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Studies on the host plant resistance to green leafhopper, Amrasca
biguttula biguttula (Ishida) (Hemiptera : Cicadellidae) and
determination of morphological and biochemical basis of resistance to it
in sunflower (Helianthus annuus L.)

SOUMYA M. SHETTAR
ABSTRACT

Investigations on the infestation of leafhopper (Amrasca biguttula biguttula
Ishida.) on sunflower (Helianthus annuus L.) and host plant resistance studies were
carried out during 2015-2017. Field screening of totally 411 genotypes during four
seasons revealed that the overall incidence of mean population of leafhoppers ranged
from 0.50 to 5.66 per plant and the hopper burn injury grade ranged between 0 to 5.
Based on injury grade 10 entries (RH-95-C-1, AHT 12, OPV 2,CMS 103 B, KBSH 53,
KBSH 72, OPV3, NCP 198,KBSH 1 and AHT 13) were shortlisted as resistant ,while
nine genotypes viz.,, DRSF 108,RHA 284, EC 734840, EC 734844, NCP 22, NCP28,
KBSH 41, Morden and UASB 560 were shortlisted as highly susceptible to leafhopper.
Their resistance was confirmed and glass house conditions. The spatial distribution of
leafhopper studied on sunflower entries during different developmental stages of the
plant (at 45 and 75 DAS) revealed that the maximum leafhopper population confined the
middle portion of the plant canopy, followed by top portion. The significantly lowest
population of leafhoppers was recorded on bottom portion of canopy. Though leaf
thickness did not confer any resistance against green leafhoppers, trichome length and
trichome density in resistant entries did not support the build up of green leafhopper
population. Biochemically, the resistance in sunflower could be attributed to low levels of

total soluble sugars and total soluble proteins and increased levels of phenols.
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I INTRODUCTION

Sunflower is a diploid species (2n = 2x = 34) that belongs to the Helianthinae
subtribe, Asteroideae subfamily and Compositae family. Genus Helianthus composed of
49 species, including 12 annual and 37 perennial species and 19 subspecies (Seiler, 1992;
Skoric, 1993; Seiler and Rieseburg, 1997). Sunflower is the only plant grown world-wide
on a large scale that originated and was domesticated in North America (Heiser, 1978).
The basic chromosome number for the Helianthus genus is 17 and due to the open
pollination between the perennial species; several variable polyploidy levels of (2x, 4x
and 6x) were found (Heiser, 1978 and Schuster, 1993).

In India, sunflower is an important oilseed crop cultivated in an area of 5.20 lakh
ha with a production of 3.35 lakh T and a productivity of 643 kg/ha. Karnataka occupies
first position, accounting for an area of 3.84 lakh ha., with a production of 1.93 lakh T
and productivity of 503 kg/ ha (Anon., 2016). The cultivated sunflower is largely
confined to southern parts of the country viz., Andhra Pradesh, Karnataka, Maharashtra
and Tamil Nadu, which together contribute about 90 per cent of total acreage and 78 per
cent of total Indian production and therefore, it is recognized as “sunflower state” in the
oilseeds scenario of the country (Basavaraj et al., 2016). Although sunflower crop has the
yield potential of 2.0 to 2.5 T/ ha under favourable conditions, its mean productivity

levels are quite low in India.

Sunflower is distinctly superior over other oilseed crops and has been well
accepted by the farming community. It was extensively cultivated in past years because
of its desirable attributes, such as short duration, adaptability to wide agroclimatic
conditions, photo-insensitive nature and tolerance to drought, low seed rate, high
multiplication ratio, and comparatively lesser cost of cultivation, besides high quality
edible oil, with higher content of poly unsaturated fatty acids (Sindagi and
Virupakshappa, 1986).

The crop is cultivated for a variety of uses such as, oil production, ornamental

use, as poultry feed and in pharmaceutical industry as a diuretic and for treating certain
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disorders of the respiratory tract (Putt, 1971; Lofgren, 1978; Dorrel, 1978). Fried
sunflower kernel with salt and pepper is a delicacy. Among various vegetable oils,
sunflower oil has high level of unsaturated fatty acids viz., linoleic acid, oleic acid and
linolenic acid, which constitute about 90 per cent of the total fatty acids. This
characteristic feature has categorized sunflower oil as a naturally superior one compared
to groundnut or mustard oil (Carter, 1978; Kolte, 1985).

The area under sunflower cultivation in India has increased tremendously from
0.15 lakh ha (1970) to 14.69 lakh ha (1993), but there was drastic decline in the area to
less than 8.0 lakh ha during 1994-2002, mainly due to the several biotic and abiotic stress
(Shankergouda et al., 2006).

In spite of its growing popularity, the crop is often ravaged by a plethora of insect
pests and diseases, which are one of the major biotic constraints in the successful
production of sunflower. As many as 251 insect and mite species have been recorded on
sunflower at the global level (Rajamohan, 1976). Insect pests of sunflower are more
diverse in tropical countries than in temperate areas. In India, sunflower crop is damaged
by different species of insect pests, of which the polyphagous pests like capitulum borer
(Helicoverpa armigera Hubner), tobacco caterpillar (Spodoptera litura Fab.), Bihar hairy
caterpillar (Spilartia obliqua Walker), green semilooper (Thysanoplusia orichalcea Fab.),
cabbage semilooper (Trichoplusia ni Hubner), cutworm (Agrotis spp.) and leafhopper
(Amrasca biguttula biguttula Ishida) are considered to be of major economic importance
(Basappa, 1995).

Crop loss due to insect pests in sunflower varies from region to region. As a result
of severe outbreak of seedling pests, the plant stand of sunflower was reduced by more
than 30 per cent (Basappa and Bhat, 1998) in DOR Hyderabad. There are reports of
leafhopper alone causing crop loss ranging from 18.5 to 46.3 per cent in Maharashtra
(Anon., 1979). The capitulum borer alone causes up to 50 per cent yield loss by directly
inflicting damage to flower buds, ovaries and developing seeds in Maharashtra (Lewin et
al., 1973).

2 Soumya, M. Shettar, Ph.D. 2017



Amrasca biguttula biguttula is one of the important sucking pests of sunflower in
India (Rana and Sheoran, 2004). Both nymphs and adults are injurious and suck plant
sap, specially the older nymphs. At the early stages of crop, the attacked leaves turn
yellowish near the margins. In case of mild infestation, there is curling of borders which
later on turns brownish. When the leafhopper attack is severe, yellowish patches develop
on the leaves, which gradually turn brown and dry up. The pest sucks the plant sap
mainly from the lower surface of leaves and injects toxic saliva into the plant tissue at the
time of feeding, resulting into phytotoxic symptoms, known as “Hopper burn”. As a
result yellowing, browning, bronzing, cupping and withering, necrosis of leaves occur
and ultimately, the leaves shed prematurely (Hussain and Lal 1940, Mahal 1973, Bindra
and Mabhal 1979, Bindra and Mahal 1981).

Many insecticides are being used to control the pest complex of sunflower, which
pose health hazards and environmental problems. Host plant resistance is a potential
alternate management strategy to reduce pest damage, since it is eco-friendly, cost
effective and can be integrated with cultural and biological control measures
(Chirumamilla et al., 2010).

On the other hand, crop plant uses different ways to protect them from herbivore
infestation. Painter (1951) described three mechanisms of plant response, Antixenosis,
Antibiosis and Tolerance. Antixenosis refers to the plant properties that reduce
colonization by pests seeking food or oviposition sites, due to morphological
characteristics or lack of plant attractants. Antibiosis is a resistance influencing biological
processes of insects, like survival, growth, generation time, fecundity and longevity (Van
Emden, 1997). The quantity and quality of primary as well as secondary plant
metabolites frequently associated with antibiosis are also influenced by plant responses.
If a crop cultivar is tolerant to herbivore infestation, it shows a reduced response to
herbivore damage compared with other non-tolerant plant types. When such different
resistance as well as tolerance mechanisms are combined, high levels of overall
resistance could be achieved (Pedigo, 1999). Therefore, knowledge of -cultivar
susceptibility/resistance and the mechanism(s) might be a fundamental component of an
integrated pest management program (IPM) against any pest, besides facilitating the
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prorision of resistant genotypes which can be utilized in leafhopper resistance breeding

programme in sunflower.

In view of significant status of leafhopper as a pest on sunflower, and to avoid
over reliance on synthetic chemicals, the investigations on exploring resistance to the

leafhopper were carried out with the following objectives:

1. Screening of parental lines and germplasm entries of sunflower for their resistance to

green leafhopper both under field and artificial conditions.
2. Determination of morphological basis of resistance to green leafhopper.

3. Determination of bio-chemical basis of resistance to green leafhopper.

4 Soumya, M. Shettar, Ph.D. 2017



Il REVIEW OF LITERATURE

Sunflower (Helianthus annuus L.) is one of the most important oilseed crops of
India. The potential of the crop is far from being exploited and the yield levels of
sunflower in the country are the lowest in the world due to several biotic and abiotic
stresses. Among the biotic factors, insect pests contribute a lot for lowering the
production and productivity. Sunflower leafhopper, Amrasca biguttula biguttula (Ishida)
(Hemiptera: Cicadellidae) is one of the most economically important sucking pests
attacking sunflower in India. It has been known to cause severe yield losses by paralyzing
the cultivation of the crop. Research work on its incidence, crop loss, biology and host
plant resistance in sunflower has been carried out by several researchers. Accordingly,
the available literatures on host plant resistance to A. biguttula biguttula in sunflower and
also that pertinent to the present investigation in other crops are reviewed in the following
paragraphs.

2.1 Insect pest fauna of sunflower

In India, more than fifty insect species have been found feeding on sunflower, of
which seedling pests viz., cutworm, Agrotis spp. and grasshopper, Atractomorpha
crenulata Fab., soil insects (termites and white grubs), sucking pests such as, leaf hopper
(A. biguttula biguttula), whitefly (Bemesia tabaci Genn.), thrips (Scirtothrips dorsalis
Hood), defoliators like bihar hairy caterpillar (Spilarctia obliqua Walker.), tobacco
caterpillar (Spodoptera litura Fab.), green semilooper (Plusia orichalcea Fab.), cabbage
semilooper (Trichoplusia ni Hubner) and capitulum borer (Helicoverpa armigera
Hubner) are of economic importance. Non-insect pests such as rabbits, parakeets, doves,
house sparrows, crows, rats etc. have also been reported to cause severe damage to

sunflower (Basappa, 1995).

The sucking pests of sunflower which were reported to feed on stem and leaves
include, leafhoppers and plant hoppers (A. biguttula biguttula, Empoasca sp;), thrips (S.
dorsalis, Thrips tabaci Lind., Arrhenothrips ramakrishnae Hood., Haplothrips
ganglbaueri Schmutz, Megalurothrips usitatus Bagnal.,); aphids (Aphis craccivora Koch,

Aphis nerii Forn., Aphis gossypii Glov., Uroleucon compositae F., Lipaphis erysimi
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Kalt.), plant bugs (Eurybrachys tomentosa F., Otinotus liginicola Walk., Oxycarenus
laetus Kirby., Clavigrella gibbosa, Oxyrachis tarandus Fab.) and whitefly (Bemesia
tabaci Genn.) (Basappa, 1995).

2.1.1 Leafhopper infesting on sunflower

A. biguttula biguttula is one of the important sucking pests of sunflower in India.
The incidence would start from seedling stage and prevail through the entire plant life.
Both nymphs and adults suck the plant sap and causes stunted growth of the plant,
cupped and crinkled leaves, burning of leaf margin and their severe infestation produces
the characteristic “hopper burn” symptoms. Though it may appear on the crop around the

year, it is serious during certain months at different places (Rana and Sheoran, 2004).

2.1.2 Crop loss assessment by sunflower leafhopper

Crop loss due to insect pests in sunflower varies from region to region. As a result
of severe outbreak of seedling pests, the plant stand of sunflower crop could be reduced
by more than 30 per cent (Basappa and Bhat, 1998). The leafhopper alone causes crop
loss ranging from 18.5 to 46.3 per cent in Maharashtra (Anon., 1979). At Digraj,
leafhopper caused 9.5 to 46.3 per cent yield loss, whereas, at Akola, sucking pests caused
15.2 to 18.5 per cent yield loss (Anon., 1997).

Amrasca devastans (Distant) in cotton has been prevalent from vegetative to
reproductive phase of crop growth. The loss in seed cotton yield due to leafhopper is
accounted to be 390 kg ha-1 and 330 kg ha-1(Murugesan and Kavitha 2010).

2.1.3 Host range of sunflower leafhopper

Leafhopper A. biguttula biguttula is a polyphagus pest with wide host range,
which includes cotton, bhendi. beetlevine, potato, brinjal, cocoa, castor, soyabean, sweet
potato, marigold, sapota, amaranthus (Afzal and Ghani, 1953; Cherian and Kylasam,
1938; Lewin et al, 1973; Rajamohan et al., 1974; Raju and Rao, 1984).
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2.1.4 Synonyms

A. biguttula biguttula (Ishida) was described under different synonyms which

were mentioned below.

Amrasca biguttula biguttula (Ishida, 1913) Kapoor and Sohi, 1972: Dworakowaska and
Viraktamath, 1975: 530; Sohi, 1976:236.

Chlorita biguttula (Ishida) 1913: 1 (Issued March12, 1913)

Chlorita biguttula Shiraki, 1913:96 (Issued March31, 1913)

Emposca bipunctata Schumacher 1915: 127; Dworakowaska, 1970; 712 (Synonymized)
Chlorita bimaculata Matsumera 1917: 393.

Chlorita bimaculata Matsumera, 1913: 62

Emposca devastans Distant, 1918: 93; Dworakowaska, 1970; 712 (Synonymized)
Fauna of British India Rhynchota, 7: 93 (n. sp)

Amrasca devastans (Distant, 1918) Ghauri,1967: 163.

Sundapteryx biguttula biguttula (Ishida, 1913); Dworakowaska, 1970; 712 (proposed

new genus and new combination),

Amrasca biguttula biguttula (Ishida, 1913) Kapoor and Sohi 1972: 51; Dworakowaska
and Viraktamath, 1975: 530

Empoasca nigropunctata Merino, 1936: 389; Sohi, 1976: 52 (Synonymized)

Empoasca quadrinotatissima Dlabola, 1957: 296; Dworakowaska, 1970: 712
(Synonymized).

2.2 Host plant resistance

Host plant resistance is one of the safe and cost effective methods. WTO has set
the limitations for maximum residual limits (MRL) for agricultural crops, horticultural
crops and its products, so it is necessary to work on the non chemical pest control

methods in agricultural crops; host plant resistance is one of these methods. The growth
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and the selection of resistant cultivars against the pests is vital approach of IPM (Bhatti et
al., 1976).

A resistant genotype can give a pedestal on which integrated control measures can
be most dynamic when used with the combination of other methods for control. The
resistant genotypes have the important position in integrated pest management (IPM).
The available variability including both indigenous and exotic germplasm has been
utilized to a considerable extent in the improvement of sunflower. Different workers have

screened various germplasms for resistance to leafhopper which is reviewed as under:

2.2.1 Screening of selected entries for resistance to leafhopper (A. biguttula biguttula)

2.2.1.1 Screening of selected entries for sunflower resistance to leafhopper (A.

biguttula biguttula)

Fick (1978) observed reliable resistance to leafhoppers in sunflower germplasm
collection as well as Helianthus argophillus x H. annuus derivatives at Bengaluru. The
germplasm accessions showing resistance were, Acc NO. 771, 775, 892, 1035, 1042,
1055, 1009, 702 R and 1134.

In the studies carried out by Deshmukh and Akhare (1979) for three years 1975-
77 at Akola on the response of early and dwarf varieties of sunflower to leafhopper A.
biguttula biguttula, it was found that Morden and Cernianka-66 exhibited lesser
leafhopper population on them indicating that the two varieties were comparatively
resistant to the leafhopper.

Bhat and Virupakshappa (1993) screened some germplasm lines against
leafhoppers in sunflower and the entry No. 771, 775, 892, 1009, 1035, 1042, 1407, 1055,
1134, 702 R, KBSH-8, BSH-1 S- 55, EC-61039 and 35811 either supported
comparatively lower population or not expressing cupping symptoms compared to

susceptible genotypes.

Least number of leafhoppers was recorded on TNAU-SWF-7 whereas, morden

had 13 leafhoppers per plant and was more susceptible than all others. The injury grade
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ranged from 0-2 in GAU-SUF-46 to 3.0 in EC-68414. In an Advanced Varietal Trial
(AVT), the leafhoppers per plant were the highest on GAU-SUF-15 with 9.7 per plant
and the least was on GAU-SUF-81 with 4.5 hoppers per plant. Entries CS0912 and CS
213 had respectively the highest and the lowest leafhopper incidence (Anon., 1999).

Entries GMU-204, 205, 208 and 220 were found tolerant to leafhoppers at Akola.
GMU-206, 217, 265, 285 and 286 recorded lowest population of thrips at Raichur
(Anon., 2006).

Balasubramanian and Gopalan, 1981 reported that the germplasms, released
hybrids and varieties screened for resistance to major sucking pests at different locations
in Tamilnadu and the leafhopper population was considerably less on KBSH-1, GUJ-
SUN1, and BSH-1. At Raichur, 7113, 1888, 1425 entries recorded lesser population of
leafhoppers.

Different sunflower genotypes were screened against T. tabaci. The genotypes
9706 and JH2 99S were partially resistant, whereas, XF-263 and Award were found to be
highly susceptible to the pest as compared to Hysun-33. The genotypes 9707, JH1 99S
and parsun-1 were partially susceptible to the pest. Hysun-777, T-562, PSF-025 and 1435
were moderately susceptible against thrips, whereas PNSF-1 and 9706 were found
susceptible. A negative correlation was also found between pest population and the yield
of sunflower genotypes. Further, they noticed that against leafhoppers, Empoasca spp.,
9705, JH2 995 and Hysun-777 were partially susceptible. The entries T-562, XF-263,
PNSF1, 1435 and PSF-025 were partially susceptible, while Parsun-1 and 9706 were
found susceptible and 9707 and Award were highly susceptible (Ashfag and Aslam
2001a; 2001b).

Several entries were screened under All India Co-ordinated Research Project at
various centers every year for pests and diseases of sunflower. Acc. No. 294 and 313
registered least leafhoppers incidence at Akola. Whereas, Acc No. 295 recorded lowest
population of thrips and promising accessions against thrips were 297, 150, 316 and 320
(Anon., 2002).
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At Orissa, Mandal and Dash (2003) screened fifteen genotypes of sunflower
against leafhopper, A. biguttulla biguttula. None of the genotypes were found highly
resistant, two genotypes i.e., RPT 25 and RPT 16, were found resistant with 3.1 to 6
leafhopper per three leaves.

GMU-412, 478, 479 and 488 were found to have multiple resistances to insect
pests of sunflower entries RSFV-901-1, DRSF-119, SS-2038, KSFH-437 were also found
resistant to thrips and leafhoppers (Anon., 2006).

One hundred and twelve accessions of sunflower (Helianthus annuus L.) were
screened under field conditions in two seasons at Sambavar Vadakarai and
Udappankulam villages of Tirunelveli district of Tamilnadu, India during January to
April and June to September, 2009 respectively for their resistance against leaf hopper
(A. biguttula biguttula Ishida) by Hyacinth and Selvanarayanan (2011). Observations on
the number of nymphs/adults per plant were recorded at weekly interval. In the first
season, four accessions viz., KBSH 1, AHT 14, GK 2002 and GMU 698 harboured the
least population whereas in the second season, the accession KBSH 1 proved to be

promising.

