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ABSTRACT

The present investigation entitlé@creening of Okra (Abelmoschus esculentus

L. Moench) germplasm against Okra Yellow Vein Mosai Virus disease under field
condition” was conducted at All India Co-ordinated Researabjelet on Vegetable
Crops of OUAT, Bhubaneswar, Odisha during summesae of 2015. The objective
was to study the genetic variability and screemihgkra germplasm against Yellow Vein
Mosaic Virus (YVMV) disease under field conditiorihe experiment was laid out with
10 okra germplasm by adopting Randomized Block dveseplicated thrice in a plot size
of 3.0 m X 3.0 m with a spacing of 45 cm X 30 cnhs@rvations of 26 parameters on
vegetative growth, flowering, fruit yield and yiekttributing, fruit quality traits and
incidence of YVMV at 30, 45, 60, 75 and 90 daysrafiowing (DAS) were recorded and
subjected to statistical analysis.

The results indicated significant variations fdrthk traits except ridges plant
fruit girth and crop duration indicating the vastope for selection. Among the
germplasm, 2012/OKYVRES-1was identified as resistganotype against YVMV
(0.00%) followed by 2012/OKYVRES-2 (0.00 to 20.30&b)all the stages of crop growth
(30 to 90 DAS).

The genotype, 2012/OKYVRES-5 recorded significartiighest fruits plant
(20.75), fruit length (13.88cm), fruit weight(20g)0 fruit weight plant(141.59g), fruit
dry weight (10.80g) and fruit yield(11.50kg ploand 141.98qghg. The genotype also
produced fruits of moderate quality in terms ofueidg, non-reducing and total sugar
(2.78, 0.55 and 3.33%, respectively) and crudeepratontent (8.75%). The genotypes
showed significant tolerance to YVMV up to 45 to BAS, except 2012/OKYVRES-1
and 2012/OKYVRES-2. The next best genotype idetifivas 2012/OKYVRES-2 with
better growth, yield and yield attributes paranetdong with resistance to YVMV (0.00
to 20.30%) under Bhubaneswar condition.

The genetical studies indicated that direct sedadiirough traits like fruit weight
plant*fruit, yield (ghat), incidence of YVMV at 45, 60, 75, 90 DAS will ledfective for
improvement in okra especially to develop a gemetiyaving resistance and/or tolerance
to YVMV. Being most divergent Cluster-ll (2012/OKRES-5) and Cluster- IV
(2012/OKYVRES-2), hence expected hybridization rhighsult in highly heterotic
hybrid and other segregants. Incidence of YVMV @ntcbuting maximum towards
divergence suggested that special attention stghuah to this character while designing
crop improvement programme in okra.

Hence, it may be concluded that the genotype, ZIHZVRES-1 can be used as
source of resistance to YVMV in crop improvemeraggamme. Both 2012/OKYVRES-
5 and 2012/OKYVRES-2 may be recommended for comialecaltivation with better
growth, yield and tolerance to YVMV under field cbimons.
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INTRODUCTION

Okra or Lady’s finger Abelmoschus esculentus L. Moench) is one of the most
important warm season fruit vegetable grown inttbpical and sub-tropical regions
of the world and is native to West Africa (TinddaR83). It belongs to the family
Malvaceae. India is considered to be the secondantre of diversity with a
possibility of polyphyletic origin. The crop wastiaduced to other parts of the world
by the Portuguese (Sinnadurai, 1992). In India,nttagor okra producing states are
Uttar Pradesh, Bihar, West Bengal, Odisha, Assantdhfa Pradesh and Karnataka.
Okra has captured a prominent position among tip@réxoriented vegetable crops
and is exported to middle-east countries, Westarrofie and USA. It has a vast

potential as one of the foreign exchange earngr afdndia.

India has the credibility of prodagi169.478 million tonnes of vegetables
from an area of 9.542 million hectares during 2@B4(NHB, 2014-15) being the
second among the vegetable producing countridseinvbrld next only to China. The
per capita availability of vegetables in India @asvli.e.160 g per day as against the
recommended 300 g per day .The prediction indicdtasthere is a further need of
27.2 million tonnes of vegetables other than potatd other tubers to meet the
nutritional requirement of the growing populatioa.i1200 million people by the year
2020-21.In India, okra covered an area of 504 shod hectares with production of
5709 thousand tonnes and productivity of 11.43 @NtdB,2014-15).

Okra is an annual herbaceous crop, grown foteitsler fruits consumed as
vegetable (Chattopadhyayal., 2011). Fresh okra fruit contains 2.1 g protei@, @fat,
8.0 g carbohydrate, 36.0 calories, 1.7 g fiber,2g minerals and 88 ml of water per
100g of edible portion (Tindal, 1983; Bemtyal., 1988). Okra mucilage has been used as
a plasma replacement or blood volume expanderaa&tt alcohol for alleviation of
renal tubular interstitial diseases and reducesprotia (Siemonsma & Koumane, 2004)
as well as have good relieving effect in gastretmtal ulcer by neutralizing digestive
acid (Wamanada, 2007). The mature fruits and stngin crude fibre, used in the

paper industry. It is an excellent source of iodiesides other vitamins and minerals.



In India about eightAbelmoschus species are found, out of which only
Abelmoschus esculentus is known cultivated species while the rest spearestruly
wild types in nature. Species resistant to Okrdo¥eNein Mosaic Virus (YVMV)
are Abelmoschus caillei, Abelmoschus manihot, Abelmoschus tetraphyllus and
Abelmoschus crinitus. Wild species have not been fully utilized in bt
programmes due to crossing barriers. ResistancéVidV is not stable in the
cultivated species and frequent breakdown of rast# has been observed in
developed varieties. Therefore, there is an urgesed to adopt appropriate
method of breeding programmes for the developméiines / varieties resistant
in Okra to YVMV.

Cultivation of okra in India is challenged desevere incidence of YVMV. It
infects all stages of the crop and severely rednocé®nly the plant growth but also
fruit yield. The virus produces typical vein yellmg and thickening of leaves
forming a network of mottled veins and vein letshe infected leaves. Initially, the
leaves exhibit only mild yellow coloured veins buhder the severe infection, the
leaves become completely chlorotic and tultoye There is reduction of leaf
chlorophyll and the infected plants give angtd look and produce small-sized
pale yellow fruits (Gupta and Paul, 2001)eTrus is neither sap nor seed
transmitted in nature, rather the virus transmissiocurs through the insect vector
white fly (Bemisia tabaci). It is the most important viral disease of okeasing huge
yield loss. This Begomo virus belongs to family Geriradeae which covers many
of the crop viruses. The production losses due\fMY have been reported to range
from 50-94 per cent (Sastry and Singh, 1974).

Unfortunately many of the existing released vae®f okra are showing the
signs of susceptibility to YVMV. Several varietieghibited resistance / tolerance to
this virus at the time of release, but this resista/ tolerance have broken down with
time. Since, there is no source of resistance tMYMn Abelmoschus esculentus,
inter-specific hybridization for YVMV resistance llmwved by selection in the
segregating generations is an effective metholfdaining desirable recombinants.
Several wild species of cultivated okra showed hdghree of resistance to YVMV.
However, resistant varieties developed by varioesearch organizations by

interspecific hybridization have also started shmgwigns of susceptibility probably
2



due to the development of new virus strains. Heitas, imperative to find diverse
sources of resistance to YVMV and evolve YVMV réaigce / tolerant varieties in a

continuous manner by suitable gene introgressiogrammes.

In the distant hybridization programmes, genetcaliverse parents are
involved, hence in the segregating generationeethes more scope for the selection
of desirable recombinants. Assessing the geneti@hiity among the advanced
generation selections in comparison with parentsshow their extent of possession
of desirable genes. Molecular characterization fuitther ascertain the diversity and
aid in finger printing of selected genotypes fomiseration of varieties and
identification of trait specific markers for YVMVesistance will further helps in
marker assisted selection and isolation of genesporesible for resistance.
Considering the above facts the present reseaamrgmme was designed to screen
out the okra varieties or advanced lines againsMYMunder natural field conditions

with the following objectives
Objectives
1) To study the genetic variability in Okra
2) To screen out best okra line (s) resistanefamce to YVMV

3) To study the performance of okra for growthijtfyield and fruit quality




REVIEW OF LITERATURE

Okra @Abemoschus esculentus L. Moench) is one of the important tropical
vegetable crops having diet value and also as mebiand industrial importance. Okra
produces fruits continuously for a long periodiwfe and therefore, it need both the supply
of nutrients, water with appropriate plant prot@ttmeasures over a period to produce a
good crop. The varieties, environment, soil féytiladvanced production and protection
technologies influences the potential productivifyany crop. Scientists assert that the
genetic quality of the variety contributes abour?dlone towards the total yield and other
critical inputs (Sankaram, 1996). Susceptibilitytted most okra varieties to Yellow Vein
Mosaic Virus (YVMV) is a major problem limiting thgroduction of the crop, not only in
India but also in all the okra growing areas ofwlzeld. There is no source of resistance in
Abelmoschus esculentus. Hence, there is a need to develop new okra eariedsistant &/or
tolerance to YVMV by transferring resistance gefiem diverse wild species by inter-
specific hybridization followed by selection of prizing lines.

The literature available pertinent to presednti®s on Screening of Okra
(Abelmoschus esculentus L. Moench) germplasm against Okra Yellow Vein
Mosaic Virus disease under field condition”have been reviewed in this chapter
under the following broad outlines.

2.1 Occurrence and distribution of YVYMV

2.2 Transmission of YYMV

2.3 Factors affecting the transmission of YVYMV
2.4  Screening of Okra varieties / lines against YW M
2.5 Biochemical analysis of okra fruits

2.6  Genetical studies

2.1 Occurrence and distribution of YVYMV

Kulkarni (1924) reported the disease from Indiatif@r first time in the world and
designated it as yellow mosaic of okra. Later, disgease has been reported from different
states of India and neighbouring countries witfed#ht names as mosaic of okra (Upgbal
al., 1940). Bertus (1942) from Sri Lanka named theadiseas mosaic of okra. Fernando
and Udurawana, (1942) again from Sri Lanka repdtedlisease as yellow vein banding
of bhendi. The disease was also referred to ascleanng of bhendi.

4



The YVMV of okra was mainly confined to the Indismb-continent. Subsequently,
its natural occurrence was reported from Sri Laff@nando and Udurawana, 1942),
Bangladesh (Alet al., 2000) and Pakistan (Rehman and Ahmed, 2002).

YVMYV is the most serious disease of okra and isgmatted by white fly
(Bemisatabaci Gen.) (Aliet al., 2012). In India, the occurrence of this diseaas first
reported by Kulkarni (1924) in Bombay province. bSequently, it was reported from
Bihar (Jha and Mishra, 1955), Uttar Pradesh (Tmipatd Joshi, 1967), Gujarat (Tsering
and Patel, 1990), Assam (Nath and Saikia,1992),hywdPradesh (Sagar,1977), West
Bengal (Mukhopadhyaet al.,1994). This disease was found to be in endemi an
epidemic forms in the all growing states in Indiaie incidence of YVMV of okra has
been reported to the tune of 50 to 70 % (SaikiaBtmabbati, 1994). Infection of 100%
plants in a field is very usual and yield lossegyes from 50 to 94 % depending on the
stage of crop growth at which infection occurs {§eand Singh, 1974).

2.2 Transmission of YVMV

Unlike other viruses, the virus causing YVMV in ekwas reported to be
transmitted only by the insect vector Whiteflpemisia tabaci (Verma, 1950;
Raychaudhari and Narini, 1977 and Muniyappa, 180a (1952) studied the
relationship of YVMV and its vector whitefly. Thohga single insect was able to
transmit the virus, the minimum number of fliesuiggd to produce 100 % infection
was of 10. The visual symptom in the clearing ofBmeins which actually starts at
various parts near the leaf margins in about 15 after inoculation of plants.
Both nymphs and adults have ability to transmit theus in persistant manner
(Verma, 1952; Muniyappa, 1980 and Mukhopadhstzgt., 1994).

Various workers had studied the virus acquisitretention and inoculation by
whiteflies. Acquisition access period of 4-6 ho(iRaychaudhari and Narini, 1977)
and 12-24 hours (Verma, 1952). The preliminaryif@stor a period of four hours
was reported to improve the efficiency of whiteflias a vector (Verma, 1952). A
high positive correlation was reported between YV#ligease incidence and whitefly
population (Bhagabti and Goswami, 1992 and NathSaikia,1995).

Due to YVMV incidence, the initial symptoms on yauleaves are a diffuse,
mottled appearance while older leaves have irregrdlow interveinal areas. After



incidence of YVMV, about 15-20 days later, therdl e a clearing of small veins
starts near the leaf margins. The vein clearingelig@s into a vein chlorosis. The
nearly developed leaves exhibit an inter woven @foyv vein, which enclose the
green patches of the leaf (Solanlatyal., 2014). Bhendi plants infected by YVMV
show persistent symptoms of vein clearing follovogdyellowing. Leaves and fruits
are reduced in size and there is a significant edsa in the production of the

vegetable, up to 96% loss in yield has been regdRan and Doraiswamy, 1999)

The rate of infection of YVYMV decreased as the afighe inoculated plants
increased was recorded by Penal. (1999). It was observed that 100% infection of
YVMV occurred when 7-days old okra plants were ulated whereas, the infection
percentage dropped down to 31.70% when 49-daydaits were inoculated. They found
that the incubation period of virus was increasétl wmcreased plant age. Bhaghtal.
(2001) reported that in okra, the maximum rate W/ disease development was
recorded between 35 to 45 days, irrespective aéties, initially there was increasing and

thereafter decreasing. Daletél., (1992) also recorded similar results.

Khan et al., (2005) reported that the extent of damage by YViRtlines
with delay in infection of the pathogens. Plantéedted 50 and 65 days after
germination, suffer a loss of 84 and 49%, respelbtivn field conditions, infection of
100% plants is not an unusual sight. Therefore,ytbkl loss ranges between 50 to
94% depending up on the stage of the crop growtmt® if infected in the early
stagei.e. within 20 days age, the loss may be up to 94 %hdfinfection is between
50 and 65 days, the loss may be up to 64 % and,48%ectively (Aliet al., 2005).

2.3 Factors affecting the transmission of YVYMV

Amongst the various climatic factors temperatutentdity, and rainfall have
been identified to be the most important in degdihe development and spread of
the plant diseases caused by different pathogems.plant diseases caused by the
viruses are not exception to this. However, climddictors have no direct effect on
the development of YVMV in okra but they affect taetivities of the whiteflies and

thus have indirect bearing on the development sdake.

Singh et al. (1977) studied the effect of weather on develapnod okra
YVMV. Temperature between 30-82 during March-June was reported to be

conducive for development of YVMV disease, whiledencidence (10-30 %) during

6



rainy and winter season and a rapid variation westy from 50-60% during summer
were reported. Costa and Muller (1980) opined ity VMV incidence was more in
rainy season, due to elevated vector populationtofefly. Daset al. (2013) further
added the reasons for high incidence of YVMV duriagny season due to the
favourable environmental condition for the vectdritefly and the virus in okra. On
the contrary, less disease incidence of YVMV okuairdg summer season might be
due to non-availability of vector and environmentainditions prevailing during
summer season (Magext al., 2010). Seasonal fluctuations in YVMV disease
incidence, symptoms expressions and severity oflibease were closely related to
the fluctuation in seasonal abundance of the wiiteéctor have been reported
(Sharmaet al., 1987 and Singh 1990). The development of the YA/ okra has
been reported to have positive correlation withfedl and relative humidity. The dry
and hot weather with little or no rainfall was fachvery much congenial condition
for disease development and spread (Singh, 198G egth, 1990).

Selection during rainy environment will be more awale. Field screening
based on “Coefficient of infection” revealed thane of the cultivars were found to
be highly resistant throughout the three phasesiafening i.e. thirty, sixty and ninety
days after sowing (Singh and Dutta, 1986). AccagydmSingh (1990), hot weather with
little rainfall was favourable for the developmeftYVMV and also for multiplication of
the vector,Bemisa tabaci. Earlier other reports indicated that the incideat& VMV
was high during rainy season when relative humidms very high (Sangar, 1997,
Baghatet al., 2001; Chattopadhyag al., 2011; Dast al., 2013).

According to Bhagabti and Goswami (1992), whitefppulation was
maximum in May sown crop, causing maximum diseasalénce (100 %) both in
May and June sown crops. According to Nath andi&4#992), minimum disease
incidence and whitefly population in the crop sosuring February 10 to March 10
and as sowing dates advanced the disease incigertevhitefly population also
increased. Similar results were also reported byziMdar et al. (1996). They
reported maximum incidence of YVMV disease of bhesmad whitefly population
when the crop sown during February 25 to marchir2@pmparison to the crop sown
from April 15to July 25. Positive correlation besvedisease incidence and whitefly

population was also reported.



The rate of spread of YVMV disease of okra was mmaxn in February/
March sown crop and minimum in April/May sown crpdepending upon the vector
activity and weather conditions. RH (maximum anchimum) and rainfall were
negatively correlated and maximum temperature wastipely correlated to the
vector population and disease incidence (Mukhopadityal., 1994).They also
reported early sowing of okra crop in February faedl the first appearance of
visible symptoms within 13-14 days, when tempegmtuas slightly elevated whereas,
the delay in symptoms expression up to 20 to 23 daypecember sown crop when
temperature was lowest. Muzumderal. (1996) reported the positive significant
association between disease incidence and whpefbulation, temperature, relative

humidity, rainfall and number of rainy days in okra

Pun et al. (1999) reported that a highly positive correlatiexisted between
sunshine hours and YVMYV incidence; while morning &itl wind velocity had a highly
significant negative association with disease. Bignificant association of maximum
temperature and total rainfall with disease inocderwas positive and negative,
respectively. Simple correlation studies, howevewsed that maximum and minimum

temperature also exerted a highly positive effadhe disease incidence.

Ali et al. (2005) studied the correlation of environmentanditions
(maximum and minimum temperature, RH, rainfall,ucle and wind velocity) with
okra YVMV disease severity and whitefly populati@m commercially grown
varieties of okra i.e. Pahuja, Safal, Pari and Eu&aindi. Minimum temperature and
RH had significant correlation with YVMV diseasevedty and whitefly population.
The disease incidence increased with the rise mnmim temperature and whitefly
population decreased with increase in RH.

Mehra et al. (2008) revealed that Arka Abay and Arka Anamikareve
resistant, whereas Pusa Sawni was susceptible {dVW¥during rainy season. Magar
et al. (2010) reported that, the incidence of the disemas found to vary from
location to location and season to season. Thasksmcidence was more in summer
season (20.2 — 62.0 %) rather tharkharif season (0.0 -18.0 %). Similarly, Fajinmi
and Fajinmi (2010) studied degree of okra mosaigsvat different growth stages of
plants. Virus infection was severe at growth stagadier than four weeks. Late
infection of YVMV had little or no effect on perfisrance of okra, but early infection

had a significant effect on growth and yield.

8



Ali et al. (2012) stated that the rate of % of plant infattdecreased with an
increase in maximum temperature from°@5to 4PC. The % of plant infection

decreases with increase in average temperature3tto 33.56C.

Invariably, the outbreak of YVMV in okra was morevere during rainy season
as compared to summer season (Kaveri and Achadg).2They also reported that the
okra cultivar which showed more incidence of YYM¥3® and 60 DAS was found to
have less in yield than those cultivar which weagifg the same intensity of YVYMV
disease at later stage of growth. Reddy and Sr{@6ti4) had observed 0.00 % to 85.0 %
of YVMV incidence in the advance breeding linesoifa. Arka Anamika and Arka

Abhay were observed to be highly susceptible (8b&8d (56.2 %)espectively.

Pawar and Varma (2014) reported that the YVMYV iank (%) as influenced by
different varieties during rainy season least YVNi¢idence (4%) was observed with
variety Gujarat Okra-2 which was inferior to theigges Arka Abhay, Gujarat Okra-1,
Perkins Long Green and Parbhani Kranti, respegtivéhile, during summer season
minimum YVMV incidence (1.24 %) was recorded withriety Gujarat Okra-2 and

which was inferior to Gujarat Okra-1, Parbhani Krand Arka Anamika, respectively.

24 Screening of Okra varieties / lines against YVM

Development of virus resistant varieties has beensidered the most
effective, economical and reliable means of cohtglviral diseases. The first step in
any virus resistance programme was to identify géaiem possessing immunity or
resistance to the viruses. In okra, also use adtegg and tolerant varieties have been

reported to be the best way to overcome YVMV inaokr

Varietal resistance of okra to YVMV have been répdr by several
researchers (Sharma and Sharma, 1984; Singh, X@BSlarma and Arora, 1989).
Phenolic are known as antifungal, antibacterial antiviral compounds occurring in
plants (Vidyasekharan, 1988). Chandra (1997) reddtiat higher phenolic content of
okra was responsible for resistance to YVMV incmenHe recorded higher phenolic
content in YVMV resistant varieties like Selectib? and Arka Anamika than susceptible
Pusa Sawani. Similar reports of higher phenol cdrdé Arka Anamika, Arka Abhay,
okra no.6, AROH-2, HRB-55 and GOH-3 are resistait ¥MV incidence. Mathewet
al. (1993) recommended AROH-1, Arka Anamika and Sklr4ommercial cultivation



under Vellanikkara, Kerala condition having higlelgt potential. However, lower yield
was recorded in Parbhani Kranti and Pusa Sawaalu&hon of six okra varieties (CO-2,
CO-3, MDU-1, Pusa Sawani, Parbhani Kranti and AfAmamika) at Tamil Nadu
condition indicated that Arka Anamika was the hestety having highest plant height,
fruits plant® and fruit yield (145.95 g plaf) than other tested varieties. Under Madhya
Pradesh condition, Sangar (1997) identified botkaAAnamika and Arka Abhay as
highly resistant to YVMV having higher yield butthoParbhani Kranti and V-6 were
found to be moderately resistant to YVMV. Accordinghem the disease incidence was

much higher in rainy season than summer okra.

