the extent of

total damage caused by spotted pod borer, the cowpea genotypes were categorised into

four groups viz., resistant, moderately resistant, susceptible and highly susceptible

(Beegum, 2015).

3.2.2 Evaluation of morphological basis of resistance in cowpea to spotted pod

borer

In order to study the morphological basis of resistance in cowpea to spotted pod

borer, a minimum of ten flower buds and pods were selected at random per replication

for each genotype and the following observations were recorded. The mean value was

worked out for each observation and expressed in corresponding units.

3.2.2.1 Pod wall thickness

The thickness of the pod wall of all genotypes were measured at vegetable

maturity by using a digital Vernier calliper (Plate 4). The mean pod wall thickness was

calculated and expressed in millimetres.

3.2.2.2 Trlchome length and density

Leica-EZ4D stereomicroscope equipped with Leica Application Suite (LAS)

image analysing software was used to observe trichomes on flower bud (calix) and pod.
Trichomes were observed at 35X magnification.

Density of trichomes on the flower bud and pod surface was measured from an

area of 1 mm^ after marking out an area of 1 x 1 mm digitally by using Digimizer image

analysing software (Plate 5). Length often trichomes were taken on flower buds and pods
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selected at random from each genotypes and the averages were worked out and expressed

in millimeter. Counts were taken from three different points on each flower bud and pod

and the averages were worked out.

3.2.3 Evaluation of biochemical basis of resistance in cowpea to spotted pod borer

Biochemical basis of resistance to spotted pod borer in cowpea was reconnoitered

by estimating the total sugar, reducing sugar, non-reducing sugar, total protein, total

phenol content of flower bud and pod, and crude fibre (only for pod wall) as well as

through assaying peroxidase and polyphenol oxidase enzyme activities in flower bud and

pod. The studies were carried out following the standard procedure as described below.

3.2.3.1 Total sugar content

Anthrone reagent method was followed to determine total sugar in test samples

(Hedge and Hofreiter, 1962). Hundred milligrams of sample was hydrolysed with five

millilitres of 2.5 N HCl in a boiling water bath for three hours. The hydrolysed content

was then neutralised with solid sodium carbonate until effervescence ceased. The final

volume of content was made up to 50 ml using DDH2O (Doubled Distilled Water). From

supematant, one millilitre aliquot was used for analysis. To this one millilitre extract,

four millilitres of Anthrone reagent was added followed by heating in a boiling water

bath for eight minutes. Then, the hot content was cooled rapidly and the optical density

was measured at 630 nm using a spectrophotometer. For standard readings, 0.1 mg /ml

of glucose was used in the procedure. Regression factor was calculated using readings of

standards and concentration of total sugars in the test sample (1 ml) was then calculated

by multiplying the regression factor with the absorbance of samples and expressed in per

cent.

3.2.3.2 Reducing sugar content

Estimation of reducing sugar was done by following dinitrosalicylic acid (DNS)

method (Miller, 1959). Sugar extraction was done by grinding 500 mg of fresh cowpea

pod and flower bud with hot 80 per cent ethanol twice (5 ml each time). After

centrifugation, the supematant was collected in a beaker and ethanol was evaporated by

heating the beaker in a water bath at 80 °C. Then, 10 ml of distilled water was added to

dissolve sugars. One millilitre of the extract was pipetted out and final volume was made

to three millilitres by using DDH2O. To this, three millilitres of DNS reagent was added

followed by the heating content in a boiling water bath for five minutes. When the content

was still warm, one millilitre of Rochelle salt solution (40 %) was added. The content
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was allowed to cool and intensity of red colour (optical density) was recorded at 510 nm

using a spectrophotometer. In the procedure, 0.1 mg /ml of glucose was used as standard.

Regression factor was calculated using readings of standards. Concentration of reducing

sugar in the test sample (1 ml) was then calculated by multiplying the regression factor

with the absorbance of samples and expressed in per cent.

3.2.3.3 Non-reducing sugar content

Estimation of non-reducing sugar was done by subtracting the amount of reducing

sugar from the amount of total sugar and expressed in per cent.

3.2.3.4 Total protein content

The protein content of the flower bud and pod was estimated as per the following

procedure described by Lowry et al. (1951). Five hundred milligrams of the fresh cowpea

flower buds and pods were weighed and macerated with a mortar and pestle in 10 ml

phosphate buffer (0.1 of pH 7.0. This homogenate was centrifuged and the supernatant

was used for protein estimation. In the test tubes, 0.1 ml of sample extract was added and

the volume was made up to one millilitre. A tube with one millilitre of water served as

the blank. Five millilitres of reagent C (50 ml of 2 % sodium carbonate in 0.1 A sodium

hydroxide- reagent A and 1 ml of 0.5 % copper sulphate solution in 1 % sodium potassium

tartarate- reagent B) was added to each tube including the blank. It was mixed well and

allowed to stand for ten minutes. Then 0.5 ml of reagent D (Folin-Ciocalteu reagent) was

added, mixed well, and incubated at room temperature in darkness for 30 min. The blue

colour developed (optical density) was read at 660 nm using a spectrophotometer. Bovine

Serum Albumin (BSA) (0.2 mg /ml) solution was used as a standard. Standards were also

subjected to the same reaction as test samples, and the standard's graph was plotted. The

concentration of total protein in the test samples were then calculated and expressed in

per cent.

3.2.3.5 Total phenol content

Total phenol content in the flower bud and pod was estimated by Folin-Ciocalteu

reagent method developed by Malik and Singh (1980). The fresh sample (100 mg) was

macerated with 10 ml of ethanol (80 %) using mortar and pestle. The homogenate was

then centrifuged at 10,000 rpm for 20 min. The supernatant was collected in a beaker.

The remaining residue was then re-extracted with five millilitres of 80 per cent ethanol,

centrifuged and the supernatant was collected in the same beaker. The ethanol was then

allowed to evaporate. Five millilitres DDH2O was added to the residue to dissolve the
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phenols. From this solution, one millilitre of sample pipetted into a test tube and the

volume was made up to three millilitres using DDH2O followed by the addition of 0.5 ml

of Folin-Ciocalteu reagent. This solution was then kept for three minutes and then two

millilitres of 20 per cent sodium carbonate solution was added and mixed well. The test

tubes were kept in a boiling water bath for one minute and then cooled to room

temperature. The blue colour that developed following a complex redox reaction with

phosphomolibdic acid present in Folin-Ciocalteu reagent in an alkaline medium. The

intensity of the blue colour (optical density) was recorded at 650 nm using

spectrophotometer.

For a standard, a stock solution prepared by dissolving 100 mg of catechol in 100

ml of distilled water. Working standards were prepared from this by diluting the stock

solution ten times. Series of working standards were taken (0.2, 0.4, 0.6, 0.8 and 1 ml)

and the final volume made to three millilitres and the same set of steps followed to

develop blue colour, was followed to develop colour. The absorbance was recorded at

650 nm to plot a standard's graph.

Regression factor was calculated using readings of standards. The concentration

of total phenol in the test sample (1 ml) was then calculated by multiplying the regression

factor with the absorbance of the sample and expressed as milligram of catechol

equivalent of phenol per gram sample (mg CE/g).

3.2.3.6 Peroxidase activity

Peroxidase activity was assayed by the method developed by Putter (1974). A

known sample of fresh flower bud and pod were homogenised in 10 ml ice-cold 0.1 M

phosphate buffer (pH 7.0). The homogenate was centrifuged for 15 min. at 11,000 rpm at

4 °C. The supernatant was immediately used for assaying the enzyme activity. Two

millilitres of 0.1 A/phosphate buffer (pH 7), one millilitre of 20 mMguaiacol and 40 pi

of supernatant was taken in a clean dry cuvette which was transferred to a

spectrophotometer. In order to start the reaction, 50 pL of 10 wM hydrogen peroxide was

added to the cuvette. Initial absorbance and then change in absorbance were noted after

an interval of 30 sec. for three minutes at 470 nm. Enzyme units were expressed in terms

of the change in absorbance per minutes per gram of tissue weight (EU/g).

Peroxidase Average difference in OD per minute Total volume
activity Volume of enzyme extracts Weight of the tissue
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3.2.3.7 Polyphenol oxidase activity

Polyphenol oxidase activity was assayed by following the method of Esterbaner

et al. (1977). A half gram of fresh tissue (flower bud and pod) was macerated with 10 ml

of ice-cold 0.1 M phosphate buffer (pH 7.0) at 1:5 ratio. The final volume was adjusted

to 10 ml. This mixture was centrifuged at 11,000 rpm at 4 °C for ten minutes and the

supernatant was used for enzyme assay. Two millilitres of 0.1 M phosphate buffer (pH

7) and one millilitre of catechol solution (0.01 M) was mixed in a cuvette. The

spectrophotometer was set at 495 nm. Then, one millilitre of enzyme extract was added

to this mixture and initial absorbance and change in the absorbance recorded at every 30

sec. up to five minutes. One unit of catechol oxidase is defined as an enzyme which

transforms 1 pmol of dihydrophenol to 1 pmol of product per minute under the assay

condition. The activity of polyphenol oxidase was estimated by the formula given below,

and enzyme units were expressed in terms of change in absorbance per minute per gram

of tissue weight (EU/g).

Enzymatic units in the test = K x (A A /minutes)

Where, K = 0.272 (for catechol oxidase)

AA = Initial value of absorbance -Final value of absorbance

3.2.3.8 Crude fibre content of immature pod

Estimation of crude fibre was done following method given by Maynard (1970).

Two grams of dried ground pod wall was boiled with 200 ml of sulphuric acid solution

(0.005 N) for 30 min. with bumping chip. The material was filtered through muslin cloth

followed by multiple washing with warm DDH2O until washings were no longer acidic.

Then, the filtrate was boiled with 200 ml of sodium hydroxide (0.005 N). Filtration and

washing were repeated. After making filtrate alkali-free, the filtrate was washed with 10

ml of acetone and DDH2O. Residues were then removed carefully without losing any part

and transferred to ashing dishes (pre-weighed dish Wi). These ashing dishes kept in the

oven for two hours at 130±2 °C. Ashing dishes were then cooled in a desiccator and

weighed (W2). The samples in ashing dishes then ignited for 30 min. in a muffle furnace

at 600±15 °C cooled and weighed (W3). Amount of crude fibre was then estimated using

the following formula and expressed in per cent.
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(M^2 - M^i) - (1^3 - M^i)
Crude fibre (% ) = — . x 100

Weight of sample

3.3 EXPERIMENT 2: DEVELOPMENT OF Fi HYBRIDS

The genotypes identified as resistant to spotted pod borer in experiment 1 were

used for crossing with high yielding popular varieties viz., Geethika, Vellayani Jyothika,

Lola and Kashi Kanchan in Line x Tester mating design, experiments. From experiment

I, five testers were selected on the basis of damage parameters. The four lines and five

testers were raised in a crossing block at the end of 2016 and hybridisation was done to

obtain 20 Fi hybrids.

The technique of artificial pollination suggested by Krishnaswamy (1970) was

followed to produce hybrids. The flower buds which were about to bloom on the next day

morning were selected on the lines on previous evening for emasculation. The flower bud

was carefully opened by split opening standard and wing petal along the ridge by using a

needle to expose the anthers. The ten immature stamens were then carefully taken out one

at a time by grabbing the filament with forceps without damaging anthers or stigma. Care

has been taken not to leave even a single anther in a flower bud. Butter paper bags were

used to protect the emasculated flowers.

On the next early moming, pollination was done using pollens from freshly

opened flowers of selected tester plants. The standard and wing petals of the male flowers

were removed. The keel petal was gently pressed to expose the stamens covered with

pollen grains. The exposed stamens were as such used to dust the pollen on the stigma of

the emasculated flowers. The pollinated flower was then covered with butter paper bag

and the cover was retained for another 2-3 days. Proper tagging was done with all the

required information.

3.4 EXPERIMENT 3: ASSESSMENT OF PARENTAL POLYMORPHISM

3.4.1 Laboratory chemicals, glassware and equipment

The AR (analytical reagents) grade chemicals (extra pure) from Sisco Research

Laboratories (SRL) were used in this study. The constituents for PGR reaction mixture

viz., Taq buffer, MgCh, dNTPs, Taq DNA polymerase, etc. used in this study were

procured from Genei Pvt. Ltd., Bangalore. The plastic wares from Tarson India Ltd. were

used. The SSR (Simple Sequence Repeats) primers synthesised by Sigma Aldrich

Chemicals Pvt. Ltd., Bangalore were used.
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For centrifugation, high-speed refrigerated centrifuge (Eppendorf 5804 R) was

used. The DNA quality and quantity estimation were done using Nanodrop

Spectrophotometer (Jenway- Genova Nano). Eppendorf Mastercycler® nexus gradient

PGR machine was used for the DNA amplification. Horizontal gel electrophoresis unit

by Bio-Rad, USA was used for Agarose gel electrophoresis

3.4.2 DNA isolation

3.4.2.1 Reagents used

I. Liquid nitrogen

II. CTAB extraction buffer (2 %)

•  2 per cent CTAB (w/v)

•  100 wMTris (pH 8.0)

•  20/mMEDTA(pH8.0)

•  1.4MNaCl

III. 10 per cent CTAB solution

•  10 per cent CTAB (w/v)

•  0.7 MNaCl

IV. Chloroform: Isoamyl alcohol (24:1 v/v)

V. Isopropanol (100 %)

VI. Ethanol (70 % and 100 %)

VII. Sterile autoclaved distilled water

3.4.2.2 Procedure for extraction ofgenomic DNA

The DNA was isolated by following the CTAB protocol of Doyle and Doyle

(1990) with the slight modifications of buffer concentration. The young newly flushing

leaves were collected from seedlings grown in lab conditions. The extraction of genomic

DNA was done using the following protocol.

1  Newly flushed tender leaf samples were collected and ground to a fine powder in

liquid nitrogen using pre-chilled autoclaved mortar and pestle with 15 pi P-

mercaptoethanol and a pinch of polyvinylpyrrolidone (PVP).

2 Homogenised samples were transferred to autoclaved 2 ml centrifuge tube with

one millilitre of pre-warmed extraction buffer.

3  The tubes were inverted a few times to mix the contents and incubated at 65 °C in

water-bath for 20 min. with gentle inversion once.
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4 After incubation, the tubes were taken out and equal volume (1 ml) of chilled

chloroform: isoamyl alcohol (24:1) was added, inverted to mix and emulsify. The

contents centrifuged at 12,000 rpm for 15 min. at 4 °C.

5 After centrifugation, the contents got separated into three distinct layers.

• Aqueous topmost layer: containing DNA and RNA

•  Interphase: containing fine particles and proteins

•  Lower layer: containing chloroform and some pigments

6 The tubes were carefully taken out from the centrifuge without disturbing the three

layers, and the top aqueous layer was carefully transferred to a fresh centrifuge

tube. To this 1/10'*' volume of 10 per cent CTAB solution and equal volume of

chloroform: isoamyl alcohol (24:1) were added.

7 The content was mixed well with gentle inversions and centrifuged at 12,000 rpm

for 15 min. at 4 °C.

8 After centrifugation, the tubes were taken out and the topmost layer was carefully

transferred to a new centrifuge tube. To this 2 pi of RNase was added and

incubated in the water bath at 37 °C for 15 min.

9 After incubation, an equal volume of chloroform: isoamyl alcohol (24:1) was

added and centrifuged at 12,000 rpm for 15 min. at 4 °C.

10 After centrifugation, the aqueous phase was carefully transferred to a new 1.5 ml

centrifuge tube. To this, 0.6 volume of chilled isopropanol was added and the tubes

were incubated at -20 °C for two hours.

11 After incubation, the tubes were centrifuged at 10,000 rpm at 4 °C for ten minutes.

12 Then, the supernatant was discarded and to the pellet, 200 pi of 70 per cent ethanol

was added. Then the tubes were centrifuged at 10,000 rpm for five minutes at 4

°C.

13 The 90 per cent ethanol wash was repeated. After centrifugation, the supernatant

was discarded without disturbing the pellet.

14 The pellets were dried inside the laminar air flow until all the ethanol got

evaporated and was dissolved in 70 pi autoclaved DDH2O.

15 The tubes were gently tapped to dissolve pellet completely and then the DNA

samples were stored at -20 °C.
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3.4.3 Quality and quantity estimation of DNA with a spectrophotometer

The purity and quantity of the DNA were estimated using a Nanodrop

Spectrophotometer (Jenway- Genova Nano). Since the absorption maxima for nucleic

acids and proteins are at 260 and 280 nm, respectively, absorbance have been recorded at

both the wavelengths and purity of the sample was estimated using the OD260/OD280

ratio. The DNA sample was considered to be pure if the OD260/OD280 value is between

1.8 and 2.0. Values below 1.8 and above 2.0 are due to contamination by protein and

RNA, respectively. The concentration of DNA in the sample was estimated using the

relation, 1 OD at 260 nm = 50 ng DNA/pl, hence, OD260x50 gave the quantity of DNA

(ng/pl)

3.4.3.1 Procedure

1  The lid of spectrophotometer has been opened followed by the sampling arm, and

the pedestal was wiped with tissue paper to remove any dust particles.

2 The reading was set to zero with a blank sample (DDH2O which used to dissolve

the DNA pellet).

3 Then, 1 pi of the test sample was loaded on to the pedestal and measure option

was selected and necessary readings were recorded.