Suganthy and Uma (2011) screened the promising germplasm entries of
sunflower for confirmation of reaction to key pests viz. leafhoppers, thrips, whiteflies,
defoliators and head borer in the TNAU, Coimbatore during Kharif, 2007. Results
revealed that all the five germplasm entries viz., GMU 407, GMU 415, GMU 424, GMU
473 and GMU 493 were promising to the key pests of sunflower. GMU 473 recorded the
maximum of 5.0 thrips and 3.0 S. litura larvae per plant with the defoliation of 25 per
cent as against 7 and O per cent defoliation in the checks, Morden and TCSH 1,
respectively. GMU 424 recorded the maximum of 0.4 leafhoppers per plant as against 28
and 19 hoppers per plant in Morden and TCSH 1, respectively and also screening under
glasshouse condition revealed that GMU 473 recorded the maximum grade of 0.5 for
hopper burn injury grade as against 3.5 and 2.2 in the checks Morden and TCSH 1
respectively. GMU 415 and GMU 493 recorded the lowest grade of 0.1.
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Sarwan Kumar and Dhillon (2014) conducted two years field study under natural
conditions to evaluate the reaction of 8 sunflower hybrids viz., PSH 930, PSH 569, PSH
652, NSFH 36, PSFH 118, SH 3322, GKSFH 2002 and Jwalamukhi to insect -pests
infestation during spring 2006 and 2007 at PAU, Ludhiana. During the early stage of crop
growth sucking pests viz., leafhopper and whitefly were abundant. Among the eight
hybrids evaluated, PSH 569 and GKSFH 2002 harboured lower population of leafhopper
nymphs than the rest of the hybrids while Jawalamukhi , PSH 652, GKSFH 2002 and
PSH 652 were found promising against whitefly. Similarly, GKSFH 2002, PSH 652, SH
3322 and Jawalamukhi were promising against head borer. Among the different hybrids,
the population of leafhopper, whitefly and head borer was lower on GKSFH 2002 than
the other hybrids.

2.2.1.2 Screening of selected entries of cotton resistance to leafhopper (A. biguttula

biguttula)

Verma and Afzal (1940) screened different varieties of cotton against Empoasca
devastans (Dist) and reported the Desi cottons were practically immune to the
leafhoppers. Varietal differences in resistances were observed in case of American
cottons of the commercial importance. Among them LSS was found to be most resistant
and 289 F/K 25 the most susceptible one. Other varieties namely 4F and 289 F/43 came
in between these two extremes. It was seen that the chief difference between the
comparatively resistant or susceptible varieties lay in the number of eggs laid in the leaf
veins of these strains. The eggs when once laid had no difficulty in hatching and nymphs

of all stages also could feed and reach normal maturity on all cottons.

Mathur and Bhandari (1978) screened sixteen varieties of cotton against A.
devastans (Dist). The studies revealed that only B1007 and Badnawar of Madhya Pradesh
showed resistance to the pest and remained in grade I; while RS 76 appeared to be
moderately resistant and was placed in grade II; Carolina queen, Stonevillae and

Deltapine with smooth leaves proved to be the most susceptible variety.
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Krishnananda and Agarwal (1979) selected some varieties of cotton based on well
defined visual characters of leaves like hairiness, leaf surface and toughness of veins etc,

out of them 7 were resistant, 6 medium resistant and 7 were susceptible to the leafhopper.

The counting of nymphs from underside of few leaves selected from different
portions of the plant was considered as a better index of leafhopper population in cotton
(Afzal and Ghani 1946) and okra (Annappan 1960, Uthamasamy et al., 1973, Bindra and
Mahal, 1979, Mahal and Singh, 1979). The leaves in the middle canopy of okra and
cotton plants harbored the highest population (Mahal and Singh, 1979). The resistant
varieties harbored lower population of leafhopper nymphs than the susceptible varieties
in okra (Bindra and Mahal 1979, Sandhu et al., 1974), brinjal (Bindra and Mahal, 1981)
and cotton (Singh and Atwal 1976, Sikka et al., 1966).

The criteria of susceptibility index for testing level of resistance under field
conditions should be given priority over either leafhopper nymphal population or
leafhopper injury index alone (Mahal 1978, Mahal and Singh 1982, Lal 1989). Mahal et
al. (1991) suggested that one-week old was considered as the optimum age of okra plant
for rapid artificial screening of germplasm based on development and survival of
leafhopper nymphs and also reported that A. biguttula biguttula exhibited a prolonged
development and a reduced survival of nymphs on resistant varieties IC 7194 and New
Selection than on Pusa Sawani at various ages of plant. The ovipositional preference of
adults of, A. biguttula biguttula on different plant ages of two varieties of okra was
studied by Mahal et al. (1993a) and it was found that fewer nymphs emerged from the
leaves of the resistant variety IC 7194 (9.83) as compared to 13.23 nymphs on the
susceptible variety Pusa Sawani. The studies also revealed that all the four plant ages
(one, two, three and four week old crop) were suitable for artificial screening of okra

germplasm and one week old plants were preferred for achieving rapid results.

Kanwat and Kumawat (2001) screened 42 entries of elite cotton germplasm for
resistance to leafhopper A. biguttula biguttula. Infestation was graded based on scale of 0
to 4, where O=highly resistant (no infestation) and 4=highly susceptible (exhibiting

excessive curling, copper red spots and leaf drying). Results revealed that, out of 42
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entries, none was highly resistant to the leafhopper. However, three entries of the
compact plant and some early maturing types viz., NZC-453, NZC-454, NZC-460, RS-
970 and RS-990 recorded a leafhopper injury grade of 2 (moderately resistant). No
morphological character in the lines to which resistance may be attributed was observed.
Ten lines were highly susceptible to leafhoppers, (viz., NZC-450, NZC-463, NZC-467,
NZC-468, RS-974, RS-977, RS-978, RS-981, RS-984 and RS-985) and the remaining
were susceptible.

Imtiaz et al. (2002) studied the resistance level of ten cotton cultivars, AEH-1,
AEH-2, AEH-4, AEH-6, CRIS-9, CRIS-121, CRIS-124, CRIS-128, CRIS-129 and Red
okra to sucking pest complex, leafhoppers, thrips and white flies. Results revealed that,
cultivars AEH-1, AEH-4 and AEH-6 were highly susceptible to leafhopper, where as
cultivars CRIS-129, CRIS-121, CRIS-124, Red okra, CRIS-128, AEH-2 and CRIS-9,

showed medium response to leafhopper attack.

Syed et al. (2003) investigated the relative resistance of 20 cotton varieties against
sucking pests’ viz., leafhoppers, thrips, white flies and mites. Results revealed that, the
highest leafhopper population of 2.72 per leaf was observed on Greg -25V variety, while
lowest population was found on variety Rajhans (2.06/ leaf).

Abida et al. (2004) investigated forty cotton varieties registered for cultivation in
Punjab province for their relative resistance against leafhoppers at the stage of square
formation and based on their reaction to leafhoppers, the cotton genotypes were

categorized into different classes.

Radhika et al. (2004) evaluated seventy four entries of Gossypium hirsutum,
leafhopper injury grades were recorded for each entry using 1 to 4 scale. The entries were
categorised based on injury index. The results revealed that one entry was resistant while
50 were moderately resistant, 14 were susceptible and nine were entries highly

susceptible.

Chandramani et al. (2004) screened 466 cotton breeding entries. Results revealed
that, Anjali, TKKH 1, TKH 1179, PKV Rajat, TSH 9417, ARB 8824, CNO 6, CNH
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1025, CPD 612, MCU 11, SVPR 2, and SVPR- 3 in summer 2001, entries SVPR 3, MCU
11, Anjali, TKKH 1, TKH 1179, TSH 9417, 9804, 8219, 8235, 8352 in summer 2002 and
entries RAH 111, CNH 2124, RHC 940, RAC 9553, PKV and Rajat in summer 2003 and
entries SVPR 2,TSH 9704, GJHV 392, GJHV 360, GSHV 97/13, RAC 1094, GSHH
19/59, CNH 301 were found resistant to leafhopper damage.

Pushpa and Raveendran (2005) artificially screened 13 G. hirsutum lines and 30
hybrids to identify the resistant genotypes for use in breeding programmes. From the
study, it was found that KC 2 was highly resistant, Stoneville, DHY 286, Khandwa 2
were resistant and MCU 7 highly susceptible. Among the 30 hybrids, most of the hybrids
came under resistant category. The genotypes KC 2, DHY 286 and Khandwa 2 were

resistant to leafhoppers.

Ali and Aheer (2007) tested eight genotypes of cotton for their resistance against
whitefly, thrips, and leafhoppers. Genotypes did not show significant differences for
leafhopper and thrips population. Maximum populations of whitefly (7.55/leaf) and
leafhopper (2.26/leaf) were recorded.

Balakrishnan et al. (2007) evaluated a total of 140 cotton genotypes from AICCIP
(All India Coordinated Cotton Improvement Project) in the field under unsprayed
conditions for their reaction to leafhopper, A. biguttula biguttula. Okra (Abelmoschus
esculentus L.) was grown as infestor row at the rate of one row for every four rows of
cotton. On the basis of injury rating scale of 0-3, 36 entries were rated as moderately
resistant, 58 as susceptible and 46 as highly susceptible, while none of the entries was

rated as resistant.

Jindal et al. (2007) investigated the relative resistance of 346 cotton genotypes
against sucking pests leafhopper and whitefly. The leafhopper injury grade, leafhopper
and whitefly population/leaf were recorded on each genotype. They grouped the

genotypes in to resistant and susceptible based on injury grade and pest population.

Muhammad et al. (2009) conducted studies on five cultivars of cotton for

resistance against whitefly, thrips, leafhopper, and aphid. The cultivar FH-634 was found
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to be the most resistant to the sucking pest complex, whereas, FH-682 was found to be
the most resistant line to the leafhopper. Leafhopper and whitefly populations almost

remained above economic threshold level throughout the season.

Muhammad and Anjum (2010) studied the seasonal dynamics of cotton
leafhopper, whitefly and thrips on transgenic Bt cotton line IR-FH-901, expressing
CrylAc insecticidal protein with its parent, non transgenic cotton cultivar FH-901 and
concluded that, there is no difference in transgenic Bt and non- Bt cotton for leafhopper,
whitefly and thrips attack and application of suitable insecticide is required to control

these pests on transgenic cotton.

Screening of twenty six cotton accessions by Murugesan and Kavitha (2010)
against the leafhopper, A. devastans was carried out by following ICCC grades. The
susceptiblity of cotton entries varied significantly. Based on the resistance index the
entries were grouped under five categories as, Highly resistant- KC 2, SVPR 2; Resistant-
TKH 1128: Intermediate- MCU 5, MCU 10, NISD 2, TKH 1143, TKH 1175: Susceptible-
TKH 1789, TKH 1173, TKH 1174, TKH 1178, TKH 1179, TKH 1185, TKH 1186, TKH
1209, TKH 1225, TKH 1233 and Highly susceptible- ICMF 20, LRA 5166, TKH 1133,
TKH 1172, TKH 1176, TKH 1182, TKH 1197, TKH 1198. Meanwhile they studied the
mechanism of resistance, the leafhoppers discriminated cotton entries for orientation and
settling and feeding. Highly susceptible entries were preferred for settling and feeding.
Varieties less preferred for settling were less preferred for oviposition too. Since
antixenosis and antibiosis were considered for mechanism of resistance various plant
parameters viz., plant height, internodal length, petiole length, leaf area, thickness of leaf,
trichome density on the ventral surface of the leaves, hair length, hair density on mid-
vein, distance between bases of hairs in mid vein, chlorophyll content, moisture content
and protein content were estimated and correlated with leafhopper ovipostion and
damage caused. Plant height, internodal length, trichome density on the ventral surface of
the leaves, hair length, hair density on mid-vein had negative association with leafhopper
damage and oviposition by leafhopper; leaf area, leaf thickness and protein content had

no significant association. Susceptible entries had less chlorophyll and more moisture.
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Khan et al. (2011) emphasized the importance of host plant resistance in
integrated pest management (IPM) against insect pests. Relative infestation on five Bt
transgenic cotton genotypes (IR-443, IR-FH-901, IR-448, IR-1524 and IR-1513) was
investigated against sucking complex (leafhoppers, thrips and whiteflies) and bollworm
complex, pink (Pectinophora gossypiella) and spotted (Earias spp.) during two
consecutive years. Results reflected that IR-443 proved to be the most successful
genotype showing lowest infestation of leafhoppers, thrips and whiteflies in both years as
compared to other Bt cotton genotypes followed by IR-FH-901. Highest yield was
recorded from IR- 443 which was significantly higher than in IR-1513 and was
statistically on par with the other 3 genotypes. Overall performance of IR-443 was found
excellent followed by IR-FH-901.

Results of Rohini et al. (2011) showed that, genoytpes LK-861 and JK-276-4
were resistant to aphids; LK-861 and Mallika non Bt were resistant to thrips; and RAH-
100, 4085, DHY-286 sel and G.cot 16 were resistant to leafhopper and recorded lowest
injury index due to presence of higher quantity of biochemical components like tannins,
phenols and gossypol. The genotypes LK-861, Mallika non Bt, Acala-2, CNHPY-6 and

CPD-431 were found to be resistant to whiteflies and leafhoppers.

Salman et al. (2011) studied the resistance levels of six cotton varieties MNH-
635, NIAB-86, SLH-257, CIM-446, CIM-482 and NIAB Karishma to leafhoppers. The
cultivars NIAB-86, MNH-63 and SLH-257 were highly susceptible to leafhopper.
Whereas, the cultivar NIAB Karishma and CIM-482 showed medium response to

leafhopper attack.

Said (2011) conducted cotton varietal screening and chemical control trials to
decipher the comparative resistance of nine varieties of cotton and comparative efficacy
of various pesticides against sucking insect pests (whitefly, leafhopper and thrips) of
cotton. Among all the tested varieties, two were found relatively resistant to sucking

insect pests as they showed least infestation and higher seed cotton yield.
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The six genotypes of cotton viz., BT-703, CIM-557, CIM-608, CIM-573, BT-
3701 and FH-113 showed significant differences against sucking insect pest population.
Whitefly adult population exhibited negative response with gossypol glands on leaf
lamina, midrib and vein and also with plant height. Whitefly adult and nymphal
population correlated positively with hair density on leaf lamina and vein and length of
hair on leaf midrib. The nymphal and adult population of leafhopper showed positive
correlation with gossypol glands on leaf lamina, vein and length of hair on leaf lamina,
midrib and vein. Adult and nymph population of leafhopper revealed negative response
with hair density on leaf lamina and midrib and also with plant height and leaf lamina
thickness. (Khalil et al., 2015).

2.2.1.3 Screening of selected entries of okra for resistance to leafhopper (A.

biguttula biguttula)

Mahal (1973) screened 10 varieties of okra and found the varieties New Selection,
Sel-2-2, Sel-1 and Sel-6-2 as resistant to leafhopper with low nymphal population as well
as extent of damage and Pusa Sawani as susceptible to leafhopper. Uthamasamy et al
(1973) observed Pusa Sawani, A.E. 15 and A.E. 30 to be resistant to leafhopper at

Coimbatore, Tamil Nadu.

Sandhu et al. (1974) screened 94 lines of okra against leafhopper at Ludhiana and
reported Crimson Smooth Long as highly resistant to the leafhopper. While, Abelmoschus
manihot, A. manihot var. Teba (I.W. 552), A. moschatus (E.C. 1502), A. pungens (I.W.
129), A. tuberculatus (1.W.495), Bhindi Sawani, 1.C 7194, 1.C. 8899 were observed to be

moderately resistant with slight cupping and yellowing of leaves.

Uthamasamy (1980) reported that non-preference and antibiosis conferred the
resistance in variety A.E. 22. Teli and Dalaya (1981) screened 29 varieties of okra and 7
F1 hybrids against A. biguttula biguttula during late summer and rainy seasons of 1977 in
Rahuri, Maharashtra. Low leafhopper population was recorded in White Velvet, Clemson
Spineless, Early Long Green, AE 27 and IC 75. The lines: HB-45, HB-39 and HB-43
were reported to be the most resistant to A. biguttula biguttula at Hisar, Haryana by
Kishore et al . (1983).
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Mahal and Singh (1982) made a diallel set of one susceptible variety Pusa sawani
and three resistant varieties viz., Sel-2.2, New selection and IC-7194 of okra and the
segregating generations (BC1, BC2, F2) along with the hybrids and parents of six direct
crosses were tested at the cotyledonary stage for screen house resistance to A.biguttula
biguttula. The result revealed that resistance in respect of reduced nymphal survival was
controlled by dominant genes in all the crosses except cross Pusa sawani X New selection

in which case it was controlled by dominant genes.

Uthamasamy (1986) investigated the preference of A. biguttula biguttula for
oviposition and feeding. Okra variety A.E. 22 was found to be less preferred for
oviposition and feeding by leafhopper than the other susceptible variety Pusa Sawani.
Rate of multiplication of leaf hoppers on resistant variety was low as compared to the
susceptible variety. Singh (1988) reported a higher survival (95.35-97.42%), shorter
developmental duration (6.15-6.94 days), longer size (2.24-2.37 mm) and weight (0.46-
0.48 mg) of A. biguttula biguttula on the susceptible genotypes: Pusa Sawani, KS 305
and AC 302 of okra, while poor survival (29.69-55.90%), longer developmental period
(9.99-11.84 days), smaller size (1.97-2.20 mm), and weight (0.30-0.38 mg) on resistant
genotypes Line 14-78 and wild type, Abelmoschus moschatus (Linn). More than 8
leafhopper nymphs in the highly susceptible genotypes: Pusa sawani, KS 305 and AC
302 were observed as compared to less than 1 nymph per leaf in the highly-resistant

genotype: A. moschatus were found.

Barrgoa and Bernardo (1993) reported that significantly more adults of A.
biguttula biguttula preferred to feed and oviposit on the susceptible variety Smooth
Green than on the resistant varieties of okra (Accession 9 and Accession 12). The
resistant varieties exhibited antixenosis, antibiosis and tolerance as mechanisms of
resistance in them and were less preferred for feeding as well as for oviposition and
significantly more deaths of leafhoppers occurred on these resistant hosts. Taylo and
Bernardo (1995) observed that more newly hatched nymphs were emerged on susceptible
variety Smooth Green than on moderately resistant variety, Accession 12. Sharma and
Sharma (1997a) also reported poor survival, longer developmental period and smaller
size of the A. biguttula biguttula nymphs on resistant variety IC 7194 throughout the
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season as compared to susceptible varieties MR 12, MR 10-1 and Pusa Sawani. Sharma
and Sharma (1997c) observed that the nymphal population of A. biguttula biguttula
remained significantly lower on IC 7194 throughout the season which indicated its higher
degree of resistance. The order of preference for okra cultivars was Pusa Sawani >MR
10-1>MR 12>IC 7194.

Hooda et al. (1997) evaluated 105 okra cultivars for resistance to leaf hopper. On
the basis of nymphal abundance and leafhopper injury index, two resistant genotypes
(Siswal Local and IC 7194), nine moderately resistant genotypes (IC 6653, IC 8899,
IC13617, Sel. 1, HB 94, IC 6316, 6 Dhari, Sel. 2-2, Line 6 (1) and two highly susceptible
genotypes (Pusa Sawani and Pusa Reshmi) were identified. Gul (1998) evaluated six
varieties viz. T-13, Rich Green, Perking Dwarf, Pusa Green, Climson Spineless and Swat

Local against leafhopper in okra and reported all varieties as susceptible to leafhopper.

Six okra varieties/hybrids viz., Parbhani Kranti, Arka Anamika, LBH-55, H-7,
Amtala hybrid and Kamdhenu were evaluated at Pundibari, West Bengal for resistance
against leafhopper. Arka Anamika and Parbhani Kranti were found to be moderately
resistant against leafhoppers (Ghosh et al.,1999). Bhat (1999) also observed Varsha
Uphar and Arka Anamika to be less preferred by leafhoppers as compared to Shagun and
Parbhani Kranti. Sharma and Sharma (2001b) evaluated the different okra varieties for
resistance to A. biguttula biguttula and Pusa Sawani was observed to be the most

susceptible.