Mohapatraet al. (1995) recorded the weekly incidence of YVYMV &ra and
compared the severity index. A minimum variationtlba severity index was observed
among the varieties. Pusa Sawani was the mostpileevariety and recorded 100%
infection, while varieties like HRB-9-2, DOV-91-fic Pashupati was tolerant against the
virus at least under field condition. Arka Abhaysmasistant to YVMV under field
condition (Debernatkt al., 2006, Biswast al., 2008). Mehrat al. (2008) also observed
the resistance of Arka Anamika and Arka Abhay toVtW/

Sanigrahi and Chaudhary (1998) reported maximumdence of YVMV in Pusa
Sawani (80%), followed by Parbhani Kranti (17%),-BQ2%) and BO-2(7%). Bort al.
(1992) also identified Arka Anamika as resistant¥tMV under Assam condition.

Deo et al. (2000) identified Arka Anamika, Parbhani KrarB0O-2 (Utkal
Gourav), HRB-55, HRB-9 and Punjab-7 as highly tesis Satadhari as moderately
susceptible and BO-1 and Pusa Sawani as suscefuid®MV infestations under
Varanasi situation. Similarly, Panda and Singh ®0@lso identified HRB-55,
HRB-9-2, KS 404, Parbhani Kranti, Punjab-7, IC-1D2hd Arka Anamika for both
summer andharif season; BO-2 for summer and Satadhari local an®@®@2 for

rainy season as most tolerant variety to YVMV ircide.

Singhet al. (2002) reported that under Chhatisgarh conditRarphani Kranti
was found to be very susceptible to YVMV (51.2%)endas, Arka Anamika as
moderately resistant to YVMV (32.2%) duritkharif season. Vijay (2004) reported
that VRO-5 exhibited lowest disease incidence @%®and recorded yield of 58.6 q
ha' during 2001 and no disease with yield of 60.57 a}. On the other hand,
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Parbhani Kranti was found to be most susceptibEeMtMV with 26.1% and 43.55%

in both the years, respectively under Hyderabadlition.

Neeragt al. (2004) screened okra hybrids against YVMV disease raported
that hybrid NOH-15 had the highest yield (74.8¢b)haith 11.9 % YVMV disease
incidence. However, NOH-15, JNODH-1, AROH-47, and®H-1 were at par with

each other for yield and YVMYV disease incidence.

Yavdavet al. (2004), reported that Azad Bhendi-1 a new okrativar
developed from Pusa Swani x Parbhani Kranti, eihitigher yield (100-125 g Hj
earlier fruiting (40-42days) and more resistancdhiendi YVMV than Pusa Swani

and Parbhani Kranti.

Biswaset al. (2008) reported that out of 14 tested lines, n@ae immune to
the disease, which varied from 18.25 % (ZOH-300294.96% (VB-9801). Prasanth
et al. (2008) revealed that out of 55 screened genotypegre highly resistant, 13
were resistant, 17 were moderately resistant, Ir@ wwderately susceptible, 5 were

susceptible and 2 were highly susceptible basembefiicient of infection.

Tripathy et al. (2008) conducted screening experiment during sumene
kharif season under reduced level of chemical fertilizengplemented with organic
manures. YVMV disease incidence was ranged frond&2. (Arka Anamika) to
43.96% (Sansar selection). Fugro and Rajput (260&ened 18 promising varieties
of okra under field conditions. Cultivar, Pusa Savand Pusa Makhmalli used as highly
susceptible and susceptible check, respectivelg. r€bult revealed that cultivars Arka
Anamika, Arka Abhay, Punjab-7 were free from YVMiéehse.

In a field screening experiment of five okra vaest high degree of resistance
was obtained in VRO-6 with 13.5% disease intendigsides that two varieties i.e.,
VRO-3 and HRB-9 were found to be moderately reststéhe rest two varieties i.e.,
Pusa Makhamali and Pusa Sawani showed moderatelgestible and highly
susceptible, respectively (Tiwaatial., 2012).

A field experiment carried out to screen for YVM¥Ssistance in okra, it was
observed that in both the years, the entry VRO-§ eeorded mild incidence of
YVMV(2.6%) and Akola Bahar has shown severe intgnef disease (63.9%) with
respect to fruit yield , JOL-2KN-19 and VRO-6 reded maximum yield.(Vijay and
Joshi, 2013)Natarajaet al. (2013) concluded that out of 21 genotypes, gerestyp
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viz., IC 331217, IC 332453 and IC 342075 and calswiz., Monisha 211 and Arka

Anamika showed tolerant reaction to YVMV.

The cultivar, Arka Abhay was highly prefir by whiteflies and hence
susceptible to YVMV disease but registered frugigiof 62.0 g h3, this may be due
to tolerant plant character. Variation in the antowf disease incidence and
preference to insects in different genotypes/calsvmay be due to some secondary
plant metabolites (terpinoids, phenoloics, flavaispiquinones, alkaloids, cyanogenic
glycosides, glucosinolatesetc) and volatile sultgarfKarbaret al., 1997; Mello and
Silva-Filho, 2002; Baldwin, 2010) as they are knawrimpart resistance to herbivore
insects. The plant characteristics are also kn@affect vector (whitefly) population
(Khan and Mukhopadhyay, 1986; Singh, 1990).

2.5 Biochemical analysis of okra fruits

Temperature stress enhances the okra pods to treaamaximum soluble solids
level compared to the ambient temperature conditibhe slow increase of soluble solids
in the pericarp during the early development magideeto the presence of chlorophyll in
the pericarp which has a capacity for photosynsh@Siafts and Crisp, 1971 and Singh
and Pandey, 1980). Fibre content of the pericagaddy increased during the
development of okra pod after full bloom. Ketsa @fltichudet (1994) showed that
fibre content of the pericarp steadily increasethdudevelopment of the pod.

Sharmeet al. (1995) observed that YVMV of okra infection reduagdemical
constituents of okra leaves, such as chlorophgdlucing sugar, phosphorus and
potassium content, whereas total phenol, total rsugen-reducing sugar, nitrogen and
protein contents increased. The extent of increaskecrease of these constituents was
found to be varied with the time of infection ofrakby the virus i.e. on the stages of
plants get infected by the virus. Total sugar, cetyisugar, nitrogen, protein, phosphorus

and potassium contents of the green fruits wereedsed by virus infection.

Parimalet al. (2009) suggested that the changes in the levetadfchlorophyll and
carotenoid in control and YVMV infected leaves. Whaetermined on the basis of unit
fresh weight, the total chlorophyll and carotencmhcentrations in infected leaves were
significantly reduced by 64% and 62%, respectiviglycontrast to this, chlorophyll and
carotenoid ratio and chlorophyll a/b ratio was ifiggmtly increased in infected leaves.
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Similarly, content of solubilized starch was al$ighsly increased in YVMV infected

leaves, but there was no significant differenceveen the control and infected one.

Sreeshma and Bind(2013) suggested that, fresh fruits, 9-13 daysr afte
anthesis (the harvesting stage) are best for copsom when the nutritional
constituents such as proteins, carbohydrates, slimdd vitamins are at their
maximum. The increase in total protein, carbohys@atd lipid is suggestive of an
increase in nutritional quality of the fruits atrhest time and the subsequent decrease
reflects the loss in nutritive value. Vitamin Cjaimine and riboflavin were found to
increase steadily in the developing fruits of okndgich continued until dehiscence
suggesting that okra could be used as a very gaades of these Vitamins. Okra fruits
are a good source of mucilage and can be useduoitage extraction. The increase in
crude fibre, antioxidant enzymes and phenol uniit maturation suggests the protective

role of these constituents throughout seed devedapmmtil dehiscence.

2.6 Genetical studies
2.6.1 Genetic variability

Selection of superior genotypes at any stage isnib& important aspect in any
crop improvement programme and the effectiveneghenkelection is dependent upon
the existence of genetic variability within or argdhe population subjected to selection
(Tikka et al., 1974; Patnaik and Tak, 1974). Therefore, a dfasimeé measure of genetic
variability would be extremely beneficial in breeglifor improvement of quantitative
traits. Most of the economically important charecte crop plants are quantitative in
nature which are controlled by polygenes and afdluenced by the environment
(Hirachandet al., 1975). The observable quantitative trait is dhly phenotype which
can be easily assessed but for purpose of seledtiainadequate since plant is the
resultant of the interaction of genotype and emvment which creates difficulty to
ascertain whether variability is heritable or namdable (environmental). This
necessitates the partitioning of total variatiorpbenotypic variation into two groups

such as heritable and non-heritable components.

Coefficient of variation is defined as the measwfe variation and is
independent of unit of measurement which is used domparing different
populations. It is provided by the standard degragxpressed as percentage of mean
(Panse and Sukhatme, 1954). Genotypic coefficiéntaoiation is the genotypic

standard deviation expressed as percentage of an@hrphenotypic coefficient of
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variation is expressed as the phenotypic standanattbn expressed as the percentage of
mean. A slight differences between phenotypic ambtypic standard deviation suggested

negligible influence of environment on that chaea@Choudhargt al., 1973).

Heritability is an important parameter of greaportance for the plant breeder
as its magnitude indicates the accuracy with wiaigfenotype can be recognized by
its phenotypic expression. It is estimated as #tie 10f genotypic variance to the total
phenotypic variance that is due to genetic caudes.term heritability, is also used in
more specific ways on consideration in responsesdi@ction e.g. narrow sense
heritability measured as the ratio of additive deneariance to the total phenotypic
variance (Wright, 1921) and broad sense heritgbiditthe ratio of total genotypic
variance to the observed phenotypic variance (La949). But Liang and Walter
(1968) defined heritability as the transmissiorcloéracter from parent to off-spring.
Mohanty and Singh (1973) described the relativeairtgmce of genetic and a non-
genetic factor on the expression of a quantitativ@acter is commonly expressed by
the term heritability. Robinson (1966) grouped hlegitability estimates in crop plants
into three categories such as Low heritabilityd3.0 %), moderate heritability (10 to
30 %) and higher heritability (30 to 60%).

If heritability is 100%, the phenotypic performaneeuld be a perfect indication of
genotypic value. However, in this hypothetical aiton, the heritability values in it
provide no indication of the amount of genetic pesg that would result from
selecting the best individuals. Therefore, thetytdf heritability is increased when
they are used in conjugation with selection diffeia@ and the genetic advance is
completely predicted as the product of heritabiliitio and selection differential
(Johnsoret al., 1955). Randhawet al., (1975) suggested that, if the heritability of a
character is high, better will be the opportunity fselecting a genetically good
individual. Low value of heritability indicates tigdegree of non-heritable variability
(Sharmeet al., 1966). Further, difference in heritability vadugso differ greatly depending
on the methods used to estimate the parametern®uwhi1963) the units for which the
variance is considered (Johnsaral., 1955) and also the amount of genetic variation i
population and environmental condition under whitte population is evaluated
(Allard, 1960). Therefore, the most important ubaeritability lies in its predictive role,
expressing the reliability of the phenotypic vaagea guide to the breeding value. It also

serves as a useful parameter in predicting gesdi@nce or response to selection.
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The heritability alone conveys no indication o timount of genetic progress
that will result from selecting the best individu8ut when they are used together
with the selection differential, the utility is ireased (Tikkeet al., 1974). Genetic
advance indicates the potentiality of selectionaaparticular level of selection
intensity. The expected genetic advance from deleethen expressed as a percent
of mean is the product of the selection differdntiaterms of phenotypic standard

deviation, genotypic co-efficient of variation ati square root of heritability ratio.

Heritability in narrow sense is the most importémbl to estimate expected
improvement due to selection or response to sefecii genetic advance. Johnsgiral.
(1955) and Robinson (1963) suggested that heital@stimates along with genetic
advance were more valuable than the heritabilitjuevaalone in predicting the
response to selection. High heritability does netessarily mean that the character
will show high genetic advance. But the case whhee above association exists,
additive genes comes into prominence. It is becaosgenetic advance was due to

non-additive genes, whereas additive genes aremsije for high genetic advance.

Genetic variability and heritability in Okra

In a variability study, Patit al. (1996) at Dharwad evaluated 171 lines of Okra
genotypes for two season of diverse origin for ggmo and phenotypic variances,
genotypic and phenotypic coefficient of variationdaheritability. They reported that
characters like pods plahpod weight plant number of borer infested pods and weight of
borer infested pods plafshowed seasonal variation durkigrif than rabi. The estimates
of PCV and GCV values ranged from 14.7% for dayBowwering harif) to 71.6% for
weight of borer infested pod&hérif). They also observed relatively high GA for plant
height, pods plaft and pod weight plant Dhankhar and Dhankhar (2002) while
evaluating 62 inbred lines of okra at Hissar fobr@hder range of variation and high mean
values in rainy season for fruits pfantays to 50% flowering and branches ptantd in
spring-summer season for fruit yield and plant teig

According to Patro and Ravisankar (2004) high G@d RCV was observed
for branches plaft disease incidenceCércospora leafspot, Powdery mildew,
YVMV), ascorbic acid content, yield plahand fruit weight in okra. They also found
high heritability for branches plahtand yield plant and high GA for yield plark,
plant height, germination % and branches plarSimilar observation was also
reported by Khamt al. (2005) in okra.
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Singh et al. (2006) reported high PCV and GCV for inter-nodahgth,
branches plarit fruits plant', seeds pod and fruit yield plant in okra. They also
observed high heritability along with high GA foeesls pod, inter-nodal length,
ranches plant, fruit yield plant!, fruits plant!, plant height and 100 seed weight.

In okra, Dakahet al. (2007) found that the estimates of heritabilitgres of
high magnitude for green fruit yield plahtplant height at harvest, days to maturity
and internodes planht They also found that maximum PCV and GCYV fortfteingth,
fruits plant' and fruit girth. Alam and Hossain (2008) while kexating 50 accessions
of okra, observed wide range of variation for sgre&plant, plant height, length of
petiole, moderate variation for nodes pfarleaves plant, length of leaf , breadth
of leaf and lesser variation for primary branchésnp™. In an investigation on
genetic variance with 44 okra genotypes, Prakagir€g2010), also observed high
GCV and PCV for plant height, inter-nodal lengthistf flowering node, first fruit

producing node, average fruit weight and seedgfru

Prakash and Pitchaimuthu (2010), estimated higil &l PCV in okra for plant
height, inter-nodal length, first flowering nodest fruit producing node, height of first
flowering node, average fruit weight and seedg¥r@imilarly, high GCV and PCV in
okra were noticed by Jindal al. (2010), for primary branches planfhey also observed
high heritability coupled with GA for branches mitth total yield plant and marketable
yield plant! and high heritability coupled with low GA for dai first picking, average
fruit weight, plant height, inter-nodal length, ifsuplant, fruit diameter and fruit length.
High heritability in okra were recorded for plargight, fruit width, fruit length, fruits
planttand weight of fruit plant by Kumaret al. (2011). They also recorded varied genetic
advance and genetic gain from 0.13 to 79.62 argiB.87.14, respectively.

From a variability study, Sateeatal. (2011) observed that PCV were higher than
GCV for all characters in okra. They also recordigth GCV, heritability and GA as % of
mean for plant height, fruit yield plahtfruit weight and days to 50% flowering.

In a genetic variability study on 100 genotypesokia , Reddyet al. (2012),
reported high magnitude of GCV (>20.00 %) for bresc plant, total fruits plant,
marketable fruits plant total yield plant(g), marketable yield plaht(g) and YVMV

infestation on plants (%). They also reported thatcharacters plant height (cm), number
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of branches plart inter-nodal length(cm), days to 50% floweringstfiflowering node,
first fruiting node, fruit length ,fruit weight otal fruits plant, marketable fruits plant
total yield plant?, marketable yield plart and YVMV infestation on plants (%) have
high heritability (>60.00 %) coupled with high exped GA (>20.00 %).

Goswamiet al. (2012) recorded high PCV and GCV for plant height
branches plarit They also recorded high heritability for all cheters studied except
days to 50% flowering which exhibited moderate tadility. The characters like
plant height, branches plantinter-nodal length, fruits plait seeds fruit, harvest
index and total yield plaftexhibited high heritability coupled with GA overean.

Jaganet al. (2013), observed highest PCV and GCV in okrarfode at
which YVMV appears, days af'lYVMV symptom appears and branches pfarithe
heritability estimates in broad sense were highbfanches plart days to maturity,
fruit length, days to 50% flowering and node atckhi¥VMV appears, while low for
fruits plant' and node at which first flower appears. They alsserved high GA as % of
mean for node at which YVMV appear, days &tY¥MV symptom appear and number
of branches plartand high heritability coupled with high GA for behes plant and
days to maturity. Gendy and Aziz (2013) also oleeigh or moderately high GCV,

PCV, heritability and expected genetic advance GA%hean in most crosses in okra.

Analysis of variance and other genetic analyseb st GCV and PCV were
performed by Simoset al. (2013) and they found highly significant variatim all the
genotype except days to 50% flowering, and charmebeasured such as pods pfant
(54.36), branches plaht(8.206), leaves plant(45.89), days to pod formation, pod
length (6.652), pod width(54.31), seed index (2)).%8eds pod (2.43),plant height
at 50% flowering (2543.5), pod yield (45.39), segeld(427.73), seed size (0.014)
and internodes distance (0.66). In a heritabilitydg, Yonaset al. (2014), reported
high heritability (96.76 and 96.50 %) coupled witigh GA as % of mean (106.32
and 97.25%) for internodes length and plant heigispectively.

2.6.2. Correlation Studies

Yield is the complex character hence it is necgsgaknow the importance
and association of various yield contributing comgas with yield and within
themselves. This is possible by determining theetation coefficients (r) between

the combining traits and yield.
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Dhankar and Dhankar (2002) observed that fruitdyighs significantly and
positively correlated with the number of fruits amdhnches plaftand plant height
but was negatively correlated with days to 50% &dng. The fruits plant was
positively associated with branches ptaand plant height was negatively correlated
with days to 50% flowering. Fruit yield can be imaped through selection for higher
number of fruits and branches and medium heightoAding to Nimbalkaret al.
(2002) fruit yield exhibited positive and signifidacorrelation with days to maturity,
plant height, seed yield plahaind fruits plant, with seed yield recording the highest
correlation (r=0.667) with fruit yield.

Kamal et al. (2003) observed that yield pladntvas positive and highly
significantly correlated with nodes pldntwidth of fruit and fruits plantin okra.
Similarly, Jaiprakashnarayan and Mulge (2004) matithat total yield plaritwas
positively and significantly correlated with fruifgant?, fruit weight, nodes main
stem?, fruit length, plant height at 60 and 100 DAS &ealves plant at 45 and 100
days, but negatively and significantly correlatedhwocules fruit', nodes at first

flowering and first fruiting

Dhakeet al. (2007) revealed that 50% flowering and maturity significantly
associated and also suggested that for increasten god yield due emphasis should be
given to fruits plant, number of internodes, plant height and fruit tangs all these

characters possess highly significant positiveetation with fruit yield.

In okra, fruit yield had significant positive gegpic and phenotypic correlation
with fruit plant?, fruit length and plant height. Fruit planshowed significant positive
genotypic and phenotypic associations with plamhteand fruit length (Singlet al.,
2007). Aliet al. (2008) estimated the correlation coefficients agnparents, Fhybrids
and k population separately. They observed significant @ositive correlation in all the
three population between fruit yield plarand fruits plant. The consistency was also

observed in Fand E generation between fruit yield plarand plant height.

Significantly positive correlations were recordedivieen yields plaftwith plant
height, intermodal length, fruits pldnbranches plart fruit weight, fruit girth, nodes to™1
flower and fruit length (Sengupta and Verma, 20B@Jakrishnan and Sreenivasan (2010)
in observed that fruit yield was positively asstadawith number of fruits & internodes,
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fruit weight and fruit length. Shoot and fruit bonefestation recorded negative association
with plant height, flowering period, fruit numbeiruit yield and internodal length.
Correlation and path analysis studies in 75 div€kea genotypes revealed that yield
plant! exhibited positive and significant correlationtwilant height, number of flowering
nodes on main stem, fruits plamveight of fruit (Chaukhande al., 2011).

Amoateyet al. (2015) studied the correlation coefficients inl@8al and exotic
lines of okra. They found that 7 pairs of quantigatraits were positive and significantly
correlated (P< 0.05) while three were highly significantly assbed (P< 0.01). The
highest correlation (r = 0.95) was between day®¥6 flowering and days to 50% fruiting.