4 After the measurements, the pedestal was wiped clean with 70 per cent ethanol

using a soft laboratory wipe.

3.4.4 Agarose gel electrophoresis

3.4.4.1 Reagents used

1. Agarose (0.8 %)

2. SOX TAB buffer (pH 8.0)

•  Tris buffer (1 M)

• Glacial Acetic acid

•  0.5A/EDTA

3. Tracking/loading dye (6X)

4. Ethidium bromide (stock 10 mg /ml, working concentration 0.5 pg/ml)

3.4.4.2 Procedure

1  The gel casting tray was placed appropriately in a gel caster and the movable wall

was adjusted such that the gel casting tray was closed at both ends. A comb was
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selected depending on the number of samples to be electrophoresed and

positioned on the grooves provided on the gel casting tray.

2 The gel was prepared by adding 0.8 g of agarose in 100 ml of IX TAB buffer in

a glass conical flask. The mixture was heated in a microwave oven until all the

agarose particles were completely dissolved and a clear solution was obtained.

3 Then the solution was allowed to cool down to 40 to 50 °C and an appropriate

amount of ethidium bromide was added and mixed well. The warm gel was then

poured into the gel casting tray and left to solidify for 20 min. at room

temperature.

4 Special care was taken to avoid any air bubbles near the wells or on the gel

5 Once the gel was solidified, a small amount of IX TAB was poured on top of the

gel and the comb was removed carefully without breaking the gel. The TAB

solution was discarded and the gel along with the tray was kept inside the

electrophoresis tank with the wells on the negative electrode side.

6 The electrophoresis tank was filled with IX TAB sufficient enough to submerge

the wells.

7 The samples to be electrophoresed were prepared by mixing 5 pi of the DNA

sample with 1 pi of 6X gel loading dye. After mixing, the total volume of 6 pi

was loaded into individual wells.

8 The samples were electrophoresed at 75 volts until gel tracking dye reached two

third of the gel length.

3.4.4.3 Gel documentation

Documentation of the electrophoresed gel was done under UV with B-Gel Imager

gel documentation system using B-Gel Software.

3.4.5 Preparation of reaction mixture for thermal cycling

The reaction mixture was consists of template DNA, reaction buffer, MgCh, SSR

primer (forward and reverse), dNTPs, DDH2O and Taq DNA polymerase. The desired

number of PGR cycles, time and temperatures for denaturation, annealing (AT) and

extension were standardizsed based on the primers used (Table 3) and the conditions were

programmed and saved in the thermal cycler (model- Mastercycler® nexus gradient PGR,

made: Bppendorf).
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3.4.5.1 Thermal cycling

1  PGR microcentrifuge tubes (0.2 ml) were numbered from 1 to 30.

2  1.5 |il of template DNA from individual genotypes was added to each tube.

3  18.5 pi of master mix was added to all the tubes and was given a short spin to mix

the contents.

Thermal cycling was carried out with 20 pi reaction mixture. The composition of

the reaction mixture used was

a. Genomic DNA (25 ng/pl)

b. 1 OX Taq assay buffer B

c. MgCb

d. dNTP mix (2.5 mM of each)

e. Taq DNA polymerase (3 Units)

f. Primer (10/jA/)

1.5 pi

2.0 pi

0.7 pi

1.0 pi

0.3 pi

1 pi each of forward and reverse

primer

12.5 pi

20.0 pi

g. Chilled autoclaved distilled water

Total reaction volume

4 The tubes were placed in the thermal cycler for 35 cycles of PGR.

The PGR programme followed was

a. 94 °G for 4 min. Initial denaturatio

b. 94 °G for 45 sec.

c. 50 °G to 55 °G for 1 min.

d. 72 °G for 2 min.

e. 72 °G for 8 min.

f. 4 °G hold for infinity

n

Denaturation

Primer annealing

Primer extension .

Final extension

Storage

35 Cycles

5  Samples were held at 4 °G in the thermal cycler followed by storage at -20 °G

until the contents were loaded on to the gel for electrophoresis.

6 The PGR amplified products were electrophoresed on 2 per cent agarose gel at 70

volts. A ProxiO 100 bp DNA Ladder Plus (SRL) was used. The gel profile was

visualized under UV and was saved for further analysis.
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Table 3. List of SSR primers (with their forward and reverse sequences) used in the

study

SI.

No.

Primer

name
Forward primer (5'-3') Reverse primer (5'-3')

Average
AT (°C)

1 CLM0002
ACAACAGCATCAT

CCCAAGT

ATCCACAGCCTTTATC

ACCA
53

2 CLM0009
AACTTCCCCGGAGT

CTTCTA

GTGCGAGAAGAGAAT

CGAGA
55

3 CLMOOlO
CATTGCCTTGCATT

TCTTTT

GAGTTTCTGGGACGAT

CAGA
52

4 CLM0014
CGTTCACCCATTTC

TCATTC

CAAGATCACATCCAA

GCACA
53

5 CLM0015
TGAAACGTGAAGC

ATCAAAA

CTGTTGGAACTGGAG

GACAC
53

6 CLM0016
AGCAACACCAAAA

CACTCAAG

AGATTTGACCTAGCGC

ATTG
54

7 CLM0029
TGTGTGTGTTCGGT

TTCTTG

GCTAGTTCCCCCTTCA

GAAC
55

8 CLM0042
GAAAACAACATGG

CTTCTGG

CATGGTGTTCCTGGTT

GAIT
53

9 CLM0061
AACATTTTCACCAT

TGATCG

CAAGCCACCAATCCTT

TTAT
50

10 CLM0062
TGAAAGCTGCAAG

ATTGATG

AATTTTTGTTTGCGTG

CTTC
50

11 CLM0137
CCATCAAACCATG

GTCTCTC

GAACCATAGCAAGCA

AGGAA
54

12 CLM0139
GTGCCGGGTATTTA

TTGTTG

TTTGTGGTGCTTATTG

CACA
52

13 CLM0185
TCAAGGTCGTGTG

AGGAAGT

GTGGAGGAGAGATGA

TGGTG
56

14 CLM0187
GTGCACAACCAAT

TCAATCA

CCCATGCAACATATCT

ACCC
53

15 CLM0190
TGAGTGGGATTGA

AAGAAGTTT

TTATCAATGGACACTC

AAGGG
55

16 CLM0191
TGGGATTCTTCTGC

TGAGAT

TGCAAGCAAGTAATC

CCTCT
53

17 CLM0192
CTGGTTCAAATATT

TACAGAAA

ACGGGTTCAACATTCC

AAC
51

18 CLM0193
ATCAACGGTGGTT

GTTTCAG

TGAGGAAACTGAACT

CAGGC
54

19 CLM0227
CCAAGAGTGGCCT

GAGTAAA

TGCAATATTCTTAGGT

CTAAAACG
57
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Table 3 continued

SI.

No.

Primer

name

Forward primer (5'-3') Reverse primer (5'-3')
Average

AT (°C)

20 CLM0230
TCATGAGTGCACG

AGTGTTT

TTCCCAACAGAAGCA

AGAAG
53

21 CLM0232
TGCTTCGACGAACT

TTTACC

CAGCTAGCGGACCAA

GATAA
54

22 CLM0243
ACCCTCTTTGGACT

CTCACC

GATTCACGCTCTGAAG

GAAA
55

23 CLM0245
TGCAGGATTCACTA

GGAGGT

AGCAGGACTTATGCA

AGCTG
55

24 CLM0247
CAGGAACACTTCC

ACAACCT

GGGTGCGAGAATCAA

TAACA
54

25 CLM0248
TGATTGGTGTTGTG

ATGTCC

GGGTTCACCATTACAG

ATGC
54

26 CLM0251
CTTTTCATGGGAAT

TGTTGG

TGAACTTTCCAAGGA

ACTCG
52

27 CLM0254
TGCATTCACAACCT

GTTTTC

AGATCTATGATGGGC

ACAGG
53

28 CLM0255
GGAGGCATAAAAA

TGACACCT

CTCTTGGTTTGTGCAT

TTCC
54

29 CLM0256
TCACCACACACAA

ACACACA

AGATATCAGCGTGGC

AGAAG
54

30 CLM0260
TCGATCAAATTTTC

CTCTGC

TGCCACCATCTTTCAT

TTCT
51

31 CLM0265
GATGTCTTCTCCCC

CAAAGT

GTGGGTTCAAGAGGG

AAAAT
54

32 CLM0273
AGCAACGAATCAA

GAAAACG

ATCTCTCCGGCTATGG

AATC
53

33 CLM0279
TGCAAAACGTGAA

AGCAATA

ACAAGGAGACCAAGG

AGCTT
52

34 CLM0291
ATGCCACTTCTCTG

CTCATT

CCAGTGTTGGTTTCCT

TGTC
54

35 CLM0292
GAGAGACGTGATG

GAGAGGA

TCAATGATCGTATAAA

GCCTCA
56

36 CLM0295
AGGGTTTTCACAGT

GGGATT

AAGTGAAGCATCATG

TTAGCC
54

37 CLM0298
GGTGAGAAACGCA

GAAAGAT

CATTTGCTTCCTCCCA

TTTT
52

38 CLM0300
TTTTGTTGGTTGAG

CATCTG

GGTGTTCAATGTCAGG

AATAACA
55

39 CLM0322
ACTGAACAGCAAG

GACGTTT

TGTGTTTCCAGTGCAA

GAAT
52

40 CLM0332
TGTCCTCAATTTCA

ATAACAAG

CGAAACAGTTGGTCG

GATAC
54
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3.4.6 Scoring of primers for all genotypes

The gel profiles of individual SSR primer were carefully observed and scored and

this data was used for further analysis.

3.4.7 Molecular weight analysis

The analysis of molecular weight of PGR images was done by using Navigating

ID MAX software, UVITECH Cambridge.

3.4.8 Statistical analysis of molecular data

The data generated from molecular weight analysis of all polymorphic SSR

primers were compiled together to form a data sheet for cluster analysis. The SSR primers

across the 30 genotypes were scored. For the presence of each band 1 code has been used,

while, for its absence in another genotype, 0 code has been allotted for each primer.

Pair-wise similarity coefficient matrix was generated by Jaccard's coefficient of

similarity by using MVSP-A Multivariate Statistical Package_5785 (Version 3.22). The

cluster analysis was performed from the distance matrix using Jaccard's similarity

coefficient. Distance matrix and dendrogram were constructed based on diversity

coefficient generated from pooled data by using the unweighted pair group method of

arithmetic means (UPGMA), a computer programme for distance estimation. Principal

component analysis (PGA) of compiled data was performed by using Minitab V.18.

Other parameters i.e. PIG (Polymorphic Information Gontent), expected

heterozygosity (He) and Shannon's diversity index (f) were calculated using the following

formulas. A PIG and expected heterozygosity of each primer was determined using PIG

calculator (Jan, 2002). Shannon's diversity index was measured by using the formula

proposed by Sharmon (1948).

Total no. of bands - Highest allelic Frequency
PIC =

Total no. of bands

Shannon's diversity index = — Pi

Where, pi represents the frequency of the i"* allele.
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3.5 EXPERIMENT 4: EVALUATION OF Fi HYBRIDS

The 20 hybrids, developed in experiment 2, were evaluated for yield and

resistance to spotted pod borer along with the nine parents in a field experiment in a

randomized block design with two replications during early Kharif, 2017. The seeds were

sown at a spacing of 40 x 30 cm. The crop was raised following the Package of Practices

Recommendations (KAU POP, 2011) of Kerala Agricultural University. However,

insecticide application was avoided considering its possible adverse effect on buildup of

targeted pest population. Insect damage observations were recorded from ten randomly

selected plants from each cross progeny. The extent of damage was calculated based on

the ratio of infested flower buds, flowers and pods to the total number of flower buds,

flowers and pods, respectively. Flower buds, flowers and pods once counted were tagged

to avoid recounting. Based on the level of infestation of flower buds, flowers and pods,

the cowpea Fis were categorised into four groups viz., resistant, moderately resistant,

susceptible and highly susceptible. Apart from these observations, biophysical

observations viz., trichome length and density on flower bud and trichome length and

density on pod, and pod wall thickness were also recorded on the same plant.

3.5.1 Raising F2 generation

The most promising hybrids in terms of spotted pod borer resistance and yield

were selected based on the results of experiment 4. The F1 hybrids were selfed to produce

the corresponding F2 population.

3.6 EXPERIMENT 5: EVALUATION OF F2 PLANTS AND SCREENING FOR

SPOTTED POD BORER RESISTANCE

The segregating generation (F2) of selected hybrids (minimum 100 plants for

each) were evaluated for yield and resistance to spotted pod borer during late Kharif,

2017. The seeds were sown at a spacing of 40 x 30 cm. The crop was raised following

the Package of Practices Recommendations (KAU POP, 2011) of Kerala Agricultural

University. However, insecticide application was avoided considering its possible

adverse effect on buildup of targeted pest population. Insect damage observations were

recorded on all plants of the F2 populations. The extent of damage was calculated based

on the ratio of infested flower buds, flowers and pods to the total number of flower buds,

flowers and pods, respectively. Flower buds, flowers and pods once counted were tagged

to avoid recounting. Based on the level of infestation of flower buds, flowers and pods, a
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hybrid derived plants were categorised into four groups viz., resistant, moderately

resistant, susceptible and highly susceptible. Apart from these observations, biophysical

observations, viz., trichome length and density of flower bud, trichome length and density

on pod and pod wall thickness were also recorded.

3.7 COLLECTION OF DATA

Observations were recorded from ten plants selected at random in each plot of

screening trial, leaving the border rows. In experiments I and 4, ten plants were selected

at random in each replication for recording observations of parents and Fi generation,

whereas, in F2 generation, best-performing plants against spotted pod borer were selected

to record biometric observations. The mean values as well as individual plant data (for F2

generation) for each character were used for the statistical analysis.

3.7.1 Days to 50 per cent flowering

Number of days taken from sowing to 50 per cent of the plants to flower was

recorded.

3.7.2 Plant height

Length of main stem was measured from the ground level to the tip of the plant at

the time of final harvest and expressed in centimetre (cm).

3.7.3 Number of primary branches per plant

Number of primary branches were recorded on each observational plant at the

time of final harvest.

3.7.4 Number of pods per plant

Pods obtained in each harvest from each of the observational plant were counted

and added.

3.7.5 Pod length

Length of five randomly chosen mature pods from each observational plant was

measured. The average value was worked out and expressed in centimetre (cm).

3.7.6 Number of seeds per pod

Number of seeds in five randomly selected mature pods on each observational

plant were counted and mean value recorded.

3.7.7 Grain yield per plant

The yield of grains from each observational plant was recorded after each harvest.

Total weight of grains separated from the harvested pods of each observational plant was

calculated and expressed in grams (g).
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3.7.8 100 seed weight

The weight of 100 randomly chosen seeds from plants of each genotype was

recorded and expressed in grams (g).

3.8 STATISTICAL ANALYSIS

3.8.1 Analysis of variance (ANOVA)

Analysis of variance (Panse and Sukhatme, 1985) of the data collected from the

various experiments was done to test the significance of differences among genotypes

with respect to the characters and to estimate the variance components (Table 4).

Table 4. ANOVA for each character

Source of

variation

Degrees of
freedom

Mean square F values

Replication (r-1) MSR MSR/MSE

Treatment (t-1) MST MST / MSE

Error (r-1) (t-1) MSE

Total (rt-1)

MSE

r  = Number of replications

t  = Number of treatments

MSR = Replication mean square

MST = Treatment mean square

MSE = Error mean square

Standard Error of Mean (SEm) =

Critical Difference (CD)@5 % = SEm-fl x tfo.os, ed/)

Where, t(o.os,edo is the student's t table value at error degrees of freedom and

at five per cent level of significance.

3.9 ESTIMATION OF GENETIC PARAMETERS

3.9.1 Genetic components of variance

For each character, the phenotypic and genotypic components of variance were

estimated by equating the expected values of mean squares (MS) to the respective

variance components (Jain, 1982). Based on this, the following variance components

were estimated.
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i. Genotypic variance (Vo)

6^

MST - MSE
Vo=

r

ii. Environmental variance (VE)

VE=MSE

iii. Phenotypie variance (VP)

VP = Vo + VE

3.9.2 Coefficient of variation

Genotypie and phenotypie coefficients of variation (GCV and PCV, respectively)

were worked out using the estimates, Vo and VP and was expressed as a per cent (Burton,

1952) for each trait.

JPhenotypie variance (VP)
PCV % = ̂ —- X 100

Mean

J Genotypic variance (Po)
GCV % = ̂ X 100

Mean

PCV and GCV were classified as low (0-10 %), moderate (>10-20 %) and high

(> 20 %) as per Sivasubramanian and Madhavamenon (1973).

3.9.3 Heritability in broad sense

The broad sense heritability was calculated as the ratio of genotypic variance

to the total or phenotypie variance as suggested by Lush (1949) and Hanson et al.

(1956).

Genotypic variance (Po)
H — — : : X 100

Phenotypie variance (PP)

The heritability estimates were categorized as low (0-30 %), Medium (>30-60 %)

and high (> 60 %) as suggested by Johnson e/ a/. (1955).

3.9.4 Genetic Advance (GA)

The genetic advance was estimated by following the formula given by Johnson et

al. (1955).