Srinivasa and Sugeetha (2001) screened 9 okra cultivars for resistance against A.
biguttula biguttula. KS 410 registered the lowest number of hoppers, while GOH- 1 was
the most preferred by hoppers. Jalgaonkar et al. (2002) also reported KS-410 and Pusa
Sawani to be susceptible to leafhopper. Kumar and Singh (2002) reported that the
leafhopper nymphal population per leaf was lowest in Punjab Padmini (1.87), followed
by DOV-91-4 (1.96) and Arka Anamika (1.98). Highest leaf injury was observed in Pusa
Sawani (3.77). The lowest leaf injury was recorded in Arka Anamika (12.61%) followed
by Punjab Padmini (13.27%) and highest in Pusa Sawani (61.06%).
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Singh (2007) reported that the varieties viz., Pusa Makhmali, P-8, Harbhajan and
Parbhani Kranti harbored more leafhopper population. Singh et al. (2007) based on 14
year studies conducted at Varanasi, reported that out of eight Abelmoschus spp. viz. A.
esculentus, A. moschatus, A. ficulneus, A. tuberculatus, A. crinitus, A. manihot, A.
tetraphyllus and A. pungens, the Abelmoschus spp. viz. Abelmoschus angulosus, A.
moschatus and A. crinitus were found with high level of tolerance to leafhopper and A.

caillei showed symptomless carrier to leafhopper.

Igbal et al. (2008) screened 30 genotypes of okra during 2006 at Faisalabad. Out
of these, 3 genotypes Pusa Sawani, Dera Local and Okra-3 showed susceptibility, 3
genotypes Karam-5, Sabz Pari and Clean Spineless showed intermediate responses and 3
genotypes: Makhmali, Punjab Selection and Green Wonder showed resistance against

leafhopper.

Dabhi et al. (2012) categorized okra genotypes: VRO-5, VRO-6 and Red Long as
resistant and genotypes: AOL-03-02, AOL-04-03, AOL-04-05, Pusa Sawani and Gujarat
Okra-2 as moderately resistant against leafhopper at Anand, Gujarat. Gonde et al. (2013)
screened 17 varieties of okra against A. biguttula biguttula at Allahabad, UP and reported
the varieties VRO-3 (1.66 leafhopper/leaf) and Kashi Pragati (1.78 leafhopper/leaf) as
resistant against leafhoppers. The varieties Pusa Sawani (4.18 leafhopper/leaf) and KS
410 (3.82 leafhopper/leaf) were found to be susceptible to leafhopper. Punjab-8 was
reported to be tolerant to leafhopper (Anon, 2015). Ullah et al., 2012 they revealed that,
tested okra genotypes differed significantly in relation to leaf hopper population density.
Same pattern was observed for morphological attributes except hair density on leaf veins.
Genotype Arka Anamika had minimum population (1.61+0.31 hoppers/leaf) and found
comparatively more resistant to leafhopper’s attack. In contrast, genotype Anokhi proved
as highly susceptible with maximum leafhopper population (3.07+£0.56 hoppers/leaf).
Correlation co-efficients between population of A. biguttula biguttula and different
physico-morphic characters of okra revealed highly significant, strong and negative
correlation for hair density on lamina and fruit yield per plant while non-significant, weak

and negative correlation for hair density on midrib, leaf area and dry shoot weight.
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Effect of leafhopper population on different okra varieties was observed by Javed
et al. (1992) on the time frame at different life stages of the plant and effect of physio-
morphic characters. Results revealed that, Arka Anamika (6.96 insects/plant) to be the
most resistant cultivar among all the five tested cultivars followed by Super Green
(8.11linects/plant). Ambika (13.3 insect/plant) was least resistant cultivar among all the
five tested cultivars. Plant leaves of okra cultivars having high density of trichomes

showed high resistance towards the leafhopper infestation.

Halder et al. (2016) reported okra genotypes SB-6 and SB-10 as susceptible and
VROB-181 as tolerant under Varanasi conditions.

2.2.2 Role of plant morphological characteristics in host plant resistance

In case of insect pests, mechanical stimulation is perceived chiefly through the
effect on articulated spines and hairs situated on many parts of the insect or pest body.
The antennae, mouth parts and ovipositor or structures connected with the ovipositor,
usually bear considerable number and variety of these hairs and setae. The continual
palpitation of the antennae or mouth parts of many species of insects or pests appears to
be a part of the means by which they learn about their surroundings (Painter, 1951).
Many structural differences in plant varieties have been reported to be concerned with
resistance. The morphological factors are known to interfere physically with insect
locomotion and especially with the mechanism of host selection, feeding, ingestion,
mating and oviposition (Norris and Kogan, 1980). The reviews pertaining to resistance
factors or mechanism in sunflower against leafhoppers are scanty. However, pertinent
literatures on mechanisms of host plant resistance of other sucking pests are presented

here under.

2.2.2.1 Morphological factors

Plant morphology is known to play an important role in imparting resistance or
susceptibility to a cultivar. Physical appearance of the plant like colour, hairiness,
hardness, trichomes, surface waxes, incrustation of minerals in cuticle and anatomical

adaptation of organs may affect the preference or non-preference for egg laying, feeding
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and development of an insect (Dhankhar, 1997). Afzal and Abbas (1943) observed that
the moisture percentage of the leaves, pH value of their cell sap or the toughness of
cuticle of leaf vein could not be used by the plant breeders as criteria in their selection
work, because the character associated resistance should be an easily recognizable
morphological character. It was suggested that hairiness would be an excellent tool for
resistance studies against leafhopper. Other workers also reported that hairiness interfered

with the feeding and oviposition by leafhopper (Husain and Lal, 1940).

According to some authors, dense pubescence interfered with the biological
activity of leafhoppers favourably, while a group of workers found it far as resistance to
leafhoppers is concerned. The presence or absence of shelter for insects has sometimes
been of importance in resistance (Jones et al., 1934). It has been shown that a small angle
of contact of leaves between which the insects prefer to live contributed towards an
increase in the population on the varieties with such leaves. Some of the examples

covering these aspects are as listed below.

Further, Afzal and Abbas (1944) and Parnell et al. (1949) indicated that host plant
resistance to leafhoppers is due to the leaf hairiness in cotton. Along with trichome
density, trichome length and their angles of insertion also contribute towards leafhopper

resistance (Parnell et al., 1945).

However, all hairy cotton genotypes are not resistant to leafhoppers (Parnell,
1925; Husain, 1938; Husain and Lal, 1940; Afzal and Ghani, 1946; Tidke and Sane,
1962). The hairy leaf cultivar, Stoneville 474 had significantly higher numbers of silver
leaf whitefly eggs, nymphs and adults compared to eight other smooth leaf cotton
cultivars (Chu et al., 2000).

In cotton, the insect resistance is associated with various morphological traits
(Jayaraj and Sellamma, 1988; Jenkins, 1989 and Watson, 1989). There are certain
morphological characteristics in cotton such as hairiness (glabrous v/s hairy), leaf shape
(okra v/s normal) and the presence or absence of nectar-producing glands on leaves or

flowers which make the plant less attractive, this can reduce their survival or growth.
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Hairiness is one of the important easily recognizable insect resistant traits in cotton. In
numerous species there is a negative correlation between the trichome density and insect
feeding, oviposition responses and the nutrition of larvae. Specialized hooked trichomes
may impale adults or larvae as well. Hairiness has been reported to have resistance

against the sucking insect pests of cotton.

Tidke and Sane (1962) established a correlation between hairiness of leaf and
leafhopper population in cotton genotypes which was further confirmed by Ali et al.
(1995b). The degree of leafhopper resistance has definite correlation with the pilosity of
the plant. The more tufted types were less prone to leafhopper attack. On the relative
importance of the characteristics of hairiness studied, length of hair seemed to be of
prime importance, closely followed by density of hair on lamina. Whereas, hair on the
midrib did not seem to play any role in resistance to pest. Length of hair with higher hair
density on the lamina was considered to be the best selection index in breeding resistance
to leafhopper attack (Sikka et al., 1966).

Bhat et al. (1981a) studied 11 cotton genotypes for the relative loss of seed cotton
yield due to leafhopper and bollworms and reported that the hairiness in the genotypes
was a cause of resistance to leafhopper in entries which showed minimum loss but they

were susceptible to bollworm infestation.

Sharma and Agarwal (1983) studied the role of the biophysical components like
leaf hairiness in varietal resistance in cotton to leafhoppers. Raza et al. (2000) conducted
a study to determine the role of physico-morphological plant characters like number of
gossypol glands, hair density and length of hair towards resistance/susceptibility against
leafhoppers in 10 cotton genotypes. Results revealed that leafhopper adult population had

negative correlation with hair density on leaf lamina and midrib.

Khan and Agarwal (1984) carried out laboratory and field studies in India on the
oviposition preference of A. biguttula biguttula on 11 varieties of cotton. Varieties of G.
hirsutum with the effective hair length on the ventral surface of the leaf mid veins longer

than the ovipositor of females, were not preferred. Varieties of G. herbaceum or G.
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arboreum with shorter effective hair lengths were also not preferred. The least preferred
varieties were Sanguineum, Sujay, Badnawar-1 and M-495. The results revealed that, the
effective hair length on the ventral surface of mid veins was significantly negatively
correlated with the number of eggs laid.

Dhillon et al. (1998) studied the antixenosis response, i.e. ovipositional preference
by leafhopper (A. biguttula biguttula) females and settling of leafhopper nymphs in 13
cultivars of cotton under free choice conditions. Results revealed that under free choice
test, settling by third instar nymphs was relatively low on Jhurar and SRT 1 at both 2 leaf
and 5 leaf stages of plant growth, while it was quite variable among other cultivars.
Ovipositional preference in terms of fecundity cum fertility was low in case of F 1378,
SRT 1 and Jhurar than that in F 846 at 5 leaf stage of plant growth. No nymphs emerged
at 2 leaf plant stage. The antixenosis response of cotton cultivars tested was variable with
respect to the magnitude of density, length and angle of hair on leaf veins. However,
these hairiness factors seemed to be responsible for low egg laying by leafhopper females
in SRT 1 and Jhurar.

Singh and Agarwal (1988) discussed physical and biochemical factors including
leaf thickness and hairiness to resistance against insect pests. According to them,
hairiness is the characteristic of resistance against leafhoppers. Similarly, Ambekar and
Kalbhor (1981) also found that length of hair and hair density on midrib and leaf lamina

of cotton were found to contribute towards resistance against leafhoppers.

Sivasubramanian et al. (1991) screened a total of 24 entries against leaf hoppers
and concluded that hairiness as indicated by the length and density of trichomes on leaf
lamina as well as on veins was considered responsible for conferring resistance. The
trichome density on the ventral surface of the leaves, hair length and hair density of mid
vein on ventral surface of the leaves exhibited significant negative association with
leafhopper damage and oviposition (Murugesan and Kavitha, 2010). Hairiness on ventral
surface was reported to be the most important morphological character and was positively
related to leafhopper resistance (Uthamasamy, 1985a; Mohankumar, 1996).
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Javed et al. (1992) tested four cotton varieties for physio-chemical plant factors
contributing towards resistance for insect pests. A negative correlation was established
between the leafhopper attack and the number of hairs per unit leaf area and gossypol

content.

Syed et al. (1996) tested physical characteristics viz., hair density and gossypol
glands on six cotton varieties implicated in resistance against sucking pests and reported
that genotypes with high density of hairs on midrib and leaf lamina exhibited resistance
to leafhoppers, but were susceptible towards whitefly infestation. Similarly, Khan et al.
(2001) also reported that the varieties having greater number of hairs and total minerals in
leaf tissue were found to be resistant to cotton leafhoppers and thrips.

The primary source of resistance in G. hirsutum is the presence of trichomes (Lee,
1985). The degree of hair or trichome density on the leaves of Gossypium species and
cultivars is related to varying degrees of resistance/susceptibility to sucking pests, like
whiteflies (Meagher et al., 1997), aphids and leafhoppers (Jenkins, 1989 and Watson,
1989).

Ahmad et al. (1999) found that hairiness on the leaf veins was a reliable character
for resistance against cotton leafhopper. They opinioned that incorporating hairiness in
the commercial varieties will help in decreasing at least one spray from the spraying

schedule.

Praparat et al. (2001) studied the damage caused by the cotton leafhopper A.
bigutulla bigutulla using hopper burn index. The numbers of cotton leafhopper from 2
leaves, one from the top and the other from the middle portions of the canopy from 10
plants in 3 middle rows of each tested variety were recorded on days 45, 60 and 75 after
germination. Visual rating on leafhopper damage was employed and hopper burn index
was calculated. It was found that on day 45, M2 populations of every tested line
expressed moderate resistance to the leafhopper except R1 susceptible as indicated by
hopper burn indices. As the plants grew older to days 60 and 75, the resistance reduced.
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The hopper burn indices were of negative correlation to the leafhopper whose amounts

were high on day 45 and decreased and rose again on days 60 and 75 respectively.

Muhammad et al. (2004) studied the resistance based on antibiosis in cotton
genotypes BH-118, CIM-443, CIM-448, FH-634 and FH-87 under laboratory conditions.
Results revealed that, all the genotypes differed significantly for all the antibiosis
parameters of leafhopper (A. biguttula biguttula) and morpho-physical plant characters.
BH-118 was comparatively resistant, minimum emergence of leafhopper nymph,
minimum nymphal period, minimum number of leafhoppers reaching adult stage,
minimum survival percentage of leafhopper nymph, maximum mating period and
minimum oviposition period. CIM- 443 appeared as susceptible, maximum emergence of
leafhopper nymphs, maximum nymphal period, maximum number of leafhopper nymphs
reaching adult stage, maximum survival percentage of leafhopper nymphs, minimum
mating period and minimum pre-oviposition period. Hair density and gossypol glands on
midrib, vein and lamina exerted significant and positive correlation with mating period,
nymphal emergence and oviposition period, respectively. Hair density and gossypol
glands on midrib, vein and lamina also showed negative and significant correlation with

oviposition period, nymphal emergence and oviposition period, respectively.

Sajjad et al. (2004) evaluated eighteen cotton cultivars against A. devastans. The
cultivars, CRIS-82 and MNH-536 were highly infested by A. devastans. The lowest
seasonal infestation was recorded for CRIS-467 and CRIS-134. The cultivars with the
greatest hair density were resistant to leafhopper, whereas the cultivars with the lowest
hair density were susceptible to leafhopper. Hair length had no significant effect on the

population of leafhopper.

Gulzar et al. (2005) selected ten genotypes of cotton, catalogued in relation to
resistance against leafhopper, A. devastans. All the tested genotypes of cotton
significantly differed in relation to all morphological plant traits. Hair density on vein and
lamina of upper leaves, the length of hair on midrib and vein of upper leaves, midrib of
middle leaves and midrib and vein of bottom leaves, gossypol glands on midrib, vein and

lamina of upper, middle and bottom leaves and thickness of leaf lamina on midrib and
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bottom leaves played a significant and negative role towards resistance for leafhopper
adult population. The length of hair on midrib, vein of middle leaves, gossypol glands on
lamina of middle leaf resulted in significant and negative correlation with leafhopper
nymph population while all the other morphological traits showed non-significant

correlation to leafhopper population.

Indrayani et al. (2007) evaluated thirteen cotton accessions for leafhopper
resistance and reported that every accession of cotton can be attacked by A. biguttula i.e.
the insect population was not significantly different among accessions. whereas, the
accessions exhibited significant difference for the damage symptom. Accessions that
categorized as lightly hairy were moderately resistant to A. biguttula. These were AC
134, Stoneville 7, Fai Nai, SHR, CRDI-1, Kanesia 5, Kanesia 8 and Kanesia 9.
Remaining accessions were categorized as glabrous and were susceptible to the sucking
pest. Similarly Muhammad et al. (2012) evaluated three cotton strains viz., Cyto-
46(474/cm?), Cyto12/91 (1011/cm?) and Cyto-55(633/cm?) showing varying degrees of
trichome density for tolerance to sucking pests and found that sucking pests, specially
leafhoppers, could be managed by choosing the variety having moderate hair density.
Similar results were also reported by Arif et al. (2006), Bashir et al. (2001), Gulati and
Turner (1928) and Sana (1989). In contrast to this Raza et al. (2000) and Kaplan et al.,
(2009) reported that although leafhopper abundance did not decrease as trichome density
increased but leafhopper injury was found to be negatively correlated with the trichome

density.

Zumba and Myers (2008) evaluated 154 cotton germplasm accessions which was
a subset from the National Collection of Gossypium germplasm including commercial
checks. The genotypes Delta Pearl and FM 958 were graded as having few hairs on
leaves and the commercial check PSC 355 was scored as intermediate. 26 germplasm
accessions recorded smooth leaves. Most of the germplasm accessions evaluated
exhibited low to intermediate leaf hairs. All the commercial checks and one hundred and
eighteen of the germplasm accessions evaluated exhibited few hairs on their calyx,

whereas twenty seven germplasm accessions did not exhibit hairs on the calyx.
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Ashfaq et al. (2010) investigated nine Bt genotypes and non-transgenic genotype
CIM-496 (control), to determine the correlation of abiotic factors and physio-morphic
characters of Bt cotton with leafhopper (A. devastans) populations. The results suggest
that maximum population of the leafhopper was observed on transgenic genotypes. The
effect of physio-morphic characteristics of transgenic and non-transgenic varieties had

similar kind of varied relationship with the leafhoppers.

Irfan et al. (2010) studied four genotypes of Bt cotton viz, BT-121, BT-456, FH-
160, FH-216 to assess the effect of leaf pubescence on the incidence of sucking insect
pests. Leafhopper adult had negative correlation, with number of hair on midrib (0.277),
vein (0.051) and lamina (0.207) and length of hair (0.023). Leafhopper nymph was
negatively correlated with number of hairs on midrib (-0.114) and vein (-0.160) and
length of hair (-0.202) while it had positive correlation with number of hairs on lamina
(0.082). This indicates that incorporation of hairiness in Bt cotton genotypes will greatly
reduce the sucking pest damage due to leafhoppers and thereby helps to reduce the
number of sprays in Bt cotton.

Cotton strains having different hair length and density were evaluated for
tolerance to Bemisia tabaci, A. devastans and Thrips tabaci, and survival of predators and
parasitoids. The seed treatment effect on the population of these insect pests and natural

enemies were also studied. Population of B. tabaci was higher on the strain Cyto-46,
having trichome density of 474+12.9 per cm2 and hair length of 705+44.8 microns and

minimum on strain Cyto-12/91, having trichome density of 1011+21.0 per cm2 and hair
length of 644+27.3 . (Naveed et al., 2011)

Bhatti et al. (1976) were observed the variations among the resistance and
susceptible genotypes of Bt cotton due to plant height, hair density, thickness of leaf
lamina, leaf area, length of hair, moisture percentage and total minerals. The results
revealed that hair density on midrib, vein and lamina had negative and significant
correlation; length of hair on midrib and vein had non significant correlation. While,
thickness of leaf lamina exerted positive and significant correlation with the leafhopper

population per leaf. Gossypol glands on midrib and vein showed positive and significant

28 Soumya, M. Shettar, Ph.D. 2017



correlation while on lamina had negative and significant effect. Total minerals exerted
positive and significant effect whereas, reducing sugar, calcium and manganese showed
negative and significant correlation with the leafhopper density. Multiple linear
regression models revealed that hair density on midrib and total minerals in the leaves

were the most important characters.

Anand (1946) while working on reaction of glabrous and hairy types of cotton to
aphid resistance concluded that differential attraction of the aphids was seen and this
could be due to the difference in the light intensities reflected from the two sorts of

leaves, leading to fewer aphids in glabrous cotton leaves than on hairy types.

Trichomes play a vital role in the plant defense particularly among phytophagous
insects. Annappan (1960) observed that characters of leaf hairiness does not always
accounts for leafhopper resistance in cotton. Leaf area and its succulency play a part in
leafhopper resistance. The more the leaf area, more is the nymphal population. Similarly,
other workers also reported that hairiness on the undersurface of leaves was positively
correlated with resistance to cotton leafhopper in cotton (Tidke and Sane 1962, Sikka et
al., 1966, Ambekar and Kalbhor, 1981) and okra (Mahal 1973, Bindra and Mahal., 1981)
in terms of either leafhopper population or the extent of injury inflicted by it.

Leaf toughness serves as a limiting factor in population build up of certain pests
(Kadapa et al., 1988). Leaves of resistant cotton genotypes have been found to be thinner
compared to susceptible genotypes to insect pests. The thinner leaves in resistant
genotypes coupled with the higher density of upper and lower epidermal cells and
mesophyll cells make the lamina of these genotypes to be very compact. The susceptible
genotypes are characterized by thick leaf lamina with loosely arranged epidermal and
mesophyll cells, thus making the leaves succulent and susceptible to insect pests
(Thimmaiah, 1992: Chandrashekara, 1994).