2.6.3. Path analysis

Yield is a complex trait resulting from the directd indirect effects of several
traits operating either in combination or indivitlya Selection for a trait in one
direction may influence another trait by a directralirect effect via a third variable.
The study of correlation only gives the extent sbaciation among the various
characters taken in pairs. This extent of assaciatioes not imply the cause and
effect relationship. Therefore, the path co-effitianalysis is used to determine the

direct and indirect effects of various plant chéeeson crop yield.

Bhalekaret al. (2005) carried out correlation and path analysidiss in okra
for 14 yield attributing characters and suggested the suitable genotype of okra for
getting higher fruit yield should be YVMV diseased, early, long-fruited, tall with

maximum inter nodal length and higher number atsrand nodes plant

Gangashettyet al. (2010) studied on association and path analysidriit
yield plant! and its component traits .They reported that thi field plant! had a
significant positive phenotypic correlation withuits plant!, plant height, fruit
weight and fruit length. Path coefficient analysispicted that fruits plaft fruit
weight and plant height has high direct effect it fyield plant!. Balakrishnan and
Sreenivasan (2010) reported that fruit yield wasitpely associated with number of

fruits & internodes, fruit weight and fruit length.

Path analysis study conducted by Chaukhaas. (2011) indicated that fruits
plant! exhibited maximum direct effect on yield ptafbliowed by average weight of fruit
and inters nodal length. Saitwel al. (2011) suggested negative and non-significant

association with length of fruit, diameter of fraitd days to flower initiation in okra.
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Laxmaset al. (2012) studied the path of productivity analysiokma for fruit
yield and its components characters. Days to fliostering, days to 50 % flowering
and fruit diameter exhibited least average expoessihe genotypes had positive
values for fruit yield hectare fruit weight, fruits plant, plant height, fruit length,
fruit diameter, and days to first flowering, whitgost of the genotypes showed least

deviation for days to 50% flowering and fruit diatere

Path analysis study in okrReddyet al. (2013) observed that fruit weight,
fruits plant! and marketable fruits plahthad positively direct effect on marketable
pod yield plant. They also observed that the fruit weight, frugiant® and
marketable fruits plaft not only had positively significant association tiwi
marketable pod yield plahtbut also had positively high direct effect on neadble
pod yield plarit and are regarded as the main determinants of tahtkgod yield.

Simonet al. (2013) reported that the path coefficients analysi$ F hybrids
Okra. The results obtained showed highly significeeriations in all the genotype
except days to 50% flowering, and characters medssuich as pods plan(54.365),
days to pod formation, pod length (6.6526), podtiwi¢h4.306), plant height at 50%
flowering (2543.5), pod yield (45.395)and internsdistance (0.6602).

2.6.4. Genetic divergence

Selection of genetically divergent varieties igportant in the exploitation of
heterosis and in the development of transgressigeegates for an efficient breeding
programme. The information regarding the nature rexagnitude of genetic distance

among the genotypes will help the breeder chodbmguitable diverse combinations.

According to Patro and Ravisankar (2004), cluatelysis in okra revealed a
considerable variation among the genotypes. Faréygenotypes were grouped into 8
clusters. They reported that among all the clustduster IV had a maximum number
(8) of genotypes, Dvalues ranged from 205.03 to 32666.9. The clusteans
revealed that plant height, yield plantind germination percentage contributed
towards divergence. Pradg al. (2010) grouped 50 genotypes into 5 clusters. The
plant height had the highest contribution towaldstbtal genetic divergence.

Prakash and Pitchaimuthu (2010) while studying géhotypes in okra
reported that days to 50% flowering 100 seed weigkeds fruit and fruit weight

directly contributed towards maximum divergence ath@érefore, selection of
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divergent parents based on this character is re@dead for getting good hybrids or
segregants in okra. Gagfjal. (2011), evaluated 53 germplasm of okra to astess
genetic diversity. They reported that no paralfelisetween genetic and geographic
divergence was observed. kaer al (2013) assessed the genetic diversity and
established phenetic relationships in a set ofkf@ germplasm lines using 40 RAPD
primers for 8 quantitative traits. They reportedttilgrouping of genotypes into
different constellations did not follow any specifiattern suggesting independence of
clustering pattern of the entries and their gedgiag origin.

Soyabet al. (2013) studied the genetic divergence among 2& gkrmplasm
lines using MahalanobisZanalysis and they were grouped into 4 clustersstéf |
and IV shown high cluster means for yield and ymddhponents, therefore genotypes
viz., IIVR- 11, HRB- 55, 134, 148 and Parbhani Krgluster 1) and 315 (Cluster

IV) of these diverse clusters may be used for &rrtiybridization.

Goswamiet al. (2015) studied the genetic divergence analysisokna.
Morphological studies in landrace collections werarried out in 20 parents
developed for diversity analysis for the purposegehetic improvement and their
effect in populations. The Btudy brought out the fact that the maximum diséanc
was [F = 4.403 and minimum distancé B 1.854.

Mishraet al. (2015) A study conducted on 33 genotypes of okhe result
revealed wide genetic diversity and were groupew i@ clusters based on 13
important characters. The cluster | was the largestaining 08 genotypes followed
by cluster Il with 07 genotypes. The diversity amgahe cluster was measured by
inter-cluster distance, highest being observedetween cluster Il and cluster VI
(D2= 104.10) followed by cluster Il and cluster {2 = 100.54). selection of
divergent parents of okra based on these clusstardie would be useful in selecting
genotypes for hybridization, superior hybrids oriety (s) can obtained by crossing
parents of two divergent groups, cluster Ill (OKHYB OKHYB-13, OKHYB-6,
OKHYB-7, OKHYB-8, OKHYB-10 and OKHYB-12) with clust VI (Arka Anamika

and Pusa Sawani).
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MATERIALS AND METHODS

The present investigation entitletiScreening of Okra (Abelmoschus
esculentusL. Moench) germplasm against Okra Yellow Vein Mosai Virus disease
under field condition” was carried out during summer, 2015 at All Indiadgdinated
Research Project on Vegetable Crops, HorticuliReslearch Station, Orissa University of
Agriculture and Technology, Bhubaneswar, OdishdialnThe experiment was carried to
study the genetic variability in okra, screeningoest okra line (s) resistant/tolerance to
YVMV and identifying the best performing okra lif&® for growth, fruit yield and fruit
quality. The seeds of the genotypes of okra wepplged by Project Co-ordinator,
Indian Institute of Vegetable Research, Varanasi.

Cropping history of the plot
Prior to the present investigation, dethinformation on cropping history of the
experimental plot was collected & presented in €&bl, for two successive years.

Table 3.1 Cropping history of the experimental plot

Year Kharif Rabi Summer
2013 Fallow Broccoli Okra
2014 Fallow Broccoli Okra
2015 Fallow Broccoli Okra (test crop)

Soil

A composite soil sample was taken from a depthSofrh surface from the
experimental field before raising the crop for istigation. The sample was
subjected to laboratory analysis to determine theysgal and chemical
compositions by following various standard methodse soil of the experimental
plot was sandy loam (Sand-75.24%, Silt-14.76%, €l@y’6%) having pH 5.86.
The chemical analysis of soil indicated that theailable NPK content was
162.5:104.2:94.1kg hl respectively. The organic carbon content of swds
1.01% while electrical conductivity of 0.188 dS'm

Geographical location of the experimental site

Bhubaneswar is located at latitude df P& N & 8% 52' East longitude. It is
about 60 km away from Bay of Bengal and at anualétof 25.5 meter above mean sea
level (MSL).
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Climate

The experimental site comes under the eigkteagro-climatic region of the
country i.e. Eastern Coastal Plain and is termesuashumid characterized by warm
moist climate with mild winter. The average anmaatfall of Bhubaneswar is 1552mm
(Based on average of preceding 10 years). Mosieafdinfall i.e. 85% is received from
July to September. The rainfall code of the plada Es (B1A2B1) CiD1E.. The average
temperature varies from %@ in winter to 48C in summer and relative humidity varies

between 49 or 90% from June to December.

Monthly average meteorological data durimgpping season was recorded at
Meteorological Observatory of Orissa University Africulture and Technology,

Bhubaneswar.
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Experimental details

0] Design of Layout

(i)  Number of Treatments

: Randomized Blooksigyjn (RBD)
[Plan Layout Fig. 1]

10 (Six advanced breedieg |

with 4 checlarieties)

(i)  Number of Replication 3

(iv) Total no. of plots 30

(v) Plotsize

(vi) Length 3.0m

(vii)  Width 3.0m

(viii) Area ¢m

(ix) Spacing

(x) Row to Row 45cm

(xi) Plant to Plant 30cm

(xii) Number of rows per plot 6

(xiii) Number of plants per row 9

(xiv) Number of plants per plot 54

(xv) Width of the bund separating blocks 40 cm

(xvi) Width of irrigation channel : @lm

w
S %’ N

Design-RBD Plot size-3.0 m x 3.0m TreatmentsG1 E
REP-I BR-II REP-III
V1 V5 V9
V8 V2 V10
V7 V10 V8
V9 V6 V3
V4 Vi V5
V3 V8 V7
V6 V9 V2
V10 V7 V4
V2 V3 V6
V5 V4 V1

Fig.3.3 Layoplan of experimental field
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Field operation and crop raising

The field was ploughed three timegrafhcorporation of FYM during final
land preparation @ 15 t haand levelled properly. Then the individual plots &aid
out of scheduled size as per the plan of layoub waqjuired irrigation channel. Seeds
were soaked in water over night to obtain bettemgeation. The seed sowing was
done on 29 April 2015. Six rows were made and there were pia@ats in each row,
thus accommaodating 54 plants plotight irrigation was given with rose cane for the

first time in main field.

A fertilizer dose of 100:50:50 N®s:K -0 kg hat were applied. The total amount
of phosphorous with 20 kg of nitrogen and 10 kgathsh was applied to the soil before
sowing. Remaining 80 kg of nitrogen and 40 kg abpb was applied in two-splits, as
40kg of nitrogen along with 20 kg of potash afiestfweeding, and remaining 20 kg
of potash was applied after second weeding and 4fikgitrogen was applied.
Subsequently irrigation was provided in the irngatchannel at a interval of 4-6 days
during the cropping season.

Thinning was carried out for the closgérminated plants at one true-leaf stage.
Hoeing, weeding and earthing up were done at pierimderval. Manually hoeing
followed by weeding, top dressing and earthing @oendone followed by irrigation.
Okra fruits were harvested when they were at tesdge and attained marketable size
i.e. edible maturity stage. Picking of fruits wel@ne at every alternate day till the last

marketable produce.

Biometric observations
Sampling Technique

Observations on various biometric characteere recorded by selecting
randomly ten competitive plants of each genotypa meplication which were tagged
properly. The border plants were excluded whiledéig the sample plants. The
observations of these tagged plants were takentbrntiene starting from initiation of

first flowering to final harvesting of fruits.
Characters studied

1. Plant height (cm) at final harvesting stage (PH)

The height of ten sample plants was recorded ifream the base to the tip of the

plant after final harvest and their mean valuesweken for analysis of this character.
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2. Number of nodes plant (NPP)

The ten sample plants selected for plant heighteveéso used for recording
nodes plant. Nodes of each sample plant were counted and ithesan values were

taken for analysis of this character.

3. Node at which first flower appeared (FFN)

The node at which first flower appeared countethftbe base and expressed

in number.

4. Days to first flowering- (DFFL)
This was recorded by counting the number of dakenarom sowing to

initiation of first flower in each genotype.

5. Days to 50% flowering (DF)
This was recorded by counting the number of dagsrtdrom sowing to the

flowering in 50% plants in each genotype.

6. Number of fruits plant-1(FP)
This character was recorded by counting the tatailver of fruits harvested at

different pickings in the sample plant till thedirmarketable harvest.

7. Fruit length (FL)

The length of 10 fruits randomly selected from stdd plants in observational
plot of each genotype, in each replication, werasneed and expressed in cm from the
attachment end to the tip using a Vernier caliper the mean value was calculated as

fruit length.

8. Fruit girth (FG)

Ten fruits selected randomly from each plot in plication for recording of
fruit length were also used for recording theittgit the point of maximum thickness

which were averaged and expressed in cm.

9. Fruit weight (FW) (Avg. of 10 fruits entry)

Fruits selected for length and girth were also usedecording the weight of
fruit. Fruits were weighed individually and averageight of ten fruits was calculated

as weight of fruit and was expressed in grams.
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10.  Avg. fruit weight (g plant™)

The average of selected 10 plants fruits weighewaken.

11. Number of ridges per fruit

Ten fruits selected randomly from each plot in plication for recording of
fruit length and fruit girth were also used fecording the number of ridges in each

of the fruits which was expressed in number.

12.  Days to first harvest (DFH)

This was recorded by counting the number of dagsrtdrom sowing to the
first harvest in each genotype.

13.  Fruit yield plot * (kg)

Observations for this character were recorded byibtoing the marketable
yield and unmarketable yield values of the 10 ggmed in each of the three replications

and were expressed in kg.

14. Fruit yield (q ha™)
This value for each of the genotypes was deternayaaiultiplying the value of
fruit yield plot* of each of the ten genotypes with 11.11 andutztted on hectare basis.

15.  Dry weight (DW)

The 10 fruits randomly selected from selected glamtobservational plot of
each genotype, in each replication, were takentlisdruits were dried in oven until
the moisture content is removed from the sampldglan dried sample is expressed in

gram and the mean value was calculated as Dry weigh

16.  Crop Duration of fruiting (CDF)
This was recorded by counting the number of daigsrntdrom sowing to the

final harvest in each genotype.

17.  Crude protein content

The 10 fruits randomly selected from selected glamtobservational plot of
each genotype, in each replication, were takenh@restimation of protein in that 1g
dry sample is taken for the Nitrogen analysis andtiplied by 6.25 with nitrogen
content for the protein analysis and is expressag) @nd mean values are used for

analysis.
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18. Reducing, non- reducing and total sugar content.

The 10 fruits randomly selected from selected glamtobservational plot of
each genotype, in each replication, were takemh®ranalyzing of reducing and non-
reducing sugar and of okra by the colorimetric mdtand expressed in per cent and
mean values are used for analysis. The both regwsid non-reducing are pooled to

get the total sugar content of okra.

19. Hardness of fruits.
The 10 fruits randomly selected from selected glamtobservational plot of

each genotype, in each replication, were takenmaedsured hardness by using the
penetrometer and expressed in mm and mean vakeesed for analysis.

20.  YVMV incidence (30, 45, 60, 75 and 90 DAS)

Observations for this character were recorded loptiog the number of plants
infected with Yellow Vein Mosaic Virus (YVMV) disese at 30, 45, 60, 75 and 90
days, respectively in each replication and wereesged in percentage and analysis

purpose its converted to its ASIN values for chtians.

Statistical analysis

The data recorded for various charaoch®ee subjected to statistical analysis
based on their sample means (Gomez and Gomez,.1083grvations of all the
characters were analyzed for variability and otipemetic parameters related to fruit
yield were taken for character association studiesase of YVMV incidence the

angular value after transformation was taken fad\sis.

Analysis of variances
The analysis of variances for each ofdharacters stated was done to find out
varietals differences. The analysis was carriedseparately for each trait following

the procedure of randomized block design analyas$e and Sukhatme, 1954).
Analysis of variance was done on basis of followimgdel.

Yi=m+g+1+g

Where, Y = Phenotypic observation in tHegenotype and thé jeplication
m = General mean
g = Effect of the' genotype/treatment
o= Effect of | replication
e = Random error associated withgenotype in'f replication
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Table 3.2 Analysis of variance and expected meanm of square

SOURCE Df MSS | EXPECTED MEAN SUM OF SQUARE
Replication | (r-1) M | 6%+ go%

Genotype (g-1) M | oc%+ 6%

Error (r-1)(9-1) | M |o%

Mean, range, standard error and critical differences

Sample mean values were calculated foin eharacter by dividing the total by
corresponding number of observations, while thénést) and lowest values for each
character were taken as the range. The S.E. andv@lites were calculated by using
the following formula.

Standard error mean (SEMMNEMS/r

Critical difference (C.D.)

=\2EMS/r x t value at error d.f. at 5% and 1% levigignificance
Where, r = number of replications

EMS = Error mean sum of square
Co-efficient of variation

For comparing the variability ofd or more than two characters, co-

efficient of variation were calculated by using tbhemula given below:

C.V.=S.D./ X x100 =/EMS/ X x100

Where,
S.D. = standard deviation which is the squareabatean square due to error (EMS)
X = Experimental mean
From the structure of the analysis of variance
Error variance s€” = Mg
Genotypic variance 8% = Mg — Me/ r
Phenotypic variance 6%p= Mg / r =c%; + o%/ r

The genotypic co-efficient of variati@@CV) and the phenotypic co-efficient
of variation (PCV) were calculated by the formuiaen by Burton (1952).

GCV = Genotypic standard deviation / Grand meaQ& 1

PCV = Phenotypic standard deviation / Grand meaf0x
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The observable quantitative trait is the phenotyg@ch can easily be
assessed but for the purpose of selection, itasequate since phenotype is the
resultant of the interaction of genotype and enwinent which creates difficulty to
ascertain whether variability is heritable or naritable (environmental).This
necessitates the partitioning of total variation ptrenotypic variation into two

groups such as heritable and non —heritable chersaas follows:

a) Heritable or genotypic variation: It includes
Additive genetic variance (), which results from additive or average effect

of genes and it is heritable.

() Dominance variance @), which arises from intra-allelic interaction (due
to deviation of the heterozygote Aa from the averafghomozygotes (AA

and aa) and it is also heritable.
b) Non-heritable or non —genetic variation : It includes

(i) Epistatic variance (M which results from the interaction of non-allelic

and is referred to as inter-allelic interaction.

(i)  Environmental Variance & which results from non-genetic factor such as

environmental fluctuations, sampling error andegiéhce in cultural practices.

3.5.1 Heritability

The heritability estimates were usednasure the degree of correspondence
between phenotypic value and breeding value. Wasked out by using the formula
suggested by Lush (1949) and Burton and Devand8jl#hd expressed in percentage
according to Weber and Moorty (1952).

h? (broad sense) = Genotypic variance / Phenotypiavee=\&/ (Ve+VE) = Vo/Vp
h? (broad sense in percentage) = Genotypic varigPltenotypic variance x 100
h? (narrow sense) =M (Ve+VE) = Va/Vp

Variation in the quantitative traits occurs dudheir degree of heritability. Robinson
(1966)grouped the heritability estimates in crop plants three  categories:
I. Low heritability — 5 to 10 percent.
il. Moderate heritability — 10 to 30 percent.

iii. Higher heritability — 30 to 60 percent.
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This classification represents average of heritigbéstimates over various crop
plants, types of population, procedures of deteatiom and environments encountered
in different locations and years. If heritabilisy100% the phenotypic performance would
be a perfect indication of genotypic value. Howegvarthis hypothetical situation, the
heritability values in itself provide no indicatiaf the amount of genetic progress that

would result from selecting the best individuals.

Expected genetic advance

Genetic advance was estimated as per the formrgdesied by Johnsehal (1995).

GA =K. IPop

Where,

K = Selection differential in standard units (whis 2.06 per 5% selection intensity).

h? = Heritability in broad sense

op = Phenotypic standard deviation

GA (expressed as percentage of mean) = GA / MeEdOx

The expected genetic advance from selection whpresged as a percent of mean is
the product of

I. the selection differential in terms of phenotygi@nglard deviation
ii. genotypic co-efficient of variation
lii.  the square-root of heritability ratio.

Estimation of correlation co-efficient

Simple correlation co-efficient vwezomputed at phenotypic and genotypic
levels between pairs of 14 important characternsabiatribute to fruit yield (number of

fruits per plant) using the following formula.

Genotypic correlation g = og(Xy) / og(X) % og (Y)

Phenotypic correlation {f = 6p(Xy) / 6p(X) X 6p (Y)

Where,o4(Xy) = Genotypic co-variance between the two traigsd y.
op(Xxy) = Phenotypic co-variance between the twograiaind y.

og(X) andog (y) = Genotypic standard deviation for x and ypesdively.
op(X) andop (y) = Phenotypic standard deviation for x andgpetively.

The estimated values were compared with the teddlee at (n - 2) and at 5%
and 1% levels of significance in order of testglgmificance of correlation co-efficients

at phenotypic and genotypic level.
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3.5.2 Path co-efficient analysis

The cause and effect relationship @mihe various correlated characters are
determined by path co-efficient analysis. Path féoents were standardized by partial
regression coefficients which individually provideneasure of direct effect of the casual
factors on the effect variable. These permit pamiig of the correlation between casual
factors and the effect of variables into componehthirect and indirect effect and thus give
a better picture of the association of the casuabfs with the effect variable.

In the present investigation fruit yigldr plant was taken as the effect with other
characters like plant height, days to first flowgrinode at which first flower appeared, days
to 50% flowering, days to first fruiting, numberfaits per plant, fruit length, fruit girth,
fruit weight and YVMYV incidence related to this the casual factor.