_ /cyPo X Pp
Vp

Where,

K  = Standard selection differential which is 2.06 at 5 per cent

selection intensity

Vo = Genotypic variance

Fp = Phenotypie variance
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The genetic advance was classified as low (0-10 %), moderate (>10-20 %) and

high (>20 %) as suggested by Johnson et al. (1955).

3.9.5 Genetic gain

The genetic gain was estimated by following formula.

rGA>/GA\
Genetic gain = j x 100

Where,

GA = Genetic advance

X = General mean

The genetic gain was categorised as suggested by Johnson et al. (1955) as low (0-10

%), moderate (>10-20 %) and high (> 20%).

3.9.6 Correlation studies

The correlation coefficients were calculated to determine the degree of

association of damage parameters with other characters related to resistance. Coefficients

of correlation between character pairs were determined by using the variance and

covariance components as suggested by Pearson (1905).

Cov(x,y)
p(x,y) =

axxay

Where,

p(x, y) = Pearson correlation coefficient between character x and y

Cov(x, y) = Covariance between character x and y

ox = Standard deviation of x

oy = Standard deviation of y

The calculated values of 'p' were compared with table 'p' values with n-2

degrees of freedom at 5 per cent, where, 'n' refers to the number of character

combinations.

3.9.7 Line x Tester analysis

3.9.7.1 Combining ability

The general combining ability (GCA) of the parents and the specific combining

ability (SCA) of the hybrids were estimated using the L x T analysis (Kempthome, 1957).

The mean squares due to various sources of variation and their genetic expectations were

computed as per ANOVA given below (Table 5).
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Table 5. ANOVA for Line Tester analysis

Source of

variation

Degrees of
freedom

Mean sum of

squares
Expected mean square

Replication (r-1)

Treatment (e-1)

Line (1-1) Mel MSE + r (Cov F.S. - 2Cov H.S.)
+ rt (Cov H.S.)

Tester (t-1) Me2 MSE + r (Cov F.S. - 2Cov H.S.)
+ rl (Cov H.S.)

Parents (l+t)-l

Crosses (lt-1)

Parents vs crosses 1

Line x Tester (1-1) (t-1) Me3 MSE r (Cov F.S. - 2Cov H.S.)

Error (r-1) (e-1) Me4 MSE

Total (re-1)

Where,

Where,

r  = Number ofreplications

I  = Number of lines

t  = Number of testers

e  = Number of treatments (1+t+lt)

Cov H.S. = Covariance between half-sib families

Cov F.S. = Covariance between full-sib families

The GCA effects of parents and SCA effects of hybrids were estimated using the

following model.

Xijk = p + gi + gj + Sij + eyic

Where,

Where,

P = Population mean

gi = GCA effect of the i"*

gj
= GCA effect of the

Sij = SCA effect of the ij"^

eijk = error associated with

= 1,2,.. 1

= 1,2,.., t

= 1,2,......r
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The individual effects were estimated as follows

1. Estimation of general mean

X...

^ = —r
rtl

Where, x...= Mean total of all hybrid combinations

2. Estimation of GCA effect of the i"' line

Xi ... X...

tr ^ rtl
Where, Xi...= Mean total of all i"' male (tester) overall female (lines)

3. Estimation of GCA effect of j"* tester
Xj ... X ...

Where, Xj...= Mean total of all j''' female overall males

4. Estimation of SCA effect of ij'^ hybrid
_ Xij Xi ... Xj ... X...

r  rt rl rtl

Where, xy = Mean total of ij'^ combination or performance of j***

combination

5. Standard error for combining ability estimates

SE ± (_GCA of lines) =

SE ± (GCA of testers) = \

SE ± (sij of crosses) = (~)

Where,

Me = Error mean square

Significance of GCA effects of testers = SE (gi) x t(edf)

Significance of GCA effects of lines = SE (gj) x t(edf)

Significance of SCA effects = SE (sij) x t(edf)

3.9.8 Estimation of heterosis

The heterotic effects were measured as the deviation of Fi mean from mid-parent

(relative heterosis) and better parent (heterobeltiosis) means as per the following formula

given by Liang et al. (1971).
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Fi — Mean of mid parent
Relative heterosis = —— —— x 100

Mean of mid parent

Fi — Mean of better parent
Heterobeltiosis = —— — x 100

Mean of better parent

6^
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4. RESULTS AND DISCUSSION

The results obtained from the various experiments of the present study are

explained below under the following headings.

1 Experiment 1 : Identification of resistance against spotted pod borer in cowpea
genotypes

•  Evaluation of morphological basis of resistance

•  Evaluation of biochemical basis of resistance

2 Experiment 2 : The hybridisation of resistant genotypes (identified in experiment

1) with high yielding popular varieties

3 Experiment 3 : Assessment of parental polymorphism at molecular level

4 Experiment 4 : Evaluation of Fi populations for resistance against spotted pod

borer

5 Experiment 5 : Evaluation of F2 plants for resistance against spotted pod borer

4.1 EXPERIMENT 1: IDENTIFICATION OF RESISTANCE AGAINST SPOTTED

POD BORER IN COWPEA GENOTYPES

4.1.1 Analysis of variance

Test of analysis of variance (ANOVA) for the different damage parameters and

resistance/ susceptibility related characters of cowpea to spotted pod borer revealed the

presence of significant variation among the 30 genotypes studied. Significant variation

also existed for all the other characters considered. The mean values for the different

spotted pod borer damage parameters, morphological and biochemical characters related

to resistance/ susceptibility of the 30 cowpea genotypes are presented in Table 6, Table 8

and Table 10 and 11.

4.1.2 Damage parameters

Thirty genotypes of cowpea were evaluated for their reaction to the infestation of

spotted pod borer. Significant variation was observed within the genotypes with respect

to flower bud, flower, pod and overall damage (Table 6, Fig. 2).

Ten genotypes recorded the overall damage below five per cent (0.71 to 4.78 %).

Among these ten genotypes, the low damage was recorded by IC 2918 (0.71 %), which

was on par with IC 39922 (0.75 %), EC 98668 (1.14 %), IC 39945 (1.54 %), EC 101216

(2.61 %), IC 52110 (3.23 %), IC 39916 (3.83 %), Hridya (4.02 %), Palakkadan thandan

payar (4.02 %) and EC 300039 (4.78 %). Three genotypes viz., IC 39947, IC 52107 A

and IC 20645 recorded total damage of 6.88, 7.78 and 9.43 per cent, respectively.
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Five genotypes recorded overall damage in the range of 10 to 15 per cent
(Kanakamony, 11.08 %5 IC 26048,13.08 %; Geethika, 13.78 %; IC 52118,14.81 ^ and
IC 39921, 14.86 %). Remaining 12 genotypes recorded total damage more than 15 per
cent. Among these, the higest damage was recorded by Bhagyalakshmy followed by
variety Lola (Table 6). The damage caused by spotted pod borer in these varieties were
48.46 per cent and 30.04 per cent, respectively. Vellayani Jyothika and Kashi Kanchan
also suffered a heavy damage (18.11 % and 28.74 %, respectively). Several researchers
have reported variation in terms of total damage in different genotypes of cowpea
(Jithesh, 2009; Kumar et al, 2013; Barad et al, 2016; Asoontha, 2017).

It was also observed that the vegetable type varieties viz., Geethika, Vellayani
Jyothika, Lola, Kashi Kanchan and Bhagyalakshmy suffered comparatively more damage
by spotted pod borer than the grain type genotypes. The probable reason for this might
be the succulent nature of the pods in vegetable cowpea, which makes these genotypes
more attractive to spotted pod borer. These findings are in accordance with the report of
Beegum and Subramanian (2017).

Variation was also observed in the infestation levels at different reproductive
stages of the same genotype. Genotype IC 39922 recorded no flower bud damage. Among
the remaining genotypes, 21 genotypes recorded flower bud damage below five per cent.
Genotypes EC 300039, EC 98668, IC 52110, IC 39945, IC 2918, IC 39922 and IC 39916
recorded no flower damage. Amid remaining ones, 15 genotypes had flower damage
below five per cent and the genotype EC 101216 observed to have least flower damage
(0.79 %). Palakkadan thandan payar, IC 39945, IC 2918 and IC 39947 were free from
pod damage, and with the remaining genotypes, 20 genotypes recorded pod damage
below five per cent. The variety Bhagyalakshmy recorded the highest level of infestation
at all three stages viz., flower bud, flower and pod (13.85 %, 11.02 % and 9.49 %,
respectively) followed by Lola (8.28 %, 10.85 % and 7.96 %, respectively).

In general, it was also observed that the flower buds of most genotypes suffered
more damage than flowers and pods (Fig. 2). This can be explicated by the following
reasons. The adult female of spotted pod borer prefers flower buds as oviposition site
(Jackai, 1980). Hence, after emerging out from eggs, larva directly starts feeding on
flower bud, resulting higher infestation of flower buds. According to Sharma et al. (1999),
the first instar larvae of spotted pod borer shows a strong feeding liking for flower buds
and flowers rather than pods. Smith (1979) stated that the pod infestation indicates the
intensity of the overall larval migration or secondary infestation. As stated by Jackai
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(1981), the intensity of spotted pod borer larval migration or secondary infestation is a

product of age and the density of larvae on the plant parts at a given time. Hence, high

densities of larvae on flower buds force the larvae to migrate to pods, and results in

secondary infestation. Moreover, in field situations, usually, older instar larvae are found

infesting pods and not first instar larvae (Oghiakhe et al., 1995). The first few instar larvae

feed on flower buds and cause more damage. The results of this study are in accordance

with Phillip (2004), Jithesh (2009), Jayasinghe et al. (2015), Beegum and Subramanian

(2017) and Asoontha (2017).

4.1.3 The categorisation of cowpea genotypes based on the extent of the damage

The 30 genotypes were subjected to Duncan's Multiple Range Test (DMRT)

based on total damage caused by spotted pod borer, and were grouped as resistant,

moderately resistant, susceptible and highly susceptible (Table 7). Ten genotypes were

categorised as resistant genotypes (total damage ranging from 0 to 5 %). Three genotypes

were categorised as moderately resistant (total damage ranging from 5 to 10 %). Four

were categorised as susceptible (total damage between 10 to 15 %), and the remaining 13

genotypes, which recorded total damage more than 15 per cent, were categorised as

highly susceptible.

Table 7. Classification of cowpea genotypes based on the extent of damage caused

by spotted pod borer

Resistance

rating

The extent of

total damage (%)
Genotypes

Resistant 0-5 Hridya, Palakkadan thandan payar, EC 300039,

EC 98668, EC 101216, IC 52110, IC 39945,

IC 2918, IC 39922 and IC 39916

Moderately

resistant

>5-10 IC 20645, IC 52107 A and IC 39947

Susceptible >10-15 Geethika, Kanakamony, IC 52118, IC 26048

and IC 39921

Highly

susceptible

>15 Vellayani Jyothika, Lola, Mysore Local,

Kashi Kanchan, IC 2196, IC 26029, IC 20720,

IC 39870, IC 52105, IC 9883, TVX-944 and

Bhagyalakshmy
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4.1.4 Morphological basis of resistance

Morphological basis of resistance was determined by recording the length and

density of trichomes of a flower bud and pod, raceme position, length of the peduncle

and pod wall thickness, and presented in Table 8.

4.1.4.1 Peduncle length and raceme position

Observations were recorded on the length of the peduncle and raceme position.

The longer peduncle was observed in variety Lola (27.25 cm) followed by variety

Geethika (23.15 cm). Short peduncle length observed in IC 20720 (5.55 cm), which was

on par with variety Hridya (5.93 cm). There was no appeared relation between the length

of peduncle and spotted pod borer infestation. A number of genotypes from resistant

category had relatively long peduncle such as IC 2918 (22.54 cm), IC 39922 (17.12 cm)

and EC 98668 (16.82 cm), whereas, few genotypes observed to have short peduncle such

as Hridya (5.93 cm), Palakkadan thandan payar (7.95 cm) and IC 52110 (8.17 cm).

With respect to raceme position, again, there was no specifie trend observed.

However, few resistant genotypes were observed to bear pods above the canopy.

Elongated peduncles enable the plant to hold the pods above the canopy level. Feeding

on such pods could expose the larvae to other predators. This could be a reason for lower

infestation in genotypes with long peduncle. Similar observations have also been made

by IITA (1974), Singh (1978) and Oghiakhe et al. (1991).

4.1.4.2 Length and density of non-glandular trichome on flower bud and pod

The longest flower bud trichomes were observed in EC 101216 (0.213 mm)

followed by IC 39947 (0.097 mm), whereas, short trichomes were observed in

Vellayani Jyothika (0.020 mm) and Lola (0.020 mm), which was on par with IC 2196

(0.024 mm) and IC 20720 (0.027 mm). Least suffered genotype, IC 2918, was observed

to have 0.077 mm long bud trichome, whereas, the most susceptible, Bhagyalakshmy,

recorded 0.029 mm bud trichome length (Table 8).

Long pod trichomes were observed in genotype IC 20720 (0.081 mm) which was

on par with Lola (0.078 mm), Hridya (0.074 mm), EC 101216 (0.073 mm) and IC 52110

(0.072 mm). Short trichomes were observed in Vellayani Jyothika (0.033 mm), which

was on par with IC 52105 (0.035 mm), EC 98668 (0.040 mm), IC 39916 (0.042 mm) and

IC 39921 (0.043 mm). Least suffered genotype, IC 2918, was observed to have 0.051 mm

pod trichome length, whereas, the most susceptible, Bhagyalakshmy, recorded 0.050 mm

pod trichome length, and both were on par with each other (Table 8).
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With respect to trichome density on flower bud, high density was recorded by

EC 300039 (6.33 which was on par with genotypes EC 101216 (5.33 /mm^) and
IC 26048 (5.33 /mm^). Low trichome density was recorded by Lola (0.32 /mm^), which
was on par with IC 20720 (0.36 IC 52107 A (0.75 /mm^), IC 9883 (1 mm^),
Bhagyalakshmy (1 /mm^), IC 39916 (1.33 /mm^) andIC 2196 (1.33 /mm^). Least suffered

genotype, IC 2918, recorded trichome density of 5 /mmL With respect to trichome density

on the pod, IC 2918 recorded the highest trichome density (37.67 /mm^) followed by

Palakkadan thandan payar (17.67 /mm^), Hridya (17 /mm^) and Mysore Local (15 /mm^).

The minimum density of trichome on the pod was recorded by IC 39916 (2.67 /mm^).

The most susceptible variety, Bhagyalakshmy, recorded a comparatively low trichome

density on the pod (4.67 /mm^) (Table 8).

With respect to the length of non-glandular trichomes on the pod, no specific trend

was observed. Few of the resistant genotypes recorded less trichome length on the pod

and a few recorded more. The same scenario was also observed with respect to susceptible

genotypes. This scenario indicates that the pod trichome length does not play a crucial

role in imparting resistance against spotted pod borer. However, data revealed that the

length of non-glandular trichomes on flower bud might play a deciding role in imparting

resistance against spotted pod borer. Oghiakhe et al. (1992b) also made the same

observations with respect to trichome length and density, and suggested the importance

of density of trichome than its length in imparting resistance against spotted pod borer.

They also mentioned that the sharp pointed tips of the non-glandular trichomes can

sufficiently pierce larvae of spotted pod borer to cause mortality and also hinder

movement. It is clear from the results of the present study that the higher density of non-

glandular trichomes on flower buds and pods are responsible for the strong antixenotic

effect imparting resistance against spotted pod borer. Higher trichome density could be

one of the factor responsible for the comparatively low level of infestation and damage

by spotted pod borer to cowpea pods. The greater number of trichomes per unit area on

pods is evidently one of the important factor responsible for the increased resistance of

IC 2918 compared to the susceptibility of Bhagyalakshmy. These results are in

accordance with Panicker (2000), Phillip (2004), Sunitha et al. (2008), Jithesh (2009),

Beegum (2015) and Asoontha (2017).

4.1.4.3 Pod wall thickness

With respect to pod wall thickness, a local genotype, Palakkadan thandan payar

observed to have thick pod wall (0.93 mm), whereas, IC 39870 recorded the lowest pod
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wall thickness (0.26 mm). Least suffered genotype, IC 2918, and the most susceptible

variety, Bhagyalakshmy, recorded 0.39 mm pod wall thickness (Table 8). In general,

thick pod wall was observed in the resistant group and thin pod wall thickness was

observed in the susceptible group of genotypes.

The thicker pod wall could make it more difficult for the larvae to bore into the

pods (Panda and Khush, 1995), thus forming an important morphological barrier and

protects the economic part of the pods. However, in vegetable type varieties viz.,

Geethika, Vellayani Jyothika and Lola, which were susceptible to spotted pod borer, thick

pod wall was observed. The susceptible nature of these varieties could be attributed to

soft and fleshy nature of pod wall. Haider and Srinivasan (2011) and Beegum (2015) also

reported the similar results with respect to the pod wall thickness and level of resistance.

4.1.4.4 Correlation of morphological characters of cowpea with spotted pod borer

infestation

Analysis was carried out to assess the correlation between morphological

parameters of cowpea and the level of spotted pod borer infestation (Table 9).

Density of trichome on flower bud recorded negative and significant correlations

with flower bud and flower damage (-0.596 and -0.597, respectively), whereas, length of

trichomes recorded -0.460 and -0.412 correlation with flower bud and flower damage.

Peduncle length showed a positive correlation with flower bud and flower damage (0.127

and 0.130, respectively), however, the correlation was not significant.