Khan and Agarwal (1984) observed that in cotton varieties, short effective hair
length on ventral surface of mid-vein and numbers of eggs laid by A. biguttula biguttula

were negatively and significantly correlated. Resistant varieties had more and longer
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hairs on the midrib and lamina than the susceptible varieties. The number and length of

hairs rather than the density influences plant resistance (Uthamasamy, 1985b).

Thimmaiah (1992) studied the anatomical differences in pest resistant and
susceptible genotypes in cotton and results revealed that, resistant genotypes registered a
lesser thickness of leaves, diameter of petiole, midrib and stem tip as compared to
susceptible genotypes. Cell density of tissue of the resistant genotypes was higher than in
the susceptible genotypes, suggesting the insect pest resistance to be positively correlated
with compact tissues. Thus, the anatomical parameters of resistance genotype could

supplement the host plant resistance mechanisms.

Mehetre and Patil (2004) studied the anatomical basis of resistance in cotton for
sucking pest complex. Specific leaf anatomical structures control resistance or
susceptibility to various sucking pests. Hence, to breed a genotype resistant to sucking
pests, modification in cellular structure of leaf at genic level is required. Asiatic cotton
species have relatively longer distance of phloem from lower epidermis, compact cell
arrangement of parenchyma tissue and longer palisade tissue while wild species have
genetic resistance against the pest with very compact palisade tissues. Attempts have
been successful in improving the G. arboreum lines with genic resistance of wild species
through introgression breeding approach. Hybrid crosses between G. arboreum x G.
hirsutum are difficult to obtain. Successful hybridization between haploid G. hirsutum x

G. arboreum var. G- 27 has been reported.

Ahmad et al. (2005) evaluated different varieties of cotton for resistance to
leafhopper in Faisalabad, Pakistan and reported that hair density on vein and lamina of
upper leaves, the length of hair on midrib and vein of upper leaves, midrib of middle
leaves and midrib and vein of bottom leaves, gossypol glands on midrib, vein and lamina
of upper, middle and bottom leaves and thickness of leaf lamina on midrib and bottom
leaves played a significant and negative role towards resistance for leafhopper adult
population. The length of hair on midrib, vein of middle leaves, gossypol glands on
lamina of middle leaf was negatively and significantly correlated with leafhopper nymph
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population, while all the other morphological traits showed non-significant correlation to

leafhopper population.

More et al. (2007) in their anatomical studies in apomictic lines 1S-244/4/1 and
IS-181/7/1 revealed that distance to phloem from lower epidermis was 31 and 33.2 mm
respectively, which was on par with Gossypium arboreum check PA-183 (36.4 mm). G.
hirsutum check (NH-545) had significantly less (23.6 mm) distance to phloem from
lower epidermis compared to other genotypes. Parenchymatous cells were more compact
in G. arboreum check PA- 183 and apomictic lines (1S-244/4/1 and 1S-181/7/1) than
G.hirsutum check NH-545. Palisade compactness, parenchyma tissue width of apomictic
lines 1S-244/4/1 and 1S-181/7/1 were similar to that of G. arboreum check but were less
in G. hirsutum check. Similarly, in interspecific hybrid derivatives with PA-183, the
phloem distance from upper epidermis confirmed the resistance of these lines to sucking

pest complex.

Kulkarni and Khadi (2009) opinioned that, leafhoppers cause significant
production losses of cotton in Asia. Although higher trichome density confers host-plant
resistance, it has negative effect on the agronomic performance. Leaf anatomical studies
in wild and cultivated Gossypium species and introgression derivatives (42 entries) were
done to understand physical basis of resistance. Based on the variability studies of
different anatomical features, diversity analysis and correlation and path coefficient
studies, following conclusions were made to explain leafhopper resistance in cotton. Non
pubescent nature does not indicate susceptibility. Lower palisade cells in leaf lamina act
as physical barrier for feeding and oviposition. Thicker lamina coupled with absence of
pubescence or lower palisade depicts susceptibility, but with their presence they confer
resistance. The sucking distance (distance between lower midrib epidermis to phloem)
alone, without knowing nature of cortex cell arrangement does not depict resistance or
susceptibility. Higher cortex cell density irrespective of sucking distance is indicative of
resistance. The physical resistance is a plant factor as stylet length of leafhopper (0.526
mm) is much longer than the sucking distance (0.465 mm) observed in the Gossypium

species.
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Ali and Ali (1993) in field studies in Bangladesh showed that, the okra leaf
isogenic cotton lines had significantly lower numbers of A. devastans than the regular
leaf isogenic lines. The okra leaf isogenic lines also gave higher yields than the regular

leaf isogenic lines under the study conditions.

Uthamasamy (1980) reported that the okra variety AE 22 was less preferred for
oviposition by A. devastans due to its hairiness on leaf lamina and midrib. Thickness of
the midrib of okra and of cotton was reported to have a positive relationship with the
oviposition of leafhoppers (Ambekar and Kalbhor 1981, Sharma and Sharma 1997b).
Similar studies were conducted on 12 genotypes of cotton in Delhi and it was found that
the mean leafhopper population was negatively correlated with leaf hairiness (Sharma
and Agarwal, 1983).

Uthamasamy (1986) also reported that the resistance in okra varieties to the
leafhopper is governed by non-preference and antibiosis mechanisms. The difference in
the behaviour of the leafhopper could be attributed to higher hair density and hair length
on the lower leaf surface. The incidence of A. biguttula biguttula was significantly
negatively correlated with the hair density and hair length on the lower leaf surface of
okra leaf (Singh, 1988). Similarly, relationship between nymphal population and both
density and length of hair on mid-vein of okra leaves was reported inverse and significant
by Lal (1989).

Soft stem hair present in Parbhani Kranti, Pusa Sawani and P-8 and lower hair
density on mid veins of Pusa Sawani leaves can partly explain higher leafhopper
population harbored by these varieties (Mahal et al., 1993a, Sharma and Arora 1993, Gill
et al., 1997, Hooda et al., 1997, Dhankhar and Mishra, 2001, Thakur et al., 2003). The
correlation between hair density, hair length and angle of insertion of hair on mid-vein
and mean leafhopper-injury indices was negative and significant especially in case of

three principal veins in okra (Dhillon, 1997).
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Anitha and Nandihalli (2009) found a significant negative correlation of
leafhopper population in okra with number of hairs on leaf lamina and leaf midrib but a

significant and positive correlation with the thickness of the midrib.

Correlation co-efficients between population of A. biguttula biguttula and
different physico-morphic characters of okra found to be highly significant. A strong and
negative correlation was found for hair density on lamina and fruit yield per plant, while
non-significant, weak and negative correlation was observed for hair density on midrib,
leaf area and dry shoot weight (Ullah et al., 2012).

Halder et al. (2016) also reported that the susceptible genotypes of okra had lower
hair density than the tolerant genotypes and had significant and negative correlation with

leafhopper population at Varanasi.

In brinjal, thickness of lamina and midrib were found positively correlated with
leafhopper infestation, while the thickness of lateral veins, density of midrib hair and
length of midrib hair did not have significant correlation with leafhopper infestation
(Subbaratnam et al., 1983).

Cassi-Lit and Bernardo (1990) also reported a significant negative correlation
between the trichome length and A. biguttula biguttula, while Ali et al (1995b) and
Bashir et al. (2001) observed an inverse and significant relationship of hair-density on the
midrib, veins and lamina with the leafhopper population. High density of leaf hair seems

to be the prevalent type of resistance.

Ali et al. (1995b) also reported that the varieties with higher number of hair were
found to be resistant to leafhopper, but length of hair on the leaf-lamina was not so
important for the leafhopper resistance. However, Taylo and Bernardo (1995) from
Philippines concluded that the emergence of A. biguttula biguttula was significantly and
negatively correlated with the density of trichomes and length of trichome. The density
and length of trichomes and leaf hardiness were significantly higher in Accession 12 than

the Smooth Green variety of okra. Long dense leaf trichomes probably impeded the
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feeding and egg deposition and the greater quantity of readily utilizable free sugar may

led to the greater attraction and fecundity of the hoppers on Smooth Green.

The resistance to leafhopper was associated with higher trichome density, longer
trichome length (Hooda et al., 1997). Lal et al. (1997) found denser as well as longer hair
on the resistant varieties IC 7194 and New Selection than on the susceptible variety Pusa

Sawani.

Igbal et al. (2011b) also reported a negative and significant correlation of mid
vein hair density and hair length of upper, middle and lower leaves of okra leaves with
the leafhopper population. In another study, the hair density and length of hair on the leaf
lamina, midrib and veins in selected varieties of brinjal showed a highly negative and
significant correlation with the leafhopper population. Hair density on the lamina and the
leaf area showed 78.2 per cent and 5.9 per cent role, respectively in the population
fluctuation of leafhopper. The results showed that the physio-morphic characters of the
brinjal plant play vital role in the population fluctuation of leafhopper (Muhammad et al.,
2012).

2.2.3 Biochemical factors imparting resistance

Plant tissues are largely made up of water, proteins, carbohydrates, minerals and
lipids. Thus providing a potential source of water and nutrients by which the insect pests
acquire the required quantities of energy, nitrogen, proteins and carbohydrates. The
infesting pests must consume proportionately large quantities of plant leaf for each unit
of insect pest growth. At the same time plants have developed a number of defence
mechanisms that resist the damage caused by the pests or insect feeding. The resistance
mechanism evolved by plants includes biochemical factors which act as repellent, toxic

or otherwise and make the plant unsuitable for utilization.

2.2.3.1 Total soluble phenols

Newton and Anderson (1929) proposed the phenol hypothesis to explain

resistance. They suggested that rust resistance in wheat is due to the liberation of
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phenolics in the host cells, due to invasion of the fungus and that the phenols liberated

kill the host cell and inhibit the growth of the pathogen.

Sachan and Sachan (1991) found a significant negative correlation between the
aphid population and phenol content of mustard cultivars indicating that higher amounts
of phenol were responsible for low aphid population. Significant higher content of phenol
was observed in RW15-6, RW2-2 and B85 (14.67, 13.83 and 12.67mg/qg., respectively)
of resistant group, followed by the varieties of moderately resistant groups, whereas the
low phenol content was observed in Varuna and Porbiraya varieties of susceptible group

(5.17 and 5.67mg/q), respectively.

Sharma and Agarwal (1983) found that the mean leafhopper population on cotton
was negatively correlated with gossypol, sugar and free amino acids and positively

correlated with free phenols and tannins.

Young leaves, stem tip and squares of resistant cotton genotypes contained higher
level of total phenols and tannin than the susceptible genotypes (Thimmaiah, 1992;
Chandrashekara, 1994).

Hooda et al. (1997) reported that higher concentration of sugars, silica, potassium,
tannins, and phenols in the leaves of resistant genotypes of okra were associated with

resistance to leafhopper.

Halder et al. (2016) reported a significant and negative correlation between total
phenol content and leafhopper incidence on okra. The present study was conducted at
University Research Farm Koont, during the year 2014. Six brinjal cultivars were tested
for their host suitability against the leafhopper. The results revealed that maximum
number of nymphs and adult were observed on Giant Round cultivar with 0.35 and 1.35
per leaf respectively. The minimum population of nymphs and adult were observed on
Pusa Purple Long with 0.01 and 0.01 per leaf respectively. According to physico-morphic
characters the maximum numbers of hairs on leaf lamina and leaves midrib were
recorded on Pusa Purple Long cultivar with 279.00 and 72.25 cm? and minimum on Giant

Round with186.75 and 23.00 cm? respectively. Highest plant height was noticed on Pusa
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Purple Long with 61.92 cm while the minimum brinjal plant height was observed on
Giant Round i.e. 44.59 cm. Brinjal plant stem girth on Giant Round was higher with
54.70 cm and minimum on Pusa Purple Long with 28.42 cm. Maximum Yyield was
observed on Pusa Purple Long with 0.42 kg while the Giant Round had low yield of 0.04
kg. So Pusa Purple Long has been recommended for the cultivation in the Pothwar

region.

Vaishali et al. (2012) observed that the amount of total phenolics were relatively
low in susceptible varieties than the resistant varieties and hybrids. Cotton plants with

high phenolic content showed low incidence of leafhoppers.

Simmonds (2003) studied the flavonoid-insect interactions and observed that the
phenols act as antifeedant to insect herbivores. Massey et al., (2006) reported that silica
may act as an anti herbivore defence by increasing the abrasiveness and reducing the
digestibility of grass leaves.

2.2.3.2 Total soluble protiens

Proteins are the source of amino acids which are essential for the production of
tissue and enzyme in insects. Some amino acids such as arginine, lysine, leucine,
isoleucine, tryptophane, histidine, phenylalanine, methionine, valine and threonine are
essential amino acids for most of the insects. The diet plays an important role in egg

production, yolk production and for oogenesis in many insects (Chapman, 1969).

Singh et al. (1972) reported higher protein content in all the resistant strains of
cotton to leafhoppers as compared to the susceptible strains and concluded that
leafhopper may take food from organic constituents, preferably proteins and lipids. These

constituents were found in lesser amount in the susceptible strains.

The cotton varieties susceptible to pests or diseases have been found to contain
higher amount of protein (Chakravorthy and Sahni, 1972; Balasubramanian and Gopalan,
1981; Bhat et al., 1981a).
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Bhat et al. (1981b) observed higher content of soluble proteins in susceptible
strains (22.53 mg) as compared to resistant strains (18mg/g fresh leaf) of cotton in

relation to leafhopper infestation.

Varieties that supported lower BPH population (11.5 hopper) had lesser protein
content (6.96%) in comparison to susceptible rice variety MTU-7029 (45.3 hopper/plant)
recording the highest protein content (16.4%). The results indicated that the presence of
lower guantity of protein was related with resistance of rice varieties to BPH. (Sujatha et
al., 1987).

Uthamasamy (1980) observed that the okra variety AE 22 was less preferred for
feeding by A. devastans due to its poor nutritive value. Similarly, the biochemical
parameters associated with resistance to leafhopper such as peroxidase activity,
isoenzyme activity of enzyme, soluble protein and tannin were studied in a set of diverse
genotypes of American cotton and Asiatic cotton differing in susceptible reaction to this
insect pest. Lower the value, more resistant the genotype would be in a natural condition.
The susceptible types had peroxidase isoenzymes with high electrophoretic mobility,

besides having isoenzyme with low mobility and vice-versa (Bhat et al., 1981b).

A positive correlation between the protein contents and survival as well as
oviposition of the leafhopper was reported by Singh and Taneja (1989). Ali et al. (1995a)
did not observe any role of proteins against the leafhopper attack and reported that
reducing sugars had positive and significant correlation with the leafhopper density.
Comparatively lower proteins, moisture and sugar content present in leaves of Arka
Anamika and Varsha Uphar were accountable for their resistance and more proteins,
moisture and sugars in leaves of Parbhani Kranti, P-8, Pusa Sawani and Shagun are

responsible for the susceptibility of these varieties (Chavan et al., 1991, Bhat, 1999).

Comparison of relative differences between the susceptible and resistant cotton
genotypes with reference to distribution of protein in the leaves, petioles, stem tips and
boll rinds recorded higher total protein content in susceptible genotypes as compared to

the resistant ones (Thimmaiah et al., 1997).
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Sahoo and Patnaik (2003) found lower amount of protein in resistant entries (15.4
to 15.4 to 16.6% in seeds and 7.9 to 8.2% in pod coat) as compared to susceptible (18%
in seeds and 11.6% in pod coat) and check (18.2 and 11.6%) in seeds and pod coat,
respectively). They inferred that low protein content could afford resistance to most of

the pod borer species in pigeonpea and form a basis for selection of varieties.

Kabre and Ghorpade (1999) reported significantly low protein content (13.21%)
in least susceptible genotype (X2(Y) 5089) of maize as compared to highly susceptible
CM-202 (16.42%). The protein content was positively correlated with stem borer
susceptibility. The differential survival of the leafhopper on resistant and susceptible
varieties of cotton was observed. The protein content had positive influence on
leafhopper growth, development and damage caused by them (Mohan Kumar and
Venugopal, 1999).

2.2.3.3 Total soluble sugars

Afzal and Ghani (1953) observed association between resistance and percentage
of moisture, hairiness and toughness of vein and further noticed that pH of the cell sap
and moisture content of leaf vein was of less importance. Inadequate concentrations of
sugars, amino acids, organic acids and minerals and the high concentrations of toxic
phenols play an important role in the poor multiplication of A. devastans. The varieties
poor in nutritive values are less preferred for feeding by leafhoppers.

Raju and Reddy (1982) reported a negative and significant correlation of nymphal
population of leafhopper in cotton with total phenols and orthodihydroxy phenols and a

positive and significant correlation with reducing sugars and tannins.

Singh (1988) evaluated the leafhopper on susceptible genotypes of okra i.e. Pusa
Sawani, KS 305 and AC 302 and resistant genotypes: Line 14-78 and wild specie
Abelmoschus moschatus and found higher amounts of total sugars, non-reducing sugars,
tannins and silica in the leaves of resistant genotypes, because these factors had

significant negative correlation with pest incidence. Moisture content and pH had positive
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correlation with leafhopper incidence. The effects of reducing sugars, protein and free

amino acids were less significant.

The comparative bio-chemistry with respect to the host plant resistance to cotton
plants to leafhoppers, A. devastans (Distant) revels that resistant strains irrespective of
strain characters contain higher amounts of lipids and other minerals. Susceptible strains
are found to be rich in reducing sugars and calcium. Negative association of sugars with
seed cotton yield indicates that higher sugar content makes the plant parts more palatable
to insect to feed (Mundas, 1992).

Blackgram varieties resistant to whitefly and leafhoppers recorded higher amount
of reducing sugars (2.4 to 2.62%) as compared to the susceptible ones (Chhabra et al.,
1993).

According to Taylo and Bernardo (1995), total free sugars and starch were the
variable chemical components when susceptible variety Smooth green and moderately
resistant okra Accession 12, were compared. Only the total free sugar percentage was
found consistently and significantly higher in susceptible than in the resistant plants.
Extra floral nectaries on okra leaves contain sugar and phenol but the amount of these did
not differ significantly in the susceptible and resistant varieties, suggesting no apparent

influence of these parameters on host preference by A. biguttula biguttula.

Correlation coefficient between leaf hopper population and tannin content was
positive and significant (Shinde et al., 2014). The total soluble sugar in leaves of okra
genotypes ranged from 2.47% (AKOV-107-04) to 3.82% (AKOV106) followed by
3.75% (AKOV-98-04-1), and 3.71% (Parbhani Kranti). The phenol content in leaves of
okra genotypes ranged from 1.92 (AKOV-106) to 2.64 mg/g (AKOV-107-04). The total
soluble sugars and phenols present in leaves of okra genotypes had non significant

correlation with leaf hopper and aphid incidence (Mudgalkar et al., 2015).

Igbal et al. (2011a) reported that crude protein, nitrogen, lignin, reducing sugars,
phosphorus and copper showed positive correlation, whereas neutral detergent fiber, acid

detergent fiber, cellulose, silica, total ether, non-reducing sugars, total sugars, calcium
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and magnesium had negative correlation with the population of leafhopper on okra.
When computed together, all the chemical components showed 99.7 per cent role on

leafhopper population fluctuation.

Hu et al. (2010) studied the effects of 16 sugars (arabinose, cellobiose, fructose,
galactose, gentiobiose, glucose, inositol, lactose, maltose, mannitol (a sugar alcohol),
mannose, melibiose, ribose, sorbitol, trehalose, and xylose) on sweet potato whitefly
Bemisia tabaci and it was found that insecticidal activity of the sugars was likely due to

an antifeedant effect on the whitefly.

Correlations were done between biochemical characters of resistant and
susceptible cotton varieties and the leafhopper growth, development and damage caused
by them. Total and reducing sugars were low in resistant entries as compared to

susceptible ones (Mohan Kumar and Venugopal, 1999).