The path coefficients were obtained by isgi\the following the simultaneous
eqguations which give the basic relationship betwaerelations and path coefficients

in a system of correlated causes. (Dewey and Lb9)19

r112= ripPr2 + roPri2 + NP2+ covveevee i T R11P1112
r212= r2aP112 + 2P112+ 23P112+ e + B11P1112
r312=r31P112+ r3oPr12+ rasPrio+ oo, + B11P1112
l1112= rni1iPiiz2 + nigPei2 + nigdPsz+ oo + Q112

Where, i is the coefficient of correlation betweéhaind | characters andyfis the path

coefficient (direct effect ofcharacter on number of fruits per plant (1, 2)).

The solutions for path coefficients, dirand indirect effects of the casual factors

were estimated as the values of the individual $esfrithe above equations in R.H.S.

The coefficient of determination ZjRand the residual effect {pr) were

calculated as follows:

| = Brz.r+ Y piyliy
R =Y pyry
= P1d112t+ Ppadoi2+ P1d32t e + Q1141112
R2r=VI-R?
The path analysis at the phenotypiellevith the same cause and effect

relationship was computed using the phenotypicetations as stated earlier.
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3.7.7 Genetic divergence

Mahalanobis’ (1928) generalized distancesttistics was used for computing
genetic divergence as described by (Rao, 1952). drlgtnal measurements were
transformed to standardized uncorrelated variablgs pivotal condensation
(Rao, 1952). The divergence between any two vasdetias obtained as the sum of

squares of the difference in the values of theesponding transformed values;{V

D%k = Y "=1Yij - Yik
Gives the Bbetween and K" germplasm for ‘n’ characters. The all possible

66 pairs of B were calculated from the 12 varieties using thenfda n(n - 1) / 2.

Following Tocher’s method as describgdRao (1952), the genotypes were
grouped into clusters. The criterion of groupingswlaat any two genotypes belonging
to the same cluster should have a smalferdlue than those between genotypes belong

to different clusters. Inter and intra-cluster distes were determined and represented.

Estimation of protein by Nitrogen method

Nitrogen was estimated by micro Kjeldahl methody@d.982). 1g dry weight
of plant sample was taken in digestion tube. 2@gestion mixture, salicylic acid,
Sodium thiosulphate and 20ml coneSdy was added to it. Then it was kept overnight.
The digestion continued in a digestion tube untietspray liquid was obtained without
any bubbling. Then the digestion tube was cooldterAt was diluted to 100ml and

this diluted extract was used for estimation ofagen.

Transferred 20ml of diluted sample extradigillation unit. Then added 20ml
of 40% NaOH and continued distillation for 10 memitCollected the liberated Ammonia
by absorbing 20ml boric acid present in 100ml calnfiask containing 3drops of mixed
indicator. After completion of digestion, dilute svatrated against 0.02385N HCL. The

total nitrogen and its value multiplied with 6.2% get the protein content.

0.014 x 0.2385 x 13.3 x 5 x 100
Wieght of sample (1g)

% Of Nitrogen =

Reducing sugar

In order to determine the content of reducing suga 10ml of sample was taken

in 200ml volumetric flask. Fehling’s solution A aBcbml each were taken in conical flask
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and added of 40ml distilled water and mixed thohtyigrhen the flask was heated, when
first bubble came out 2-3 drops methylene bluecetdr is added fairly and it was titrated

against sample in burrette till the end point cotodsick red colour.

Factor X Dilution x 100

0 i —
% of Reducing sugar Titrate X Volume of sample taken x 100

Non reducing sugar

Ten ml filtered juice was taken in 100ml volumeftask then 5ml of 1IN HCL
along with 30ml distilled water was added .thewas heated for 3-5 minutes and cooled
(for inversion). the content was transferred tacarflask when the bubbles came out 2-3
drops of phenolphthalein indicator was addedttzen it is titrated against 1N NaOH taken
in the burette the appearance of pink color shevetid point of titration where non-reducing
sugar present in the fruit converted to reducimgnféhen this content was taken in a burette
after making the volume to 40ml. Fehling’s solu##®oand B each of 5ml was taken in conical
flask and added 40 ml of distilled water and heatken first bubble appear it was titrated
against the sample taken in the burette. The entlywas noticed by brick red color.

Per cent of Non-reducing sugar = (% adltstigar - % of reducing sugar) x0.95

Total sugar estimation: The addition of both reducing and non-reducing sitgaill
gives the total sugar content

The per cent disease incidence calculation

Number of diseased plants
PDI = x 100

~ Total number of plants observed
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RESULTS

The present investigation entitledScreening of Okra (Abelmoschus
esculentus L. Moench) germplasm against Okra Yellow Vein Mosa Virus
disease under field condition”was conducted at All India Coordinated Research
Project on Vegetable Crops operating under Oriss@vdusity of Agriculture &
Technology at Bhubaneswar, Odisha, India duringrsamseason of 2015 with an
objective of screening of suitable lines or vaéstresistance or tolerance to Yellow
Vein Mosaic Virus (YVMV) disease under field condit.

In this chapter, careful explanations have beenemathting to observations
recorded on various aspects of investigation withtable tables, graphs and

photographs as and when required.

4.1  Analysis of variance

The mean square values, i.e. variance betweenretih@ypes for 26 characters
including the vegetative growth, flowering, fruitield and vyield attributing
parameters, reaction to YVMV at different stagesmfp growth as well as in fruit
guality parameters are presented in Table.4.1. ddta revealed the existence of
significant variations among the tested genotypesli the characters studied, except
the fruit girth, ridges plaritand crop duration.

4.2 Mean performance of tested genotypes of okra
4.2.1 Vegetative growth parameters

A perusal of Table no.4.2 indicated significantiaaons in plant height at the
time of harvesting among different genotypes inelgdchecks. The plant height
varied significantly from minimum of 57.57 cm (200KYVRES-5) to maximum of
120.83 cm (2012/OKYVRES-2). The genotype, 2012/ORBSE-2 recorded
significantly highest plant height of 120.83 cmnhast of the genotypes including
checks. Howeverstatistical parity was observed with the check varieties like Arka
Anamika (114.43 cm) and Arka Abhay (115.27 cm).
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Table 4.1 Analysis of variance (mean sum of squaskfor different parameters

of okra under study

ﬁl(; Character Replication Genotypes| Error
Degrees of freedom 2 9 18
A |Vegetative growth parameters
1 |Plant height (cm) at final harvesting stage 99.68 998.85** | 66.95
2 |Number of nodes per plant 6.49 9.13*f 2.20
B |Flowering parameters
1 |[Node at which first flower appeared 2.05 1.58* .6D
2 |Days to first flowering 2.53 28.24** 5.72
3 |Days to 50 % flowering 0.10 9.07** 1.14
C |Fruit parameters
1 |Number of fruits per plant 3.01 74.36*1 2.7%
2 |Fruit length (cm) 2.56 3.71** 1.36
3 |Fruit girth (cm) 0.14 0.74 NS 0.16
4 Q;}/ter;al)ge fruit weight (g)(average 10 fruits 12 49 18.18% 504
5 |Average fruit weight (g) plart 74.82 3083.12*% 71.72
6 |Number of ridges fruit 0.003 1.20NS 0.002
D |Yield parameters
1 |Days to first harvesting 1.43 28.03*F 6.43
2 |Fruit yield kg plot 0.15 22.42%* 0.54
3 |Fruit yield hat 22.68 3417.56*% 83.12
4 |Dry weight of average 10 fruits entry 1.46 3.36** 0.97
5 ﬁ:rop dgratlon from sowing to last 493 1954 NS| 5189
arvesting
E |Quality parameters
1 |Crude protein content of fruits 0.65 29.54*¢ 0.74
2 |Reducing sugar 0.04 0.59** 0.002
3 |Non-Reducing sugar 0.09 0.28** 0.003
4 |Total sugar 0.02 1.03** 0.004
5 Measuring of Hardness of fruits by using 1.60 3.84% 142
Penetrometer
F |YVMV Diseases % parameters
72.87 102.69** | 62.26
1 |30DAS (31.77) | (245.50) | (56.84)
49.01 4360.55** | 50.71
2 |45DAS (38.38) | (2243.33)| (53.62)
181.02 | 4206.78* | 132.18
3 |60 DAS (207.41) | (2705.65)| (96.44)
46.14 4389.94** | 21.61
4 |75 DAS (103.04) | (3018.02)| (40.41)
5.11 4356.00** | 7.00
5 |90DAS (3.42) | (3142.80)| (4.41)

* Significant at 5 %( p=0.05)

** Signeant at 1 % (p=0.01)

NS: Non significant

Figures in the parentheses indicate correspondifig angular values
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Similarly, the significant variations were obseniednodes plant, ranging
from 17.26 (2012/OKYVRES-3) to 22.20 (2012/OKYVRB}-with an average
nodes plant! of 19.76. Interestingly, the nodes plarn all the check varietiegz
Kashi Pragati (20.80), Pusa Sawani (21.13), ArkarAika (21.20) and Arka Abhay
(21.00) weredtatistically at par with the highest value of 2012/OKYVRES-5
(Table 4.2).

Table 4.2 Performance of okra genotypes on vegeta growth and flowering

parameters
Sl. F"?‘”t Nodes 1St. Days to F Dg())/;)to
No. Genotypes h(i'r%r)]t plant-1 flo:/]voec;gg flc()vaae)r/gg flowering
(Days)
1 |2012\OKYVRES-1 95.00 17.46 6.28 37.00 41.66
2 |2012\OKYVRES-2 120.83 19.60 6.70 38.00 41.338
3 |2012\OKYVRES-3 89.57 17.26 5.91 37.66 41.00
4 |2012\OKYVRES-4 104.60 18.53 5.19 32.33 39.33
5 |2012\OKYVRES-5 57.27 22.20 4.66 40.00 42.66
6 |2012\OKYVRES-6 89.13 18.40 5.76 31.33 36.66
7 |VRO-6 (Kashi Pragati)(C 93.90 20.80 6.38 35.33 41.00
8 |PusaSawani (SC) 103.47 21.13 6.30 32.66 39.66
9 |Arka Anamika (C) 114.43 21.2Q 6.40 38.33 41.66
10 |Arka Abhay (C) 115.27 21.00 7.16 39.00 42.90
Grand mean 98.36 19.76 6.07 36.06 40.7¢
SE (m)+ 4.48 0.81 0.43 1.31 0.58
CD(P=0.05) 14.04 2.54 1.35 4.10 1.83
Cv 8.33 7.52 12.99 6.61 2.62

4.2.2 Flowering parameters
Node at which F flower appeared

The results data on node ¥flbwering in okra revealed significant variations
among the different genotypes including the chddlable 4.2). Significantly lowest
node of ' flowering was recorded in 2012/OKYVRES-5 (4.66arhrest of the
genotypes including checks, except 2012/OKYVRES3®L), 2012/OKYVRES-4
(5.19) and 2012/OKYVRES-6 (5.76), whestatistical parity were observed with

lowest value.
37



Days to F! flowering

Days taken to%iflowering, the result revealed significant vaoas, ranging
from 31.33 in 2012/OKYVRES-6 to 40.00 in 2012/OKYEB-5. Significantly
minimum of 31.33 days was recorded in 2012/OKYVRE&Ad wasstastically at par
with 2012/OKYVRES-4 (32.33), Pusa Sawani (32.66) Kashi Pragati (35.33).

Days to 50% flowering

Significantly earliest time was taken for 50% flawg in 2012/OKYVRES-6
(36.66) than rest of the genotypes including cheateties. On the other hand, the
2012/OKYVRES-5 took significantly maximum time tdtaaned 50% flowering
(42.66) and wasdtatistically at par with rest of the genotypes except
2012/OKYVRES-6 (Table 4.2).

4.2.3. Fruit yield attributing parameters
Fruits plant!

The results data on number of fruits ptarih okra revealed significant
variations among the different genotypes includthg checks (Table 4.3). The
production of fruits plant among the genotypes varied from 4.78
(2012/OKYVRES3) to 20.75 (2012/OKYVRES-5). Loweuifs plant observed was
primarily due to heavy infestation of YVMV duringe cropping season under natural
conditions. Significantly maximum fruits plaht of 20.75 was recorded in
2012/0OKYVRES-5 than rest of the tested genotypawil&ly, 2012/OKYVRES-3
recorded significantly lowest fruits plah(4.78).

Fruit length (cm)

The results on fruit length was ranging fr@&®3 (2012/0OKYVRES-3) to
13.88 cm (2012/OKYVRES-5). Howevestatistical parity was observed with
2012/OKYVRES-1, 2012/OKYVRES-2, 2012/OKYVRES-6, WKasPragati, Arka
Anamika and Arka Abhay (11.68-12.73).

Fruits girth (cm)

The results on fruit girth revealed non-significavdriations among the
genotypes, varied from 5.55 cm (Arka Anamika) t@66cm (2012/OKYVRES-2).
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Table 4.3. Performance of okra genotypes for fruiyield and yield attributing parameters

SL Genotypes Fruits1 Iz:]ugi:h g:}#} Av_. Fruit vl\:/retrgﬁt Dssatys taken_ for _Days taken_to ;;g{d Yielg Number (_)f Frgit Dry
NO Plant (cm) (cm) weight (g) plant 1% harvesting final harvesting Ykg) (gha) ridges/fruit weight (g)
1 2012\OKYVRES-1 10.00 12.72 6.67 18.67 55.36 48.67 83.00 5.49 67.78 5.00 9.17
2 2012\OKYVRES-2 20.23 12.73 6.96 17.23 77.69 4633 83.00 9.46 116.79 5.00 8.43
3 2012\OKYVRES-3 4.78 9.93 6.85 16.20 22.24 45.00 4.00 2.15 26.54 5.00 7.90
4 2012\OKYVRES-4 13.93 11.13 5.94 16.14 65.30 45.00 79.33 6.90 85.19 5.00 7.90
5 2012\OKYVRES-5 20.75 13.88 6.07 23.2(¢ 141.99 B4.6 80.00 11.50 141.98 7.00 10.80
6 2012\OKYVRES-6 12.68 11.68 5.69 16.53 61.9Y 46.33 78.00 6.33 78.15 5.00 7.97
7 VRO-6 (Kashi Pragati )(C) 11.13 11.93 6.04 17.85 52.49 45.00 78.67 5.16 63.7¢ 5.00 8.70
8 PusaSawani (SC) 11.44 10.77 6.5 15.83 53.06 0045. 80.00 4.86 60.00 5.00 7.37
9 Arka Anamika (C) 10.38 12.07 5.55 14.97 46.18 7.38 80.00 4.73 58.40 5.00 7.67
10 | Arka Abhay (C) 8.00 11.94 5.91 14.63 37.52 .630 80.00 3.67 45.31 5.00 7.20
Grand mean 12.33 11.88 6.22 17.12 61.45 47.40 79.60 6.03 74.38 5.20 8.31
SE (m)+ 0.91 0.64 0.35 1.23 4.63 1.39 1.24 0.40 4.99 0.09 540
CD(P=0.05) 2.84 2.38 1.03 3.85 14.71 4.35 9.68 712 15.68 0.28 1.69
Ccv 13.44 11.70 9.64 13.11 14.00 5.32 7.10 12.p8 2.28 13.17 11.84
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Average fruit weight (g)

The results on average fruit weight varied gigantly among the genotypes,
ranging from 14.63 g (Arka Abhay) to 23.20 g (2@RY¥VRES-5) with an average
value of 17.12g, irrespective of genotypes (Table3).4 The genotype,
2012/OKYVRES-5 recorded significantly heaviest frof 23.20g than rest of the
genotypes. The result also indicated that advageadtype recorded heavy fruits of
16.14g to 23.20 g than check varieties (14.63 §5t83g) with an average of 15.149g
except the check variety, Kashi Pragati (17.85mdicating the better fruits by the

tested genotype than the check varieties.

Fruit weight plant (g)

The average fruit weight harvested plaowver the period indicated significant
variations among the tested genotypes includinglahevhich varied from 22.25¢g
(2012/OKYVRES-3) to 141.59g (2012/0OKYVRES-5) (Table3). The genotype,
2012/0OKYVRES-5 recorded significantly highest fruieight plant? (141.59g) than
rest of the genotypes. The result also indicated most of the genotypes recorded
better fruit weight plant (55.36g to 141.59q) than all checks (37.52g t®d&8.),
except the line, 2012/OKYVRES-2 (22.25g).

Days taken for P! harvesting

Significant variations was recorded faiysl taken to St harvesting among the
tested genotypes (Table 4.3). Significantly minimafmd5.00 days was recorded in
genotype, 2012/OKYVRES-3 and 2012/OKYVRES-4 inchglithe check variety,
Pusa Sawani and Kashi Pragati .On the other haedyenotype, 2012/OKYVRES-5
recorded maximum time of 54.67 days t8 Harvesting than rest of the tested
genotypes. However, the results shovealistically parity among all the genotypes
except 2012/OKYVRES-5.

Days taken to final harvesting

The results on days taken from sowing to finalvlsating of fruits in okra
revealed variations among all the tested genotypmsever, the variations were non-
significant statistically (Table no. 4.3). Amongeth, 2012/OKYVRES-3 recorded the
lowest days for final harvesting of 74.00 days whhat of 2012/OKYVRES-1 and
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2012/OKYVRES-2 with maximum days of 83.00 for firfrvesting. The study also
indicated that due to severe incidence of YVMV, ttrep duration was reduced
drastically with a range of 74.00 to 83.00 daysniarketable fruit yield.

Number of ridges fruit

The results on ridges frditrevealed non-significant variations among the
genotypes. All the tested genotypes showing 5.08ges fruitt except
2012\OKYVRES-5 (7.00) (Table 4.3).

Dry weight of average 10 fruits

The results on dry weight of fruits showing sigraht variations ranging from
7.20g (Arka Abhay) to 10.80g (2012\OKYVRES-5). Tdenotype (2012\OKYVRES-5)
showing highest dry weigtdtatistically at par were observed in 2012\OKYVRES-1
(9.17g) and 2012\OKYVRES-2 (8.439).

4.2.4 Incidence of YVMV at different stages of crp growth

The results on incidence of YVMV disease in okraifferent stages of crop
growth revealed significant variations among thigedent genotypes including check
varieties (Table 4.4). The results revealed sigaiftly lowest incidence of YVMV
(0.00 %) in genotype, 2012/ OKYVRES-1 than resthaf genotypes at all stages of
crop growth. However, at 30 DAStatistical parity were observed with genotypes,
2012/ OKYVRES-2, 2012/ OKYVRES-5 and check variedyka Anamika (0.00 to
5.23%). Similarly, at 45 DAS, no significant varaats was observed between the two
tested genotype, 2012/ OKYVRES-1 and 2012/OKYVRE&Zompared to rest of
the genotypes. At 30 DAS of crop growth stagenificantly highest YVMV
incidence was recorded with the check variety, Awkbhay (14.26%) closely
followed by 2012/ OKYVRES-6 (12.94%), 2012/ OKYVRES(12.66%), 2012/
OKYVRES-4 (8.77%) and check variety, Kashi Prag8tP6%) and Pusa Sawani
(13.00%), wherestatistical parity were observed. Similarly at 45vDAS the
susceptible check Kashi Pragati recorded signifigdrighest incidence of (88.36%)
and statistically at par with 2012/OKYVRES-3, 2012/OKYVRES-4, and Pusa
Sawani (79.98 to 84.19%). At 60 DAS, significan8l§.64% YVMYV incidence was
recorded in Pusa Sawani andatistically at par with 2012/OKYVRES-3,

2012/OKYVRES-4, 2012/0KYVRES-6, Kashi Pragati andrk#® Abhay
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(94.41 to 97.94%). Similar trend was recorded aD2% with higher % towards the
flag end of the commercial cultivation of okra, % DAS ,
along with the check varieties identified were 201QKYVRES-3, 2012/
OKYVRES-4, 2012/ OKYVRES-6, Kashi Pragati, Pusa &awArka Anamika and
Arka Abhaya than rest of the genotypes. The resisis revealed that the genotypes,
2012/ OKYVRES-1, 2012/ OKYVRES-2 and 2012/ OKYVRBS-showed

significantly better resistance and or tolerancer¥MV incidence as compared to

the susceptible lines

other genotypes including the other check varieties

Table 4.4 Performance of okra genotypes againstdidence of YVMV (%)

Sl. Genotvbes Days after incidence of YVYMV

No. yp 30 45 60 75 90
000 | 000 | 000 | 000 | 0.00

1| 20120KYVRES-1 0.00) | (0.00) | (0.00) | (0.00) | (0.00)
0.00 | 398 | 11.08 | 1558 | 20.30

2 | 201210KYVRES-2 0.00) | (9.34) | (19.24) | (23.16) | (26.82)
12.66 | 80.18 | 97.94 | 100.00 | 100.00

3 | 201210KYVRES-3 (20.81) | (64.73) | (83.39) | (90.02) | (90.02)
877 | 7998 | 9752 | 98.77 | 96.10

4 | 201210KYVRES-4 (16.45) | (65.75) | (82.84) | (86.32) | (86.79)
0.00 | 879 | 7553 | 8864 | 100.00

5 | 20120KYVRES-5 0.00) | (17.02) | (65.74) | (74.16) | (90.02)
12.94 | 8766 | 96.79 | 98.72 | 100.00

6 | 20120KYVRES-6 (20.15) | (69.61) | (81.61) | (84.70) | (90.02)
. . 826 | 88.36 | 9522 | 99.28 | 100.00

7| VRO-6 (KashiPragatl) (C) 5 a0y | (70.48) | (77.75) | (87.19) | (90.02)
. 13.00 | 84.19 | 98.64 | 100.00 | 100.00

8 | PusaSawani (SC) (20.75) | (66.72) | (86.13) | (90.02) | (90.02)
. 523 | 3380 | 6619 | 9350 | 100.00

9 | Arka Anamika (C) (10.76) | (35.52) | (55.00) | (78.13) | (90.02)
1426 | 5658 | 94.41 | 99.29 | 100.00

10 | Arka Abhay (C) (19.04) | (48.81) | (78.89) | (87.22) | (90.02)
rand moan 751 | 5235 | 7333 | 79.38 | 8164
(12.38) | (44.80) | (63.06) | (70.09) | (74.37)

SE (m)+ 435 | 423 | ©567| 367 1.87
CD(P=0.05) 12.93| 1256 1684 1090  4.4]
cv 60.92 | 1635| 1557  9.07 3.50

*Figures in the parenthesis indicates correspondirgular values
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Fig. 4.1 Overall field view of experimental Fig.4.2 The best genotype with resistance
plot to  YVMV for all stages of crop
growth
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Fig. 4.3 Promising genotype with moderate resistae to YVMV (a) 2012/OKYVRES-2
and (b) 2012/OKYVRES-5
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Fig. 4.4 The susceptible genotype to YVMV
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Fig. 4.5. The susceptible genotypes to YVYMV
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2012 OK YVRES -2

\\ e

: PUSA SAWANI

Fig.4.6 The Promising genotypes with good qualitfruits except check variety
Pusa Sawani
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4.2.5 Fruit yield parameters
Fruit yield plot - (kg)

The results on fruit yield revealed ttsgnificant variations among different
genotypes including the check varieties (Table.4.Bhe fruit yield plot (kg) in okra
varied from 2.15 (2012/OKYVRES-3) to 11.50 (2012/0KRES-5) with an average
value of 6.03 kg. Significantly highest fruit yietaf 11.50 kg plot was recorded in,
2012/OKYVRES-5 than rest of the tested genotypé® Tstudy also revealed that,
invariably the tested lines recorded relativelyheig fruit yield plott (5.49 kg to
11.50 kg, average of 7.94 kg) over the check vVasdB.67 kg to 5.16 kg, average of
4.61Kkg), except the tested line, 2012/OKYVRES2-3%kg).