With regard to pod damage, trichome density on the pod registered strong and

negative correlation (-0.400) since larval contact with trichomes increases with the high

density of trichome on the pod. However, pod wall thickness and the length of trichome

on pod showed negative but non-significant correlation (-0.257 and -0.120, respectively)

with pod damage. Peduncle length showed positive but non-significant correlation with

pod damage (0.171). With respect to total damage by spotted pod borer, trichome density

on bud and pod, bud trichomes length and pod wall thickness registered strong negative

correlation (-0.572, -0.414, -0.479 and -0.474, respectively). Pod trichome length and

peduncle length showed positive but non-significant correlation with total damage. The

same scenario was observed by a number of researchers (Oghiakhe et al., 1992b; Sunitha

et ah, 2008; Jithesh, 2009; Haider and Srinivasan, 2011; Beegum, 2015; Asoontha, 2017).
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Table 9. Correlation between morphological parameters of cowpea and per cent

damage

Variables
Flower bud

damage

Flower

damage
Pod damage

Total

damage

No. of trichomes on bud -0.596 -0.597 -0.452 -0.572

No. of trichomes on pod -0.353 -0.396 -0.400 -0.414

Bud trichome length -0.460 -0.412 -0.458 -0.479

Pod trichome length 0.052 0.096 -0.120 0.011

Pod wall thickness -0.414 -0.470 -0.257 -0.474

Length of peduncle 0.127 0.130 0.171 0.038

Values in bold are significant at 5 % level of significance

4.1.5 Biochemical basis of resistance

Biochemical basis of resistance of the different cowpea genotypes to spotted pod

borer were ascertained by estimating biochemical parameters such as total sugar content,

reducing sugar content, non-reducing sugar content, total protein content, total phenol

content, polyphenol oxidase activity, peroxidase activity of flower bud and immature pod

as well as crude fibre content of pod. The results are presented in Table 10 and 11, and

depicted in Fig. 3, 4 and 5. The results of correlation studies are presented in Table 12.

4.1.5.1 Total sugar content

The total sugar content in flower buds and pods varied significantly among all the

cowpea genotypes evaluated. A variety Mysore Local (6.99 %) recorded the highest

amount of total sugar in flower buds, followed by genotype IC 39921 (6.38 %). Variety

Kanakamony observed to have low total sugar content in flower buds (0.65 %), which

was on par with Bhagyalakshmy (0.73 %), Palakkadan thandan payar (0.74 %), Geethika

(0.82 %), EC 300039 (0.83 %), IC 26048 (0.93 %), EC 98668 (0.94 %), IC 39922

(0.96 %), IC 52107 A (0.98 %) and IC 20645 (1.05 %). Least suffered genotype, IC 2918

was observed to have 1.37 per cent total sugar content in flower buds (Table 10).

With respect to total sugar content in a pod, genotype IC 20645 recorded the

highest content, 12.65 per cent, followed by IC 39921 (10.43 %). Genotype EC 300039

recorded low total sugar content of 1.01 per cent, which was on par with EC 98668 (1.07

%), IC 39922 (1.24 %), Kanakamony (1.28 %) and IC 39916 (1.37 %). The least suffered

genotype, IC 2918, recorded 2.03 per cent total sugar content and the most susceptible

variety, Bhagyalakshmy, recorded 3.37 per cent total sugar content (Table II).
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Overall, the resistant genotypes were observed to have lesser total sugar content

in flower buds and pods than the susceptible ones (Fig. 3 and 4). As per Ishikawa et al.

(1969), sucrose acts as the strongest feeding stimulant for herbivorous insects. Naturally,

spotted pod borer infests genotypes with more total sugar content in flower buds and

pods. Correlation studies among the damage parameters (flower bud, pod and total

damage) and total sugar content revealed positive correlations, but the correlations were

not significant (Table 12). The present findings are in accordance with the findings of

Haider and Srinivasan (2007), Sunitha et al. (2008), Beegum (2015), Barad et al. (2016),

Jakhar et al. (2017) and Tiwari et al. (2017).

4.1.5.2 Reducing sugar content

With respect to reducing sugar content in flower buds, genotype IC 52118

recorded the highest value (2.45 %), followed by IC 20720 (2.11 %) and IC 26029

(2.11 %). Variety Kanakamony recorded the lowest reducing sugar content in flower buds

(0.17 %), followed by Geethika (0.28 %) and IC 39870 (0.30 %). The least suffered

genotype, IC 2918, recorded 1.10 per cent and the most susceptible variety,

Bhagyalakshmy, recorded 0.59 per cent reducing sugar content (Table 10).

With regard to pods, IC 20720 (3.46 %) recorded more reducing sugar content,

which was on par with IC 26029 (3.41 %) and IC 9883 (3.40 %), whereas, Kanakamony

recorded low reducing sugar content (0.21 %), which was on par with genotypes IC 39922

(0.23 %) and IC 39870 (0.36 %). Least suffered genotype, IC 2918, recorded 1.27 per

cent reducing sugar content and the most susceptible variety, Bhagyalakshmy, recorded

1.26 per cent reducing sugar content, and both were on par with each other (Table 11).

Overall no specific trend was observed with respect to reducing sugar content in relation

to damage by spotted pod borer. However, few of the genotypes from the resistant

category recorded comparatively lower value for reducing sugar content. These results

are in conformity with Haider et al. (2006), Haider and Srinivasan (2007) and Beegum

(2015).

4.1.5.3 Non-reducing sugar content

In respect to flower buds, IC 39921 was observed to have more non-reducing

sugar (5.00 %), which was on par with Mysore Local (4.95 %), whereas, genotype

IC 26048 recorded low value (0.05 %), which was on par with Palakkadan thandan payar

(0.08 %) and Bhagyalakshmy (0.15 %) (Table 10).

With regard to pods, the highest value for non-reducing sugar was recorded by

IC 20645 (9.77 %), followed by IC 39921 (7.34 %). A low value of non-reducing sugar
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was recorded by genotype EC 98668 (0.26 %), which was on par with IC 39916

(0.32 %), EC 300039 (0.41 %) and IC 2918 (0.76 %). The most susceptible variety,

Bhagyalakshmy, recorded 2.11 per cent non-reducing sugar content (Table 11).

It was observed that, in general, the resistant genotypes recorded lesser non-

reducing sugar content in flower buds and pod than the susceptible ones. These results

are in conformity with Haider and Srinivasan (2007).

4.1.5.4 Total protein content

Pertaining to total protein content in flower buds, IC 39945 recorded highest

value, 14.48 per cent, followed by EC 98668 (11.64 %). A local genotype Mysore Local

recorded the low total protein content (7.31 %), which was on par with IC 39921

(7.64 %), TVX-944 (7.68 %), IC 52107 A (7.95 %), IC 39922 (8.01 %), IC 26029

(8.01 %) and IC 39947 (8.11 %). Least suffered genotype, IC 2918, recorded 10.00 per

cent total protein content and the most susceptible variety, Bhagyalakshmy, recorded 8.63

per cent total protein content (Table 10, Fig. 3).

In pods, variety Vellayani Jyothika recorded high protein content of 30.78 per

cent, which was on par with Bhagyalakshmy (29.82 %), followed by Hridya (24.71 %)

and IC 39945 (23.88 %). A local genotype Palakkadan thandan payar recorded the lowest

total protein content (5.51 %), followed by Kashi Kanchan (7.88 %) and IC 26048

(8.20 %). Least suffered genotype, IC 2918, recorded 13.36 per cent total protein content

(Table 11, Fig. 4).

Plant proteins are the most significant sources of dietary nitrogen for herbivores.

A number of researchers have reported the positive correlation between total protein

content and pest infestation (Philip, 2004; Haider et al., 2006; Sunitha et al., 2008;

Sharma et al., 2009; Beegum, 2015; Barad et al., 2016; Jakhar et al., 2017; Tiwari et al.,

2017). The results of the present study affirm the above observations. However, there was

no specific trend observed with respect to the total protein content of flower buds in

relation with total damage by spotted pod borer. On the other hand, in pods, in general,

the resistant genotypes recorded less total protein content than the susceptible ones.

Correlation study between the damage parameters (flower bud, pod and total damage)

and protein content in the pod also revealed the same scenario. Conversely, there was a

strong and positive correlation between protein content and pod damage (0.436). The

results of the study indicated the role of total protein content in determining the incidence

of spotted pod borer.
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4.1.5.5 Total phenol content

With regard to total phenol content in flower buds, IC 52110 recorded the highest

value (419.35 mg CE /g) followed by IC 52105 (391.91 mg CE /g). Geethika recorded

low total phenol content, 62.15 mg CE /g, which was on par with Lola (70.83 mg CE /g).

Least suffered genotype, IC 2918, observed to have 104.37 mg CE /g total phenol content

and the most susceptible variety, Bhagyalakshmy, recorded 74.11 mg CE /g total phenol

content (Table 10).

In pods, a genotype EC 300039 recorded the highest total phenol content (549.52

mg CE /g), followed by IC 52110 (421.23 mg CE /g). A genotype IC 52118 recorded low

total phenol content, 71.53 mg CE /g, which was on par with IC 52105 (72.94 mg CE /g),

IC 52107 A (76.69 mg CE /g) and IC 2196 (79.74 mg CE /g). Least suffered genotype,

IC 2918, recorded 217.65 mg CE /g total phenol content and the most susceptible variety,

Bhagyalakshmy, recorded 113.75 CE mg /g total phenol content (Table 11).

With respect to total phenol content, the resistant genotypes recorded significantly

higher phenolic content than the susceptible ones. These results are in conformity with

Macfoy et al. (1983), Oghiakhe et al. (1993b), Haider et al. (2006), Sunitha et al. (2008),

Barad et al. (2016) and Tiwari et al. (2017). It is an established fact that the phenolic

compounds are anti-nutritional factors which reduce digestibility, palatability and

nutritional value. From the results, it is evident that the total phenol content plays a crucial

role in imparting resistance against spotted pod borer.

Correlation study revealed a negative correlation between damage parameters

(flower buds, flower and pod damage) and total phenol content of flower buds and pods

(Table 12, Fig. 5a). There was a significant negative correlation between flower bud

damage and phenol content in flower bud, however, the correlation was not significant

with respect to pod damage and phenol content in pods. This can be explained by the

results given by Bressani and Elias (1980). They suggested that the high phenolic content

in cowpea pod could react with the protein provided mainly by the cotyledons to decrease

its digestibility. According to Goldstein and Swain (1965), the alkaline condition usually

found in the gut of lepidopteran insect larvae is a mechanism of counter-adaptation to

tannins and hence it decreases the ability of tannins to form complexes with proteins. The

same phenomenon might have contributed partially to counteract with phenols giving the

non-significant correlation between total phenol content and pod damage.
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4.1.5.6 Polyphenol oxidase activity

With regard to flower bud, higher activity of polyphenol oxidase (PPO) was

recorded by IC 39922 (0.0058 EU /g), which was on par with IC 52118 (0.0057 EU /g),

IC 52107 A (0.0048 EU /g), Palakkadan thandan payar (0.0045 EU /g), EC 98668 (0.0044

EU /g), IC 26048 (0.0044 EU /g), EC 101216 (0.0042 EU /g), Geethika (0.0042 EU /g),

IC 39921 (0.0040 EU /g), EC 300039 (0.0039 EU /g) and IC 2196 (0.0039 EU /g),

whereas, the most susceptible, Bhagyalakshmy, recorded low PPO activity, (0.0003 EU

/g). Least suffered genotype, IC 2918, recorded 0.0023 EU /g PPO activity (Table 10).

With respect to pod, high PPO activity was observed in IC 39922 (0.0056 EU /g),

which was on par with a genotypes EC 98668 (0.0051 EU /g), IC 39947 (0.0049 EU /g)

and EC 101216 (0.0043 EU /g), whereas, Vellayani Jyothika recorded very low PPO

activity, (0.0002 EU /g). Least suffered genotype, IC 2918, recorded 0.0024 EU /g PPO

activity, however, the most susceptible, Bhagyalakshmy, recorded low PPO activity

(0.0003 EU /g) (Table 11).

In general, the resistant genotypes recorded higher PPO activity in flower buds

and pods than the susceptible ones. The activity of the PPO enzyme increases in response

to different types of stresses mostly due to physiological injury (Rivero et al., 2001). As

suggested by Felton et al. (1992), the activity of PPO under the high pH environments,

such as the lepidopteran midgut, favour protein alkylation including several essential

amino acids (lysine, histidine, cysteine, methionine, etc.) and significantly reduce protein

quality which in turn influence the larval growth rate. However, PPO mediated resistance

have been hardly reported in the case of cowpea against any pests.

The correlation study revealed an important role of PPO activity in imparting

resistance (Fig. 5b). There was a strong negative correlation between damage parameters

(flower buds flower and pod damage) and PPO activity in buds and pods (Table 12).

These results are in conformity with Beegum (2015).

4.1.5.7 Per oxidase activity

With regard to flower bud, high peroxidase (POD) activity was recorded by

genotype EC 101216 (24.65 EU /g), which was on par with IC 52118 (19.90 EU /g),

whereas, low POD activity recorded by genotypes IC 9883 (0.37 EU /g), which was on

par with IC 52105 (0.45 EU /g), IC 20720 (0.74 EU /g) and IC 39922 (1.18 EU /g). Least

suffered genotype, IC 2918, recorded 4.76 EU /g, whereas, the most susceptible variety,

Bhagyalakshmy, recorded 8.09 EU /g POD activity (Table 10).
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With respect to the pod, the highest activity of POD was recorded by genotype

IC 20645 (129.36 EU /g) followed by IC 39945 (81.99 EU /g). Low POD activity was

recorded by genotype IC 52107 A (1.63 EU /g), which was on par with IC 20720 (3.82

EU /g), IC 26029 (4.52 EU /g), IC 52110 (4.87 EU /g) and Kashi Kanchan (4.92 EU

/g). Least suffered genotype, IC 2918, recorded 42.83 EU /g POD activity, however, the

most susceptible, Bhagyalakshmy, recorded 63.69 EU /g POD activity (Table 11).

With respect to damage parameters and POD activity, there was no specific trend

observed as the most susceptible variety, Bhagyalakshmy, recorded higher POD activities

than the resistant genotypes in both flower buds and pods. The scenario revealed by

correlation study also support this result as there was a negative but non-significant

correlation in between damage parameters and POD activities (Table 12). The defensive

role of POD activity with respect to insects is somewhat controversial. Sometimes

laboratory estimation of POD activity may not reflect field observations. Peroxidase

activity believed to involve in disease/ insect resistance or susceptibility, even though

POD alone has little effect against insects (Felton and Duffey, 1991; Rahbe and Febvay,

1993; Dowd and Vega, 1996).

4.1.5.8 The crude fibre content of the immature pod

A genotype IC 39922 had the highest crude fibre content (52.60 %) followed by

EC 98668 (48.85 %) and IC 20645 (47.04 %). A low crude fibre content was recorded by

IC 39945 (24.16 %), which was on par with IC 52105 (25.78 %). Least suffered genotype,

IC 2918, recorded 42.83 per cent crude fibre content and the most susceptible variety,

Bhagyalakshmy, recorded 32.89 per cent crude fibre content (Table 11).

Crude fibre is considered as indigestible cellulose, pentosans, lignin and other

components of this type present in foods (Food Science, 2008). It indicates the

antinutritional content of the tissue. It is very clear from the results of present study that

the high content of crude fibre in a tissue results in the less preference by the insects as

food. Correlation study revealed a strong and a negative correlation in between pod

damage and crude fibre content (-0.479) (Table 12, Fig. 5c). The results of this study are

in compliance with Macfoy et al. (1983) and Barad et al. (2016).

4.1.6 Principal component analysis for cowpea genotypes distribution

Principal component analysis (PCA) was carried out to visualise the dispersion of

genotypes based on 25 different parameters which include all damage parameters,

morphological and biochemical parameters in relation to spotted pod borer resistance.

The two-dimensional PCA score plot, derived by considering all characters (Fig. 6),
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revealed a grouping of four main categories of genotypes with respect to resistance to

spotted pod borer.

It is clearly evident from the score plot that almost all resistant genotypes

discriminated to positive scores concerning the first principle component (PCI), and

grouped in close proximity on the one side of the two-dimensional score plot. On the

other hand, most of the susceptible genotypes discriminated for negative scores for PCI.

Few genotypes viz., Geethika, Kanakamony, IC 26048 and TVX-944 scored positively

and clustered with resistant genotypes in PCI. The close immediacy of these genotypes

with resistant genotypes can be attributed to one or few characters which have a positive

correlation with the resistant nature of genotypes. However, resistant to the insects cannot

be attributed to one or few characters, as the matter of fact, resistance to the insects is a

product of multiple characters. Principal component analysis of a data also revealed the

efficiency of characters examined to discriminate between the resistant and susceptible

genotypes.

4.1.7 Biometric observations

The mean performances of different genotypes for different biometric characters

are presented in Table 13 and described below.

4.1.7.1 Days to 50 per centflowering

Among 30 genotypes, days to 50 per cent flowering was ranged from 41.50 to

71.50 days. Genotype Hridya and Bhagyalakshmy had taken less days for 50 per cent

flowering, 41.50 days, which was on par with EC 98668 (44.50 days), IC 2196 (45.00

days), IC 52110 (45.50 days), Kashi Kanchan (46.50 days) and IC 20720 (47.00 days).