Other factors

Carbohydrates contribute for the dry matter production in plants which is
synthesized through the process of photosynthesis, plants utilize the carbohydrates as a
component of special substances like nucleic acids and glucosides and structural material.
The role of sugars as feeding stimulant in insects has been reported by several workers
(Dethier, 1953; Thorsteinson, 1960). Glucose and fructose induce digestive enzyme
activity as the case with disaccharides like sucrose and maltose (Ishaaya and Meisner,
1973). This report indicated an indirect idea of sugar availability in the host-plant and
decides the insect pest population in plant parts of individual plants and among the
cultivars of a species.

Chakravorty and Sahni (1972) after conducting studies on cotton reported that the
resistant and tolerant strains were rich in silica. Silica content of leaves of medium or less
hairy resistant and tolerant strains was low but tannin content was high. The susceptible
strains were poor in both silica and tannin and contained more protein, lime and sulphate
proportionally. The leaves of susceptible strains were either less hairy or smooth. Singh

et al. (1972) studied the selected eleven strains of cotton for their sources of resistance
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against cotton leafhopper, A. devastans (Distant) and observed that the resistant strains,
irrespective of their hair characters, had higher amount of lipids, total minerals,
phosphorus, silica, iron and magnesium in their leaves. Susceptible strains were high in
reducing sugars and calcium. The leafhopper feeds preferably on lipids and proteins. It
was concluded that the higher contents of minerals like silicon in resistant strain increase
the osmotic pressure of the cell sap thereby adversely affecting the feeding ability of

leafhoppers.

Singh and Atwal (1976) reported the higher contents of cellulose and calcium in
the leaves of the resistant cotton variety than those in the susceptible varieties. The
greater amount of total minerals in the leaves suggested that its cell sap had a higher

osmotic pressure than that of the susceptible varieties.

Balasubramanian and Gopalan (1981) studied the mechanism of resistance of
upland cotton to leaf hopper. Their studies revealed that the resistant variety, HB-69
contained more of total carbohydrates as compared to the susceptible PRS- 72 and the
tolerant GS-23.

Plant epicuticular lipids are known to have significant role in modifying insect

feeding and oviposition behaviour (Woodhead and Chapman, 1986).

Barroga and Bernardo (1993) reported that the cause of death of leafhoppers on
resistant varieties may be largely the nutrient deficiency, rather than the presence of toxic
materials in the plants. The deficiency can be due to the absence of some essential food

nutrients or their inadequate amount.

Certain genotypes, in spite of being less hairy are resistant to leafhoppers (Singh
et al., 1972), perhaps because of the presence of some biochemicals in the leaves of host
plants (Uthamasamy et al., 1971, Singh et al., 1972). Wide array of chemical substances
including inorganic chemicals, primary metabolites, intermediary metabolites and
secondary substances are known to render cultivars less suitable or unsuitable to a wide

array of insect-pests (Dhaliwal and Arora 2003).
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Sharma et al. (2009) and Barbehenn and Peter (2011) observed that tannins have a
strong astringent taste and deleterious effect on phytophagous insects and affect the insect
growth and development by binding to the proteins, reduce nutrient absorption efficiency

and cause midgut lesions.
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111 MATERIAL AND METHODS

Field investigations were conducted at AICRP (Sunflower), Zonal Agricultural
Research Station, Gandhi Krishi Vignana Kendra (GKVK), University of Agricultural
Sciences and Main Research Station (MRS) Hebbal and Labarotary studies were
conducted at Department of Agricultural Entomology and Department of Soil Science
and Agricultural Chemistry, Bengaluru, during the years 2015-16 and 2016-17 in order to
determine the morphological and biochemical basis of resistance to leafhopper (Amrasca
biguttula biguttula Ishida.) in sunflower (Helianthus annuus L.). The materials used and
the methodology adopted in carrying out these investigations are presented under

appropriate headings in the following paragraphs.

3.1 Location of the experimental area

The experiments were laid out at the plots of All India Co- ordinated Research
Project (Sunflower), ZARS, Hebbal and GKVK campuses of the University of
Agricultural Sciences, Bengaluru, which is situated in the Eastern dry Agro-climatic zone
of Karnataka state (India) with the altitude of 930m msl (13°04* 37” N, 77° 34’ 39.99”
E). The annual rain fall ranges from 528mm to 1374mm with a mean of 915.8mm. Plots
were homogeneous with respect to nutrient status. All other agronomic management
practices for the field experiments were followed according to recommended package of
practices (Anon., 2015).

3.1.1 Layout of Experiments

The field investigations were conducted both during kharif and rabi seasons of
2015-16 and 2016-17. The seeds of the sunflower genotypes were not treated with any
pesticide, to facilitate natural infestation by leafhopper. The seeds of all the genotypes

were sown in rows of 4 m and 4.2 m length with a spacing of 60 x 30 cm respectively.
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3.2 Screening of sunflower germplasm entries, elite hybrids and their parental lines

for their reaction to leafhopper and hopper burn injury.

In order to determine the sources of resistance to leafhopper and hopper burn
injury, the germplasm lines, varieties, experimental hybrids and their parental lines were
screened for their reaction during both kharif and rabi season of 2015-16 and 2016-17

under field conditions.
3.2.1 Screening during Kharif 2015

Totally sixty restorer lines, eleven germplasm lines, one variety, nine popular and
released hybrids were screened under field conditions (Table 1) during Kharif 2015.

3.2.2 Screening during Rabi 2015

During rabi 2015, eleven varieties, two parental lines, five restorer lines, fourty
five germplasm entries and ninty nine hybrids were screened under field conditions
(Table 2).

3.2.3 Screening during Kharif 2016

Totally sixty four germplasm lines were screened during kharif 2016 under field
conditions of ZARS, GKVK, Bengaluru (Table 3).

3.2.4 Screening during Rabi 2016

During rabi 2016, twenty four varieties, one parental line, thirteen restorer lines,
twenty germplasm entries and thirty one hybrids were screened under field conditions
(Table 4).

The seeds for the GMU entries for the field trial were obtained from the Indian
Institute of Oilseeds Research, Hyderabad which were available at AICRP (Sunflower),
ZARS, GKVK, Bengaluru.

These experiments were sown in unreplicated single rows at different dates during

each of the four seasons during 2015-16 and 2016-17. The row length for each entry was
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either 4.0m or 4.2m in both seasons. Observations were recorded at 45 and 75 days after

sowing (DAS). The screening experiment was conducted as per the package (Anon.,

2015).

Table 1: List of sunflower restorer lines and germplasm entries screened against

leafhopper during Kharif 2015

Location E-16, ZARS, GKVK
Season Kharif 2015
Entries 81
Date of sowing 23/08/2015
Design Unreplicated single row
Row length 4m
SL‘I Entry No. SL Entry No. SL Entry No. SL Entry No.
1 RHA1001 | 22 | RHA1022 | 42 RHA1042 62 | EC734887 X NDCM52A
2 RHA1002 | 23 | RHA1023 | 43 RHA1043 63 GMUT775 X CMS 138A
3 RHA1003 | 24 | RHA1024 | 44 RHA1044 64 GMU780 X CMS 17A
4 RHA1004 | 25 | RHA1025 | 45 RHA1045 65 GMU762 X CMS 903A
5 RHA1005 | 26 | RHA1026 | 46 RHA1046 66 GMU750 X CMS 903A
6 RHA1006 | 27 | RHA1027 | 47 RHA1047 67 GMU743 X CMS 903A
7 RHA1007 | 28 | RHA1028 | 48 RHA1048 68 GMU748 X CMS 903A
8 RHA1008 | 29 | RHA1029 | 49 RHA1049 69 | GMU 742 X CMS 903A
9 RHA1009 | 30 | RHA1030 | 50 RHA1050 70 | GMU 753 X CMS 903A
10 | RHA1010 | 31 | RHA1031 | 51 RHA1051 71 | GMU 592 X CMS 903A
11 | RHA1011 | 32 | RHA1032 | 52 RHA1052 72 OPV3
12 | RHA1012 | 33 | RHA1033 | 53 RHA1053 73 KBSH 41
13 | RHA1013 | 34 | RHA1034 | 54 RHA1054 74 KBSH 44
14 | RHA1014 | 35 | RHA1035 | 55 RHA1055 75 KBSH 53
15 | RHA1015 | 36 | RHA1036 | 56 RHA1056 76 RSFH130
16 | RHA1016 | 37 | RHA1037 | 57 RHA1057 77 S-2017
17 | RHA1017 | 38 | RHA1038 | 58 RHA1058 78 KBSH 71
18 | RHA1018 | 39 | RHA1039 | 59 RHA1059 79 KBSH72
19 | RHA1019 | 40 | RHA1040 | 60 RHA1060 80 KBSH73
20 | RHA1020 | 41 | RHA1041 | 61 ENC[Z?:A&%Z A)\( 81 KBSH74
21 | RHA1021
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Table 2: List of sunflower restorer lines, germplasm entries, varieties and

experimental hybrids screened against leaf hopper during rabi 2015

Location MRS, Hebbal
Season Rabi 2015
Entries 162

Date of sowing 13/11/2015
Design Unreplicated single row
Row length 4m
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SI. No. | Entry No. | SI. No. | Entry No. | SI. No | Entry No. | SI. No | Entry No. | SI. No | Entry No. | SI. No | Entry No.
1 DRSF 108 28 IHT 238 55 IHT 753 82 IHT 971 109 RHA 284 136 | GMU619
2 CMS 103 B 29 IHT 239 56 IHT 764 83 IHT 972 110 RHA 467 137 GMUG620
3 EC-734844 30 IHT 240 57 IHT 775 84 IHT 975 111 RHA 469 138 GMU621
4 OPV 2 31 IHT 241 58 IHT 795 85 IHT 976 112 | RH-95-C-1 | 139 | GMU622
5 Morden 32 IHT 242 59 IHT 802 86 IHT 980 113 | UASB560 | 140 | GMU623
6 KBSH 41 33 IHT 243 60 IHT 881 87 IHT 981 114 OPV 3 141 GMU624
7 KBSH 44 34 IHT 244 61 IHT 879 88 IHT 990 115 | EC-734840 | 142 GMUG625
8 S-207 35 IHT 245 62 IHT 878 89 IHT 995 116 | EC734844 | 143 | GMUG626
9 RSFH 130 36 IHT 246 63 IHT 877 90 IHT 997 117 NCP 198 144 | GMU627
10 RHA 93 37 IHT 247 64 IHT 848 91 IHT 1061 118 GMU 601 145 GMU628
11 GKVK-2 38 IHT 248 65 IHT 845 92 IHT 1089 | 119 | GMU602 | 146 | GMU629
12 M-17R 39 IHT 249 66 IHT 843 93 NCP 22 120 | GMU 603 | 147 | GMU630
13 RHA 378 40 IHT 250 67 IHT 837 94 NCP28 121 | GMU 604 | 148 | GMU631
14 X-15WB 41 IHT 251 68 IHT 821 95 KBSH 53 122 GMU 605 149 GMUG32
15 AHT 1 42 IHT 252 69 IHT 815 96 KBSH71 | 123 | GMUG606 | 150 | GMUG633
16 AHT 2 43 IHT 253 70 IHT 807 97 KBSH72 | 124 | GMU607 | 151 | GMUG634
17 AHT 3 44 IHT 558 71 IHT 888 98 GMU 440 | 125 | GMUG608 | 152 | GMUG35
18 AHT 4 45 IHT 591 72 IHT 891 99 GMU 520 | 126 GMU 609 153 GMUG36
19 AHT 5 46 IHT 711 73 IHT 913 100 TCSH 1 127 | GMU 610 | 154 | GMU637

20 AHT 6 47 IHT 712 74 IHT 936 101 KBSH 1 128 | GMU 611 | 155 | GMUG638
21 AHT 7 48 IHT 731 75 IHT 937 102 KBSH 73 129 GMU 612 156 GMUG39
22 AHT 8 49 IHT 737 76 IHT 943 103 | KBSH74 | 130 | GMU613 | 157 | GMUG640
23 AHT 9 50 IHT 741 77 IHT 948 104 | KBSH75 | 131 | GMU614 | 158 | GMU641
24 AHT 10 51 IHT 748 78 IHT 951 105 | KBSH76 | 132 | GMU615 | 159 | GMU642
25 AHT 11 52 IHT 750 79 IHT 952 106 | EC784877 | 133 | GMU616 | 160 | GMUG643
26 AHT 12 53 IHT 752 80 IHT 956 107 | EC734887 | 134 GMU 617 161 GMU644
27 AHT13 54 IHT 753 81 IHT 960 108 E17A 135 | GMU 618 | 162 | GMUG645




Table 3:

List of sunflower germplasm entries screened against leafhopper during

Kharif 2016
Location E-17B, ZARS, GKVK
Season Kharif 2016
Entries 64
Date of sowing 11/08/2016
Design Unreplicated single row
Row length 4.2m
S(I)'. Entry No. I\Sl:) Entry No. I\Sll) Elr\lwgr.y IS!) Entry No. S(I) Entry No.
1 |GMU301 | 14 | GMU 344 | 27 | GMU 400 | 40 | GMU 443 | 52 | GMU 468
2 |GMU302 | 15 | GMU351 | 28 | GMU 405 | 41 | GMU 447 | 53 | GMU 469
3 |GMU303 | 16 | GMU355 | 29 | GMU410 | 42 | GMU 450 | 54 | GMU 470
4 | GMU311 | 17 | GMU 362 | 30 | GMU 411 | 43 | GMU452 | 55 | GMU 474
5 |GMU313 | 18 | GMU 363 | 31 | GMU413 | 44 | GMU 454 | 56 | GMU 475
6 | GMU321 | 19 | GMU366 | 32 | GMU 420 | 45 | GMU 456 | 57 | GMU 476
7 | GMU324 | 20 | GMU 368 | 33 | GMU 423 | 46 | GMU 457 | 58 | GMU 477
8 |GMU325 | 21 | GMU376 | 34 | GMU 426 | 47 | GMU458 | 59 | GMU 478
9 |GMU326 | 22 | GMU 378 | 35 | GMU 428 | 48 | GMU 459 | 60 | GMU 479
10 | GMU 327 | 23 | GMU 379 | 36 | GMU 433 | 49 | GMU461 | 61 | GMU 480
11 | GMU329 | 24 | GMU 383 | 37 | GMU 434 | 50 | GMU463 | 62 | GMUA483
12 | GMU336 | 25 | GMU 389 | 38 | GMU 439 | 51 | GMU 465 | 63 | GMU 485
13 | GMU 342 | 26 | GMU 390 | 39 | GMU 441 | 52 | GMU 466 | 64 | GMU 486
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Table 4: List of sunflower germplasm entries, varieties, experimental hybrids and

their parental lines screened against leaf hopper in rabi 2016

Location E-16, ZARS, GKVK
Season Rabi 2016
Entries 104

Date of sowing 06/11/2016

Design Unreplicated single row
Row length 4m
NS(I)'. Eplgr.y S(I) Entry No. SL Entry No. SL E,i}g?y NSL Entry No.
1 | EC734844 | 22 UASB934 43 EC734877 64 AHTG6 85 GMUG605
2 | EC734840 | 23 UASB932 44 RHA278 65 AHT7 86 GMUG606
3 OPV3 24 UASB788 45 KBSH75 66 AHTS 87 GMU613
4 KBSH41 | 25 UASB790 46 RSFH130 67 AHT9 88 GMU614
5 | KBSH44 | 26 UASB771 | 47 KBSH72 68 | AHT10 | 89 GMU615
6 KBSH53 | 27 UASB560 48 KBSH76 69 AHT11 90 GMU616
7 | KBSH71 | 28 NCP22 49 KBSH74 70 | AHT12 | 91 GMU 617
8 | GKVK2 | 29 NCP32 50 | RHA-M-17-R | 71 | NCP198 | 92 GMU 618
9 GKVK1 30 NCP28 51 RH-95-C-1 72 | EC734846 | 93 GMU 619
10 OPV2 31 RHA589 52 AHT13 73 | IHT238 | 94 GMU 620
11 | RHA275 | 32 RHA857 53 | CMS103B | 74 | IHT239 | 95 RHA265
12 | RHA630 | 33 RHA275 54 KBSH1 75 | IHT 244 | 96 | LTRR-83-273
13 | EC734873 | 34 REC443 55 RHA469 76 | IHT245 | 97 GPR135
14 | EC734874 | 35 REC447 56 DRSF108 77 | IHT246 | 98 OPV 6
15 | RHA378 | 36 RHA272 57 RHA284 78 | IHT247 | 99 RHA284
16 | RHA589 | 37 RHA265 58 Morden 79 IHT248 | 100 Morden
17 | RHA265 | 38 | LTRR-83-273 | 59 AHT1 80 | IHT249 | 101 IHT 240
18 | RHA857 | 39 GPR135 60 AHT2 81 | GMU601 | 102 IHT 241
19 | RHA630 | 40 OPV 6 61 AHT3 82 | GMU602 | 103 IHT 242
20 | UASB929 | 41 OPV5 62 AHT4 83 | GMU603 | 104 IHT 243
21 | UASB933 | 42 OPV4 63 AHTS 84 | GMU6B04
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Observations were recorded on the following parameters to assess the reaction of
the entries: Sunflower genotypes to leafhopper infestation, which were screened in all the

four seasons under field conditions.

3.2.1 Population of leafhopper

The leafhopper population (only nymphs) were recorded in each entry. Five plants
of each entry were randomly selected and labelled for recording observations both at 45
and 75 DAS. The observations on nymphal population were recorded on two upper
leaves, two middle leaves and two bottom leaves of the plant canopy in each plant that
was labelled under each entry and later it was expressed as mean number per plant (i.e.,

mean no./ six leaves/ plant) (Plate 1.)

3.2.2 Hopper burn injury grade

Under each genotype, the same set of five labelled plants which were observed for
leafhopper population were also observed both at 45 and 75 DAS for assessing the
hopper burn injury grade (Plate 2.)This was assessed in 0-5 scale as per the procedure
given by Anon (2013) (Plate 3.) and later it was expressed as mean hopper burn injury

grade per plant (Table 5.)

Table 5: Rating scale adopted for recording leaf hopper injury grade (Anon., 2013)

Rating scale Characteristic feature/ Symptom
0 Free from leafhopper injury
1 Slight yellowing on edges of leaves upto 30%
2 Yellowing and curling upto 40% of leaves
3 Yellowing and curling upto 60% of leaves
4 Yellowing, curling upto 80% of leaves or 50% edge browning
5 Maximum yellowing, ‘cupping and curling of leaves upto 100% or
complete browning

The data from all the screening trials in the different seasons (Kharif 2015, Rabi

2015, Kharif 2016 and Rabi 2016) were analyzed and relative grouping of entries was
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Plate 1: Plants harbouring the leafhoppers underside of the leaves



Plate 2: Leafhopper injury index grades (G1 to G5)



Plate 3: Plants showing the typical cupping symptoms to the reaction of leafhopper



made considering leafhopper population on different entries as well as overall leafhopper
infestation during the cropping season. Based on the mean number of leafhoppers present
per plant and leafhopper injury grade, the screened accessions were categorized as
suggested by Kavitha and Reddy, 2012.

Leafhopper injury grade | Resistance category
0-1 R
2 MR
3 S
4-5 HS

NB: R: Resistant, MR: Moderately Resistant, S: Susceptible, HS: Highly susceptible

Due to the low population of leafhopper and negligible hopper burn injury grades
in most entries during Kharif season of both 2015 and 2016, only rabi season data on
leafhopper population and hopper burn injury grade were considered for categorization of

resistant and highly susceptible entries.

Therefore, based on the incidence of the leafhopper and hopper burn injury grade
during rabi season of both 2015 and 2016, the entries showing extreme reaction to the
pest were short listed two categories i.e., highly susceptible category and resistant

category. They are as listed below:

Highly susceptible entries

DRSF 108
RHA 284
EC 734840
EC 734844
NCP 22
NCP28
KBSH 41
Morden
UASB 560

© 00 N o g B~ w D PE
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Il1. Resistant entries

RH-95-C-1
AHT 12
OPV 2
CMS 103 B
KBSH 53
KBSH 72
OPV3

NCP 198
KBSH 1
10. AHT 13

© oo N o g B~ w D PE

3.2.3 Artificial screening under glass house

Based on the data pertaining to the mean population of leafhopper and hopper
burn injury grade recorded during 2015 and 2016 rabi field screening trials, about 19
entries showing extreme reaction to the hopper (i.e., 10 resistant and 9 highly susceptible)
were short listed into two categories.