Fruit yield (q ha't)

The results presented on total fruit yield (¢)heevealed significant variations
among different tested genotypes including the kivacieties (Table 4.3). The total
fruit yield (q hal) in okra varied from 26.54 (2012/OKYVRES-3) to 194
(2012/0OKYVRES-5) with an average value of 74.38d. ISignificantly highest total
fruit yield of 141.98 q hd was recorded in, 2012/OKYVRES -5 than rest oftésted
genotypes. Invariably, the tested lines recordddtively higher total fruit yield
(67.78 gha to 141.98 g4 average of 97.92 gtfhover the check varieties (45.31 gha
to 63.70 ghd, average of 56.85 gi}l except the tested line, 2012/OKYVRES-3
(26.54 ghd). These results clearly demonstrated the supsriofiadvanced breeding
lines over the four check varieties with respedbtal fruit yield.

4.2.6 Fruit quality parameters
Fruit sugar content (%)

The results on reducing, non-reducing and totghsgontent of fresh fruits of
different tested genotypes revealed significaniati@ns among them (Table no. 4.5).
The reducing sugar content of fruits varied frof@62%, (Pusa Sawani) to 3.54 %,
(2012/OKYVRES-1) with an average value of 2.76 %wowsdver, significantly
maximum reducing sugar content was recorded in ZIKZVRES-1 than rest of the
genotypes. On the other hand, the non-reducingrsagatent of fruits varied
significantly from 0.33% in (2012/OKYVRES-2) to 1% (2012/OKYVRES-6) with

a mean value of 0.79%.
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Significantly highest total sugar of fruits was coeded in the
2012/OKYVRES-6 (4.49%), closely followed by 2012/@KRES-1 (4.46%).
Similarly, significantly lowest total sugar was ebged Kashi Pragati (2.62%).

Fruit hardness

A perusal of result presented in (Table 4.5) iatéd significant variations for
the hardness of fruits measured by the penetrometmied from 81.33 mm
(Arka Abhay) to 84.67 mm (2012/OKYVRES-5). Signditly minimum hardness
was recorded in Arka Abhay (81.33 mm) than restth&f genotypes. However,
statistical parity was observed with 2012/OKYVRES-1 (81.67 mm),
2012/OKYVRES-6 (83.00 mm) and the check varietysd@8awani (83.00 mm).

Table 4.5 Performance of okra genotypes for fraiquality

% of | % of non- | Total . |Hardness by
Sl. . : Protein )
Genotypes reducin| reducing | sugar Penitrometer
No. (%)
g sugar  sugar (%) (mm)
1 |2012\OKYVRES-1 3.54 0.92 4.46 7.09 81.67
2 |2012\OKYVRES-2 3.03 0.33 3.36 9.34 84.00
3 |2012\OKYVRES-3 2.46 1.02 348 16.34 84.00
4 [2012\OKYVRES-4 2.75 1.03 3.79 12.79 84.00
5 |2012\OKYVRES-5 2.78 0.55 3.38 8.76 84.67
6 |2012\OKYVRES-6 3.28 1.21 449 10.56 83.00
7 E/CR)O'G (Kashi Pragati}) , ,g 0.34 262 12.21 84.00
8 |PusaSawani (SC) 2.06 1.02 3.07 16/21 83.00
9 |Arka Anamika (C) 2.83 0.72 3.56 13.67 84.33
10 |Arka Abhay (C) 2.64 0.79 341 14.20 81.33
Grand mean 2.76 0.79 3.56] 12.11 83.40
SE (m)+ 0.02 0.03 0.04 0.47 0.65
CD(P=0.05) 0.08 0.10 0.12 1.47 2.04
CVv 1.64 7.10 1.97 7.08 1.42
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Fruit crude protein content (%)

The results data on fruit crude protein conterawsdd significant variations
among the tested genotypes (Table 4.5), which darieom 7.09 %
(2012/OKYVRES-1) to 16.34% (2012/OKYVRES-3). Siga#ntly highest crude
protein was recorded in 2012/OKYVRES-3 (16.34%)lofeked by PusaSawani
(16.21%) as compared to rest of genotypes testedriably, the check varieties
recorded relatively higher protein content rangirggn 12.21 to 16.21%, average of
14.07% as compared to the tested genotypes (7.0® %2.79%, average being
9.71%), except the highest value of 16.34% reconddéide, 2012/OKYVRES-3.

4.3 Coefficient of variance (C.V.)

The coefficients of variance with respecat 26 different characters are
presented in Table 4.6, which ranged from 1.43%dfiness of fruits) to 84.58%
(incidence of YVMV at 30 DAS). The C.V. of preseetults indicated thahe low
variability of <5 % for parameters such as hardr@sBuits (1.43), reducing sugar
(1.64), total sugar (1.98), days to 50% floweri@gR) and incidence of YVMV at
90 DAS (3.23).

Similarly, moderate variability (CV from 5-10%) sdrved for parameters like
days to first harvesting (5.32), incidence of YVMAb DAS (5.83), days to first
flowering (6.61), fruit crude protein content (7)0&rop duration (7.09), non-
reducing sugar (7.10), nodes ptaf.52), plant height (8.33) and fruit girth (9)64

High variability (CV of > 10%) was observed fouit length (11.70), fruit
dry weight (11.84), fruit yield (q h8 (12.28), fruit yield (kg plot) (12.28), node at
which 2 flower appeared (12.99), fruit weight (13.11),géd fruit! (13.17), fruits
plant1(13.44), incidence of YVMV at 30,45 & 60 DAS (84,%8.50 & 15.69) &fruit
weight plant (14.12).
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Table 4.6 Estimation of Coefficient of variance.V.) of different parameters in okra

ﬁg Characters Range Grir;z;al Ccv GV PV
g [Plant helght at el g5758.120.83| 98.36 833 31063 377.58
arvesting stage(cm)

2 |Number of nodes plaht 17.27-22.20 19.76 7.52 2.31 4.51

g [Node at which firs 67717 | 07| 1200 032 094
flower appeared

4 |Days to first flowering 31.33-40.00 36.17 6.61 5717. 13.22

5 [Days to 50 % flowering 36.67-42.67 40.70 2.62 2.64 3.78

6 |Number of fruits plant 4.78-20.75 12.33 13.44 23.87 26.62

7 |Fruit length (cm) 9.93-13.89 11.88 11./0 0.78 42.1

8 |Fruit girth (cm) 5.55-6.96 6.22 9.64 0.19 0.35
Average fruit weigh

9 |(g)(average 10 fruij 14.63-23.20 17.12 13.11 4.38 9.42
/entry)

10 g‘;g{:ﬁﬁ fruit weidh 55 25.141.49| 61.42 1412 1003.80 1075/52

11 |Number of ridges fruit 5.00-7.00 5.20| 13.17 0.39 0.42

12 |Days to first harvesting 45.00-54.67 4740 532 07.2 13.63

13 |Fruit yield kg plott 2.16-11.50 6.03| 12.28 7.29 7.836

14 |Fruit yield ghat 26.54-141.98 | 74.38 12.28 1111.48 119459

15 |Dry weight (g) 7.20-10.80 8.31 11.84 0.80 1.77
Crop duration fron

16 |sowing to lag 74.00-83.00 | 79.60 7.09 4.78 9.97
harvesting

p7|Crude proteincontent| 7091634 | 1213 708 960/ 1034

18|Reducing sugar 2.06 - 3.54 2177 1.64 0.20 0.20

19 |Non-Reducing sugar 0.33-1.21 0.79 7.10 0.09 0.09

20|Total sugar 2.56-4.49 355 1.98 0.34 0.3b

21|Measuring of hardness 81.33-84.67 83]40 143 0.81 2.22

29 YVMV incidence 30 0.00-14.26 7.51 | 84.58| 20.65 48.25
DAS (0.00-20.81) | (12.38)(60.92) (62.89) | (119.72)

23 YVMV incidence45 0.00-88.36 | 52.35| 13.50| 1436.61 | 1487.32
DAS (0.00-70.49) |(44.80)|(16.35) (729.90) | (783.52)

24 YVMV incidence 60 0.00-98.64 | 73.33| 15.69| 1358.19 | 1490.38
DAS (0.00-86.13) |(63.06)|(15.57) (869.74)| (966.18)

o5 YVMV incidence 75 0.00-100.00 | 79.38 | 5.83 | 1456.11 | 1477.72
DAS (0.00-90.02) |(70.09)| (9.07)| (992.54)|(1032.94

26 YVMV incidence 90 0.00-100.00 | 81.64 | 3.23 | 1449.668| 1456.67
DAS (0.00-90.02) | (74.37)| (3.50)| (1046.13),(1050.54

Figures in the parentheses indicate correspondigglar values
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4.4 Estimation of genetic parameters

The results on genetic parameters indicated widati@ans among the 26
parameters, varied from 0.00% (incidence of YVM\V38t45,60,75 and 90 DAS) to
100% (incidence of YVMV at 75 and 90 DAS) (Tabl&y.Similarly, the general
mean varied widely from minimum of 0.79% with frumon-reducing sugar to

maximum of 98.36 cm in plant height.

The genotypic variance (GV) ranged from 0.09 faitfnon-reducing sugar
content to 1456.11 for incidence of YVMV at 75DASimilarly, the phenotypic
variance (PV) ranged from 0.09 for fruit non redhgcsugar to 1490.38 for incidence
of YVYMV at 60 DAS. In general, all the 26 traitaudted exhibited almost parallel
values between GV and PV showing lower values intan PV.

A perusal of result data (Table 4.7) revealedt tttee phenotypic
coefficient variance (PCV) was higher than genatyppefficient of variance
(GCV) for all the characters, clearly demonstratihg influence of environmental
factors for expression of the genotypes of theédraif course they varied widely in
different parameters. The GCV varied from 1.08%uif{frhardness) to 71.87%
(incidence of YVMV at 45 DAS). On the other handZ\P varied from 1.79%
(fruit hardness) to 75.74% (incidence of YVMV at BIAS). Relatively higher
PCV was observed fruits plah({41.84%), fruit weight plant (53.55%), fruit
yield plot! (kg) (46.46%), fruit yield(q h&) (46.47%) as well as incidence of
YVMV at 30,45,60,75 and 90 DAS(46.59 to 75.74%)mBarly, moderate value
of PCV was recorded for plant height (19.76%), rogéant! (10.75%), node at
which 1 flower appeared (15.98%), days t&' 1flowering (10.06%), fruit
length(12.3%), fruit weight (17.92%), ridges frhi€12.44%), fruit dry weight
(15.99%), fruit reducing sugar (16.13%), non-radgcsugar (38.91%), total
sugar(16.58%) and crude protein content (26.54%g. dther traits such as days to
50% flowering (4.78%),fruit girth (9.54%), days fost harvest (7.75%), crop
duration (3.97%) and hardness of fruits (1.79%)ileixéd lower PCV. More are

less similar trend was also observed for all theras for GCV.
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Table 4.7 Estimation of genetic parameters, heability, genetic advance in okra

Sl. GCV PCV h2 GAM
No. Characters (%) (%) (%) GA (%)
1 [Plant height atfinal harvestil 7 95 | 1976 | g223| 3293 33.49
stage (cm)
2 |Number of nodes plaht 7.69 10.75 51.22 2.24 11.34
3 Node at which first flows g3; | 1598 | 3386|  0.68 11.14
appeared
4 |Days to first flowering 7.58 10.06 56.76 4.25 78L.
5 |Days to 50 % flowering 4.00 4.78 69.93 2.8( 6.88
6 |Number of fruits plant 39.62 41.84 89.68 9.53 77.29
7 |Fruit length (cm) 7.44 12.33 36.4( 1.09 9.24
8 |Fruit girth (cm) 7.07 9.54 55.04 0.67 10.81
g (Averagefruit weight ()@vg 1555 | 1792 |  46.49 2.94 17.16
10 fruits
10 |Average fruit weight (g)plarit| 51.73 53.55 93.32 63.05 102.9¢
11 |Number of ridges fruit 12.02 12.44 93.49 1.25 23.95
12 |Days to first harvesting 5.63 7.75 52.81 4.02 8.43
13 |Fruit yield kg plott 44.82 46.46 93.07 5.37 89.08
14 |Fruit yield hat 44.82 46.47 93.05 66.25 89.06
15 f[:a’ts weight of average 1 1476 | 1509 | 45.24 1.24 14.90
Crop durat|<_)n from sowing to 275 3.97 47.99 3.12 3.92
16 |last harvesting
17 |Crude protein content of fruits 25.57 26.54 92.87 6.15 50.77
18 |Reducing sugar 16.05 16.13 98.9y 0.91 32.88
19| Non-reducing sugar 38.26 38.91 96.6/7 0.61 77.50
20 |Total sugar 16.46 16.58 98.59 1.20 33.66
21 [Measuring of hardness 1.08 1.79 36.33 1.1p 1.34
- 13.48 75.74 17.79 3.19 42.47
22\YVMV incidence 30 DAS | g1'0a) | (88.41) | (52.53) | (11.84) | (95.66)
- 71.87 73.12 96.59 76.74 145.50
23|YVMV incidence 45DAS | g5 31y | (52.48) | (93.16) | (53.72) | (119.91)
- 50.528 | 52.68 91.13 72.47 98.89
24|YVMV incidence 60 DAS | 4677) | (49.30) | (90.02) | (57.64) | (91.41)
o 47.858 | 48.21 98.54 78.03 97.87
25|YVMV incidence 75 DAS |14 95y | (45.85) | (96.09) | (63.62) | (90.71)
L 46.479 | 46.59 99.51 78.24 95.52
26|\YVMV incidence 90 DAS | 43 30 | (43.47) | (99.58) | (66.48) | (89.17)

Figures in the parentheses indicate correspondigglar values
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The result also indicated that difference betwe€N Rnd GCV was relatively
higher for incidence of YVMV at 30 DAS (461.87%)pde at which ¥ flower
appeared (72.01%), fruit length(65.73%),fruit hask (62.73%),fruit dry weight
(48.61%), fruit weight (46.64%), crop duration (38%) etc. On the other hand, the
parameters such as plant height (10.27%), frudstpl(5.60%), fruit weight plant
(3.52%), ridges fruit (3.68%), fruit crude protein (3.79%), reducingau(0.50%),
non-reducing sugar (1.73%) and total sugar (0.73#%dwing the minimum

difference.

The result of heritability (broad sense) indicatgde variations which varied
from 33.86% for node at whiciF'flower appeared to maximum 99.51%for incidence
of YVMV at 90 DAS. High heritability of above 60%ease observed in traits like
days to 50% flowering (69.93%), plant height (8283 fruits plant
(89.68%),incidence of YVYMV at 60 DAS (91.13%),freitude protein (92.87%),fruit
yield gha' (93.05%),fruit yield (kg plot} (93.07%), fruit weight plant (93.32%),
ridges fruit! (93.49%), incidence of YVMV at 45 DAS (96.59%),ifrnon-reducing
sugar (96.67%),incidence of YVMV at 75 DAS (98.54%}al sugar (98.58%), fruit
reducing sugar (98.97%),as well as incidence of YWMt 90DAS (99.51%).
Similarly, rest of the other traits recorded motkerzalues of heritability of above
30% ranging from 33.86% to node at whichftbwer appeared to 56.76% for days to
1%t flowering except incidence of YVMV at 30 DAS withast heritability of only
17.79%.

The genetic advance (GA) varied from 0.61(fruit meducing sugar) to 78.24
(incidence of YVMV at 90 DAS). High GA was observied incidence of YVYMV at
60 DAS to 90 DAS (72.47 to 78.24), fruit plan{63.05) and fruit yield (gh9
(66.25) as well as plant height (32.93). The othats exhibits relatively lower GA of
above 1.0, ranging from 1.09 (fruit length) to 9(&&its plant!). The lowest GA was
observed for both non-reducing (0.61) and redusurggr (0.91) and fruit girth (0.67).

The predicted GA expressed as % of population nmaaged from 1.34%
(fruit hardness) to 145.50% (incidence of YVMV & BAS). High expected GAM
(%) by selection above 60% was observed in théstfar incidence of YVMV at
45,60,75,and 90 DAS (95.52 to 145.50%), fruit neducing sugar (77.50%), fruits
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plant! (77.29%), fruit yield (ghd) (89.06%), fruit yield(kg plot) (89.08), and fruit
weight plant (102.96%). Other traits exhibited moderate GAM (%gre ridges
fruit? (23.95%), fruit reducing sugar (32.88%), plantghei(33.49%) and fruit total
sugar (33.66%), incidence of YVMV at 30 DAS (42.47%nd fruit crude protein
(50.77%).

4.5 Phenotypic correlation

Results on phenotypic correlation (Table 4.8) reagkdhat the plant height
was positively and significantly correlated withi flowering node (0.645), days té'1
flowering (0.645). On the contrary, it was negdinand significantly correlated with
fruit weight (-0.496), fruit weight plart(-0.555), ridges fruit (-0.714), days toSi
harvesting (-0.402), fruit dry weight (-0.457). Sianly, nodes plant was positively
and significantly correlated with fruit weight ptain(0.380), ridges fruit (0.429), and
days to i harvesting (0.471). Negatively significant cortigla with fruit non-
reducing, reducing and total sugar (-0.430, -0.88% -0.540, respectively).

First flowering node was negative & sigantly correlated with fruit weight
(-0.402), fruit weight plant(-0.533), ridges fruit (-0.456), fruit yield (-0.364 kg
plot! and -0.364 ghy & dry weight (-0.405). Similarly, days tcFlowering was
positively and significantly correlated with days 50 % flowering (0.851), fruit
length (0.439), ridges frult (0.392), fruit dry weight (0.406). The negatively
significant association with non-reducing sugar446), incidence of YVMV 30 and
45 DAS (-0.382 and -0.577). Days to 50 % flowenvas positively and significantly
correlated with fruit length (0.366), ridges frti0.378), and fruit dry weight (0.411).
The negatively significant association with nonugdg sugar (-0.566), incidence of
YVMV 30, 45 and 60 DAS (-0.409,-0.572 and -0.3#8ppectively.