Variety Lola (71.50) had taken more days for 50 per cent flowering, which was on par

with IC 26029 (69.00).

4.1.7.2 Plant height

Plant height ranged from 26.40 cm to 492.10 cm. All three yard-long bean type

genotypes viz., Lola, Geethika and Vellayani Jyothika observed to have more plant

height. Among them, Lola (492.10 cm) recorded the highest plant height, followed by

Geethika and Vellayani Jyothika (465.60 cm and 389.00 cm, respectively). Genotype

IC 52105 (26.40 cm) recorded short plant height, which was on par with IC 20645 (30.20

cm), IC 20720 (32.70 cm), TVX-944 (37.45 cm), Bhagyalakshmy (37.50 cm),

IC 52107 A (38.50 cm) and Kashi Kanchan (43.70 cm).
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4.1.7.3 Number of primary branches per plant

A number of primary branches per plant ranged between 2.2 to 4.2. Vellayani

Jyothika (4.2) observed to have more number of primary branches per plant, which was

on par with Geethika (4.1), Lola (3.8) and IC 52110 (3.8). Genotype IC 20720 (2.2) was

noted for minimum number of branches per plant, which was on par with IC 52105 (2.3),

EC 300039 (2.4), IC 39921 (2.4), IC 39870 (2.4), Palakkadan thandan payar (2.5),

IC 2196 (2.5), IC 39922 (2.6), IC 52107 A (2.6) and IC 26029 (2.7). It was also observed

that with respect to a number of primary branches per plant low variation was existed

among all 30 genotypes.

4.1.7.4 Number of pods per plant

A number of pods per plant ranged between 11.40 to 26.40. Geethika observed to

bear more number of pods per plant, 26.40, which was on par with IC 2196 (26.10),

Bhagyalakshmy (25.50) and EC 98668 (25.20), whereas, EC 300039 (11.40) observed to

bear less number of pods per plant, which was on par with TVX-944 (11.60) and

Palakkadan thandan payar (12.80).

4.1.7.5 Pod length

The maximum pod length was recorded by Vellayani Jyothika (44.17 cm),

followed by Lola (41.40 cm) and Geethika (40.80 cm), whereas, IC 39921 (7.76 cm)

observed to have shorter pod length which was on par with IC 26029 (8.20 cm) (Table

13).

4.1.7.6 Number of seeds per pod

A wide range of variation was observed for seeds per pod among the 30

genotypes. Vellayani Jyothika (19.10) observed to have more number of seeds per pod,

which was on par with Geethika (18.90). Genotype IC 20720 (7.10) observed to have less

number of seeds per pod, which was on par with IC 39921 (7.20), IC 39945 (7.30),

IC 39922 (7.40), IC 20645 (7.60), IC 39947 (7.90) and IC 26029 (7.90).

4.1.7.7 Grain yield per plant

Wide-ranging variation was observed for grain yield per plant. Vellayani Jyothika

recorded the highest grain yield per plant, 81.85 g, followed by Lola (53.86 g), whereas,

IC 20720 recorded less grain yield per plant, 9.38 g, which was on par with IC 20645

(9.54 g), IC 39922 (9.59 g), IC 39921 (9.74 g), IC 39947 (9.93 g), IC 39945 (11.45 g)

andIC 9883 (11.72 g).
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4.1.7.8 100 seed weight

With respect to 100 seed weight, Vellayani Jyothika recorded the highest value,

20.80 g, followed by Lola (16.00 g). Genotype IC 20720 recorded low 100 seed weight,

4.35 g, which was on par with Hridya (4.50 g), IC 52107 A (4.80 g), IC 26048 (5.15 g),

EC 101216 (6.05 g), IC 52110 (6.15 g), IC 26029 (6.4 g), IC 52105 (6.65 g) and

EC 98668 (7.15 g) (Table 13).

4.1.8 Variability parameters

Assessment of genetic variability in the base population is a crucial step in the

breeding programme. The genotypic and phenotypic coefficient of variation (GCV and

PCV, respectively) are a simple measure of variability and commonly used for the

assessment of variability. The relative values of these types of coefficients give an idea

about the scale of variability present in a genetic population. However, it does not

determine the proportion of heritable variation of the total variation present for a

particular character. Johnson et al. (1955) suggested that heritability and genetic gain

together would be more useful in predicting the effect of selection. Consequently, PCV

and GCV, heritability (ifi) and genetic gain (GG) were estimated and results are

presented in Table 14 and discussed as follows.

4.1.8.1 The genotypic and phenotypic coefficient of variation

The PCV was marginally higher than the corresponding GCV. This indicated the

influence of environment on the expression of the characters under study. The high

magnitude of PCV and GCV were recorded for plant height (39.11 % and 38.96 %,

respectively) and pod length (21.62 % and 21.58 %, respectively). The high values of

PCV and GCV for plant height and pod length indicates that these characters exhibited

high variability among the genotypes under study. Moderate PCV and GCV were

recorded in all remaining characters. Moderate to high PCV and GCV for the characters

under study indicates the greater scope for selection to improve these characters in the

breeding programme. The results of a study are in accordance with the results of Tyagi et

al. (2000), Singh and Verma (2002), Prakash et al. (2003), Ananda (2012), Khanpara et

al. (2015), Dinesh et al. (2017), Sarath and Reshma (2017) and Singh et al. (2018).

4.1.8.2 Heritability (H^) and genetic advance as per cent of the mean (genetic gain)

The high heritability was observed for all characters. Character pod length (99.84

%) exhibited higher heritability, and low heritability was observed in number of primary

branches per plant (85.14 %). With respect to genetic gain (GG), the characters number

of primary branches per plant and 100 seed weight observed to have high values (56.84
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% and 21.13 %, respectively). Characters v/z., number of pods per plant, pod length and

number of seeds per pod observed to have a moderate genetic gain. The moderate to the

high value of heritability and genetic gain indicates the role of additive gene action. The

selection may be effective for improvement of these characters. The same results are also

reported by Malarvizhi and Rangasamy (2005), Girish et al. (2006), Nwosu et al. (2013),

Khan et al. (2015), Tudu et al. (2015), Dinesh et al. (2017) and Singh et al. (2018).

However, with respect to characters viz., days to 50 per cent flowering, plant

height and grain yield per plant, there was a low genetic gain (3.78 %, 1.63 % and 9.23

%, respectively). The low to moderate heritability coupled with low genetic gain indicates

the role of non-additive gene action. Direct selection on the basis of these characters

would not be effective. However, these characters can be improved by hybridisation. The

same results are also reported by Khanpara et al. (2015), Tudu et al. (2015) and Sharma

(2016).

Table 14. Variability parameters for various characters in covvpea

Characters PCV (%) GCV (%) (%) GG (%)

Days to 50 % flowering 11.01 10.81 98.16 3.78

Plant height 39.11 38.96 99.61 1.63

Nmnber of primary
branches /plant

13.84 11.79 85.14 56.84

Number of pods /plant 17.30 16.97 98.12 11.03

Pod length 21.62 21.58 99.84 13.50

Number of seeds /pod 18.77 18.65 99.34 17.52

Grain yield /plant 18.69 18.63 99.68 9.23

100 seed weight 16.77 15.24 90.88 21.13

4.2 EXPERIMENT 2: HYBRIDISATION OF RESISTANT GENOTYPES

(IDENTIFIED IN EXPERIMENT 1) WITH HIGH YIELDING POPULAR

VARIETIES

In the majority of agriculture experiments, the inferences are made considering a

number of dependent characters. As it is very evident that the resistance is governed by

not a single character but it is a product of a number of morphological and biochemical

characters. Considering this fact, the parents for crossing programme were selected.

The analysis of variance (ANOVA) was carried out for a number of characters

which are the characteristics feature of resistance or susceptibility as well as for the total

damage caused by spotted pod borer. For these selected characters, ANOVA test revealed
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a significant difference between the genotypes. Furthermore, stepwise multiple

comparisons following the post-hoc test, Dimcan's Multiple Range Test (DMRT) was

carried out which grouped the genotypes by identifying the sample means which are

significantly different. On the basis of total damage, all the genotypes divided into four

categories viz., as resistant, moderately resistant, susceptible and highly susceptible

(Table 7). From the resistant category, five genotypes were selected (Table 15)

considering their biometric characters and crossed with four female parents in Line x

Tester method to yield 20 hybrids (Table 16).

Table 15. Parents selected for hybridisation

Female parents (Lines) Selected male parents (testers)

Geethika Palakkadan thandan payar IC 2918

Vellayani Jyothika EC 300039

Lola EC 98668

Kashi Kanchan IC 39945

Table 16. Hybrid combinations and their coding

SI. no. Cross Code

1 Geethika X Palakkadan thandan payar Hybrid 1

2 GeethikaxEC 300039 Hybrid 2

3 GeethikaxEC 98668 Hybrid 3

4 GeethikaxIC 39945 Hybrid 4

5 GeethikaxIC 2918 Hybrid 5

6 Vellayani JyothikaxPalakkadan thandan payar Hybrid 6

7 Vellayani JyothikaxEC 300039 Hybrid 7

8 Vellayani JyothikaxEC 98668 Hybrid 8

9 Vellayani Jyothika xIC 39945 Hybrid 9

10 Vellayani JyothikaxlC 2918 Hybrid 10

11 Lolax Palakkadan thandan payar Hybrid 11

12 LolaxEC 300039 Hybrid 12

13 LolaxEC 98668 Hybrid 13

14 LolaxIC 39945 Hybrid 14

15 LolaxJC 2918 Hybrid 15

16 Kashi Kanchan X Palakkadan thandan payar Hybrid 16

17 Kashi KanchanxEC 300039 Hybrid 17

18 Kashi KanchanxEC 98668 Hybrid 18

19 Kashi KanchanxIC 39945 Hybrid 19

20 Kashi KanchanxIC 2918 Hybrid 20
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4.3 EXPERIMENT 3: ASSESSMENT OF PARENTAL POLYMORPHISM

A total of 40 SSR (Simple Sequence Repeats) primers were used to assess the

genetic diversity and estimate genetic polymorphism in 30 cowpea genotypes. Out of

these primers, 21 were polymorphic which produced polymorphic patterns in at least two

genotypes (Plate 6a-6g). Data of these polymorphic primers were then used to study the

molecular divergence among all genotypes and the analysis of this data revealed a high

level of diversity among all genotypes. Alleles of primers CLM0251 and CLM0300 were

in the heterozygous condition, so named as CLM0251A and CLM0251B as well

CLM0300A and CLM0300B.

Different statistics parameters of SSR primers with respect to genetic diversity are

presented in Table 17. Total of 86 polymorphic amplicons were amplified using these

polymorphic primers. Among these, the number of alleles per locus ranged from 2 to 5.

Primers CLM0061, CLM0279, CLM0291, CLM0295, CLM0300A and CLM0332

observed to produce five amplicons each, whereas, polymorphic primers CLM0245,

CLM0247, CLM0248 and CLM0251B observed to have only two amplicons each. The

results of this study are in conformity with Asare et al. (2010). They reported 4 to 13

alleles in cowpea genotypes collected from Ghana, whereas, Sawadogo et al. (2010)

reported 5 to 12 amplicons in cowpea using SSR primers. Diouf and Hilu (2005) reported

1 to 9 amplicons in cowpea germplasm. With respect to amplicon size, primer CLM0190

recorded the maximum amplicons sizes ranging from 307.03 to 415.73 bp, whereas,

primer CLM0251B recorded the minimum amplicons sizes, ranging from 105.67 to

133.49 bp.

Polymorphic Information Content (PIC) provides an estimate of the

discriminatory power of a marker to differentiate genotypes based on both the number of

alleles expressed and their relative frequencies (Nagl et al, 2011). According to Taski-

Ajdukovic et al. (2017), the high PIC of primers indicates the highly informative nature

of the SSR primers and the diversity of the used populations. The PIC was calculated for

21 pairs of SSR primers representing the allelic diversity for a specific locus, varying

from 0.33 to 0.76. The high PIC was recorded by CLM0300A (0.76), followed by

CLM0295 (0.71) and CLM0061 (0.70), whereas, low PIC was recorded by CLM0247

(0.33), followed by CLM0248 (0.36) and CLM0245 (0.37). The results of this study

supported with the results of Karuma et al. (2008). They observed PIC ranging from 0.09

to 0.87, whereas, Ogunkanmi et al. (2008) observed PIC ranging from 0.29 to 0.87.
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Plate 6a. The amplification pattern generated with primers CLM0061, CLM018S

and CLM0190
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Plate 6b. The amplification pattern generated with primers CLM0243, CLM0245

and CLM0247
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Plate 6c.The amplification pattern generated with primers CLM0248, CX,M0251
and CLM0255
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Plate 6e. The amplification pattern generated with primers CLM0273, CLM0279

and CLM0291
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The high expected heterozygosity and Shannon's information index are two

important and commonly used parameters which indicate the effectiveness of

microsatellite loci to reveal the variation. In the experiment conducted, the high expected

heterozygosity and Shannon's information index were recorded by CLM0300, whereas,

the lowest values were recorded by CLM0247 (0.42 and 0.27, respectively).

Table 17. Genetic diversity statistics of SSR primers in cowpea

HO

Primer PIC

Amplicon size

(bp) No. of

amplicons

Shannon's

information

index

Expected
heterozygosity

Min. Max.

CLM0061 0.70 151.91 196.99 5 0.63 0.74

CLM0185 0.51 142.48 169.50 3 0.42 0.58

CLM0190 0.67 307.03 415.73 4 0.61 0.69

CLM0243 0.54 238.50 274.16 3 0.44 0.61

CLM0245 0.37 227.53 253.90 2 0.30 0.50

CLM0247 0.33 209.28 233.24 2 0.27 0.42

CLM0248 0.36 196.32 215.20 2 0.29 0.48

CLM0251A 0.68 127.09 177.09 4 0.58 0.73

CLM0251B 0.36 105.67 133.49 2 0.29 0.48

CLM0255 0.67 206.09 274.42 4 0.57 0.72

CLM0256 0.67 246.52 273.72 3 0.41 0.57

CLM0260 0.52 142.42 182.92 4 0.45 0.59

CLM0265 0.67 208.55 251.65 4 0.58 0.72

CLM0273 0.66 100.00 141.85 4 0.55 0.69

CLM0279 0.46 192.91 261.97 5 0.44 0.48

CLM0291 0.68 243.27 303.09 5 0.61 0.73

CLM0292 0.63 155.62 209.88 4 0.54 0.68

CLM0295 0.71 206.82 270.73 5 0.63 0.75

CLM0298 0.68 124.73 171.93 4 0.59 0.73

CLM0300A 0.76 171.34 239.04 5 0.69 0.79

CLM0300B 0.70 155.80 208.52 4 0.60 0.74

CLM0322 0.56 224.79 261.14 3 0.46 0.64

CLM0332 0.69 212.93 284.73 5 0.63 0.74
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4.3.1 Genetic diversity analysis

In plant breeding, genetic diversity is a precondition for genetic improvement of

any agricultural crops. Prior knowledge of existing genetic diversity within the available

germplasm is a key to the successful breeding programme. Therefore, assessment of

genetical diversity based on molecular markers is of high interest for plant breeders.

Results of this study confirmed the existence of a high genetical diversity among cowpea

genotypes used.

The Jaccard's similarity coefficient values obtained are presented in Table 18.

The maximum similarity coefficient was measured between IC 39916 and IC 52118

(0.643) followed by Kashi Kanchan and EC 300039 (0.586) and IC 39916 and IC 2196

(0.586). The minimum similarity was exhibited between Kashi Kanchan and TVX-944

(0.02). It was likewise noted that the three yard-long bean genotypes viz., Geethika,

Vellayani Jyothika and Lola showed comparatively higher values of similarity coefficient

among themselves. This indicates that these three genotypes are more genetically similar

to each other. However, Geethika recorded less value of similarity coefficients with

Vellayani Jyothika and Lola (0.394) than the value of the similarity coefficient between

Vellayani Jyothika and Lola (0.533). On the other hand, three yard-long bean genotypes

showed less values of similarity coefficients with all other genotypes except Palakkadan

thandan payar where they exhibited comparatively high values of similarity coefficient

(0.314, 0.353 and 0.484, respectively).

Three exotic genotypes viz., EC 300039, EC 98668 and EC 101216, in general,

recorded less value of similarity coefficients with all other genotypes except Mysore

Local and Kashi Kanchan. In between EC 300039 and Kashi Kanchan, the higher value

was observed (0.586), whereas, EC 101216 observed to have a higher value of similarity

coefficient with Mysore Local and Kashi Kanchan (0.484). Among the exotic genotypes,

EC 101216 recorded higher values of similarity coefficient with EC 300039 and

EC 98668 (0.438 and 0.533, respectively). However, less value of similarity coefficient

was observed between EC 300039 and EC 98668 (0.278) (Table 18).

Cowpea is predominantly a self-pollinated crop and this ultimately resulted into a

narrow genetic base (Asare et al., 2010). Despite this, in our study, we observed

significant divergence in the genotypes studied. The highest levels of divergence between

the genotypes could be attributed to the fact that the genotypes used in the study were

///
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collected from the different geographical zones of India and other parts of the world.