Based on the data generated from the screening trial, these 19 entries were again
screened under glass house conditions. Seeds of these 19 entries were planted in earthen
or plastic pots (Plate 4.) 30-d-old test plants were infested with 10 adult males and 10
adult female leafhoppers (2 to 3 days age) and enclosed with cotton net cages When their
progeny reached adulthood on all the entries, the insects in all the cages were counted and
hopper burn injury was rated. Same procedure were followed at 60 days interval of test
plant and took a leafhopper population counts and hopper burn injury grade to confirm

the resistance and susceptibility in these nineteen entries.

Further, these 19 entries showing extreme reaction to the pest were utilized for
determination of the morphological and biochemical basis of resistance to leafhoppers in

sunflower.
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C. Nymphal rearing on bhendi leaf in 3% agar

D. Young plants damaged due to leafhopper infestation

Plate 4: (A- D) Mass rearing of Amrasca biguttula biguttula on bhendi



3.3 Determination of morphological basis of resistance to green leafhoppers

During the course of this investigation, the morphological bases of resistance
were determined by estimating the morphological features of selected genotypes at the
Department of Agricultural Entomology, UAS, GKVK, Bengaluru. The present study has
indicated that the distribution of the leafhopper in sunflower was maximum in the middle
canopy, followed by the top canopy and least in the bottom canopy. Therefore, during
this study, the trichome density and length were determined only in the top and middle

level canopy of the test entries

3.3.1 Measurement of trichome density

The trichome density were measured in all the 19 genotypes of sunflower
(comprising of 9 highly susceptible and 10 resistant entries) for which the leaf samples
were collected from both top and middle portion of the plant, both at 45 and 60 DAS.
Further, three leaf discs, each of 0.64 cm? area were used per leaf. Likewise two leaves
from each plant and three sample plants from each entry were observed. Thus, the
average trichome densities of the entries were calculated and it was expressed as no.of
trichomes /0.64 cm? of the leaf area and trichome density were correlated with the

leafhopper population.
Area of leaf disc = 8 r?,

Where, d = 22/7 and r = radius of the leaf disc used for counting the trichomes.
8 = 3.142 x 0.452 = 0.64 cm?

3.3.2 Measurement of trichome length

The trichome length were measured in all the 19 genotypes of sunflower
(comprising of 9 highly susceptible and 10 resistant entries) for which the leaf samples
were collected from both top and middle canopy of the plant, both at 45 and 60 DAS, by
randomly observing three cross sections from each leaf and three trichomes per section
were observed. Totally two leaves from top and two leaves from middle canopy of the
sample plants were chosen for the observations. Likewise, three plants were observed

from each entry. The observations were made by using a microscope. The stage and
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ocular micrometer was used for taking measurements and the trichome length was

expressed in pum.

3.3.3 Leaf shape

Single leaf each from middle canopy of one randomly selected plant from each
entry was taken and their lobe length and leaf length was measured with a scale.
Lacination index was worked out for all five leaves based on the ratio of lobe length to
leaf length. Leaf shape of each sunflower entries was determined by using lacination
index and the entries were classified into different categories: broad, intermediate, narrow
and lacinated leaves as per the methodology suggested by Arumugam and Muthukrishnan
(1977).

SI. No. Leaf shape Lacination Index Value
1. Broad leaves 0.50-0.60
2. Intermediate leaves 0.61-0.70
3. Narrow leaves 0.71-0.80
4. Lacinated leaves 0.81 and above

3.3.4 Shape of leaf lamina tip

The leaves that were used for above were used for observing the shape of leaf
lamina tip based on visual observations.
3.3.5 Consistency of leaf lamina

The leaves that were used above were used for observing the consistency lamina
tip based on visual observations and categorized into smooth and coarse.
3.3.6 Pigmentation of the petiole

The above same leaves were used for observing of the pigmentation of the petiole

based on visual observations.
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3.4 Determination of biochemical basis of resistance to sunflower leafhopper

The laboratory facilities at AICRP (Micronutrients), Department of Soil Science
and Agricultural Chemistry, GKVK Bengaluru were utilized for this part of the
investigation. For the determination of the biochemical factors imparting resistance
against the leafhopper, the total soluble sugars, total soluble proteins and the total phenol
contents were estimated at 45 and 60 days after sowing (DAS) in the leaf samples of the
nine highly susceptible and ten resistant sunflower genotypes which had been identified
and confirmed from the field and artificial screening trial. The leaves chosen for such
biochemical analysis were sampled from the corresponding plants and subjected to
biochemical analysis by following the methodology suggested by Sadasivam and

Manickham (1991) with necessary modification(s).

3.4.1 Preparation of oven dried samples

The freshly collected leaf samples were dried at 60°C to a constant weight in a
hot-air oven. The samples were then powdered by using a pestle and mortar and the leaf

powder was stored in sealed polyethylene covers at room temperature.

3.4.2 Estimation of total sugars

Reagents

Phenol reagent: 5g of redistilled phenol was dissolved in water and volume made upto

100 ml.

Standard glucose solution: Glucose stock solution containing 15 mg glucose/10 ml in
water. This solution was diluted to 1:10 to obtain 150 pg glucose/ml working standard

solution.

Sample extraction: 100mg of oven-dried leaf powder was used for extraction in 10 ml of
80% warm ethanol for one hour on a magnetic stirrer at room temperature. The extract
was then centrifuged at 6000 rpm for 15 minutes. The supernatant was evaporated to
dryness on a hot water bath and the residue was dissolved in 5 ml of distilled water. This
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alcohol free extract was used for the estimation of total soluble sugars (Dubois et al.,
1956).

Estimation: 0.1 ml of sample aliquot was diluted to 1ml with distilled water. 1ml of 5%
phenol reagent and 5ml of 98% H,SO, were added and incubated for 10 minutes and then
placed in a water bath at 30°C for 20 minutes. The absorbance was read at 490nm against
the reagent blank using Hitachi U-2900 Spectrophotometer. A standard curve was
constructed by using standard glucose in the range of 15-150 pg. The total sugar

estimated was expressed as mg per gram of oven-dried sample.

3.4.3 Estimation of total soluble protein

Reagents used

Solution A: 20g of anhydrous sodium carbonate (Na,CO3.2H,0) and 4g of sodium

hydroxide were dissolved in 1000 ml of distilled water.

Solution B: 1 ml of 1.35% sodium potassium tartarate and 0.1 ml of 5.5% CuSQO,4.5H,0

were mixed together.
Solution C: 50 ml of solution A was mixed with 1 ml of solution B just before use.
Folin-Ciocalteu reagent (FCR): The commercial FCR was diluted 1:1 before use

Standard bovine serum albumin (BSA) solution: A stock BSA solution was prepared
containing 2 mg BSA /ml in water. This solution was diluted 1:10 to obtain 200 ug
BSA/ml working standard solution.

Extraction:

100 mg oven dried powdered sample was extracted in 10 ml of 0.1 M sodium
phosphate buffer, pH 7.0, for one hour on a magnetic stirrer at room temperature. The
extract was centrifuged at 10000 rpm for 20 minutes and the supernatant was used for the
estimation of total soluble protein content. The protocol suggested by Lowry et al. (1951)

was employed for this purpose.
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Estimation:

A known volume of aliquot sample was made upto 1 ml with distilled water. To
this 5 ml of solution C was added and mixed well. After 10 minutes, 0.5 ml of FCR was
added and mixed immediately. The blue color developed was read at 660 nm after 30
minutes against reagent blank in colorimeter. A standard graph was constructed by using
BSA solution as a standard in the range of 20-120 ug. The total soluble protein content

was expressed as mg per gram oven dried sample.

3.4.4 Estimation of total phenols

Reagents used

Folin-Ciocalteu reagent: Commercial grade reagent was diluted 1:1 with water

20% Sodium carbonate solution: 20g of sodium carbonate (Na,CO3) was dissolved in

water and made upto 100 ml

Standard catechol solution: A stock catechol solution was prepared containing 1 mg
catechol /ml in water. This solution was diluted 1:10 to obtain 100 pg catechol /ml

working standard solution

Extraction:

100 mg oven dried powdered sample was extracted in 10 ml of warm 80 extract
which was centrifuged at 6000 rpm for 15 minutes. The supernatant was evaporated to
dryness on a water bath and the residue was dissolved in 5 ml of distilled water. This
alcohol free extract was used for the estimation of total phenols as per the methodology
suggested by Malick and Singh (1980).

Estimation:

0.1 ml of aliquot sample was diluted to 3 ml with water and 0.5 ml of FCR was
added and mixed. Exactly after 3 minutes, 2 ml of 20 per cent sodium carbonate solution
was added and kept in boiling water bath for one minute. After cooling under running tap
water, the absorbance was read at 650 nm, against the reagent blank in colorimeter. A
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standard graph was constructed by using catechol as a standard in the range of 20-100 pug.
The total phenol content is expressed as mg per gram of oven-dried sample or per cent
oven dried sample.

3.5 Statistical analysis

The following statistical methods were employed for analysis of data.

3.5.1 Mean

On the basis of individual plant observations, the mean for each character in all
the populations were computed by dividing the number of observations to the total value.
3.5.2 Range

The minimum and maximum value on the basis of individual plant observations
was used to indicate the range for a given character.
3.5.3 Standard deviation (SD)

Standard deviation shows how much variation or dispersion exists from the
average. A low standard deviation indicates that the data points tend to be very close to
the mean, whereas, high standard deviation indicates that the data points are spread out
over a large range of values. The standard deviation is defined as the square root of the

mean of the squared deviation of the individuals from their mean.

Standard deviation (SD) = Vvariance

3.5.4 Correlation analysis

Correlation analysis was done in excel using the WASP software. The test of
significance for association between characters was done by comparing calculated ‘r’
values with table ‘r’ values at (n-2) error degrees of freedom, where n is the number of

pairs of observations.
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3.5.5 Standard error

Standard error was calculated by using the following formula.

Standard deviation

Vn

SE =
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IV RESULTS AND DISCUSSION

Investigations pertaining to the screening of sunflower genotypes against
Amrasca biguttula biguttula and basis of resistance to this pest were carried out during
2015-16 and 2016-17. The findings of those studies are furnished in this chapter.

4.1 Evaluation of sunflower germplasm entries, elite hybrids and their parental

lines for their reaction to leafhopper infestation

Four hundred and eleven sunflower entries (Helianthus annuus) (including
varieties, parental lines, elite and experimental hybrids and germplasm entries from
Indian Institute of Oilseeds Research, Hyderabad, AICRP (sunflower), Zonal Agricultural
Research Station (ZARS), Bengaluru were evaluated for their reaction to leafhopper
(Amrasca biguttula biguttula) infestation in four different seasons at the ZARS
,University of Agricultural Sciences, GKVK, Bengaluru and also at Main Research
Station, Hebbal, Bengaluru during 2015-16 and 2016-17.

Totally 81 entries were screened during kharif 2015 (August to October 2015),
162 entries were screened during rabi 2015 (November 2015 to January 2016), 64 entries
were screened during kharif 2016 (August to October 2015) and 104 entries were
screened during rabi 2016 (November 2015 to January 2016) and the data recorded on
leafhopper population and hopper burn injury grade in each of the four trials during
different seasons are discussed in the following pages.

4.1.1 Field screening of sunflower genotypes during kharif 2015

Eighty one entries were evaluated against leafhopper during kharif 2015 (August
to October 2015) at ZARS, University of Agricultural Sciences, GKVK, Bengaluru
(Table 6). The mean number of leafhopper nymphs per plant and hopper burn injury
grade recorded on different sunflower entries at 45th DAS ranged from 0.00 to 1.33 and
0.00 to 1.00, respectively. At 75 DAS, mean number of leafhopper nymphs per plant and
hopper burn injury grade recorded on different sunflower entries ranged from 0.00 to
1.83 and 0.00 to 2.00, respectively. The overall mean incidence of leafhopper population
per plant during the season was 1.04 at 45 DAS and 1.24 at 75 DAS.
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Table 6: Mean leafhopper population and hopper burn injury grade in different

genotypes (Kharif 2015)
45 DAS 75DAS
Sl. Entry No. Mean no of Hoppfer Mean no of Hoppfar
No. leafhoppers/ | burn injury | leafhoppers/ | burn injury
plant grade/plant plant grade/ plant
1 RHA1001 0.83 0.00 1.33 1.00
2 RHA1002 0.50 0.00 0.83 0.00
3 RHA1003 0.00 0.00 0.50 1.00
4 RHA1004 0.66 0.00 0.83 2.00
5 RHA1005 1.33 1.00 1.50 2.00
6 RHA1006 0.66 0.00 1.33 1.00
7 RHA1007 0.50 0.00 0.66 0.00
8 RHA1008 0.00 1.00 0.83 1.00
9 RHA1009 0.33 0.00 1.00 1.00
10 RHA1010 0.83 1.0 1.66 2.00
11 RHA1011 0.00 0.00 0.50 0.00
12 RHA1012 0.50 0.00 0.66 1.00
13 RHA1013 0.00 1.00 1.00 0.00
14 RHA1014 0.66 0.00 0.83 0.00
15 RHA1015 0.00 1.00 1.16 1.00
16 RHA1016 0.50 0.00 0.83 0.00
17 RHA1017 0.50 0.00 0.66 0.00
18 RHA1018 0.33 0.00 1.33 1.00
19 RHA1019 0.83 1.00 1.16 1.00
20 RHA1020 1.16 1.00 1.00 0.00
21 RHA1021 1.00 0.00 1.50 2.00
22 RHA1022 0.00 0.00 0.50 0.00
23 RHA1023 0.16 0.00 1.00 1.00
24 RHA1024 0.83 1.00 0.66 0.00
25 RHA1025 0.50 1.00 0.83 0.00
26 RHA1026 0.66 0.00 1.33 1.00
27 RHA1027 0.83 1.00 1.16 2.00
28 RHA1028 0.33 0.00 1.00 0.00
29 RHA1029 1.16 0.00 1.66 2.00
30 RHA1030 0.66 0.00 1.33 1.00
31 RHA1031 1.00 1.00 1.00 0.00
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45 DAS 75DAS
Sl Entry No. Mean no of Hoppgr Mean no of Hopp_er
No. leafhoppers/ | burn injury | leafhoppers/ | burn injury
plant grade/plant plant grade/ plant
32 RHA1032 0.66 1.00 0.66 0.00
33 RHA1033 0.33 0.00 0.00 0.00
34 RHA1034 1.33 1.00 0.83 1.00
35 RHA1035 0.66 0.00 1.00 0.00
36 RHA1036 1.00 1.00 1.66 2.00
37 RHA1037 0.83 0.00 1.00 1.00
38 RHA1038 1.16 1.00 1.33 1.00
39 RHA1039 0.66 0.00 1.16 0.00
40 RHA1040 1.00 1.00 1.50 1.00
41 RHA1041 0.50 0.00 1.33 0.00
42 RHA1042 0.66 0.00 1.00 0.00
43 RHA1043 0.83 1.00 0.66 0.00
44 RHA1044 0.50 0.00 1.00 0.00
45 RHA1045 0.00 0.00 1.66 1.00
46 RHA1046 0.83 1.00 1.50 1.00
47 RHA1047 1.00 0.00 1.16 0.00
48 RHA1048 1.33 1.00 1.83 1.00
49 RHA1049 0.33 0.00 1.50 0.00
50 RHA1050 0.00 0.00 0.83 0.00
51 RHA1051 0.50 0.00 1.33 1.00
52 RHA1052 1.00 1.00 1.50 0.00
53 RHA1053 0.83 1.00 1.66 1.00
54 RHA1054 0.66 0.00 1.33 0.00
55 RHA1055 1.00 1.00 2.00 2.00
56 RHA1056 0.50 0.00 1.50 1.00
57 RHA1057 0.33 0.00 0.66 0.00
58 RHA1058 0.83 0.00 1.00 0.00
59 RHA1059 0.66 0.00 1.33 1.00
60 RHA1060 1.00 0.00 1.50 1.00
EC784877
61 % NDCMB2A 1.33 1.00 1.50 1.00
EC734887
62 % NDCMB2A 1.16 0.00 1.66 2.00
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45 DAS 75DAS
Sl Entry No Mean no of Hopper Mean no of Hopper
No. ' leafhoppers/ | burn injury | leafhoppers/ | burn injury
plant grade/plant plant grade/ plant
GMUT775
63 X CMS 138A 0.83 0.00 1.83 1.00
GMU780
64 X CMS 17A 0.66 1.00 1.33 1.00
GMU762
65 X CMS 903A 1.00 0.00 1.16 0.00
GMU750
66 % CMS 903A 1.33 0.00 1.50 1.00
GMU743
67 % CMS 903A 0.50 1.00 0.66 0.00
GMU748
68 X CMS 903A 0.00 0.00 1.33 1.00
GMU 742
69 X CMS 903A 0.66 0.00 0.50 0.00
GMU 753
70 X CMS 03A 1.00 0.00 0.33 0.00
GMU 592
71 % CMS 903A 0.00 1.00 0.83 0.00
72 OPV3 0.66 0.00 1.33 1.00
73 KBSH 41 0.50 1.00 1.50 1.00
74 KBSH 44 0.83 0.00 0.66 0.00
75 KBSH 53 0.16 0.00 1.00 0.00
76 RSFH130 1.16 1.00 1.50 1.00
77 S-2017 1.00 0.00 1.16 1.00
78 KBSH 71 0.66 1.00 1.00 0.00
79 KBSH72 0.83 0.00 1.16 1.00
80 KBSH73 1.00 0.00 1.00 0.00
81 KBSH74 0.00 0.00 0.83 1.00
Mean 1.04 1.24
SEM= 0.10 0.11
CD at P=0.05 0.28 0.31

DAS: Days after sowing
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Between the different entries there was no significant difference w. r. t. mean
number of leafhoppers per plant both at 45 DAS and 75 DAS (0.28 and 0.31),
respectively and the overall hopper burn injury grade ranged from 0.00 to 2.00. The
overall incidence of the leafhopper and hopper burn injury grade during kharif 2015 trial
was quiet low, hence due to low pest pressure, the entries could not be categorised as
resistant or susceptible.

4.1.2 Field screening sunflower genotypes during rabi 2015

One hundred and sixty two entries were evaluated against leafhoppers during rabi
2015 (November 2015 to January 2016) at Main Research Station, Hebbal, Bengaluru
(Table 7). The mean number of leafhopper nymphs per plant on different entries ranged
from 0.50 to 2.66 at 45 DAS and hopper burn injury grade ranged from 0.00-2.00 At 75
DAS, the mean number of leafhopper nymphs per plant ranged from 0.66 to 5.66, with
hopper burn injury grade of 1 to 5. The overall mean leafhopper incidence per plant on
162 entries during the season at 45 DAS and 75 DAS were 1.31 and 1.55, respectively.

Between the different entries there was no significant difference w. r. t. mean
number of leafhoppers per plant both at 45 DAS and 75 DAS (0.20 and 0.32),
respectively. However, based on hopper burn injury grade at 75 DAS, 10 sunflower
entries were categorized as resistant, 101 as moderately resistant, 43 as susceptible and 9
as highly susceptible (Table 8). The sunflower crop enters seed filling stage during or
after 75 DAS, therefore the data pertaining to the number of leaf hoppers per plant and

hopper burn injury grade at 75 DAS was considered for categorizing the entries.