Fruits plant was positively and significantly correlated withuif length
(0.565), fruit weight (0.558), fruit weight plakD.866), ridges fruit (0.557), fruit
yield (0.943 for kg plot and 0.943 for gh9, crop duration (0.376) & fruit dry
weight (0.533). The negatively significant assooiat was recorded with
non-reducing sugar (-0.466), fruit crude proteid.%84), incidence of YVMV 30 &
45 DAS (-0.486 and -0.426).
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Fruit length was positively and significantly caated with fruit weight
(0.651),fruit weight plant (0.632),ridges fruit (0.455), fruit yield (0.602 for kg
plot? and 0.602 ghd), days to 1 harvesting (0.399), crop duration (0.485),
reducing sugar (0.361), fruit dry weight (0.650)daimcidence of YVMV 75
DAS (0.402). The negatively significant associatisith non-reducing sugar
(0.397), fruit crude protein (-0.621), incidence ¥¥MV 30, 45 & 60 DAS
(0.569,-0.577 and -0.431), respectively. The frgitth negatively significant
association with incidence of YVMV 60, 75 and DA®.873, -0.426 and 0.477).

Fruit weight was positively and significantly colated with fruit weight
plant® (0.731), ridges fruit (0.728), fruit yield kg plot (0.604), fruit yield gh#@
(0.604), days to SL harvesting (0.482)& fruit dry weight (0.687). Thegatively
significant correlation with fruit crude protein0(599), incidence of YVMV 30
& 45 DAS (-0.486 and -0.440). Similarly, fruit weigplant! was positively and
significantly correlated with ridges fruit(0.847), fruit yield kg plot (0.905),
fruit yield gha' (0.905), crop duration (0.376) & fruit dry weigt@.533). The
negatively significant correlation with non-redugisugar (-0.466), fruit crude
protein (-0.584) &incidence of YVMV 30 & 45 DAS (4086 and -0.426).

Ridges fruitt was positively and significantly correlated withuif yield
(kg plot?) (0.676), fruit yield (ghd) (0.677), days toSLharvesting (0.613), fruit dry
weight (0.681). The negatively significant corredatwith fruit crude protein (-0.369)
and incidence of YVYMV 30 DAS (-0.399).

Fruit yield (kg plot') was positively and significantly correlated withuitr
yield (ghal) (1.000), days to 1st harvesting (0.392), fruiy dveight (0.584). The
negatively significant correlation with non-redugisugar (-0.428), fruit crude protein
(-0.662), incidence of YVYMV 30 & 45 DAS (-0.531 &:490). Similarly, fruit yield
(gha') was positively and significantly correlated withys to 1 harvesting (0.392),
fruit dry weight (0.585). The negatively signifidazorrelation with fruit non-reducing
sugar (-0.427), fruit crude protein (-0.661) andidence of YVMV 30 & 45 DAS
(-0.530 and -0.490).
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Table 4.8. Phenotypic correlation co-efficient beteen all pairs of 26 quantitative characters in okragermplasm

Characters 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 28 24 a5 y
1 rp | 1.000 [-0.093|0.645**| 0.645* | -0.006 | -0.198 | -0.123 | 0.045 |-0.496™ |-0.555" | -0.714*| 0.333 | -0.334 |-0.402* | 0.253 | -0.053 | -0.017 | -0.033 | -0.457** | 0.280 | -0.254 | 0.112 | 0.022 | -0.175 | -0.135 | -0.188
2 p 1.000 | -0.025 | 0.254 | 0.245] 0.310 | 0.278 | -0.242 | 0.127 | 0.380* | 0.429* | 0.259 | 0.259 |0.471*| 0.285 |-0.430*|-0.385*|-0.540*| 0.078 | 0.070 | 0.317 |-0.046 | -0.063 | 0.163 | 0.236 | 0.353
3 p 1,000 | 0.168 | 0.226 |-0.337 | -0.168 | -0.004 | -0.402* |-0.533** | -0.456* | -0.364* |-0.364" | -0.121 | 0.192 | -0.165 | -0.034 | -0.099 | -0.405* | 0.114 | -0.356 | 0.030 | -0.064 | -0.196 | -0.156 | -0.185
4 p 1.000 [0.851%] 0.075 | 0439* | 0175 | 0.357 | 0.200 | 0.392* | 0.086 | 0.086 | 0.357 | 0.125 |-0.445*| 0.063 | -0.187 | 0.406* | -0.183 | -0.036 |-0.382" [-0.577*| -0.348 | -0.236 | -0.154
5 p 1.000 | 0.091 | 0.366* | 0.154 | 0.358 | 0.173 | 0.378* | 0.133 | 0.133 | 0.332 | 0.178 |-0.566™| -0.082 | 0.353 | 0.411* | 0.143 | 0.028 |-0.409*|-0.572*|-0.378*| -0.273 | -0.217
6 P 1.000 | 0.565* | 0.107 | 0.558" | 0.866™ | 0.557** | 0.943" [0.943"| 0.249 | 0.376* |-0.466™| 0.220 | -0.073 | 0.533" |-0.584**| 0.321 |-0.486™|-0.426" | -0.271 | -0.281 | -0.189
7 p 1,000 |-0.065 | 0.651** | 0.632* | 0.455* | 0.602** |0.602**| 0.399* | 0.485**|-0.397*| 0.361* | 0.069 | 0.650** |-0.621**| 0.073 |-0.569**|-0.577**|-0.431* | 0.402* | -0.302
8 p 1.000 | 0.226 | 0.003 | -0.063 | -0.007 | -0.007 | -0.245 | -0.091 | -0.097 | -0.041 | -0.084 | 0.183 | -0.085| -0.055 |-0.097 | -0.237 |-0.373* | -0.426* |-0.477**
9| 1p 1.000 | 0.731* | 0.728" | 0.604™ | 0.604**|0.482**| 0.266 | -0.338 | 0.187 | -0.032 | 0.687** |-0.599"*| 0.112 |-0.486™|-0.440* | -0.177 | -0.172 | -0.051
10| mp 1.000 | 0.847* | 0.905" [0.905"| 0.249 | 0.376* |-0.466™| 0.220 | -0.073 | 0.533" |-0.584**| 0.304 |-0.486™|-0.426" | -0.271 | -0.281 | -0.189
11| mp 1,000 | 0.676* | 0.677 [0.613*| 0.012 | -0.270 | 0.010 | -0.129 | 0.681** |-0.369*| 0.284 |-0.399*| 0.342 | -0.010 | 0.022 | 0.164
12| mp 1.000 |1.000] 0.392* | 0.353 [-0.428*| 0.301 | 0.009 | 0.584™ |-0.662**| 0.309 |-0.531**|-0.490**| 0.297 | -0.315 | -0.208
13| mp 1.000 | 0.392*| 0.352 |-0.427*| 0.301 | 0.009 | 0.585* |-0.661**| 0.309 |[-0.530**|-0.490™| 0.297 |-0.315|-0.208
14| mp 1,000 | 0.308 | -0.202 | 0.135 | 0.004 | 0.216 |-0.275| -0.055 | -0.291 |-0.433*| -0.025 | -0.053 | -0.004
15| mp 1.000 |-0.317 | 0.361* | 0.109 | 0.097 |-0474*| -0.104 |-0.436*|-0.452* | -0.343 | -0.313 | -0.219
16| mp 1.000 | 0.138 |0.643*| -0.300 | 0.297 | -0.301 | 0.445* | 0.403* | 0.307 | 0.239 | 0.177
17| mp 1.000 |0.844*| 0.243 |-0.760*| -0.218 |-0.448" |-0.593**|-0.661**| 0.690* |-0.659™*
18| p 1.000 | 0.028 |-0.423*| 0.327 |-0.116 | -0.249 | -0.346 |-0.403*|-0.413"
19| mp 1.000 [-0.561** 0.139 |-0.436*|-0452*|-0.373*| -0.313 | -0.219
20| p 1,000 | 0.086 [0.678|0.701**|0.695* |0.725"| 0.660**
21| p 1.000 |-0.098 | 0.036 | 0.158 | 0.218 | 0.262
22| mp 1.000 |0.757**|0.645*| 0.661*| 0.573**
23| 1p 1,000 |0.856**|0.825*|0.749**
24| p 1.000 {0.968"|0.912**
25| mp 1.000 |0.972*
26| 1P 1.000

* and ** indicate significant at 5 and 1 per cent probabity level, respectively.
1. Plant Height at Final harvesting
7. Fruit length
12. Fruit yield kg/plot

17. Reducing sugar 18. Total sugar

2sFilowering Node

8. Fruitth

3Fruit yield g/ha
19. Dngiveof average 10 fruits

23. Incidence of YVMV 45 DAS (ASIN)

3.First flowering node 4. Days to first flowering
9. Average fruit wéi (g) (average 10 fruits /entry)
14. Days tesfiharvesting

24. I@nce of YVMV 60 DAS (ASIN)

20. Crude proteintent of fruits

5.Days to 5@¥6wering

10. Averéagst weight (g)/plant
15. Crop duratimnf sowing to last harvesting

25. IncidenoéYVMV 75 DAS (ASIN)
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6. Number of fruits peant
11. Number of ridgisit
16. Neducing sugar
21. Hardness of fruits 22. Incidence of YYMV 3MAS (ASIN)
26. Incidence of YVYMV 9DAS. (ASIN)




Days to ' harvesting was negatively significant correlatiith incidence of
YVMV 45 DAS (-0.433). Crop duration was positivedynd significantly correlated
with fruit reducing sugar (0.361). The negativelgnsficant correlation with fruit
crude protein (-0.474), incidence of YVMV 30 & 45AB (-0.436 & -0.452). Non-
reducing sugar was positively and significantlyretated with total sugar (0.643),
incidence of YVYMV 30 & 45 DAS (0.445 & 0.403). Rexlng sugar was positively
and significantly correlated with total sugar (G84incidence of YVMV 75 DAS
(0.690). The negatively significant correlation hwvifruit crude protein (-0.760),
incidence of YVMV 30, 45, 60 & 90 DAS (-0.448,-039.661 &-0.659),
respectively. Total sugar of fruits was negativeignificant correlation with fruit
crude protein (-0.423) and incidence of YVYMV 75 & ®AS (-0.403 & -0.413).
Dry weight of was negatively significantly correddtwith fruit crude protein of fruits
(-0.561) and incidence of YVMV 30, 45 and 60 DABS.436,-0.452 and -0.373).

Fruit crude protein was positively and significgntbrrelated with incidence
of YVMV 30, 45, 60, 75 & 90 DAS (0.678, 0701, 0.695725 & 0.660) respectively.

Incidence of YVYMV 30 DAS was positively and sigmidintly correlated
with incidence of YVMV 45, 60, 75 & 90 DAS (0.75D,645, 0.661 & 0.573)
respectively. Similarly, incidence of YVMV 45 DAS as positively and
significantly correlated with 60, 75 & 90 DAS (085 0.825 & 0.749),
respectively. Incidence of YVMV 60 DAS was positiyeand significantly
correlated with 75 & 90 DAS (0.968 & 0.912). Incie of YVMV 75 DAS was
positively and significantly correlated with 90 DAS.972).

4.6 Path co-efficient analysis

In order to find out the cause and effect relatnjmson yield per plant, path
co-efficient analysis was carried out with 17 qutative characters. The correlations
of fruit yield with other characters were partitegthinto components of direct and
indirect effects that would reflect on the natufahese associations and the relative
importance of the components in determining thet fygeld. The phenotypic
correlation co-efficient was used in path analymigl the results are presented in
Table 4.9.
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The results on Phenotypic path analysis revealatliticidence of YVMV at
60 DAS has the highest positive direct effect (8)88uit yield (kg plot) followed
by fruits plant(0.723). Positive direct effect were also obserfeedncidence YVMV
at 90 DAS(0.387), fruit weight plaht(0.279), incidence of YVMV at 30 & 45
DAS(0.087, 0.086) , days to 50 % flowering(0.06%)jt crude protein (0.032) and
plant height (0.016.). Rest of character showedineg direct effect being highest in
incidence of YVMV at 75 DAS (-0.986), followed byuit girth (-0.286), crop
duration (-0.210), fruit reducing sugar (-0.052)pdas plant (-0.034), fruit
non-reducing sugar (-0.023) and fruit length (-@)01

Incidence of YVYMV at 60 DAS had the highest postidirect effect (0.886)
on the fruit yield (kg/plot). The resulted by positive indirect effaca crop duration
(0.073), incidence of YVMV at 30 &90 DAS(0.052 &3%2) , fruit crude protein
(0.024) , reducing sugar (0.035), fruit length(@Q0ruit girth(0.095). The indirect
effect of incidence of YVMV at 60 DAS was obserwed plant height (-0.003), days
to 50 % flowering (-0.026), fruits plaht(-0.397), fruit weight (g) plank (-0.349),
nodes plant(-0.004), incidence of YVMV at 45 & 75DAS (-0.099-&.861) and non
reducing sugar (-0.079).

Incidence of YVMV at 75 DAS (-0.986) showed the lfegt negative direct
effect. The indirect effect of plant height (-0M1days to 50 % flowering(-0.019),
fruits plant'(-0.212), fruit weight plant(-0.061), nodes plari{-0.006), incidence of
YVMV at 45 DAS(-0.079) and non-reducing sugar @41) were negative direct
while rest of characters like crop duration (0.086¢idence of YVMV at 30,60 and
90 DAS (0.043), (0.250) & (0.376), fruit crude pait (0.205), reducing sugar(0.036),
fruit length (0.005), fruit girth (0.105) were fiod positive indirect effect.

Plant height showing positive direct effect (0.0&&hibited. Indirect positive
effectvia days to 50 % flowering (0.004), nodes pla@®.005), incidence of YVMV
at 30 & 75DAS (0.009 & 0.205), fruit crude protgih001), reducing sugar (0.009),
non-reducing sugar (0.002) and fruit length (0.002)e characters like fruits plaht
(-0.144), fruit weight plant (-0.155), crop duration (-0.043), incidence of YVNat
45, 60 & 90 DAS (-0.004,-0.155 &-0.076) and fruirtly (-0.009), the indirect
negative effect.
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Days to 50 % flowering showing positive direct etfg0.067) exhibited.
Indirect positive effectia fruits plant'(0.066), fruit weight plant(0.049), incidence
of YVMV at 45& 75 DAS (0.049 & 0.413), reducing sarg(0.004), non-reducing
sugar (0.015). Rest of the characters like plaightg-0.001), nodes plaht-0.004),
crop duration (-0.021), incidence of YVMV at 30,810 DAS (-0.033, -0.335
& -0.085), fruit crude protein (-0.005), fruit letig(-0.005) and fruit girth (-0.041)

was indirect negative effect.

Fruits plant showing positive direct effect (0.723). Indirecssjiive effectvia
days to 50 % flowering (0.006), fruit weight pla(@.245), incidence of YVMV at 45
& 75 DAS (0.037 & 0.424) and non-reducing sugaf13). Rest of the characters
like plant height (-0.006), nodes pl&r(t0.011), crop duration (-0.048), incidence of
YVMV at 30, 60 & 90 DAS (-0.039, 0.241 & -0.079Yyuit crude protein (-0.020),
reducing sugar (-0.012), fruit length (-0.007),itfrgirth (-0.042) effect was indirect

negatively.

Fruit weight plant showing positive direct effect (0.279). Indireasjtive
effectvia days to 50 % flowering (0.013), fruits plan{0.628), incidence of YVMV
at 45 & 75DAS (0.039 & 0.259) and non-reducing su@a009). Similarly plant
height (-0.009), nodes plat{t0.013), crop duration (-0.032), incidence of YVMY
30, 60 & 90 DAS (-0.039, -0.158 & -0.021), fruitude protein (-0.021), reducing
sugar (-0.010), fruit length (-0.008), fruit girth0.011) effect was on indirect

negatively.

Incidence of YVMV at 30 DAS showing positive ditezffect (0.087),which
was mainly contributed by indirect positivea plant height (0.018), crop duration
(0.117), incidence of YVMV at 60 & 90 DAS(0.513&224), fruit crude protein
(0.023), reducing sugar(0.023), fruit length (0.0&7fruit girth (0.019). Rest of the
characters like days to 50 % flowering (-0.027)ité plant}(-0.352), fruit weight
plantl(-0.124), nodes plani{-0.009), incidence of YVMV at 45 & 75DAS (-0.068 &
-0.986), non-reducing sugar (-0.014) effect iniadi negatively.

Incidence of YVMV at 45 DAS showing positive diregffect (0.086),which
was mainly contributed by indirect positivea plant height (0.004), crop duration

(0.092), incidence of YVMV at 30 & 60 DAS(0.061& 7®8), fruit crude protein
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(0.024), reducing sugar(0.031), fruit length (0.083fruit girth (0.058). Rest of the
characters like days to 50 % flowering (-0.039)ité plant (-0.309), fruit weight
plant! (-0.124), nodes plant(-0.002), incidence of YVMV at 75 & 90 DAS (-0.982
& -0.113) and non-reducing sugar (-0.043) effecs walirect negatively.

Incidence of YVMV at 90 DAS (0.387) showed the hagh positive direct
effect. The indirect positive effect of crop ducati(0.079), incidence of YVMV at 30
& 60 DAS (0.047&0.501), fruit crude protein (0.024¢ducing sugar (0.034), fruit
length (0.003) & fruit girth (0.121). Similarly,lant height (-0.006), days to 50 %
flowering (-0.029), fruits plant(-0.242), fruit weight plant (-0.056), nodes plant
(-0.006), incidence of YVMV at 45& 75 DAS (-0.0818.951) and non-reducing

sugar (-0.041) were indirect negatively.

Crude protein (0.032) showed the positive diret@atf The indirect positive
effect of plant height (0.005), nodes pl&i002), crop duration (0.065), incidence of
YVMV at 30, 60 & 90DAS (0.54, 0.512 & 0.254), rediig sugar (0.039), fruit length
(0.008) & fruit girth (0.019). Rest of the charastdike days to 50 % flowering
(-0.009), fruits plant(-0.427), fruit weight plant (-0.188), incidence Y¥YMV at 45
& 75 DAS (-0.078 & -0.915), non-reducing sugar @&b) were indirect negatively.

Nodes plant (-0.034) showed the negative direct effect. Tirectt negative
effect of plant height (-0.012), incidence of YVMat 45 & 75 DAS (-0.005 &
-0.133), fruit crude protein (-0.002), fruit lengt®.004)& fruit girth (-0.043) ).Rest
of the characters like days to 50 % flowering(0)Q®@its plant'(0.235), fruit weight
plant! (0.103), crop duration (0.017), incidence of YVMM &0 ,60 & 90
DAS(0.018,0.091& 0.043), reducing sugar(0.013) &-+meducing sugar(0.008) were
indirect and positive.

Crop duration showed the negative direct effect0). The indirect negative
effect of incidence of YVYMV at 30, 60 & 90 DAS (6216,-0.321 & -0.155), fruit
crude protein (-0.012), reducing sugar (-0.014)ydtflength(-0.005). Similarly, plant
height (0.007),days to 50 % flowering(0.009), tsuplant}(0.175), fruit weight
plant! (0.047), nodes plar(0.006), incidence of YVMV at 45 & 75 DAS(0.037
&0.645), non-reducing sugar(0.005) and fruit giote68) were positive indirect

effect.
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Fruit reducing sugar fruits showed the negativeedireffect (-0.052). The
indirect negative effect of plant height (-0.00@yys to 50 % flowering (-0.007), crop
duration (-0.052), incidence of YVYMV at 30, 60 & SAS (-0.035, -0.586 & -0.254),
fruit crude protein (-0.026), non-reducing suga®.@4), fruit length (-0.005).
Similarly fruits plantt (0.169), fruit weight plant (0.052), nodes pla’0.0019),
incidence of YVYMV at 45& 75 DAS (0.081 & 0.993) &uit girth (0.011) were

positive indirect effect.

Fruit non-reducing sugar showed negative direaotff-0.023). The indirect
negative effect okia plant height (-0.008), days to 50 % flowering @&B), fruits
plant "(-0.338), fruit weight plant (-0.096), incidence of YVMV at 45& 75 DAS
(-0.035 & -0.036) and reducing sugar (-0.007). &iry, nodes plant (0.007), crop
duration (0.047), incidence of YVMV at 30, 60 & ®WAS (0.036, 0.272 & 0.074),
fruit crude protein (0.012), fruit length (0.005)cafruit girth (0.025) were positive

indirect effect.

Fruit length showed the negative direct effectqi3). The indirect negative
effect of via plant height (-0.002), nodes pl&(0.012), crop duration (-0.071),
incidence of YVMV at 30, 60 & 90 DAS (-0.045, -038-0.177), fruit crude protein
(-0.021) and reducing sugar (-0.019). Similarlyysiao 50 % flowering (0.025),
fruitsplant'(0.409), fruit weight plant(0.177), incidence of YVMV at 45 & 75 DAS
(0.049 & 0.605), non-reducing sugar (0.011) andt fgirth (0.008) were positive

indirect effect.