Though, few genotypes observed to have less divergence and recorded higher values of

similarity coefficients. The reason for the less divergence could be argued with the reason

that these genotypes could have a common origin (Pasquet, 2000; Coulibaly et al., 2002;

Ba et al., 2004; Karuma et al., 2008; Magembe, 2008; Asare et al., 2010).

4.3.2 Cluster analysis

Cluster analysis revealed the presence of high genetic variation among all

genotypes studied. The dendrogram (Fig. 7) based on Jaccard's similarity coefficients

was constructed using UPGMA after analysis of banding patterns generated by 21

polymorphic primers across the 30 cowpea genotypes. All three yard-long bean

genotypes viz., Geethika, Vellayani Jyothika and Lola occupied neighbouring places on

the dendrogram and also on two-dimensional score plot (Fig. 8). The same scenario was

observed with respect to three exotic genotypes (EC 300039, EC 98668 and EC 101216).

The two-dimensional graph of genotypes distribution was revealed by Principle

component analysis (PCA) (Fig 8). This type of graphical presentation of the

distribution of genotypes enables the assessment of the geometric distances

among all of the genotypes in the study (De Sousa et al., 2011). The distribution of

the genotypes in the two-dimensional graph based on the first two principal

components was similar to that clustering pattern which obtained through Jaccard's

similarity coefficients.

Clusters analysis separated 30 cowpea genotypes into total 22 clusters at 50 per

cent similarity (Table 19, Fig. 7). The cluster XXI was the larger cluster, which

included three of genotypes (IC 52118, IC 39916 and IC 2196), whereas, nine clusters

viz., cluster I, III, V VI, VII, VIII, IX, XI, XII, XIII, XVII, X, VIII, XIX, XX and XXII

observed to have only one genotype each. It was also observed that the most

resistant variety, IC 2918, occupied a unique place in the constructed dendrogram

(Fig. 7). The same genotype also showed less value of similarity coefficients with

other genotypes under the study (Table 18). This clearly indicates that the genotype

IC 2918 is highly diverse from other genotypes of this study and can be used as a

donor parent against spotted pod borer. The same scenario was also observed with

other few resistant genotypes.
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Table 19. Clustering pattern of 30 cowpea genotypes

Cluster
No. of

genotypes
Genotype

I 1 Geethika

II 2 Vellayani Jyothika, Lola

III 1 Hridya

IV 2 Palakkadan thandan payar, Kanakamony

V I Mysore Local

VI 1 IC 26048

VII I IC 52107 A

VIII 1 IC 39947

IX 1 IC 39921

X 2 IC 39870, IC 52105

XI 1 IC 26029

XII 1 IC 20720

XIII 1 IC 9883

XIV 2 TVX-944, Bhagyalakshmy

XV 2 Kashi Kanchan, EC 300039

XVI 2 EC 98668, EC 101216

XVII 1 IC 52110

XVIII I IC 20645

XIX 1 IC 39945

XX 1 IC 2918

XXI 3 IC 52118, IC 39916, IC2196

XXII 1 IC 39922

4.4 EXPERIMENT 4: EVALUATION OF Fi HYBRIDS

4.4.1 Field screening of Fi hybrids for spotted pod borer resistance

4.4.1.1 Damage parameters

Total 20 hybrids were evaluated for their reaction to the infestation of spotted pod

borer. An abiuidant variation was observed in all hybrids with respect to flower bud,

flower, pod and overall damage (Table 20, Fig. 9).

Total nine hybrids recorded the overall damage below 10 per cent (ranged

between 3.79 to 18.83 %). Least total damage was noted in Hybrid 20 (3.79 %)
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categorised as a resistant hybrid. Out of remaining, eight hybrids recorded total damage

between 5 to 10 per cent and categorised as moderately resistant. Those hybrids were

Hybrid 1 (8.96 %), Hybrid 3 (9.83 %), Hybrid 5 (5.08 %), Hybrid 8 (9.21 %), Hybrid 10

(5.47 %), Hybrid 16 (5.38 %), Hybrid 17 (6.63 %) and Hybrid 18 (6.24 %).

Total eight hybrids recorded damage between 10 to 15 per cent and categorised

as susceptible. Those hybrids were Hybrid 2 (13.91 %), Hybrid 4 (13.02 %), Hybrid 6

(10.12 %), Hybrid 7 (13.95 %), Hybrid 9 (13.58 %), Hybrid 11 (13.37 %), Hybrid 13

(13.05 %), Hybrid 15 (11.71 %) and Hybrid 19 (13.12 %). Two hybrids viz.. Hybrid 12

(16.54 %) and Hybrid 14 (18.83 %) registered heavy total damage (>15 %) and

categorised as highly susceptible.

4.4.1.2 Morphological basis resistance to spotted pod borer (in hybrids)

Data pertaining to different morphological parameters viz., number of trichomes

on bud, number of trichomes on pod and pod wall thickness of hybrids with respect to

resistance to spotted pod borer presented in Table 21.

4.4.1.2.1 Number of trichome on the bud

Hybrid 16 and Hybrid 17 recorded higher trichome density on bud, 4.33 /mm^,

which was on par with Hybrid 18 (4.00 /mm^). Hybrid 11 recorded less trichome density

on bud, 0.39 /mm^, which was on par Hybrid 13 (0.40 /mm^). Hybrid 14 (0.60 /mm^).

Hybrid 12 (0.77 /mm^). Hybrid 15 (0.83 /mm^) and Hybrid 2 (0.97 /mm^). It was observed

that all hybrids which include Lola as a parent recorded less trichome density on bud.

4.4.1.2.2 Number of trichome on the pod

With respect to trichome density on the pod. Hybrid 20 (15.33 /mm^) recorded

the highest value, which was followed by Hybrid 16 (11.33 /mm^). Hybrid 13 observed

to have less number of trichomes on the pod, 1.33 /mm^, which was on par with

Hybrid 9 (1.67 /mm^). Hybrid 11 (2.00 /mm^). Hybrid 12 (2.00 /mm^). Hybrid 7 (2.33

/mm^) and Hybrid 14 (2.33 /mm^).

4.4.1.2.3 Pod wall thickness

Hybrid 6 observed to have the highest pod wall thickness, 0.83 mm, which was

followed by Hybrid 1 (0.79 mm), whereas. Hybrid 20 recorded the lowest pod wall

thickness, 0.42 mm, which was followed by Hybrid 15 (0.49 mm).

IS.0
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Table 21. Biophysical parameters of hybrids with respect to spotted pod borer

resistance

/a I

Crosses
No. of trichomes

on bud (per mm^)
No. of trichomes

on pod (per mm^)
Pod wall thickness

(mm)

Hybrid 1 2.67 3.67 0.79

Hybrid 2 0.97 2.67 0.63

Hybrid 3 1.67 3.67 0.68

Hybrid 4 1.67 3.33 0.64

Hybrid 5 2.33 5.67 0.52

Hybrid 6 1.33 2.67 0.83

Hybrid 7 1.33 2.33 0.67

Hybrid 8 2.33 3.33 0.72

Hybrid 9 1.33 1.67 0.68

Hybrid 10 2.67 5.33 0.56

Hybrid 11 0.39 2.00 0.67

Hybrid 12 0.77 2.00 0.61

Hybrid 13 0.40 1.33 0.66

Hybrid 14 0.60 2.33 0.61

Hybrid 15 0.83 3.00 0.49

Hybrid 16 4.33 11.33 0.69

Hybrid 17 4.33 5.00 0.54

Hybrid 18 4.00 5.33 0.58

Hybrid 19 2.67 5.00 0.54

Hybrid 20 3.67 15.33 0.42

SEm± 0.30 0.37 0.01

C.D.@ 5 % 0.87 1.06 0.02

4.4.2 Evaluation of hybrids for biometric characters

The mean performance of different hybrids for different biometric characters are

presented in Table 22 and described below.

4.4.2.1 Days to 50 per cent flowering

Among 20 hybrids, days to 50 per cent flowering was ranged from 51.00 to 69.50

days. Hybrid 18 flowered early with 51.00 days, which was on par with Hybrid 19 (52.50

days). Hybrid 11 (69.50 days) had taken more days for 50 per cent flowering, which was

on par with Hybrid 6 (68.00 days).
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4.4.2.2 Plant height

Plant height ranged from II 4.70 cm to 482.00 cm (Table 22). Hybrid 15 observed

to have more plant of height (482.00 cm), which was on par with Hybrid 12 (477.90 cm).

Hybrid 10 (458.00 cm). Hybrid 5 (451.10 cm) and Hybrid 2 (446.80 cm). Hybrid 16

recorded short plant height, 114.70 cm, which was on par with Hybrid 18 (134.80 cm)

and Hybrid 17 (138.70 cm).

4.4.2.3 Number of primary branches per plant

A number of primary branches per plant ranged between 1.3 to 3.5 (Table 22).

Hybrid 4 observed to have more number of primary branches per plant, 3.5, which was

on par with Hybrid 7 (3.1), Hybrid 11 (3.1) and Hybrid 13 (3.1). Hybrid 17 (1.3) was

noted for a minimum number of branches per plant, which was on par with Hybrid 18

(1.4), Hybrid 20 (1.4) and Hybrid 19 (1.7).

4.4.2.4 Number of pods per plant

A number of pods per plant ranged between 12.10 to 21.20 (Table 22). Hybrid 18

observed to bear more number of pods per plant, 21.20, which was on par with Hybrid 4

(20.60). Hybrid 12 produced a low number of pods per plant, 12.10, which was on par

with Hybrid 11 (12.30), Hybrid 16 (12.50), Hybrid 17 (12.70), Hybrid 6 (13.30) and

Hybrid 2 (13.50).

4.4.2.5 Pod length

The maximum pod length was recorded in Hybrid 8 (31.83 cm), followed by

Hybrid 12 (26.75 cm), whereas. Hybrid 19 observed to have shorter pod length, 11.72

cm, which was on par with all remaining hybrids except Hybrid 8, Hybrid 10 and

Hybrid 12.

4.4.2.6 Number of seeds per pod

Hybrid 12 observed to have more number of seeds per pod, 17.00, which was on

par with Hybrid 3 (16.20). Hybrid 19 recorded the lowest value with nine seeds per pod.

4.4.2.7 Grain yield per plant

With respect to yield. Hybrid 4 recorded more grain yield per plant, 48.35 g,

which was on par with Hybrid 5 (48.06 g) and Hybrid 8 (47.04 g). Hybrid 16 observed to

produce less grain yield with 22.02 g per plant, which was on par with Hybrid 19 (22.04

g) and Hybrid 11 (23.26 g).

/a.2
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4.4.2.8 100 seed weight

In regards to 100 seed weight, Hybrid 6 recorded the highest weight, 21.93 g,

which was followed by Hybrid 8 (20.80 g). The lowest 100 seed weight was recorded by

Hybrid 17 (8.94 g).

4.4.3 Estimates of combining ability effects for total damage caused by spotted pod

borer

For total damage by spotted pod borer, negative directional general combining

ability (GCA) and specific combining ability (SCA) effects of the parents and hybrids,

respectively, were considered to be desirable. These effects are presented in Table 23 and

24. The GCA effects of the parents varied from -4.08 to 4.11. Parent IC 2918 observed

to have significant negative GCA effect, -4.08, indicating this parent as a good combiner

to impart resistance to spotted pod borer. Parent Kashi Kanchan also recorded a

significant negative GCA effect indicating that the susceptible nature of this parent can

be cured by crossing with resistant donor parent. Genotypes Geethika, Vellayani

Jyothika, Palakkadan thandan payar and EC 98668 observed as an average combiner for

resistance. Parents Lola, EC 300039 and IC 39945 observed to have positive GCA effects

indicating these genotypes as a poor combiner.

With respect to hybrids, three hybrids viz.. Hybrid 4, Hybrid 9 and Hybrid 17

observed to have significant negative SCA effects (-1.19, -0.94 and -2.57, respectively).

Out of remaining hybrids, eight registered negative SCA effects and nine registered

positive SCA effects. However, those effects were not desirable.

Table 23. General combining ability effects of parents for total damage caused by

spotted pod borer

SI. no. Parents GCA effects

1 Geethika -0.43

2 Vellayani Jyothika -0.12

3 Lola 4.11

4 Kashi Kanchan -3.56**

5 Palakkadan thandan payar -1.13

6 EC 300039 2.17*

7 EC 98668 -1.01**

8 IC 39945 4.05**

9 IC 2918 -4.08**
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Table 24. Specific combining ability effects of hybrids for total damage caused by

spotted pod borer

SI. no. Crosses SCA effects

1 Hybrid 1 -0.07

2 Hybrid 2 1.58**

3 Hybrid 3 0.68**

4 Hybrid 4

5 Hybrid 5 -1.01

6 Hybrid 6 0.78**

7 Hybrid 7 1.32**

8 Hybrid 8 -0.25

9 Hybrid 9 -0.94**

10 Hybrid 10 -0.92

11 Hybrid 11 -0.20

12 Hybrid 12 -0.33

13 Hybrid 13 -0.64

14 Hybrid 14 0.08

15 Hybrid 15 1.09**

16 Hybrid 16 -0.52

17 Hybrid 17 -2.57**

18 Hybrid 18 0.21

19 Hybrid 19 2.04**

20 Hybrid 20 0.83**

*, ** Significant at 1 and 5 per cent level of significance, respectively

4.4.3.1 Magnitude of heterosis

Heterosis was measured as per cent increase or decrease over mid parent (relative

heterosis) and better parent (heterobeltiosis).

The magnitude of these heterotic effects for resistance to spotted pod borer are

presented in Table 25. The variation in relative heterosis for resistance to spotted pod

borer ranged from -74.29 to 82.09. Total ten hybrids recorded desirable significant

negative heterosis over mid parent. Those hybrids were Hybrid 5 (-29.93), Hybrid 10

(-41.86), Hybrid 11 (-21.51), Hybrid 13 (-16.30), Hybrid 15 (-23.85), Hybrid 16 (-67.16),

Hybrid 17 (-60.44), Hybrid 18 (-58.26), Hybrid 19 (-10.34) and Hybrid 20 (-74.29).

Hybrid 6 also recorded desirable negative relative heterosis (-8.59). However, all hybrids

failed to register desirable better parent heterosis.
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Table 25. The magnitude of heterosis for resistance to spotted pod borer in cowpea

SI. no. Crosses Over mid parent Over better parent

1 Hybrid 1 0.67 122.89**

2 Hybrid 2 49.89** 191.00**

3 Hybrid 3 31.81** 766.08**

4 Hybrid 4 82.09** 2427.18**

5 Hybrid 5 -29.93** 619.86**

6 Hybrid 6 -8.59* 151.62**

7 Hybrid 7 21.89** 191.84**

8 Hybrid 8 -4.29 711.45**

9 Hybrid 9 45.77** 2535.92**

10 Hybrid 10 -41.86** 675.89**

11 Hybrid 11 -21.51** 232.46**

12 Hybrid 12 -4.98 246.03**

13 Hybrid 13 -16.30** 1049.34**

14 Hybrid 14 23.24** 3555.34**

15 Hybrid 15 -23.85** 1560.28**

16 Hybrid 16 -67.16** 33.83**

17 Hybrid 17 -60.44** 38.70**

18 Hybrid 18 -58.26** 449.34**

19 Hybrid 19 -10.34** 2446.60**

20 Hybrid 20 -74.29** 436.88**

*, ** Significant at 1 and 5 per cent level of significance, respectively

4.4.4 Estimates of combining ability effects for biometric characters

According to Griffmg (1956), the high GCA effects are related to additive gene

effects and additive x additive interaction effect. This represents the fixable component

of genetic variation.

The GCA effects of the five lines and four testers for different biometric

observations are presented in Table 26. Scoring is given to each parent as a good

combiner, average combiner or poor combiner and presented in Table 27. The SCA

effects of the 20 hybrids with respect to each character presented in Table 28.
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4.4.4.1 Days to 50 per cent flowering

For days to 50 per cent flowering, negative directional GCA and SCA effect of

the parents and hybrids, respectively, were considered to be desirable as the early

flowering varieties are preferred over the late flowering varieties. The GCA effects of the

parents varied from -4.03 (IC 39945) to 5.98 (Palakkadan thandan payar). Parent

IC 39945 showed highly significant negative GCA effect (-4.03), followed by

Kashi Kanchan (-3.53) and EC 98668 (-3.15) indicating their good general combining

ability for early flowering. Geethika (-2.33) reported significant negative GCA effect

(Table 26). Lola and Palakkadan thandan payar observed as poor combiners. Genotypes

viz., Vellayani Jyothika, EC 300039 and IC 2918 were found to be average combiners for

days to 50 per cent flowering (Table 27).

Among 20 hybrids tested. Hybrid 5, Hybrid 8, Hybrid 14 and Hybrid 16 were

found to be significantly superior with respect to SCA by means of significant negative

SCA effects for days to 50 per cent flowering. Hybrid 1, Hybrid 7, Hybrid 9 and

Hybrid 11 also observed to have negative SCA effects, however, effects were not

significant (Table 28).

4.4.4.2 Plant height

Significant positive GCA effects in Geethika (61.54), Lola (84.45), IC 2918

(65.46) and EC 300039 (16.56) indicated that these genotypes are good general

combiners to achieve tallness, whereas, significant negative GCA effects were observed

in Kashi Kanchan (-173.86), Palakkadan thandan payar (-40.49), EC 98668 (-30.15) and

IC 39945 (-11.38) which indicates that this genotype can be used as a general combiner

for dwarfness.