4.1.3 Field screening of sunflower genotypes during kharif 2016

Sixty four sunflower entries were evaluated against the leafhopper during kharif
2016 (August to October 2016) at ZARS, University of Agricultural Sciences, GKVK,
Bengaluru (Table 9). The mean number of leafhopper nymphs per plant on different
sunflower entries during this season, at 45 DAS, ranged from 0.00 to 1.16 and hopper
burn injury grade ranged from 0.00 to 1.00. Similarly, at 75 DAS, the mean number of
leafhopper nymphs per plant on different sunflower entries ranged 0.00 to 1.83 and
hopper burn injury grade ranged from 0.00-2.00
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Table 7: Mean leafhopper population and hopper burn injury grade in different
genotypes (Rabi 2015)

45 DAS 75DAS

Sl Entry No Mean no of | Hopper burn | Mean no of | Hopper burn

No. ' leafhoppers/ | injury grade/ | leafhoppers/ | injury grade/
plant plant plant plant
1 DRSF 108 2.00 1.00 3.66 4.00
2 CMS 103 B 0.50 0.00 0.83 1.00
3 EC-734846 2.16 1.00 3.00 3.00
4 OPV 2 0.66 0.00 0.66 1.00
5 Morden 2.66 2.00 5.66 5.00
6 KBSH 41 2.33 1.00 4.66 5.00
7 KBSH 44 1.33 0.00 1.66 2.00
8 S-207 1.66 1.00 2.00 2.00
9 RSFH 130 1.50 0.00 1.33 1.00
10 RHA 93 1.16 0.00 2.33 1.00
11 GKVK-2 1.16 1.00 2.00 2.00
12 M-17R 1.00 0.00 2.16 1.00
13 RHA 378 1.33 0.00 2.33 1.00
14 X-15WB 1.50 1.00 2.16 2.00
15 AHT 1 1.00 0.00 1.33 1.00
16 AHT 2 1.33 1.00 2.16 1.00
17 AHT 3 1.66 2.00 3.00 4.00
18 AHT 4 1.50 0.00 2.00 1.00
19 AHT 5 1.83 1.00 3.50 3.00
20 AHT 6 1.00 0.00 1.50 2.00
21 AHT 7 2.00 1.00 2.83 3.00
22 AHT 8 1.66 1.00 2.33 1.00
23 AHT 9 1.33 1.00 1.50 1.00
24 AHT 10 1.16 0.00 1.33 1.00
25 AHT 11 1.66 1.00 2.83 2.00
26 AHT 12 0.66 0.00 0.83 1.00
27 AHT13 1.33 1.00 1.00 1.00
28 IHT 238 1.83 2.00 2.33 3.00
29 IHT 239 1.66 0.00 2.16 3.00
30 IHT 240 2.00 1.00 3.66 4.00
31 IHT 241 1.00 0.00 1.50 1.00
32 IHT 242 1.33 1.00 2.00 1.00
33 IHT 243 1.50 0.00 1.83 2.00
34 IHT 244 0.83 0.00 1.50 2.00
35 IHT 245 1.16 1.00 1.33 1.00
36 IHT 246 0.66 0.00 1.50 2.00
37 IHT 247 0.83 1.00 1.83 2.00
38 IHT 248 0.66 1.00 0.83 1.00
39 IHT 249 1.66 0.00 2.00 3.00
40 IHT 250 1.50 1.00 1.33 1.00
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45 DAS 75DAS

Sl Entry No Mean no of | Hopper burn | Mean no of | Hopper burn
No. ' leafhoppers/ | injury grade/ | leafhoppers/ | injury grade/

plant plant plant plant
41 IHT 251 2.00 0.00 1.83 2.00
42 IHT 252 1.83 2.00 1.66 1.00
43 IHT 253 1.33 1.00 1.16 1.00
44 IHT 558 1.00 0.00 1.50 1.00
45 IHT 591 1.50 1.00 2.16 3.00
46 IHT 711 0.83 0.00 1.83 2.00
47 IHT 712 1.83 1.00 2.83 3.00
48 IHT 731 1.33 1.00 2.50 3.00
49 IHT 737 1.16 0.00 2.66 4.00
50 IHT 741 0.83 0.00 1.50 1.00
51 IHT 748 1.00 1.00 2.33 3.00
52 IHT 750 0.66 0.00 2.00 2.00
53 IHT 752 2.00 1.00 3.66 3.00
54 IHT 753 1.83 1.00 4.00 3.00
55 IHT 754 2.00 1.00 3.50 2.00
56 IHT 764 1.00 1.00 2.50 1.00
57 IHT 775 1.33 0.00 2.33 2.00
58 IHT 795 1.83 2.00 2.16 2.00
59 IHT 802 0.83 0.00 1.50 1.00
60 IHT 881 1.50 1.00 2.00 2.00
61 IHT 879 1.83 2.00 1.83 2.00
62 IHT 878 1.50 0.00 1.50 1.00
63 IHT 877 1.16 1.00 2.33 2.00
64 IHT 848 0.66 0.00 1.16 2.00
65 IHT 845 1.50 1.00 1.83 2.00
66 IHT 843 1.16 1.00 1.16 2.00
67 IHT 837 1.33 0.00 2.66 3.00
68 IHT 821 0.83 1.00 1.66 3.00
69 IHT 815 1.00 0.00 1.50 2.00
70 IHT 807 0.66 0.00 2.00 2.00
71 IHT 888 0.50 0.00 1.33 2.00
72 IHT 891 1.00 1.00 1.16 2.00
73 IHT 913 1.50 1.00 1.00 1.00
74 IHT 936 1.33 0.00 2.16 3.00
75 IHT 937 1.16 1.00 2.00 1.00
76 IHT 943 0.66 1.00 1.83 1.00
77 IHT 948 0.50 0.00 1.33 1.00
78 IHT 951 1.00 0.00 1.16 2.00
79 IHT 952 1.33 0.00 2.83 3.00
80 IHT 956 1.66 1.00 2.33 3.00
81 IHT 960 1.83 2.00 2.66 2.00
82 IHT 971 1.50 0.00 1.16 1.00
83 IHT 972 0.83 1.00 1.33 2.00
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45 DAS 75DAS

Sl Entry No Mean no of | Hopper burn | Mean no of | Hopper burn
No. ' leafhoppers/ | injury grade/ | leafhoppers/ | injury grade/

plant plant plant plant
84 IHT 975 1.00 1.00 1.50 1.00
85 IHT 976 1.16 0.00 2.83 2.00
86 IHT 980 1.33 0.00 2.66 3.00
87 IHT 981 1.50 1.00 2.50 3.00
88 IHT 990 1.16 1.00 2.33 2.00
89 IHT 995 1.33 0.00 1.83 3.00
90 IHT 997 1.00 0.00 2.16 2.00
91 IHT 1061 0.66 0.00 1.66 1.00
92 IHT 1089 1.00 0.00 1.50 2.00
93 NCP 22 1.83 1.00 3.16 3.00
94 NCP28 2.16 1.00 3.50 4.00
95 KBSH 53 0.66 1.00 0.83 1.00
96 KBSH 71 1.50 0.00 2.00 2.00
97 KBSH 72 0.66 0.00 0.83 1.00
98 GMU 440 1.00 0.00 1.83 2.00
99 GMU 520 1.33 1.00 1.33 2.00
100 TCSH 1 0.83 0.00 1.33 2.00
101 KBSH 1 0.50 0.00 0.66 1.00
102 KBSH 73 1.50 0.00 1.83 2.00
103 KBSH 74 1.33 0.00 2.33 3.00
104 KBSH 75 1.50 1.00 1.83 1.00
105 KBSH 76 1.83 1.00 2.00 1.00
106 EC784877 1.66 1.00 2.33 2.00
107 EC734887 1.33 1.00 2.16 2.0
108 E 17A 1.50 0.00 1.33 1.00
109 RHA 284 1.83 0.00 3.16 4.00
110 RHA 467 1.50 0.00 2.00 3.00
111 RHA 469 1.33 1.00 1.83 2.00
112 RH-95-C-1 0.50 0.00 0.83 1.00
113 UASB 560 1.66 0.00 3.00 3.00
114 OPV 3 0.66 0.00 0.83 1.00
115 EC-734840 1.83 1.00 3.66 3.00
116 EC734844 1.66 1.00 3.50 4.00
117 NCP 198 0.66 0.00 1.33 1.00
118 GMU 601 1.00 0.00 1.83 3.00
119 GMU 602 1.33 0.00 2.33 3.00
120 GMU 603 1.16 0.00 2.66 4.00
121 GMU 604 1.50 1.00 2.00 1.00
122 GMU 605 1.66 1.00 3.00 2.00
123 GMU 606 1.33 0.00 2.50 1.00
124 GMU 607 1.50 1.00 2.16 2.00
125 GMU 608 0.83 1.00 2.00 1.00
126 GMU 609 1.16 1.00 2.33 2.00
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45 DAS 75DAS
Sl Entry No Mean no of | Hopper burn | Mean no of | Hopper burn
No. ' leafhoppers/ | injury grade/ | leafhoppers/ | injury grade/

plant plant plant plant
127 GMU 610 1.00 0.00 2.66 2.00
128 GMU 611 1.33 1.00 2.83 2.00
129 GMU 612 1.66 0.00 2.66 1.00
130 GMU 613 2.16 1.00 2.16 2.00
131 GMU 614 1.33 0.00 1.83 1.00
132 GMU 615 1.50 1.00 1.50 2.00
133 GMU 616 1.33 0.00 1.83 2.00
134 GMU 617 2.00 0.00 3.00 1.00
135 GMU 618 1.83 0.00 2.33 2.00
136 GMU 619 1.66 1.00 2.16 1.00
137 GMU 620 1.33 1.00 2.83 3.00
138 GMU 621 1.50 1.00 2.66 2.00
139 GMU 622 1.00 0.00 2.50 1.00
140 GMU 623 1.33 0.00 1.83 2.00
141 GMU 624 1.50 1.00 2.16 2.00
142 GMU 625 1.16 0.00 2.00 3.00
143 GMU 626 1.83 1.00 1.83 1.00
144 GMU 627 2.16 1.00 1.50 2.00
145 GMU 628 1.33 1.00 1.66 2.00
146 GMU 629 0.66 0.00 2.16 3.00
147 GMU 630 1.50 0.00 2.33 2.00
148 GMU 631 1.33 1.00 2.00 1.00
149 GMU 632 1.00 0.00 2.50 1.00
150 GMU 633 1.33 0.00 2.16 2.00
151 GMU 634 1.50 0.00 2.33 2.00
152 GMU 635 1.33 1.00 2.83 3.00
153 GMU 636 1.16 1.00 2.66 2.00
154 GMU 637 0.83 0.00 2.50 1.00
155 GMU 638 0.66 0.00 1.50 1.00
156 GMU 639 1.50 0.00 1.33 1.00
157 GMU 640 1.00 1.00 1.83 2.00
158 GMU 641 1.83 1.00 1.66 2.00
159 GMU 642 2.16 1.00 1.50 1.00
160 GMU 643 2.00 0.00 2.33 3.00
161 GMU 644 1.83 0.00 2.16 2.00
162 GMU 645 1.66 1.00 2.50 4.00

Mean 1.31 1.55

SEMz+ 0.06 0.11

CD at P=0.05 0.20 0.32

DAS: Days after sowing
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Table 8: Categorization of sunflower genotypes for leaf hopper resistance based on

mean population of leafhoppers and hopper burn injury grade (Rabi 2015)

Sl

No.

Resistance

category Name of the genotypes

RH-95-C-1, AHT 12, OPV 2,CMS 103 B, KBSH 53, KBSH

Resistant | 75 OPV3, NCP 198, KBSH 1, AHT 13 (10)

KBSH 44, S-207, RSFH 130, RHA 93, GKVK-2, M-17R, AHT
1, AHT 2, AHT 4, AHT 6, AHT8, AHT9, AHT 10, IHT 241,
IHT 242, IHT 243, IHT 245, IHT 246, IHT 247, IHT 248, IHT
250, IHT 252, IHT 253, IHT 558, IHT 711, IHT 741, IHT 750,
IHT 764, IHT 775, IHT 795, IHT 802, IHT 881, IHT 879, IHT
878, IHT 877, IHT 848, IHT 845, IHT 843, IHT 815, IHT 807,
IHT 888, IHT 891, IHT 913, IHT 937, IHT 943, IHT 948, IHT
951, IHT 960, IHT 971, IHT 972, IHT 975, IHT 976, IHT 990,
IHT 997, IHT 1061, IHT 1089, KBSH 71, KBSH 73, KBSH 75,
KBSH 76, GMU 440, GMU 520, TCSH1, EC78484877, EC
734887, E17TARHA 469, GMU 601, GMU 604, GMU 606,
GMU 607, GMU 608, GMU 609, GMU 612, GMU 613, GMU
614, GMU 615, GMU 616, GMU 617, GMU 618, GMU 619,
GMU 621, GMU 622, GMU 623, GMU 624, GMU 626, GMU
627, GMU 628, GMU 630, GMU 631, GMU 633, GMU 634,
GMU 636, GMU 637, GMU 639, GMU 640, GMU 641, GMU
642, GMU 644 (101)

Moderately
resistant

EC734846, RHA 378, X15WB, AHT 3, AHT 5, AHT 7, AHT
11, IHT 238, IHT 239, IHT 240, IHT 249, IHT 251, IHT 591,
IHT 712, IHT 731, IHT 731, IHT 737, IHT748, IHT 752, IHT
753, IHT 754, IHT 837, IHT 821, IHT 936, IHT 952, IHT 956,
IHT 980,IHT 98LIHT 995, KBSH 74, RHA 467,
GMUB02,GMU 603, GMU 605, GMU610, GMU 611, GMU
620, GMU 625, GMU 629, GMU 632, GMU 635, GMU 643,
GMU 645 (43)

Susceptible

Highly DRSF 108,RHA 284, EC 734840, EC 734844, NCP 22,
susceptible | NCP28, KBSH 41, Morden, UASB 560 (9)
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Table 9: Mean leafhopper population and hopper burn injury grade in different

genotypes (Kharif 2016)
45 DAS 75DAS

SI. Entry No. Mean no of Hopper Mean no of | Hopper burn

No. leafhoppers/ | burninjury | leafhoppers/ | injury grade/
plant grade/plant plant plant
1 GMU 301 0.83 0.00 1.16 1.00
2 GMU 302 0.66 0.00 1.33 1.00
3 GMU 303 1.00 1.00 1.50 1.00
4 GMU 311 0.83 1.00 1.16 0.00
5 GMU 313 0.66 0.00 1.00 0.00
6 GMU 321 0.50 0.00 0.66 0.00
7 GMU 324 0.83 1.00 1.00 1.00
8 GMU 325 0.50 0.00 0.66 0.00
9 GMU 326 0.83 1.00 1.00 1.00
10 GMU 327 0.66 0.00 1.33 1.00
11 GMU 329 1.16 1.00 1.50 2.00
12 GMU 336 0.66 0.00 0.83 0.00
13 GMU 342 0.66 0.00 1.00 0.00
14 GMU 344 0.83 1.00 0.83 0.00
15 GMU 351 1.00 1.00 1.16 1.00
16 GMU 355 0.00 0.00 0.83 0.00
17 GMU 362 0.33 0.00 1.50 1.00
18 GMU 363 0.50 0.00 1.66 1.00
19 GMU366 0.66 0.00 1.33 1.00
20 GMU 368 0.00 0.00 1.00 0.00
21 GMU 376 0.33 0.00 1.50 2.00
22 GMU 378 0.16 0.00 1.16 1.00
23 GMU 379 1.00 1.00 1.00 0.00
24 GMU 383 0.50 0.00 1.16 0.00
25 GMU 389 0.66 0.00 1.33 1.00
26 GMU 390 1.00 1.00 1.66 1.00
27 GMU 400 0.66 0.00 1.83 2.00
28 GMU 405 0.50 0.00 1.33 2.00
29 GMU 410 1.00 1.00 1.50 0.00
30 GMU 411 1.00 1.00 1.16 1.00
31 GMU 413 0.66 0.00 1.00 0.00
32 GMU 420 0.50 0.00 1.33 1.00
33 GMU 423 1.00 1.00 1.50 1.00
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45 DAS 75DAS
SI. Entry No. Mean no of Hopper Mean no of | Hopper burn
No. leafhoppers/ | burninjury | leafhoppers/ | injury grade/

plant grade/plant plant plant
34 GMU 426 0.66 0.00 0.83 0.00
35 GMU 428 1.00 1.00 1.33 0.00
36 GMU 433 0.33 0.00 1.83 1.00
37 GMU 434 0.16 0.00 1.16 1.00
38 GMU 439 0.00 0.00 1.50 2.00
39 GMU 441 0.33 0.00 1.33 1.00
40 GMU 443 1.00 1.00 1.00 0.00
41 GMU 447 0.66 0.00 1.33 0.00
42 GMU 450 0.83 1.00 1.16 1.00
43 GMUA452 0.00 0.00 1.00 0.00
44 GMU 454 0.00 0.00 0.66 0.00
45 GMU 456 0.16 0.00 1.00 1.00
46 GMU 457 0.50 0.00 0.83 0.00
47 GMU458 0.33 0.00 1.33 1.00
48 GMU 459 0.66 0.00 0.50 0.00
49 GMuU461 0.83 1.00 0.66 0.00
50 GMU463 0.66 0.00 1.00 1.00
51 GMU 465 0.50 0.00 1.50 1.00
52 GMU 466 0.33 0.00 1.16 1.00
53 GMU 468 0.50 0.00 1.00 0.00
54 GMU 469 0.16 0.00 0.66 1.00
55 GMU 470 1.00 1.00 1.00 0.00
56 GMU 474 0.66 0.00 1.16 0.00
57 GMU 475 0.83 1.00 1.00 1.00
58 GMU 476 0.50 0.00 0.00 0.00
59 GMU 477 1.00 1.00 1.16 1.00
60 GMU 478 0.83 1.00 1.50 1.00
61 GMU 479 0.50 0.00 1.00 0.00
62 GMU 480 0.33 0.00 0.66 0.00
63 GMU483 0.00 0.00 1.33 1.00
64 GMU 485 0.66 0.00 1.16 0.00

Mean 1.01 1.24

SEM+ 0.10 0.12

CD at P=0.05 0.29 0.34

DAS: Days after sowing

71

Soumya, M. Shettar, Ph.D.

2017



The overall mean leafhopper incidence on 64 entries screened during the season at
45 DAS and 75 DAS, were 1.01 and 1.24, respectively, which was very low. Between the
different entries there was no significant difference w. r. t. mean number of leafhoppers
per plant, both at 45 DAS (0.29) and 75 DAS (0.34), respectively (Table 9).

Therefore, due to low pest pressure during kharif 2016. Meaningful categorization
of sunflower entries into resistant or susceptible categories was not possible for this

season.

4.1.4 Field screening during rabi 2016

One hundred and four entries were evaluated against leafhoppers during rabi
2016 (November 2015 to January 2016) at ZARS, University of Agricultural Sciences,
GKVK, Bengaluru (Table 10). The mean number of leafhopper nymphs per plant on the
different entries ranged from 0.66 to 2.33 at 45 DAS and hopper burn injury grade ranged
from 0.00-2.00 At 75 DAS, mean number of leafhopper nymphs per plant ranged from
0.83 to 5.33, with hopper burn injury grade per plant ranging between from 1.00 to 5.00
The overall mean leafhopper incidence per plant on the 104 entries screened during the
season, at 45 DAS and 75 DAS, were 1.35 and 1.65, respectively.

Between the different entries there was no significant difference w. r. t. mean
number of leafhopper nymphs per plant, both at 45 DAS and 75 DAS (0.38and 0.36),
respectively. So, based on hopper burn injury grade per plant at 75 DAS, the 10
sunflower entries were categorized as resistant, 51 as moderately resistant, 34 as
susceptible and 9 as highly susceptible (Table 11). The sunflower crop reaches seed
filling stage during 75 DAS, in this context the data pertaining to number of leaf hoppers
per plant and hopper burn injury grade at 75 DAS was considered for categorization of

the entries.