Fruit girth showed the negative direct effect (862 The indirect
negative effect ofia of nodes plant(-0.005), incidence of YVMV at 30, 60 &
90 DAS (-0.007, -0.297& -0.167), fruit crude prate(-0.004). Plant height
(0.006), days to 50 % flowering(0.009), fruits mpi4(0.106), fruit weight plant
(0.010), crop duration (0.041), incidence of YVMVY 46 & 75 DAS (0.017 &
0.552), reducing sugar(0.002), non-reducing sug@@®) and fruit length(0.005)

were negative and indirect.
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Table 4.9. Estimate of direct (diagonal) and indiret effect of component characters on yield (kg pld) in okra germplasm

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1% 16 17
1| 0.016 | 0.004 | -0.144 -0.15% 0.00p -0.043 0.0p9 -0.004 ®H1H.205| -0.076 0.001 0.00p 0.002 0.002 -0.009 D33
2 | -0.001| 0.067 | 0.066 | 0.049| -0.004 -0.021 -0.033 0.049 -0.335 0.413.085| -0.005 0.004 0.01p -0.005 -0.041 0.133
3 | -0.006| 0.006| 0.723 | 0.245| -0.011] -0.048 -0.039 0.037 -0.241 0424 DOF0.02| -0.012 0.013 -0.007 -0.042 0.943
4 | -0.009| 0.013| 0.628% 0.279|-0.013| -0.032 -0.039 0.039 -0.1%58 0.259 -0.021 2D/0 -0.01 | 0.009] -0.008 -0.011 0.905
5] -0.012| 0.007| 0.23% 0.1083-0.034| 0.017| 0.018| -0.00%5 0.09L -0.133 0.043 -0.002 0.pXBOO8 | -0.004 -0.043 0.302
6 | 0.007 0.009| 0.17% 0.047 0.006-0.21 | -0.046| 0.037| -0.321 0.645 -0.1%5 -0.012 -0.014 .p6G0.005| 0.058 0.22¢
7| 0.018 | -0.027| -0.352 -0.124 -0.009 0.11D.087 | -0.068| 0.531| -0.98¢ 0.224 0.023 0.023 -0.014 0.p@019 | -0.531
8 | 0.004| -0.039, -0.309 -0.124 -0.002 0.002 0.060.086 | 0.758 | -0.982 -0.113 0.024 0.031 -0.043 0.008 0.p58.49
9 | -0.003| -0.026/ -0.39Y -0.349 -0.004 0.0/3 0.052.099| 0.886 | -0.861| 0.352| 0.024 0.035 -0.0Y9 0.006 0.095 -0)295
10| -0.017 | -0.019| -0.212 -0.061 -0.006 0.086 0.043 7.0 0.25|-0.986| 0.376| 0.205| 0.036 -0.041 0.005 0.105 -0.315
11| -0.006 | -0.029| -0.242 -0.056 -0.006 0.0y9 0.047 80,00.501| -0.951 0.387 | 0.024 | 0.034| -0.041 0.003 0.121 -0.216
12| 0.005 | -0.009| -0.427 -0.188 0.002 0.065 0.054 -0.0m8512| -0.915 0.254 0.032| 0.039 | -0.035 0.00§ 0.019 -0.662
13| -0.003 | -0.007| 0.169 0.052 0.019 -0.052 -0.035 0.p80.586| 0.993| -0.254 -0.026-0.052|-0.004| -0.005 0.011 0.30L
14| -0.008 | -0.038| -0.338 -0.096 0.007 0.047 0.036 ®0.272| -0.36) 0.074 0.01p -0.0070.023| 0.005| 0.025| -0.428
15| -0.002 | 0.025| 0.409 0.17y -0.012 -0.071 -0.045 0.p49.382| 0.605| -0.117y -0.021 -0.019 0.0010.013| 0.008 | 0.602
16| 0.006 0.009| 0.106 0.01 -0.005 0.041 -0.007 0.017.290 0.552| -0.167 -0.004 0.002 0.003 0.00®.286| -0.015

Residual effect = 0.139
1. plant height at final harvesting stage 2. days0%flowering 3. fruits plart 4. Avg. fruit wt plt' 5. Nodes plarit 6. crop sowing to harvesting 7. YVMV incidenc
30 DAS 8. YVMV incidence 45 DAS 9. YVMYV inciden@&d DAS 10. YVMV incidence 75 DAS 11. YVMYV incidea 90 DAS 12. crude protein 13. reducing sugar

non reducing sugar 15. fruit length 16. fruit kyirl 7.fruit yield kg plot
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4.7 Genetic divergence

A perusal Table 4.10 showed that genotypes od ckuld be grouped into 4

clusters on the basis of intra and inter cluststadce. The first cluster comprise of 7
genotypesyiz, 2012/OKYVRES-1, 2012/OKYVRES-4, 2012/OKYVRES-6 rdpwith

all check varieties Kashi Pragati, Pusa SawaniaA&kamika and Arka Abhay while
cluster Il (2012/OKYVRES-5), lll (2012/0KYVRES-3nd IV (2012/OKYVRES-2)

consisted of one genotypes each.
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Table 4.10 Clustering pattern of 10 okra genotype

Cluster | Number of Name of the genotypes
No/ genotype (s) 9 yp
2012/OKYVRES-1, 2012/0OKYVRES-4,
I 07 2012/OKYVRES-6, Kashi Pragati, Pusa Sawani, Arka
Anamika and Arka Abhay
Il 01 2012/OKVYRES-5
1] 01 2012/OKVYRES-3
\Y, 01 2012/OKVYRES - 2

Intra and inter-cluster distances

The results on average intra and inter clustéadc® presented in Table 4.11
revealed that among the two multivariate Clustéust@r 1l had the minimum intra-
cluster distance (b= 0.00) whereas maximum intra-cluster distancé $[¥77.24)
was observed in Cluster I. The average inter-ctuditdgance revealed that the most
divergent clusters were Cluster Il and V(B 9582.65), followed by Cluster Il and
Il (D% = 8741.88) and Cluster | and 1 1B 6683.23).

Table 4.11 Intra (Diagonal) and Inter cluster aveage (D?) corresponding D
(VD2 Values (in parenthesis) among groups (Euclidedn cluster
distance: ward)

Cluster I 1] 11 v
I 777.24(27.88) 6683.23(81.75) 3575.80(59.80) 3776.23(61.42)
Il 0.00(0.00) 8741.88(93.50) 9582.65(97.89)
[l 91.58(9.58) 849.66(29.15)
\Y 516.74(22.73)

Characteristics features of four clusters

The cluster means of 25 characters fougs of okra genotypes are presented
in Table 4.12 indicated that Cluster | consistirigf kra genotypes having highest
reducing & total sugar content (3.29 & 3.91%) witlinimum days taken fors1
flowering (37.50), fruit hardness (82.83 mm) andédst incidence of YVMV at 30,
45, 60, 75 and 90 DAS (0.00, 4.67, 9.62, 11.58 &Q4respectively). For rest of the
characters moderate expressions were observedlaByniCluster Il having one
genotype showed the maximum values for node Plé2@.20), ridges fruit (7.00),
fruits plant! (20.75), fruit weight plant (141.59g), fruit weight (23.20g), fruit length
(13.88 cm), fruit vyield (11.50 kg ptér and dry weight of fruits (10.80g) with
minimum value for node at whick'flower appeared (4.66) and incidence of YVYMV

at 30 DAS (0.00%). Rest characters have modergegsions.
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Table 4.12. Mean of 25 characters in different clusrs of okra genotypes

Sl.

Cluster

\v.>}

LA >4

I [l 1l v

no | Characters

1 | Plant height at final harvesting(cm) 107.62| 57.27 | 89.57 120.83
2 | Number of nodes plant 18.53 | 22.20| 17.26 19.60
3 | First flowering node 6.49 466 | 591 6.70
4 | Days to first flowering 37.50| 40.00| 37.66 38.00
5 | Days to 50% flowering 41.%50 6R. 41.00, 41.33
6 | Number of Fruits plarit 15.13 | 20.75| 4.78 20.21
7 | Fruit length (cm) 12.73 | 13.88| 9.93 12.71
8 | Fruit girth (cm) 6.81 6.07 | 6.85 6.96
9 | Avg. fruit weight (10 fruits entry) 17.95| 23.20| 16.20 17.23
10 | Average fruit weight (g)plarit 66.53 | 141.59 22.25| 77.69
11 | Number of ridges fruit 5.00 7.00 | 5.00 5.00
12 | Fruit yield plot (kg) 7.48 | 11.50| 2.15 9.46
13 | Days to first harvesting 4750 | 54.67| 45.00 46.33
14 | Crop duration (days) 83.00 | 80.00| 74.00 83.00
15 | Non -reducing Sugars (%) 0.62 0.55| 1.02f 0.33
16 | Reducing Sugars (%) 3.29 278 | 2.46| 3.03
17 | Total Sugars (%) 3.91 3.33| 3.48 3.36
18 | Dry weight of average 10 fruits (g) 8.80 | 10.80| 7.900 8.43
19 | Crude protein content of fruits (%) 8.21 8.75 | 16.34 9.34
20 | Fruit hardness (mm) 82.83 84.67 84.084.00
21| YVMV incidence 30 DAS (ASIN) 0.00 0.00 | 20.81 0.00
22 | YVMV incidence 45 DAS (ASIN) 4.67 17.02| 64.78 9.34
23 | YVMV incidence 60 DAS (ASIN) 9.62 | 65.74| 83.39 19.24
24 | YVMV incidence 75 DAS (ASIN) 11.58 | 74.16| 90.02 23.16
25| YVMV incidence 90 DAS (ASIN) 14.60 | 90.02| 90.02 26.82

sugar content (1.02%) and crude protein (16.34%) winimum values for days to
50% flowering (41.00), days td'harvest (45.00) and crop duration (74.00 daysg. Th

rest of the characters have moderate expressiomettr, the genotype showed

The Cluster-Ill with one genotype showed maximurtugdgor non-reducing

relatively higher incidence of YVMV at differentagjes of crop growth stage.

(120.83 cm) & fruit girth (6.96cm) with minimum imence of YVMV at 30 DAS

The Cluster-1V with one genotype showed maximunuegdior plant height

(0.00%). The rest of the characters have modergeession.
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DISCUSSION

The present investigation entitledScreening of okra Abelmoschus
esculentus L. Moench) germplasm against Okra Yellow Vein Mosi Virus under
field condition” was conducted under All India Coordinated RededPcoject on
Vegetable crops of Orissa University of Agriculttaed Technology, Bhubaneswar,
Odisha, India during summer season of 2015. Thregoyi objective of the study was to
screen out suitable genotype(s) resistance / tmeragainst YVYMV along with the
genetical variability for improvement of the okra.

In this chapter, a brief discussion basn made relating to observations recorded
on various aspects of investigation and intergogtabf significant findings. The
interpretation in terms of causes and effects ioglslhip were also highlighted
simultaneously along with earlier established gsifierviews of available both national
and international research works.

5.1 Vegetative growth and flowering parameters

The vegetative growth parametersplant height at the time of final harvest and
nodes plant showed significant variations among the testedotypes. Significantly
tallest plant was recorded in genotype 2012/OKYVRE$20.83cm) while nodes plant
in 2012/0KYVRES-5 (22.20). However, both the cheaketies, Arka Anamika and Arka
Abhay showed better vegetative growth and \setestically at par with respect to highest
values. However, 2012/0OKYVRES-5 (57.27cm) and 20KXYVRES-3 (17.26) recorded
significantly lowest values for plant height anddes plant, respectively. The better
performance of Arka Anamika was also reported braBical. (1992) and Sangar (1997).

In okra, it is also desirable to proglihe flowers at lower nodes with early
flowering habit for better yield and profit undememercial scale. The result indicated that
the genotype, 2012/0OKYVRES-5(4.66) recorded loweste for appearance of flower
and wasstatistically at par with 2012/0OKYVRES-3(5.91), 2012/0KYVRES-4(5.19) and
2012/OKYVRES-6(5.76) suggesting the better perfoicaadf evaluated genotypes over the
check varieties. Days to S'1flowering with 2012/OKYVRES-6 (31.33 days),
2012/OKYVRES-4 (32.33) followed by check varietysBuSawani (32.66). Similar trend
was also observed for days to 50 % flowering. Esellts suggesting the performance of
early type in the evaluated genotypes which cantiized in further crop improvement

programmes.
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5.2 Fruit yield and yield attributing parameters

In okra, the major fruit yield attributing paramsténcludes fruits plarit length,
girth, ridges & weight of fruits, days taken t& Harvesting and crop duration for fruiting
etc. The present study invariably showed thatgéretype, 2012/0OKYVRES-5 recorded
significantly highest values for fruits plant(20.75), fruit length (13.88cm), fruit
weight(23.20g), fruit weight plar141.59q), ridges fruf(7.00), fruit dry weight (10.80g)
and fruit yield(11.50kg plotand 141.98gh8 suggesting the superiority of the genotypes
than the rest of the genotypes including the chekksvever, statistical parity were
observed with 2012/OKYVRES-1, 2012/OKYVRES-2, 2@MRYVRES-6 including
check varieties, i.e. Kashi Pragathi and Arka Amanfor fruit length, while Arka Abhay
for both fruit length & weight. Significantly higke fruit yield recorded in
2012/0KYVRES-5, might be due to highest nodes planith lowest node of 4
flowering, highest values for fruits plaptfruit length, weight, weight plaitand dry
weight as observed in the present investigationodgrthe check varieties, Kashi Pragati
(VRO-6) recorded high fruit yield than other gempety. Similar the results corroborate the
findings of Vijay and Joshi (2013) under Akola cibiath.

Days taken forlharvesting and final harvesting, the genotype ZIKYVRES-3
recorded minimum time of 45 and 74 days, respdygtag compared to the other tested
genotypes. Thus, the genotype can be taken asreesoti earliness for future crop

improvement programme.

5.3 Reaction of genotypes to YVYMV

All the 10 genotypes of the present study weravatdtd under natural conditions
without any plant protection measures to screentlmitsuitable resistant and/or tolerant
genotype (s). The results clearly indicated sigaifi variations among the genotypes at
30,45,60,75 and 90 DAS of crop growth under fietshditions. Among the genotypes
evaluated, 2012/OKYVRES-1 showed significant rasisio YVMV incidence (0.00%) at all
stages of crop growth than rest of the genotypesieMer,satistical parity were observed
with  2012/OKYVRES-2(0.00%), 2012/OKYVRES-5(0.00%) &heck variety, Arka
Anamika (5.23%) at 30 DAS. At 45 DAS, both 2012/OKRES-1 and 2012/OKYVRES-2
showing significant tolerance to YVMV as compamdhie other genotypes. Similar report of
tolerance of Arka Anamika was also identified bya@ira (1997), Mathewt al. (1993),
Deoet al. (2000), Tripathyt al. (2008) and Nataraf al. (2013).
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The results also indicated that the standard stisteegheck, Pusa Sawani and
check Arka Abhay showed susceptibility to YVMV a BAS under Bhubaneswar
condition. The susceptible check, Pusa Sawani ghdte susceptibility to YVMV at
every stages of crop growth and reached maximud00%6 at 75 DAS. At 45 DAS,
2012/OKYVRES-3, 2012/0KYVRES-4 and Kashi Pragathowged susceptibility to
YVMV and wasdatigtically at par with Pusa Sawani. As the days progressed, at 60 DAS
the tolerant genotypes of the present study 2012NRES-5 and Arka Abhay showed
significantly high YVMV infestation along with oth@enotypes at 45 DAS. However, 75
DAS of crop growth stage both the 2012/OKYVRES-4l afrka Anamika showed
significantly better tolerance to YVMV as compatedsusceptible check, Pusa Sawani.
The significant tolerance of Arka Anamika have besported in different parts of India,
viz, Madhya Pradesh (Sangar, 1997), West Bengal (Txipet al.,2008) , Assam
(Boraet al.,1992), Varanasi (Ded al .,2000) etc.

At 90 DAS, all the genotypes showed 100% incidenéeYVMV except
2012/OKYVRES-1 (0.00%), 2012/OKYVRES- 2(20.3%), 20KYVRES-4(96.1%).
Thus the result clearly indicated that the genqgty@912/OKYVRES-1 and
2012/OKYVRES-2 showed resistance towards YVMV htre stages of crop growth in
okra suggesting the source of resistance for fuitme improvement programme.

The result also revealed that at 30 DAS, Arka Abkhgwed susceptibility to
YVMV while at 45 and 60 DAS, the variety was sigraintly tolerant to all the
susceptibility genotypes including Pusa Sawanis Tiight be due to tolerant of the plant
to whitefly, the vector of YVMV reported by (Baldwi2010). Similar reports of tolerance
of Arka Abhay have been reported by Debarmaifi. (2006); Biswat al. (2008) and
Mehraet al. (2008).

The result also clearly suggested that in spiteigifer incidence of YVMV at 60
DAS onwards (75.53 to 100%), the genotypes 2012/RES-5, recorded highest fruit
yield. This might be due to better vegetative andt fyield attributing parameters as
observed in present study than rest of the genstypether up to 45 DAS the genotypes
showed significantly better resistance to YVMV asnpared to all genotypes, except
2012/OKYVRES-1 and 2. It has been establishedithekra, if the crop was relatively
free from incidence of YVMV up to 50-60 DAS, thedfoyield loss was not so significant
rather in early incidence (Dahel al., 1992, Puret al., 1999, and Baghat al., 2001).
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Okra plants infected 50 and 65 DAS suffer a los84o&ind 49 %, respectively. The fruit
yield loss was up to 94%, if incidence was withth RAS while 49% within 45 DAS
clearly confirmed in the findings of the presentst (Ali et al., 2005).

The overall green fruit yield was relatively lowander Bhubaneswar condition.
This might be due to cultivation of okra genotypesier natural unprotected conditions
without any plant protection measures, severe @mad of YVMV and overall the general
yield potential of summer okra was lesser thanrdivey season crop. Similar report has
been reported by Tripathst al. (2008). Bhagabti and Goswami (1992) also recorded
severe incidence of YVMV in okra in May sown crop.

5.4 Fruit quality parameters

Invariably, the genotype 2012/OKYVRES-6 and 2012OMRES-1 recorded
better fruit quality in terms of high sugar contémtducing, non-reducing and total) with
lower hardness. However, significantly highest erugrotein was recorded by
2012/OKYVRES-3 (16.34%), followed by Pusa Sawarti.Z1%). In all the cases, the
superior genotype, 2012/OKYVRES-5 recorded moderaliges for different fruit quality.
The result also indicated that reduced reducingrsuigh increased non-reducing, total sugar,
in YVMV susceptible genotypes with higher fruit deuprotein content than resistant or
tolerant genotypes. A similar report has been tegdry Sharmet al. (1995) in okra.

5.5 Genetic variability

The most economic trait in okra is the green fyid, the resultant of many
vegetative growth, flowering and fruit yield atuiiing parameters under both biotic and
abiotic stress situations. Since selection is bhHgicdepend on the phenotypic
observations, their reflection on genotypic maymmatl good until & unless observations
on the quantitative traits are subjected and inéed accordingly. Hence, the genetic
variability parameters such as range, mean, CV,BX GCV, PCV, heritability, GA and
GAM(%) for 26 different traits in okra has beenccédted to draw a valid conclusion

from the present investigation.

The result on analysis of variance (Table 4.6)rledemonstrated the significant
variations for all the parameters under study exéeyit girth, ridges plant and crop
duration in okra. The study also suggested thatetls a vast scope for considerably crop

improvement in okra through characters such as pleight, nodes plant days to T
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flowering, days to 50% flowering, fruit weight, fruveight plant, days to T harvest,
fruits plant!, incidence of YVMV at different stage of crop gtbmas well as fruit yield
(kg plot! and gha). Similar reports were also reported by Dhankar Bhankar (2002),
Alan and Hosain (2008), Simaat al. (2013) and Mishrat al. (2015) in okra. Further,
coefficient of variations were less than 20% forstraf the parameters under study except
incidence of YYMV 30 DAS among the genotypes intiiga that good precision was

maintained in conducting the experiment.

It is an established fact that effective selectian be possible with existing wide
variability followed by effective selection of hiable characters (Allard, 1960). Hence
there is urgency to study the extent of variab#ityst among the genotypes and characters
having heritable nature, least influenced by therenment. Therefore, estimation of PCV
and GCV provides a sound basis to evaluate thatiwaricomponent with heritable and

non-heritable component (Burton and Devance, 1953).

The perusal of result (Table 4.6 and 4.7) indicatete range of both phenotypic
and genotypic variance for all the 26 characteng difference between PV and GV was
minimum for fruits plant, fruit weight plant, yield (kg plott and ghd), fruit crude
protein and sugar content as well as incidence @MY at 45, 60, 75 and 90 DAS,
indicating the least influence of these charadgrenvironments. Similarly, relatively
higher difference was observed for plant heightiesoplant, flowering parameters, fruit
weight, fruit dry weight, crop duration, fruit harelss and incidence of YVMV at 30 DAS,
indicating that major part was attributed throughitve interaction instead of dominant
and epistatic component. Khaah al. (2005) also observed similar trend for various

characters which are in conformity to the presiadiirigs.

The study also revealed higher values of PCV th@v @r all the parameters
suggesting the impact of environmental factorsef@ression of the characters. However,
the difference between GCV and PCV for all charactearied widely. This is in
agreement with the findings of Sateeshl. (2011), Gandy and Aziz (2013) and Miskra
al. (2015) in okra. The presence of high to modera@® @r plant height, fruits plant,
fruit weight plant,, fruit yield (kg plot* and qha), fruit crude protein and sugar content as
well as incidence of YVMV at 30,45,60,75 and 90 Dé&&arly indicating the presence of
wide variability among the tested genotypes, hesatection for these characters may be
useful in crop improvement of okra. The presertifigs corroborate with the findings of
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several scientists working on okra (Patra and Raken, 2004; Khagt al., 2005; Singh
et al., 2006; Alan and Hossain, 2008; Prakesh and Pitaltaim2010; Reddst al., 2012;
Shaikhet al., 2013 and Mishrat al., 2015).