Hybrid 19 (57.00), Hybrid II (30.45), Hybrid 12 (27.55), Hybrid 20 (27.16),

Hybrid 3 (23.67) and Hybrid 10 (15.33) recorded highly significant positive SCA effects,

whereas. Hybrid 8 (5.00) observed to have significant positive SCA effect. Hybrid 17

(-53.34), Hybrid 5 (-25.24), Hybrid 16 (-20.29), Hybrid 13 (-18.14), Hybrid 15 (-17.25),

Hybrid 18 (-10.53) and Hybrid 4 (-3.80) observed to have significant negative SCA

effects.

4.4.4.3 Number of primary branches per plant

With respect to a number of primary branches per plant, only Geethika observed

to have significant positive GCA effect, 0.22, whereas, Kashi Kanchan observed to have

significant negative GCA effect (-0.78) (Table 26).

0
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With regards to SCA effect, Hybrid 4 (0.78), Hybrid 7 (0.52) and Hybrid 13 (0.52)

observed to have highly significant positive values. Hybrid 11 also recorded significant

GCA effect (0.25). Hybrid 6 (-0.56) and Hybrid 14 (-0.48) showed highly significant

negative GCA effects. Hybrid 9 (-0.28) and Hybrid 17 (-0.22) also recorded significant

negative GCA effects.

4.4.4.4 Number of pods per plant

The GCA effects with respect to a number of pods per plant varied from -2.19 to

2.29. Significant GCA effects were noted in Geethika (1.44), IC 39945 (1.07) and

IC 2918 (0.77). This indicated that these genotypes are good combiner in order to increase

the number of pods per plant. Genotypes EC 300039 and Lola were observed as poor

combiners with significant negative GCA effects (-2.19 and -2.01, respectively).

Remaining parents were found to be average combiners (Table 26).

The range of SCA effects was observed from -3.71 to 3.23. Significant positive

SCA effects were recorded by Hybrid 18 (3.23), Hybrid 4 (2.62), Hybrid 7 (1.23),

Hybrid 5 (1.22) and Hybrid 11 (0.76). Hybrid 3 (-3.71), Hybrid 19 (-1.75), Hybrid 10

(-1.33), Hybrid 16 (-1.25), Hybrid 2 (-1.24), Hybrid 17 (-0.80), Hybrid 6 (-0.63) and

Hybrid 14 (-0.55) observed to have significant negative SCA effects (Table 28).

4.4.4.5 Pod length

For pod length, three parents observed to exhibit significant positive GCA effect

viz., EC 300039 (7.80), Vellayani Jyothika (4.31) and Lola (4.30). Genotypes

Kashi Kanchan and IC 39945 showed significant negative GCA effects (-8.55 and -6.68,

respectively).

With respect to hybrids, SCA effects varied from -7.28 to 16.62. Seven hybrids

registered significantly high SCA effects viz.. Hybrid 8 (4.29), Hybrid 19 (3.92), Hybrid

10 (3.52), Hybrid 5 (2.96), Hybrid 1 (2.11), Hybrid 16 (1.31) and Hybrid 9 (0.94). Out of

remaining, eight hybrids recorded significant negative SCA effects viz.. Hybrid 7 (-7.28),

Hybrid 15 (-6.28), Hybrid 13 (-5.28), Hybrid 17 (-4.68), Hybrid 2 (-4.66), Hybrid 14

(-3.10), Hybrid 4 (-1.76) and Hybrid 6 (-1.47).

4.4.4.6 Number of seeds per pod

The examination of the GCA effects of nine parents revealed the presence of

significant positive GCA effect with the parents EC 300039 (1.50), Geethika (1.16),

Vellayani Jyothika (1.12) and IC 2918 (0.75) indicating these varieties as a good

combiner for number of seeds per pod (Table 27). However, Kashi Kanchan, IC 39945
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and Palakkadan thandan payar recorded significant negative GCA effects (-2.03, -1.33

and -0.96, respectively).

With respect to SCA effects, four hybrids recorded significant positive values viz..

Hybrid 12 (1.85), Hybrid 6 (1.44), Hybrid 3 (1.10) and Hybrid 9 (0.91). However,

Hybrid 19, Hybrid 2 and Hybrid 18 recorded significant negative SCA effects (-1.55,

-1.36 and -0.53, respectively).

4.4.4.7 Grain yield per plant

With respect to grain yield per plant, only two genotypes, Geethika and IC 2918,

observed to have high significant positive GCA effects (6.51 and 3.74, respectively)

(Table 26). Genotypes Palakkadan thandan payar, Lola, Kashi Kanchan, EC 300039 and

IC 39945 recorded significant negative GCA effects. Vellayani Jyothika and EC 98668

observed as average combiners (Table 27).

Among the hybrids. Hybrid 4, Hybrid 12 and Hybrid 5 had high significant

positive SCA effects (7.35, 5.51 and 2.66, respectively). Hybrid 18 and Hybrid 9 also

recorded significant positive SCA effects. Hybrid 2, Hybrid 3, Hybrid 7, Hybrid 10,

Hybrid 16 and Hybrid 19 recorded significant negative SCA effects (Table 28).

4.4.4.8 100 seed weight

With respect to 100 seed weight, only two parents, Vellayani Jyothika and

EC 98668, were observed as good combiners with significantly high GCA effects (4.45

and 0.79, respectively). Out of remaining parents, five parents viz., IC 2918, IC 39945,

Geethika, Lola and EC 300039 were found as poor combiners with significantly negative

GCA effects (-1.34, -1.20, -1.19, -1.66 and -0.54, respectively) (Table 26).

Seven hybrids viz.. Hybrid 18, Hybrid 19, Hybrid 2, Hybrid 15, Hybrid 8,

Hybrid 7 and Hybrid 6 recorded significant values of SCA effects (3.23,2.86,2.67,2.28,

1.19, 1.02 and 0.81, respectively). Hybrid 17, Hybrid 9, Hybrid 3, Hybrid 13, Hybrid 16,

Hybrid 20 and Hybrid 5were observed to have significantly negative values of SCA

effects (-3.29, -2.65, -2.43, -1.98, -1.74, -1.05 and -0.85, respectively) (Table 28).

4.4.5 Magnitude of heterosis

Different estimates of heterosis for different characters are presented in Table 29

and 30. Character-wise heterosis over mid parent and better parent for seed yield and its

related characters are described as follows.
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4.4.5.1 Days to 50 per cent flowering

For this character, the parent of a respective cross which flowered earlier was

considered as a better parent and accordingly heterotic effects were calculated. The

estimate of relative heterosis ranged from -8.50 to 12.09. Six hybrids viz.. Hybrid 5,

Hybrid 14, Hybrid 15, Hybrid 1, Hybrid 4 and Hybrid 11 registered desirable negative

heterotic effect over mid parent (-8.50, -5.74, -4.03, -3.56, -1.84 and -0.36, respectively)

(Table 29). Remaining hybrids registered undesirable positive heterosis. With respect to

heterosis over the better parent, none of the hybrids registered significant heterotic effect.

(Table 30)

4.4.5.2 Plant height

Negative heterosis is considered as desirable for plant height in cowpea. However,

none of the hybrids registered desirable relative heterosis and heterobeltiosis as all

hybrids recorded more plant height than their mid parent and better parent.

4.4.5.3 Number of primary branches per plant

Positive heterosis is preferred with respect to a number of primary branches per

plant. However, none of the hybrids registered desirable relative heterosis and

heterobeltiosis.

4.4.5.4 Number of pods per plant

With respect to number of pods per plant only one hybrid i.e. Hybrid 20 registered

positive relative heterosis. All other hybrids registered negative relative heterosis and

heterobeltiosis.

4.4.5.5 Pod length

In regard to pod length, only three hybrids viz.. Hybrid 12, Hybrid 8 and

Hybrid 10 registered significant positive relative heterosis (70.93, 10.96 and 7.22,

respectively). Remaining hybrids registered negative relative heterosis. With respect to

heterobeltiosis, none of the hybrids registered desirable positive value.

4.4.5.6 Number of seeds per pod

Eight hybrids viz.. Hybrid 3, Hybrid 4, Hybrid 6, Hybrid 9, Hybrid 12, Hybrid 14,

Hybrid 17 and Hybrid 20 registered significant values of relative heterosis (3.51, 9.92,

3.33,10.61,0.30,0.82,6.76 and 1.93, respectively. However, all hybrids failed to register

positive heterobeltiosis.
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4.4.5.7 Grain yield per plant

The variation in relative heterosis for grain yield per plant ranged from -30.18

(Hybrid 11) to 84.51 (Hybrid 20). The data revealed that out of 20 hybrids, ten hybrids

exhibited significant positive heterosis over mid parent. Those hybrids were Hybrid 1

(28.22), Hybrid 2 (5.93), Hybrid 3 (10.68), Hybrid 4 (69.22), Hybrid 5 (43.65),

Hybrid 16 (40.72), Hybrid 17 (72.64), Hybrid 18 (68.77), Hybrid 19 (47.19) and

Hybrid 20 (84.51) (Table 29). With respect to heterobeltiosis, three hybrids viz..

Hybrid 17, Hybrid 18 and Hybrid 20 observed to have significant positive values (67.88,

39.67 and 72.64) (Table 30).

4.4.5.8 100 seed weight

With respect to 100 seed weight, 15 hybrids observed to have significant positive

relative heterosis. Those hybrids were Hybrid 1 (79.61), Hybrid 2 (53.58), Hybrid 3

(41.72), Hybrid 4 (22.34), Hybrid 5 (18.02), Hybrid 6 (47.15), Hybrid 7 (22.22),

Hybrid 8 (48.84), Hybrid 10 (12.97), Hybrid 11 (20.80), Hybrid 15 (7.10), Hybrid 16

(45.57), Hybrid 18 (104.07), Hybrid 19 (48.71) and Hybrid 20 (10.48) (Table 29).

Five hybrids viz.. Hybrid 1, Hybrid 2, Hybrid 6, Hybrid 18 and Hybrid 20

observed to have highly significant positive values of better parent heterosis (78.14,

41.85, 5.41, 80.48 and 9.32, respectively). Hybrid 3 also recorded significant positive

values of better parent heterosis (Table 30).

4.5 EXPERIMENT 5: EVALUATION OF F2 PLANTS

Total nine hybrids, which registered total infestation less than ten per cent in

experiment 4 (Table 20), were selected for F2 plants evaluation. Those hybrids were

Hybrid 1, Hybrid 3, Hybrid 5, Hybrid 8, Hybrid 10, Hybrid 16, Hybrid 17, Hybrid 18 and

Hybrid 20.

4.5.1 Field screening of F2 populations for spotted pod borer resistance

The data pertaining to different damage parameters in F2 populations and selected

individual plants are presented in Table 31 and 32, respectively.

4.5.1.1 Damage parameters

Total nine hybrids populations were evaluated for their reaction to the infestation

of spotted pod borer. An abundant variation was observed in all hybrids populations with

respect to flower bud, flower, pod and overall damage (Table 31).
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With Geethika as a female parent, out of three, two F2 populations observed to

have low total damage (below 10 %). Those populations were Hybrid 1 (total damage

ranged from 3.51 % to 9.26 % with overall mean 6.76 %) and Hybrid 5 (total damage

ranged from 6.25 % to 14.29 % with overall mean 9.60 %). Hybrid 3 F2 population

recorded a mean value of 12.17 per cent, however, few plants of this population recorded

total damage between 5-10 per cent and categorised as moderately resistant (Table 32).

With respect to F2 populations of Vellayani Jyothika as a female parent, both

populations i.e. Hybrid 8 and Hybrid 10 observed to have a population mean above ten

per cent. However, few plants from both populations observed to have total damage

between 5-10 per cent and categorised as moderately resistant (Table 32).

With Kashi Kanchan as a female parent, out of four, three F2 populations observed

to have low total damage (below 10 %). Those populations were Hybrid 17 (total damage

ranged from 5.45 % to 12.28 % with overall mean 8.20 %), Hybrid 18 (total damage

ranged from 6.06 % to 11.86 % with overall mean 8.74 %) and Hybrid 20 (total damage

ranged from 5.13 % to 13.33 % with overall mean 8.72 %). Hybrid 16 F2 population

recorded a mean value of 10.22 per cent, however, few plants of this population recorded

total damage between 5-10 per cent and categorised as moderately resistant (Table 32).

Table 32. Selected F2 plants on the basis of extent of damage caused by spotted pod
borer

Hybrids Plants
Flower bud

damage (%)
Flower

damage (%)
Pod damage
(%)

Total damage

(%)

Hybrid 1 1 2 2 1 8.93

2 1 2 1 6.67

3 2 2 0 7.41

4 3 1 1 8.93

5 3 2 0 8.33

6 0 2 0 3.51

7 1 1 1 5.17

Hybrid 3 1 3 2 1 9.38

2 3 2 1 9.09

Hybrid 5 1 2 2 2 8.00

2 1 2 2 7.69

3 2 3 0 8.33

Hybrid 8 1 2 2 2 7.79

2 2 3 2 8.97

3 2 3 1 9.68

4 3 2 1 9.09
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Table 32 continued

Hybrids Plants
Flower bud

damage (%)
Flower

damage (%)
Pod damage
(%)

Total damage
(%)

Hybrid 8 5 4 0 1 6.58

6 2 3 2 8.64

7 3 3 2 9.64

8 2 1 2 7.12

9 2 2 2 7.69

10 2 2 2 8.33

Hybrid 10 1 2 2 1 8.33

2 4 2 1 9.33

3 2 1 2 7.94

4 2 0 3 8.62

Hybrid 16 1 2 1 0 5.45

2 2 1 2 7.25

Hybrid 17 1 2 1 1 8.70

2 3 0 1 8.89

3 1 0 3 7.02

Hybrid 18 1 4 1 1 7.59

2 1 2 1 7.02

3 3 0 2 8.62

Hybrid 20 1 1 4 2 8.43

2 1 3 1 6.58

3 2 3 3 9.52

4 1 3 1 5.95

4.5.1.2 Morphological parameters of hybridsfor resistance to spotted pod borer in F2

populations

Data pertaining to different morphological parameters viz., number of trichomes

on bud, number of trichomes on pod and pod wall thickness of F2 populations for

resistance to spotted pod borer presented in Table 33.

4.5.1.2.1 Number of trichome on bud

There was not much variation observed in all F2 populations with respect to

trichome density on bud. However, pods of Hybrid 17 F2 population observed to have

more number of trichome on the bud (ranged from 3 /mm^ to 5 /mm^ with a population

mean of 4.00 /mm^).

4.5.1.2.2 Number of trichomes on the pod

With respect to trichome density on the pod, all hybrid populations with

Kashi Kanchan as female parent observed to have more number of trichomes on the pod.
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Plants of Hybrid 20 recorded high trichome density (ranged from 8 /mm^ to 12 /mm^

population mean of 8.80 /mm^).

Plants of F2 populations of Hybrid 8 and Hybrid 1 observed to have less number

of trichomes on the pod (ranged from 2 /mm^ to 4 /mm^ population mean of 2.80 /mm^

and 3 /mm^ to 5 /mm^ with a population mean of 3.89 /mm^, respectively).

4.5.1.2.3 Pod wall th ickness

With Geethika as a female parent, pod wall thickness in Hybrid 1 ranged from

0.62 mm to 0.71 mm with population mean of 0.65 mm, in Hybrid 3 ranged from 0.67

mm to 0.72 mm with population mean of 0.68 mm and in Hybrid 5 ranged from 0.55 mm

to 0.67 mm with population mean of 0.61 mm. With Vellayani Jyothika as a female

parent, pod wall thickness in Hybrid 8 ranged from 0.69 mm to 0.75 mm with a population

mean of 0.70 mm and in Hybrid 10 ranged from 0.60 mm to 0.66 mm with a population

mean of 0.60 mm (Table 33).

In the crosses of Kashi Kanchan, pod wall thickness in Hybrid 16 ranged from

0.55 mm to 0.72 mm with population mean of 0.62 mm. In Hybrid 17 it ranged from 0.45

mm to 0.67 mm with population mean of 0.55 mm, in Hybrid 18 it ranged from 0.51 mm

to 0.61 mm with population mean of 0.54 mm and in Hybrid 20 ranged from 0.40 mm to

0.52 mm with population mean of 0.45 mm.

Table 33. Biophysical parameters of F2 populations with respect to spotted pod

borer resistance

\l\9~

Crosses

No. of trichomes on

hud (per mm^)
No. of trichomes on

pod (per mm^)
Pod wall thickness (mm)

Min. Max. Mean Min. Max. Mean Min. Max. Mean

Hybrid 1 2 3 2.5 3 5 3.89 0.62 0.71 0.65

Hybrid 3 1 2 1.5 4 6 4.55 0.67 0.72 0.68

Hybrid 5 2 3 2.5 3 6 4.50 0.55 0.67 0.61

Hybrid 8 1 2 1.5 2 4 2.80 0.69 0.75 0.70

Hybrid 10 2 4 3.0 3 5 3.55 0.6 0.66 0.60

Hybrid 16 2 3 2.5 8 10 8.40 0.55 0.72 0.62

Hybrid 17 3 5 4.0 5 9 6.80 0.45 0.67 0.55

Hybrid 18 2 4 3.0 5 7 5.40 0.51 0.61 0.54

Hybrid 20 2 4 3.0 8 12 8.80 0.4 0.52 0.45
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4.5.2 Evaluation of F2 populations for biometric characters

The mean performance of different hybrid populations for different biometric

characters are presented in Table 34 and described below.

4.5.2.1 Days to 50 per centflowering

Among nine hybrids, days to 50 per cent flowering ranged from 50 to 63 days.

Hybrid 16 was earliest to flower with 50 days, whereas. Hybrid 10 took 63 days and was

late in flowering.

4.5.2.2 Plant height

All four hybrids, with Kashi Kanchan as a female parent, recorded shorter plant

height. Those were Hybrid 16, Hybrid 17, Hybrid 18 and Hybrid 20 with a population

mean values of 82.22 cm, 91.94 cm, 55.73 cm and 92.95 cm, respectively. In hybrids viz..

Hybrid 1, Hybrid 3 and Hybrid 5, with Geethika as a female parent, Hybrid 5 observed

to have a high population mean value for plant height i.e. 421.10 cm. In Hybrid 8 and

Hybrid 10, with Vellayani Jyothika as a female parent. Hybrid 10 recorded higher

population mean value i.e. 413.25 cm.

4.5.2.3 Number ofprimary branches per plant

In five F2 populations of Hybrid 1, Hybrid 3, Hybrid 5, Hybrid 8, Hybrid 10 and

Hybrid 20, a number of primary branches per plant ranged from 2 to 4 with a population

mean of 3.15, 2.55, 2.90, 2.90, 2.55 and 2.95, respectively. Two F2 populations i.e.

Hybrid 16 and Hybrid 17 recorded less number of primary branches per plant ranging

from 2.00 to 3.00 and 1.00 to 3.00 with population means of 2.40 and 2.20, respectively.

4.5.2.4 Number of pods per plant

With respect to number of pods per plant. Hybrid 18 and Hybrid 20 observed to

have higher values. In these hybrids, pods per plant ranged from 13 to 23 and 13 to 25

with a population mean of 17.55 and 19.65, respectively. In the F2 populations with

Geethika as a female parent. Hybrid 3 and Hybrid 5 recorded higher population mean,

16.80 and 16.45, respectively. In the F2 populations, with Vellayani Jyothika as a female

parent, number of pods per plant ranged from 11.00 to 20.00 in Hybrid 8 with population

mean of 15.65 pods per plant and 12.00 to 20.00 in Hybrid 10 with population mean of

14.40 pods per plant.
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4.5.2.5 Pod length

With Geethika as a female parent, pod length in Hybrid 1 ranged from 17.00 cm

to 25.50 cm with a population mean of 22.38 cm, in Hybrid 3 ranged from 21.50 cm to

25.20 cm with a population mean of 23.25 cm and in Hybrid 5 ranged from 20.00 cm to

28.00 cm with a population mean of 24.78 cm. With Vellayani Jyothika as a female

parent, pod length in Hybrid 8 ranged from 23.50 cm to 27.50 cm with a population mean

of25.64 cm and in Hybrid 10 ranged from 21.00 cm to 28.50 cm with a population mean

of 25.89 cm.

In the crosses of Kashi Kanchan, pod length in Hybrid 16 ranged from 14.50 cm

to 20.00 cm with population mean of 17.40 cm, in Hybrid 17 ranged from 15.00 cm to

24.00 cm with population mean of 20.41 cm, in Hybrid 18rangedfrom 12.50 cm to 18.50

cm with population mean of 15.35 cm and in Hybrid 20 ranged from 12.60 cm to 18.60

cm with population mean of 15.49 cm.

4.5.2.6 Number ofseeds per pod

With Geethika as a female parent, a number of seeds per pod in Hybrid 1 ranged

from 8 to 15 with a population mean of 12.85, in Hybrid 3 ranged from 6 to 18 with a

population mean of 15.40 and in Hybrid 5 ranged from 8 to 18 with a population mean

of 13.35. With Vellayani Jyothika as a female parent, a number of seeds per pod in

Hybrid 8 ranged from 14 to 18 with a population mean of 15.65 and in Hybrid 10 ranged

from 8 to 16 with a population mean of 13.70.

In the crosses of Kashi Kanchan as a female parent, number of seeds per pod in

Hybrid 16 ranged from 9 to 15 with population mean of 13.30, in Hybrid 17 ranged from

12 to 17 with population mean of 14.35, in Hybrid 18 ranged from 12 to 15 with

population mean of 13.65 and in Hybrid 20 ranged from 11 to 16 with population mean

of 13.35.

4.5.2.7 Grain yield per plant

With respect to yield per plant, with Geethika as a female parent. Hybrid 3

recorded higher population mean i.e. 38.21 g. With Vellayani Jyothika as a female parent,

both hybrids viz.. Hybrid 8 and Hybrid 10 observed to have comparatively the same

population mean values (42.55 g and 42.19 g, respectively). In the F2 populations of

Kashi Kanchan as a female parent. Hybrid 17 recorded high value of the population mean

with 26.43 g grain yield per plant, whereas, in Hybrid 18 the value was low (9.09 g).
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4.5.2.8 100 seed weight

With respect to 100 seed weight, Hybrid 1 and Hybrid 10 observed to have a

higher population mean with a range of 7.40 g to 15.40 g and 10.50 g to 16.60 g,

respectively. In the F2 populations, with Kashi Kanchan as a female parent, 100 seed

weight ranged from 8.25 g to 12.50 g in Hybrid 17 with high population mean of

10.52 g, whereas, in Hybrid 18,100 seed weight ranged from 5.00 g to 7.50 g with a low

population mean of 6.41 g.
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5. SUMMARY

Spotted pod borer (Maruca vitrata Fab.) is one of the most important post-

flowering pests of cowpea in the tropics, and always a bottleneck in achieving high

production in cowpea. It is a major lepidopteran pest and damage caused to cowpea by

this pest almost always crosses an economic threshold level. Hence, identification of

resistance against spotted pod borer in available germplasm and incorporation of

resistance in high yielding varieties of cowpea becomes very essential, both in terms of

environmental safety and reducing the cost of cultivation. Hence, the present

investigation was conducted in the Department of Plant Breeding and Genetics, College

of Horticulture, Vellanikkara, Kerala Agricultural University, Thrissur during 2015 to

2018 with the objective of identification and incorporation of resistance against spotted

pod borer in high yielding varieties of cowpea and assessment of parental polymorphism

at the molecular level.

5.1 IDENTIFICATION OF RESISTANCE AGAINST SPOTTED POD BORER IN

COWPEA GENOTYPES

5.1.1 Field screening of genotypes

Thirty cowpea genotypes were evaluated for resistance to spotted pod borer and

yield. Flower bud, flower and pod damage measurements formed the basis of spotted pod

borer resistance evaluation. Substantial variation was observed for all the damage

parameters, and also in the related morphological and biochemical traits and yield

contributing characters. Total damage was calculated for the 30 co\vpea genotypes based

on the simultaneous consideration of flower bud, flower and pod damage. Ten genotypes

viz., Hridya, Palakkadan thandan payar, EC 300039, EC 98668, EC 101216, IC 52110,

IC 39945, IC 2918, IC 39922 and IC 39916 recorded total damage below five per cent.

Among them, IC 39922 observed to have no flower bud and flower damage. Genotypes

EC 300039, EC 98668, IC 52110, IC 39945, IC 2918 and IC 39916 recorded no flower

damage, whereas, Palakkadan thandan payar, IC 39945, IC 2918 and IC 39947 were free

from pod damage. The highest damage was recorded in the variety Bhagyalakshmy

(48.46 %) followed by variety Lola (30.04 %).

The 30 genotypes were subjected to Duncan's Multiple Range Test (DMRT),

based on total damage caused by spotted pod borer, and were categorised as resistant,

moderately resistant, susceptible and highly susceptible. Ten genotypes with damage

below five per cent were categorised as resistant. Three genotypes with total damage
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ranging from 5 to 10 per cent were classed as moderately resistant. Five genotypes with

damage ranging from 10 to 15 per cent were grouped as susceptible and 12 genotypes

with total damage more than 15 per cent were categorised as highly susceptible.

5.1.2 Evaluation of morphological basis of resistance

Analysis of the morphological basis of resistance to spotted pod borer revealed

the negative correlation of trichome density and length on flower bud, trichome density

on the pod and pod wall thickness with respective damage parameters. Length of

peduncle was positively correlated with spotted pod borer damage, but the correlation

was not significant.

5.1.3 Evaluation of biochemical basis of resistance

With respect to the biochemical basis of resistance to spotted pod borer, total

sugar content, reducing sugar content and non-reducing sugar content of flower bud and

pod showed a positive correlation with damage parameters, but the correlation was not

significant. However, the total protein content of pod showed a strong and positive

correlation with pod damage. The total phenol content of flower bud showed strong

negative correlation with damage parameters. Polyphenol oxidase activity in flower bud

and pod exhibited a strong negative correlation with damage parameters. The crude fibre

content of pod also showed a strong negative correlation with pod damage.

5.1.4 Variability study for yield contributing characters

The phenotypic and genotypic coefficients of variation (PCV and GCV,

respectively), heritability and genetic gain were worked out for each yield contributing

characters. Moderate PCV and GCV were observed for days to 50 per cent flowering,

number of primary branches per plant, number of pods per plant, number of seeds per

pod, grain yield per plant and ICQ seed weight, whereas, high PCV and GCV were

observed for plant height and pod length. All characters exhibited high heritability,

however, the high genetic gain was observed only with respect to a number of primary

branches per plant and 100 seed weight. For days to 50 per cent flowering and grain yield

per plant genetic gain were low. For remaining characters, the genetic gains were

moderate.

5.2 THE HYBRIDISATION OF RESISTANT GENOTYPES WITH POPULAR

HIGH YIELDING VARIETIES

Considering all damage parameters and agronomical performance of genotypes,

five testers viz., Palakkadan thandan payar, EC 300039, EC 98668, IC 39945 and IC 2918
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were selected and crossed with Geethika, Vellayani Jyothika, Lola and Kashi Kanchan

following Line x Tester mating and 20 hybrids were developed. These hybrids were used

for further studies.

5.3 ASSESSMENT OF PARENTAL POLYMORPHISM AT THE MOLECULAR

LEVEL

Among the 40 SSR primers used to assess the genetic diversity and estimate

genetic polymorphism in 30 cowpea genotypes, 21 primers gave scorable DNA fragments

and each of the 21 primers revealed polymorphism. Three primers viz., CLM0061,

CLM0295 and CLM0300 observed to produce a high Polymorphic Information Content

(above 0.70) with respect to 30 genotypes used in the study. Six primers produce five

alleles with all genotypes. CLM0300 recorded higher Shannon's diversity index. The

overall range of the similarity among 30 genotypes was found to be very wide-ranging

(0.022 to 0.643) which revealed the presence of high variability among the cowpea

genotypes under study.

The cluster analysis based on polymorphic SSR data, grouped 30 genotypes into

22 clusters at 50 per cent similarity. The 2H* cluster was observed to have more members

(3 genotypes). The least susceptible genotype, IC 2918, grouped in a separate cluster,

which proved its diverse nature from other genotypes. Principal component analysis of

SSR data placed three yard-long bean genotypes viz., Geethika, Vellayani Jyothika and

Lola near to each other in a two-dimensional score plot. The same analysis also formed

two clusters with more number of genotypes which placed resistant and susceptible

genotypes separately.

5.4 EVALUATION OF Fi HYBRIDS AGAINST SPOTTED POD BORER

In field screening of Fi hybrids. Hybrid 20 observed to have total damage below

5 per cent. Eight hybrids recorded total damage in the range of 5 to 10 per cent. These

hybrids were selected for the next experiment. Line x Tester analysis of Fis revealed

EC 98668 and IC 2918 as a good combiner for resistance against spotted pod borer.

Hybrid 5, Hybrid 6, Hybrid 10, Hybrid 11, Hybrid 13, Hybrid 15, Hybrid 16, Hybrid 17,

Hybrid 18, Hybrid 19 and Hybrid 20 observed to have desired negative heterosis (mid-

parent) for total damage.
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5.5 EVALUATION OF F2 POPULATIONS AND SCREENING FOR SPOTTED POD

BORER RESISTANCE

In F2 plants screening, Hybrid 1 population recorded low mean for total damage

"U (6.76 %), whereas, the population of Hybrid 3 recorded high population mean (12.17 %).

Aroimd 100 plants of F2 generation recorded total damage below ten per cent. Out of

them, around 38 plants also registered good yield.

As a future line of work, we suggest the evaluation of segregating progenies of

isolated resistant plants, utilisation of identified resistant genotypes in breeding against

spotted pod borer and screening of more SSR primers as well other marker systems to

identify polymorphic pattern amid resistant and susceptible genotypes.
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\
ABSTRACT

Cowpea [Vigna unguiculata (L.) Walp.] is important pulse crop rich in nutrients,

especially proteins. This crop is cultivated in the tropics of Asia, Africa and other parts

of the world. Nevertheless, the production of cowpea is unable to achieve its summit. One

of the prime reasons for this is the infestation of a notorious pest, the spotted pod borer,

(Maruca vitrata Fab.; Lepidoptera: Crambidae). Spotted pod borer is one of the most

important post-flowering pests of cowpea in the tropics. It is a major lepidopteran pest

and damage cause to cowpea by the pest almost always crosses economic threshold level.

Hence, the present investigation was conducted in the Department of Plant Breeding and

Genetics, College of Horticulture, Vellanikkara, Kerala Agricultural University, Thrissur

during 2015 to 2018 with the objective of identification and incorporation of resistance

against spotted pod borer in high yielding varieties of cowpea and assessment of parental

polymorphism at the molecular level

Thirty genotypes of cowpea formed the material for the study. These genotypes

were subjected to field screening against spotted pod borer. These genotypes were also

evaluated for morphological and biochemical basis of resistance. Five selected genotypes

from experiment 1 then hybridised with four high yielding genotypes viz., Geethika,

Vellayani Jyothika, Lola and Kashi Kanchan following Line x Tester mating design.

Twenty Fi hybrids evaluated for field resistance and the morphological basis of

resistance. Progenies of selected Fi hybrids grown as F2 populations and evaluated for

same parameters as like Fis. Thirty genotypes were also subjected to molecular screening

by 40 SSR primers.

Wide variation was observed in terms of different damage parameters. Ten

genotypes viz., Hridya, Palakkadan thandan payar, EC 300039, EC 98668, EC 101216,

IC 52110, IC 39945, IC 2918, IC 39922 and IC 39916 recorded total damage below five

per cent. Among them, IC 39922 observed to have no flower bud and flower damage,

EC 300039, EC 98668, IC 52110, IC 39945, IC 2918 and IC 39916 recorded no flower

damage, whereas, Palakkadan thandan payar, IC 39945, IC 2918 and IC 39947 were free

from pod damage. The highest damage was recorded in the variety Bhagyalakshmy

(48.46 %) followed by variety Lola (30.04 %).

Analysis of the morphological basis of resistance to spotted pod borer revealed

the negative correlation of trichome density and length on flower bud, trichome density

on the pod and pod wall thickness with respective damage parameters. With respect to



the biochemical basis of resistance to spotted pod borer, total sugar content, reducing

sugar content and non-reducing sugar content of flower bud and pod showed a positive

correlation with damage parameters, but the correlation was not significant. However, the

total protein content of pod showed a strong and positive correlation with pod damage.

Total phenol content of flower bud showed strong negative correlation with damage

parameters. Polyphenol oxidase activity in flower bud and pod exhibited a strong negative

correlation with damage parameters. The crude fibre content of pod also showed a strong

negative correlation with pod damage.

In experiment 3, three SSR primers viz., CLM0061, CLM0295 and CLM0300

recorded high polymorphic information content (0.70, 0.71 and 0.76, respectively).

Primer CLM0190 observed to have high amplicon size (307.03-415.73 bp). Jaccard's

similarity coefficient was highest between IC 52118 and IC 39916 (0.643) and was lowest

between Kashi Kanchan and TVX-944 (0.022). Cluster analysis of SSR data grouped 30

genotypes in 22 clusters, and the 2H* cluster was observed to have more members (3

genotypes). Most resistant genotype, IC 2918, grouped in a separate cluster which proved

its diverse nature from other genotypes. Principal component analysis of SSR data placed

7  three yard-long bean genotypes viz., Geethika, Vellayani Jyothika and Lola near to each

other in a two-dimensional score plot. The same analysis also formed two clusters with

more number of genotypes which placed resistant and susceptible genotypes separately.

In field screening of F i hybrids. Hybrid 20 observed to have total damage below

5 per cent. Eight hybrids recorded total damage in the range of 5 to 10 per cent. These

,  hybrids were selected for next experiment. Line x Tester analysis of Fis revealed

Kashi Kanchan, EC 98668 and IC 2918 as a good combiner for resistance against spotted

pod borer. Hybrid 5, Hybrid 6, Hybrid 10, Hybrid 11, Hybrid 13, Hybrid 15, Hybrid 16,

Hybrid 17, Hybrid 18, Hybrid 19 and Hybrid 20 observed to have desired negative

heterosis (mid-parent) for total damage. In Fa plant screening. Hybrid 1 population

recorded low mean for total damage (6.76 %), whereas, the population of Hybrid 3

recorded high mean (12.17 %). Around 100 plants of Fa generation recorded total damage

^  below ten per cent. Out of them, around 38 plants also registered good yield. These plants
^  should be further evaluated to isolate high yielding resistant segregants.
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