In general, GCV does not indicate the amount afdi#e variance with the traits.
In order to determine the proportion of the totahefic variations, there is urgency in
estimation of heritability in broad sense. Highlee heritability of a trait means, least
influenced by the environment, there by suggestiatier opportunity for selecting a
genetically good individual (Randhawial., 1975). The result of present study indicated
that high heritability of above 60% have been otadifor plant height, days to 50%
flowering, fruits plant, ridges fruit!, fruit yield (kg plot! and qh&), fruit crude protein
and sugar content as well as incidence of YYMV&i60, 75 and 90 DAS, which clearly
suggested that these characters might be highlifalbler and less influenced by
environment. Therefore, selection of genotypes asisbof such parameters would be
beneficial in okra improvement programme. Simiksult were also reported by several
scientists in okra (Dhankar and Dhankar 2002; Kughat., 2011; Goswamét al.,2012;
Kumaret al.,2012 and Jagaet al., 2013).

Johnsoret al. (1955) suggested that though heritability esnpaovides the basis
for selection of phenotypic performance, but hbiiitg estimates coupled with high GA
should always be considered simultaneously forimbta efficient selection of traits in
crop improvement programme. In the present study,ttaits having high heritability
coupled with high GA for plant height, fruit weigplant®, fruit yield, fruit crude protein
and sugar as well as incidence of YVMV at 45, @arid 90 DAS indicating that these
traits are simply inherited characters, even mb#tem are under polygenic control, but
these traits could be improved through simple selemethod. Therefore, these traits can
be attributed to additive gene action regulatingirtinheritance and the phenotypic
selection for their improvement could be achievgdaflopting simple selection method
(Panse, 1957). Similar observations have beentegpby Patra and Ravisankar (2004),
Singhet al. (2006), Gangashetty al. (2010) and Mishrat al. (2015) in okra. However,
some deviations were also observed in differentradters studied in the present
investigation as observed by other scientists ia akas primarily due to difference in

genetic stock subjected to testing along with emvivental factors.
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Interestingly, the results also indicated that ¢hedove characters not only
showing relatively high heritability and GAM (%) toaiso relatively high values of GCV
than rest of the characters under study altogeiftars, the combined effect of three
important genetic factors suggested that additereegction is responsible for expression
of these characters. Therefore, direct selectioougih these characters will be effective
for improvement in okra especially to develop a ajgpe having tolerance and/or
resistance to YVMV. Similar reports of high valugdsthree genetic parameters has been
reported in okra by Mehtet al.(2006) for fruit yield, Satees#t al.(2011) for fruit yield
and days to 50% flowering Gendy and Aziz(2013) iighraet al.(2015) for most of the

traits in okra.
5.6 Character association

Like other fruit vegetables, in okra green fruiglgi is also governed by several
other quantitative characters that are highly deégehon environmental stress including
both biotic and abiotic stresses. Therefore, ohlgnptypic selection of genotypes on the
basis of yield may not be a sound proposition ftecéve selection. Hence, it is also
essential to estimate the association among theyield and its components for planning
of a successful and effective crop improvement qariogne. The results on phenotypic
correlation (Table No.4.9) clearly suggested thatd was a strong inheritance association
between the various characters in okra. A strorgtipe association of character with
yield may be attributed to linkage and pleiotro@pdrque, 1966). In the present study,
significant and positive correlation observed fouitf yield (kg plot) with fruits
plant!, ridges fruit', fruit weight plant , fruit length, fruit weight, days to™harvest and
fruit dry weight . Similar trend was also obserdedfruit yield (q hat). On the other hand,
the fruit yield was significant but negatively cglated with node at whichs'Iflower
appeared, fruit crude protein and non-reducingrsaiga incidence of YVMV at 30 and 45
DAS. These results clearly suggested that selectmn these component traits
simultaneously will effective in improving the ftyjield in okra. In case of other pairs of
traits showing either significant negative valuesion-significant values of both positive
and negative have least importance for effectidecBen based on these characters.
Similar results of significant positive correlatiéor green fruit yield in okra with fruits
plant!, fruit weight, fruit length by Jaiprakashnarayaml &/elge (2004) and Chaukhande
et al. (2011),fruit length and fruit weight by Mehta (20C8uits plantfruit length by
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Singh et al.(2007) and Sengupta and Verma (2009). Furtherjnitidence of YVMV
showing the significant and negative correlatiothviiuit yield in okra clearly suggested
that the YVMV incidence was significantly reducée fruit yield. The interesting results
revealed that at 30 to 45 DAS, the incidence of YX/Mas significant and negatively
correlated with fruit yield than 60, 75 and 90 D&®)gesting that for effective screening
of okra genotypes against YVMV, selection shoulditee at 30 to 45 DAS only. Similar,
observations of reduction of YVMV with increaseage of okra seedlings were reported
by Punet al. (1999). They reported 100% infection occurredaalyestage with one week
while the infection % was dropped down to 31.70%emvincidence of YVMV at 49
DAS. Similar reports of significant increase in % YVMV at 35 to 45 DAS were
reported by Bhagat al. (2001); Kharet al. (2005) and Alit al. (2005).

5.7 Direct and indirect effect of characters

Yield being a complex character resulting from divect and indirect effects of
several traits operating either alone or in contlmna. Selection for a trait in one direction
may influence another trait by a direct or indireffectvia third variable. Hence, in order
to study, the direct and indirect effects of vasiqalant characters on okra fruit yield are
presented in Table 4.9. The results revealed this folant?, fruit weight ,incidence of
YVMV at 60 and 90 DAS had maximum positive direffeet on fruit yield (kg plot) of
okra. Further plant height, days to 50% floweringjdence of YVMV at 30 and 45 DAS
and fruit crude protein content also produced pasdirect effect of lower magnitude. On
contrary, nodes planht, crop duration, incidence of YVMV at 75 DAS ,frueducing
sugar, length and girth of fruits had negative direffect on fruit yield, highest being
incidence of YVMV at 75 DAS (-0.986). The low pos# and negative direct effect
resulted might be due to cancellation by the rdsmemdirect effectsia these characters.

The indirect effect of fruits plantvia fruit weight, incidence of YVMV (75 DAS)
& days to 50% flowering. Similarly, incidence of YW at 60 DASvia nodes plant,
incidence of YVMV (30, 45, 75 and 90 DAS), fruitude protein and non-reducing
sugars, respectively. The present findings argiieeanent with Bhalkaat al. (2005) who
reported that relatively free from YVMV, long frad types with tall plants having more
nodes plant and fruits plant yielded maximum fruit yield in okra. Similarly, Ggashetty
et al. (2010) also reported high path coefficient fayhair fruit yield with fruits plant,
fruit weight and plant height.
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The results of present study also indicated thitsfplant', fruit weight and lower
incidence of YVMV up to 60 DAS had considerableedir contribution towards green
fruit yield in okra. High indirect effects to thesmits are also observed. Thus, during
screening of genotypes against YVMV under field dittons in okra, the importance
should be given to isolate the superior typesast iithin 60 DAS to develop the superior
types with higher fruit yield potential having igsince &/or tolerance to YVMV.

5.8 Genetic divergence

The multivariate analysis based on MahalonoBist&listics is a powerful tool for
measuring the genetic divergence among the testygms (Nair and Gupta, 1976). The
results indicated that all the genotypes were grdupto 4 different clusters, comprising
seven genotypes including checks in Cluster | whalet 3 clusters consist of single
genotype each (Table 4.10).

From the present investigation, cluster |l compgsisingle genotype
(2012/0OKYVRES-5) and cluster IV having single gsmet (2012/0OKYVRES-2) sharing
highest inter cluster distance .So promising ltyberivatives can be obtained by crossing
parents of these two divergent groups probably usscaf complementary interaction

divergent gene parents.

From the performance study (Table 4.2 to 4.5),aswlearly demonstrated the
superiority of 2012/OKYVRES-5 with respect to fryield and tolerance to YVMV under
field condition which was grouped in cluster -licrfdarly, the best two lines isolated with
resistance to YVMV were 2012/OKYVRES-1(Cluster-)da2012/OKYVRES-2(Cluster
IV). Thus, the development of hybrids by utiliziolgister 11 and IV not only produce the
genotypes having desirable quantitative paramébtgralso resistance & / or tolerance to
YVMV in okra. Similar reports have been reportgdRvakash and Pitchaimuthu (2010),
Prakash Kerure (2010) and Mislataal. (2015) in okra which is similar to our finding6 o

present investigation.
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SUMMARY AND CONCLUSION

The salient findings of the present investigaeitled,“Screening of Okra

(Abelmoschus esculentus L. Moench) germplasm against Okra Yellow Vein

Mosaic Virus disease under field condition’are summarized below

The results on mean sum of square revealed thereesof significance among the
tested genotypes for all the characters studiegpexhe fruit girth, ridges plahand
crop duration from sowing to last harvesting.

The genotype, 2012/OKYVRES-2 recorded significanklighest plant height
(120.83cm) and wadatidically at par with Arka Anamika (114.43 cm) and Arka
Abhay (115.27 cm).

The genotype, 2012/0OKYVRES-5 recorded significanitihest node plai22.20).

Significantly lowest node of1flowering was recorded in 2012/OKYVRES-5 (4.66)
andgatidically at par with 2012/0OKYVRES-3 (5.91), 2012/0OKYVRES-4 (5.X8)d
2012/OKYVRES-6 (5.76).

Significantly earliest days to*flowering was recorded in 2012/OKYVRES-6 (31.33)
closely followed by 2012/0OKYVRES-6 (32.33), Kashragathi (35.33) and
Pusa Sawani (32.66) whestatigtical parity were observed.

Significantly earliest days to 50% flowering by gsmpe, 2012/0OKYVRES-6 (36.66).

Significantly maximum fruits plaft by 2012/OKYVRES-5 (20.75) and
2012/0KYVRES-2 (20.23).

Significantly longest fruits was produced by 20IR¥YRES-5 (13.88 cm) than rest
of the genotypes, except 2012/0KYVRES-1, 2012/0K¥B&2, 2012/0KYVRES-6,

Kashi Pragati, Arka Anamika and Arka Abhay (11.68 to 12.73 cm) where
datigtical parity were observed.

Maximum fruit girth (6.96 cm) was recorded in gepet 2012/OKYVRES-2.
The genotype, 2012/0OKYVRES-5 recorded significamdgviest fruit of 23.20g.
Significantly highest fruit weight plaft141.59g) was recorded by 2012/OKYVRES-5.

Significantly minimum days taken fof* harvesting (45.00) was recorded in genotype,
2012/0OKYVRES-3 and 2012/0OKYVRES-4 and Pusa Savani test of the genotypes.
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The genotype, 2012/OKYVRES-3 recorded the lowest dar final harvesting
(74.00).

Maximum ridges plarttwas observed in genotype, 2012/OKYVRES-5 (7.00).

Significantly highest fruit dry weight was recordeg 2012/OKYVRES-5 (10.809),
closely followed by 2012/OKYVRES-1 (9.17g) thant i@sthe genotypes.

The genotype, 2012/OKYVRES-5 recorded significahityhest green fruit yield, i.e.
11.50 kg plot and 141.98 q hathan rest of the genotypes. The next best genoigpe
2012/0OKYVRES-2 with fruit yield of 9.46 kg piband 116.79 g ha, respectively.

The genotype, 2012/OKYVRES-1 recorded significalttlyest incidence of YVYMV
(0.00%) at all stages of crop growth.

At 30 DAS, significantly lowest incidence of YVMVOQ0%) was observed in
genotype 2012/0KYVRES-1, 2012/OKYVRES-2, and 20KYWURES-5 than other
genotypes except Arka Anamika (5.23%) which siatsstically at par.

At 30 DAS significantly maximum YVMV incidence waecorded Arka Abhay,
followed by Pusa Sawani, 2012/OKYVRES-3, 2012/OKYa8R6 and Kashi Pragati
(8.26 t0 14.26%).

At 45 DAS of crop growth, both 2012/OKYVRES-1 ar@l2/OKYVRES-2 recorded
significantly lowest incidence of YVYMV (0.00 to 8%) than rest of the genotypes.

Significantly maximum incidence of 88.36% was obsérin Kashi Pragati than other
genotypes. Howeverdatistical parity were observed with 2012/OKYVRES-3,
2012/OKYVRES-4, 2012/0KYVRES-6 and Pusa Sawani9g% 87.66%) at 45
DAS.

At 60 DAS of crop growth, significantly lowest ideince of YVYMV was observed in
genotype, 2012/0KYVRES-1 than rest of the genotyphe next better genotypes
significantly tolerant to YVMV, except 2012/0OKYVREBwere 2012/0OKYVRES-2,
2012/0KYVRES-5 and Arka Anamika.

The susceptible check variety, Pusa Sawani recaidedicantly highest incidence
of 98.64% and wadatistical at par with 2012/OKYVRES-3, 2012/OKYVRES-4,
2012/OKYVRES-6, Kashi Pragati and Arka Abhay (94@127.94%) at 60 DAS.

At 75 DAS, only 2012/OKYVRES-1 recorded significgnt lowest
incidence of YVMV (0.00%) than other genotypes. Tiest best genotype
was 2012/OKYVRES-2 (15.58%).
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The susceptible check variety, Pusa Sawani and/QB¥2/RES-3 recorded
significantly highest incidence of 100.00 % and wvstistical at par with
2012/OKYVRES-4, 2012/OKYVRES-6, Kashi Pragati andkaAAbhay (98.72 to
99.29 %) at 75 DAS .

At 90 DAS of crop growth stage, only the genoty i 2/OKYVRES-1 showed
significantly lowest incidence of YVYMV (0.00%) thaest other genotypes. The next
best genotypes was 2012/OKYVRES-2 with only 20.3f6dence. All other
genotypes were affected by YVMV significantly fr@®.10 to 100.00%.

Significantly highest fruit reducing sugar (3.54%ags observed in 2012/OKYVRES-1.

Significantly maximum non-reducing and total sugamtent of fruit was observed in
genotype, 2012/OKYVRES-6 than other genotypes.

Significantly highest fruit crude protein was redmgt in genotype, 2012/OKYVRES-3
(16.34%) followed by Pusa Sawani (16.21%) thanaktste genotypes.

Arka Abhay recorded significantly lowest fruit haess (81.33mm) and was
datigtically at par with 2012/0OKYVRES-1, 2012/OKYVRES-6 and Pusa Sawani

Genetic variability studies indicated wide rangevafiations for all the characters
revealed through statistics of mean, range andideat of variation.

High variability (CV of > 10%) was observed fouifrlength (11.70), fruit dry
weight (11.84), fruit yield (q h§ (12.28), fruit yield (kg plot) (12.28), node at
which F flower appeared (12.99), fruit weight (13.11)ged fruit' (13.17), fruits
plant! (13.44), incidence of YVMV at 30,45 & 60 DAS (84,58.50 & 15.69) and
fruit weight plant*(14.12).

The PCV was higher than GCV for all the characiader study.

Relatively higher PCV was observed fruits pfa(41.84%), fruit weight plarit
(53.55%), fruit yield plot (kg) (46.46%), fruit yield(q h&) (46.47%), as well as
incidence of YVMV at 30,45,60,75 and 90 DAS(46.695.74%). The parameters
such as plant height (10.27%), fruits pfat.60%), fruit weight plarit (3.52%),
ridges fruitt (3.68%), fruit crude protein (3.79%), reducingyau(0.50%), non-
reducing sugar (1.73%) and total sugar (0.73%) stgpehe minimum difference
between GCV and PCV

High heritability (> 60% ) were observed in traiitee days to 50% flowering
(69.93%), plant height (82.83%), fruits ptan{89.68%), fruit crude protein
(92.87%),fruit yield qhd (93.05%),fruit yield (kg ploty (93.07%), fruit weight

plant? (93.32%), ridges frutt (93.49%), fruit non-reducing sugar (96.67%),fruit
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reducing sugar (98.97%),as well as incidence adémce of YVMV at 45,60,75 and
90DAS (96.59%,91.13%,98.54% and 99.51%, respegtivel

High GA was observed for incidence of YVYMV at 4590 DAS (72.47 to 78.24),
fruit plant* (63.05), fruit yield (ghd) (66.25) and plant height (32.93).

High expected GAM by selection (> 60%) was obsefeeihcidence of YVYMV at
45,60,75,and 90 DAS (95.52 to 145.50%), fruit nesucing sugar (77.50%), fruits
plantt (77.29%), fruit yield(kg plot) (89.08), and fruit weight plaf{102.96%).

Relatively higher values were observed for GCV ,itélgitity and predicted GA
together for traits like fruit weight plaft-fruit yield (qhat), incidence of YVMV at
45, 60,75,90 DAS.

Significant and positive correlation were obserfeedruit yield (kg plot!) with fruits
plant! (0.943),ridges fruft(0.676), fruit weight plant (0.905), fruit length(0.602),
fruit weight(0.604), days to*harvest(0.392), and fruit dry weight(0.584).

The fruit yield (kg plot) was significant but negatively correlated witideat which
first flower appeared (-0.364), fruit crude prot¢i.662), and non-reducing sugar
content (-0.428), as well as incidence of YVYMV @i&Bid 45 DAS (-0.531 and -0.490).

Fruits plant{(0.723), fruit weight (0.279), incidence of YVMV &0 (0.886) and 90
DAS (0.387) had maximum positive direct effecfioiit yield (kg plotY) of okra.

Nodes plant (-0.034), crop duration (-0.210), incidence of YVMat 75 DAS
(-0.986), length (-0.013), and girth (-0.286) eiits had negative direct effect.

The cluster-1 comprise of 7 genotypeg, 2012/OKYVRES-1, 2012/OKYVRES-4,
2012/OKYVRES-6, Kashi Pragati, Pusa Sawani, ArkarAitka and Arka Abhay
while cluster I (2012/OKYVRES-5), Il (2012/OKYVR&3) and IV
(2012/OKYVRES-2) consisted of one genotypes each.

Cluster Il had the minimum intra-cluster distanB € 0.00) whereas maximum
intra-cluster distance @3 777.24) was observed in Cluster I.

The most divergent clusters were Cluster Il and(¥ = 9582.65), followed by
Cluster Il and IIl (3§ = 8741.88) and Cluster | and 11396683.23).

Cluster Il having one genotype showed the maximalmes for node plait(22.20),
ridges fruit! (7.00), fruits plant (20.75), fruit weight plart (141.59g), fruit weight
(23.20g), fruit length (13.88 cm), fruit yield (50 kg plot}) and dry weight of fruits
(10.80g) with minimum value for node at whicF flower appeared (4.66) and
incidence of YVYMV at 30 DAS (0.00%).
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CONCLUSION

The salient results of the present investigatiotitled, “Screening of Okra

(Abelmoschus esculentus (L.) Moench) germplasm against Okra Yellow Vein

Mosaic Virus disease under field condition”have shown significantly positive

effect on screening of better genotypes for graawttl fruit yield with resistance &/or

tolerance to YVMV. The following conclusions werade from the present study.

The genotype, 2012/OKYVRES-1was identified as mesistant line with 0.00%
incidence of YVMV disease at all the stages of gapvth in okra.

Similarly, the genotype, 2012/OKYVRES-5 was ideetlf as most superior
genotype with significantly highest fruit yield @buting parameters and fruit yield
(11.50kg plot and 141.98ghY having moderately better fruit quality. The
genotypes also showed tolerance to incidence of Y\ to 45 to 60 DAS.

The next best genotype identified was 2012/OKYVRE®ith better vegetative
growth, fruit yield and yield attributes parametalsng with resistance to YVMV
(0.00 to 20.30% of incidence at 30 to 90 DAS) uriigdd conditions.

Direct selection through traits like fruit weighapt fruit yield (ghat), incidence
of YVYMV at 45, 60, 75 and 90 DAS will be effectifer improvement in okra
especially to develop a genotype having tolerandéoa resistance to YVMV.

Fruits plant, fruit length, fruit weight, fruit weight plant fruit dry weight and days
to 1% harvest, being positive and significantly coredathence will be consider for
improvements in okra. Further, as incidence of Y/t 30 and 45 DAS are
significant and negatively correlated, hence, duphasis should be given to isolate
the genotypes infected by YVMV within 45 DAS fosdase resistance breeding.

Besides direct selection for fruit yield indireellection through fruits planf fruit
weight and incidence of YVMV at 60 and 90 DAS sldoloé considered for further
improvement in fruit yield of okra with toleranae YVMV.
Being most divergent Cluster-Il (2012/OKYVRES-55dN (2012/OKYVRES-2),
hence expected hybridization between these twotgee® might result in highly
heterotic hybrid and thus, produced wide spectrusmiation in segregating
generation. Incidence of YVMV is contributing maxim towards divergence
suggested that special attention should givenisoctiaracter while designing crop
improvement programme in okra.
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