Overall incidence of leafhopper per plant and hopper burn injury grade on the
sunflower entries was highest during rabi 2016, followed by rabi 2015 seasons than
during kharif 2015 and kharif 2016.
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Table 10: Mean leafhopper population and hopper burn injury grade in different
genotypes (Rabi 2016)

45 DAS 75DAS

SI. Entry No Mean no of Hopper Mean no of | Hopper burn

No. ' leafhoppers/ | burninjury | leafhoppers/ | injury grade/
plant grade/ plant plant plant
1 EC734844 2.33 1.00 4.33 4.00
2 EC734840 2.16 1.00 3.66 4.00
3 OPV3 1.00 0.00 1.33 1.00
4 KBSH41 2.00 0.00 4.16 4.00
5 KBSH44 1.00 0.00 1.83 3.00
6 KBSH53 0.83 0.00 1.00 0.00
7 KBSH71 1.83 1.00 2.33 2.00
8 GKVK2 1.16 1.00 1.83 2.00
9 GKVK1 1.50 0.00 2.66 2.00
10 OPV2 1.00 0.00 0.83 1.00
11 RHA275 1.66 1.00 2.50 3.00
12 RHA630 1.33 0.00 2.00 2.00
13 EC734873 1.33 0.00 2.66 3.00
14 EC734874 1.16 1.00 2.33 3.00
15 RHA378 1.50 0.00 2.16 2.00
16 RHA589 1.66 1.00 2.83 3.00
17 RHA265 1.33 0.00 2.16 2.00
18 RHA857 1.50 1.00 2.83 3.00
19 RHA630 1.00 0.00 1.33 1.00
20 UASB929 1.33 1.00 2.16 2.00
21 UASB933 1.66 2.00 3.00 3.00
22 UASB934 1.50 0.00 2.00 2.00
23 UASB932 1.83 1.00 3.50 3.00
24 UASB788 1.00 0.00 1.83 2.00
25 UASB790 2.00 1.00 2.83 3.00
26 UASB771 1.66 1.00 2.33 2.00
27 UASB560 2.16 2.00 3.50 4.00
28 NCP22 1.83 1.00 3.00 5.00
29 NCP32 1.16 1.00 3.16 2.00
30 NCP28 2.33 1.00 3.50 4.00
31 RHA589 1.50 0.00 1.83 2.00
32 RHAB857 1.33 0.00 2.33 3.00
33 RHA275 1.16 0.00 2.66 2.00
34 REC443 1.50 1.00 2.00 2.00
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45 DAS 75DAS

Sl Entry No Mean no of Hopper Mean no of | Hopper burn
No. ' leafhoppers/ | burninjury | leafhoppers/ | injury grade/

plant grade/ plant plant plant
35 REC447 1.66 1.00 3.00 3.00
36 RHA272 1.33 0.00 2.50 2.00
37 RHA265 1.50 1.00 2.16 2.00
38 | LTRR-83-273 0.83 1.00 2.00 2.00
39 GPR135 1.16 1.00 2.33 3.00
40 OPV 6 1.50 0.00 2.66 2.00
41 OPV5 1.33 1.00 2.83 3.00
42 OPV4 1.66 0.00 2.66 2.00
43 EC734877 1.33 1.00 2.16 2.00
44 RHA278 1.33 0.00 1.83 1.00
45 KBSH75 1.50 1.00 2.83 2.00
46 RSFH130 1.16 0.00 2.33 2.00
47 KBSH72 1.33 1.00 1.00 1.00
48 KBSH76 1.66 1.00 3.16 3.00
49 KBSH74 1.16 1.00 2.83 2.00
50 RHA-M-17-R 1.33 0.00 2.66 2.00
51 RH-95-C-1 0.83 0.00 1.33 1.00
52 AHT 13 1.00 1.00 1.16 1.00
53 CMS103B 0.83 0.00 1.50 1.00
54 KBSH1 1.00 1.00 2.50 1.00
55 RHA469 1.50 1.00 2.16 3.000
56 DRSF108 2.16 1.00 3.83 4.00
57 RHA284 1.83 0.00 4.00 4.00
58 Morden 2.33 1.00 5.33 4.00
59 AHT1 1.00 0.00 2.16 2.00
60 AHT?2 1.33 1.00 2.16 3.00
61 AHT3 1.66 2.00 3.00 3.00
62 AHT4 1.50 0.00 2.00 2.00
63 AHT5 1.83 1.00 2.66 3.00
64 AHT6 1.00 0.00 1.50 2.00
65 AHT7 2.00 1.00 2.83 3.00
66 AHT8 1.66 1.00 2.33 2.00
67 AHT9 1.33 1.00 2.00 2.00
68 AHT10 1.16 0.00 2.16 3.00
69 AHT11 1.60 1.00 2.83 2.00
70 AHT12 0.66 0.00 1.00 1.00
71 NCP198 1.33 1.00 2.00 1.00
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45 DAS 75DAS
Sl Entry No Mean no of Hopper Mean no of | Hopper burn
No. ' leafhoppers/ | burninjury | leafhoppers/ | injury grade/

plant grade/ plant plant plant
72 EC734846 1.66 1.00 2.16 3.00
73 IHT 238 1.33 1.00 2.83 3.00
74 IHT 239 1.50 1.00 2.66 2.00
75 IHT 240 1.00 0.00 2.50 3.00
76 IHT 241 1.33 0.00 1.83 2.00
7 IHT 242 1.50 1.00 2.16 2.00
78 IHT 243 1.16 0.00 2.00 3.00
79 IHT244 1.83 1.00 3.00 2.00
80 IHT245 2.16 1.00 2.16 2.00
81 IHT246 1.33 1.00 2.50 2.00
82 IHT247 1.16 0.00 2.16 3.00
83 IHT248 1.50 0.00 2.33 2.00
84 IH 249 1.33 1.00 2.00 3.00
85 GMU601 1.16 0.00 2.50 2.00
86 GMU6B02 1.33 0.00 2.16 2.00
87 GMU603 1.50 0.00 2.33 2.00
88 GMU604 1.33 1.00 2.83 3.00
89 GMU605 1.16 1.00 2.66 2.00
90 GMUGB06 1.50 0.00 2.50 3.00
91 GMU6B07 1.33 0.00 2.00 2.00
92 GMU608 1.50 0.00 2.33 2.00
93 GMU6B09 1.33 1.00 1.83 2.00
94 GMU610 1.16 0.00 1.83 3.00
95 GMUG611 1.33 1.00 2.00 2.00
96 GMU612 1.50 0.00 1.83 2.00
97 GMU613 1.16 0.00 2.66 2.00
98 GMU614 1.16 1.00 2.16 3.00
99 GMU 615 1.33 0.00 1.66 2.00
100 GMUG616 1.33 1.00 2.33 2.00
101 GMU 617 1.66 0.00 2.00 3.00
102 GMU 618 1.50 1.00 2.66 3.00
103 GMU 619 1.33 1.00 2.16 2.00
104 GMU 620 1.66 1.00 1.83 2.00

Mean 1.35 1.65

SEM=+ 0.14 0.12

CD at P=0.05 0.38 0.36

DAS: Days after sowimg
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Table 11: Categorization of sunflower genotypes for leafhopper resistance based on

mean population of leafhoppers and hopper burn injury grade (Rabi 2016)

SI. No. | Resistance category Name of the genotypes

RH-95-C-1, AHT 12, OPV 2,CMS 103 B, KBSH
1 Resistant 53, KBSH 72, OPV3, NCP 198, KBSH 1, AHT
13 (10)

KBSH 71, GKVK-2, GKVK- 1 RHA 630, RHA
378, RHA 265, UASB 929, UASB934, UASB788,
UASB 771, NCP 32, RHA 589, RHA 275, REC
443, RHA 272, RHA 272, RHA 265, LTRR-83-
273, OPV-6, OPV-4, EC734877, KBSH 75,
RSFH130, KBSH 74, RHA- M-17R, KBSHI,
AHT 1,AHT 4, AHT 6, AHT8, AHT9, AHT 11,
NCP 198, IHT 239, IHT 241, IHT 242, IHT 244,
IHT 245, IHT 246, IHT 248, GMU 611, GMU 612,
GMU 613, GMU 615, GMU 616, GMU 609, GMU
612, GMU 613, GMU 614, GMU 619, GMU 620
(51)

2 Moderately resistant

KBSH 44, RHA 275, EC734873, EC734874, RHA
589, RHA 857, UASB 933, UASB 932, UASB
790, RHA 857, REC 447, GPR 135, OPV 5, KBSH
3 Susceptible 73, KBSH 76, RHA 469, AHT 2, AHT 3, AHT 5,
AHT 7, AHT 10, EC73846, IHT 238, IHT 240,
IHT 243, IHT 247, IHT 249, GMU604,GMU 606,
GMU610, GMU 614, GMU 617, GMU 618 (34)

DRSF 108, RHA 284, EC 734840, EC 734844,
4 Highly susceptible NCP 22, NCP28, KBSH 41, Morden, UASB 560

©9)
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Therefore, data from the field conducted during trials rabi 2015 and rabi 2016
were utilized for categorizing the entries by considering the hopper burn injury grade as
well as the overall mean leafhopper infestation. The entries were hence categorized as
Resistant, Moderately Resistant, Susceptible and Highly Susceptible for rabi 2015 and
rabi 2016 seasons and the entries categorized as resistant and highly susceptible (extreme
cases) were utilized for intensive screening under glass house conditions (Table 12a & b)
(Plate 5a & b and 6)

Out of 162 entries evaluated in rabi 2015, 10 entries were grouped as “Resistant”,
101 entries as “Moderately resistant”, 43 entry as “Susceptible” and 9 entries under

“Highly Susceptible” group.

Out of 104 entries evaluated during rabi 2016, 10 entries were classified as
“Resistant”, 51 entries as “Moderately resistant”, 34 entries as “Susceptible”, 9 entries as
“Highly Susceptible” (Table 12a &b). The 10 resistant entries and 9 highly susceptible
entries were most consistent in their reaction to the pest. Therefore, these 19 entries were
shortlisted and taken forward for intensive screening under artificial conditions (glass

house) for further studies.

In the four field trials conducted, it was observed that, in all the susceptible entries
there was a significant increase in leafhopper number and hopper burn injury per plant
with the advancement of the stage of the crop. In general, it was observed that the
incidence of leafhopper increased with the age of the crop. That was probably due the
multiplication of the pest with progress of time and also could be due to the proliferation

of the foliage with the enhanced growth of the plant/ biomass.

The changes in the pest density in four season’s entries could be ascribed to the
change in time of screening and location of the plot. The wide variation in hopper burn
injury on various germplasm entries in four seasons clearly indicated the variation among

the lines in their degree of resistance to the leafhopper.

77 Soumya, M. Shettar, Ph.D. 2017



Plate 5(a): Reaction of susceptible sunflower entries i.e. (a) 1C0506027, (b)
EC0306728, (i) 1C0506118, (j) POL-6 to the leafhopper infestation



Plate 5(b): Reaction of susceptible sunflower entries i.e. (e) 1C0506027, (f)
EC0306728, (g) 1C0506118, (h) POL-6, (i) POL-7 to the leafhopper
infestation



Plate 6: Reaction of resistant sunflower entries i.e. (a) KBSH 53 (b) CMS 103B to the leafhopper infestation



Table 12a: Short listed resistant entries based on field screening of rabi 2015 and

2016
Rabi 2015 Rabi 2016

SI. : Mean no of Mean no of
No. Entries leafhoppers/ Hopper burn leafhoppers/ Hopper burn
plant injury grade olant injury grade

45 75 45 75 45 75 45 75

DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS
1 RH-95-C-1 | 0.50 | 0.83 | 0.00 | 1.00 | 0.83 | 1.33 | 0.00 | 1.00
2 AHT 12 0.66 | 0.83 | 0.00 | 1.00 | 0.66 | 1.00 | 0.00 | 1.00
3 OPV 2 0.66 | 066 | 0.00 | 1.00 | 1.00 | 0.83 | 0.00 | 1.00
4 CMS103B | 050 | 0.83 | 0.00 | 1.00 | 0.83 | 1.50 | 0.00 | 1.00
5 KBSH 53 0.66 | 0.83 | 1.00 | 0.00 | 1.33 | 1.00 | 0.00 | 0.00
6 KBSH 72 0.66 | 083 | 0.00 | 1.00 | 1.33 | 1.00 | 1.00 | 1.00
7 OPV3 0.66 | 0.83 | 0.00 | 1.00 | 1.00 | 1.33 | 0.00 | 1.00
8 NCP 198 066 | 1.33 | 1.00 | 1.00 | 1.33 | 2.00 | 1.00 | 1.00
9 KBSH 1 050 | 0.66 | 0.00 | 1.00 | 1.00 | 250 | 1.00 | 1.00
10 AHT 13 1.33 | 1.00 | 1.00 | 1.00 | 1.00 | 1.16 | 1.00 | 1.00

Mean 0.67 | 0.86 1.03 | 1.36

SD+ 0.24 | 0.19 0.23 | 0.52

Table 12b: Short listed highly susceptible entries based on field screening in rabi
2015 and 2016

Rabi 2015 Rabi 2016

Sl . Mean no of Mean no of
Entries Hopper burn Hopper burn
No. Ieafggcr)]?ers/ injury grade Ieafglc;%i)ers/ injury grade

45 75 45 75 45 75 45 75

DAS | DAS | DAS | DAS | DAS | DAS | DAS | DAS
1 DRSF108 | 200 | 3.66 | 1.00 | 400 | 216 | 3.83 | 1.00 | 4.00
2 RHA284 | 183 | 3.16 | 0.00 | 400 | 183 | 533 | 0.00 | 4.00
3 EC 734840 | 1.83 | 3.66 | 1.00 | 3.00 | 2.16 | 3.66 | 1.00 | 4.00
4 | EC734844 | 166 | 350 | 1.00 | 400 | 233 | 433 | 1.00 | 4.00
5 NCP 22 183 | 3.16 | 1.00 | 3.00 | 1.83 | 3.00 | 1.00 | 5.00
6 NCP28 216 | 350 | 1.00 | 400 | 2.33 | 3.50 | 1.00 | 4.00
7 KBSH41 | 233 | 466 | 1.00 | 500 | 2.00 | 416 | 1.00 | 4.00
8 Morden 266 | 566 | 200 | 500 | 2.33 | 533 | 1.00 | 4.00
9 UASB560 | 166 | 3.00 | 0.00 | 3.00 | 216 | 3.50 | 2.00 | 4.00

Mean® 1.99 3.77 2.12 4.07

SD+ 0.33 | 0.85 0.19 | 0.81

DAS: Days after sowing
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The results of the present investigation pertaining to the field screening were
similar to the reports of Fick (1978), Nagaraju et al. (2004), Anonymous (2006, 2007 and
2008) who screened several entries against leafhoppers, by the same methodology,
however, their results cannot be compared with the present investigation as the

entries/cultivars used by them differ and so also the seasonal variations.

The present finding of sunflower are in accordance with Deshmukh and Akhare
(1979) who screened, for three years 1975-77 at Akola for the response of early and
dwarf genotypes of sunflower to leafhopper, A. biguttula biguttula, It was found that
Cernianka-66 exhibited lesser leafhopper population on them indicating that the two
varieties were comparatively resistant to the leafhopper. Similarly, Bhat and
Virupakshappa (1993) screened some germplasm lines against leafhoppers in sunflower
and the entries No. 771, 775, 892, 1009, 1035, 1042, 1407, 1055, 1134, 702 R, KBSH-8,
BSH-1 S- 55, EC-61039 and 35811 either supported comparatively lower population or

did not express cupping symptoms compared to susceptible genotypes.

The results were in line with that of Suganthy and Uma (2011) who screened the
promising germplasm entries of sunflower for confirmation of their reaction to
leafhoppers, Results revealed that all the five germplasm entries viz., GMU 407, GMU
415, GMU 424, GMU 473 and GMU 493 were promising to the key pests of sunflower.
GMU 473 recorded the maximum of 5.0 thrips and 3.0 S. litura larvae per plant with the
defoliation of 25 per cent as against 7 and 0 per cent defoliation in the checks, Morden
and TCSH 1, respectively. GMU 424 recorded the maximum of 0.4 leafhoppers per plant
as against 28 and 19 hoppers per plant in Morden and TCSH 1, respectively and also
screening under glasshouse condition revealed that GMU 473 recorded the maximum
injury grade of 0.5 for leafhopper as against 3.5 and 2.2 in the checks Morden and TCSH
1, respectively. GMU 415 and GMU 493 recorded the lowest grade of 0.1. Similarly,
Hyacinth and Selvanarayanan (2011) screened 112 accessions of sunflower under field
conditions in two seasons at Tamilnadu, for their resistance against leafhopper, (A.
biguttula biguttula). In the first season, four accessions viz., KBSH 1, AHT 14, GK 2002
and GMU 698 harboured the least population whereas in the second season, the accession

KBSH 1 proved to be promising.
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Furthermore the present findings are corroborated by Balasubramanian and
Gopalan (1981) who assessed the different sunflower genotypes against the leafhopper
(A. biguttula biguttula). Ashfag and Aslam (2001a) screened out the different genotypes
of sunflower on the leaf base, similarly Mandal and Dash (2003) screened out fifteen
sunflower genotypes under the field conditions against A. biguttula biguttula among ten
five were resistant. The present findings are in conformity with those of Anon., (2002),
Sarwan and Dhillon (2014) and Anon., (1999) who all reported the leafhopper on the

sunflower.

Since, Rana and Sheoran (2004) reported that the leafhopper population ranged
from a minimum of 2 on HSFH 848 to a maximum of 4 per plant on KBSH 1. This result
is similar to the present findings, whereas, Bhat and Virupakshappa (1993) observed
some hybrids such as KBSH 8 and KBSH 1 recorded the least damage. Morden recorded
the highest leafhopper population at both 45 and 75 DAS (2.66 and 5.66 per plant),

respectively. Results pertaining to Morden tally with the present findings.

4.1.5 Spatial distribution pattern of leafhopper in sunflower crop canopy.

Germplasm entries of sunflower were screened for evaluating their resistance
potential against A. biguttula biguttula and the same set of entries were used for studying

canopy distribution pattern in sunflower.

4.1.5.1 Kharif 2015

There were significant differences between the populations of leafhoppers within
the crop canopy at both 45 DAS (CD=0.054) and 75 DAS (CD=0.061), maximum pest
population was recorded in the middle canopy (1.95/ plant and 2.60/plant) of the plant
followed by the top (1.49/ plant and 1.14/ plant) and least population was found at the
bottom canopy (0.56/ plant and 1.50/plant) (Table 13).

4.1.5.2 Rabi 2015

There was significant difference between the population of leafhopper within the
crop canopy at both 45 DAS (CD=0.071) and 75 DAS (CD=0.42). Leafhopper population
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(45 DAS and 75 DAS) was highest in the middle (3.58/plant and 5.78/plant), followed by
top (2.95/plant and 4.66/plant) and least in the bottom (1.5/plant and 2.11/plant),
respectively. However, there was no significant difference between top and middle crop
canopy at 75 DAS (Table 13).

4.1.5.3 Kharif 2016

There is significant difference between the population of leafhopper within the
crop canopy at both 45 DAS (CD=0.064) and 75 DAS (CD=0.08). Maximum leafhopper
population was recorded in the middle canopy (1.81/ plant and 2.69/ plant) followed by
the top (1.32/ plant and 2.69/ plant) canopy respectively. However, there was no
significant difference between top and middle level canopy at 75 DAS (Table 14).

4.1.5.4 Rabi 2016

There was significant difference between the population of leafhopper within the
crop canopy at both 45 DAS (CD=0.065) and 75 DAS (CD=0.36). Leafhopper density
was highest in the middle (3.77/plant and 6.37/plant), followed by top canopy (3.33/plant
and 5.16/plant) and least was recorded in the bottom canopy (1.46/plant and 2.77/plant)
respectively (Table 14).

The vertical distribution of leafhopper in the plant revealed that bottom level of
the plant less preferred compared to middle and top level canopy of plants of different
ages (Table 13 &14). The relative preference of the leafhopper to middle and lower levels
of canopy could keep changing in certain occasions. The results also indicated that there
was variation in population density among the growth stages of sunflower between 45 to
75 DAS and within plant, middle canopy leaves appears to be more suitable for nymphs
to stay or for the multiplication owing to the superior nutritional quality. These finding
however, do not agree with those of Jayaramaiah and Jagadish (1996) where, in case of
Myzus nicotianae Blackman in tobacco probably due to differences in the host plant and

pest species involved.

Nevertheless, it indicates that middle level canopy is the most preferred site in

sunflower for colonization by leafhopper.
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Table 13: Spatial distribution pattern of leafhopper in sunflower crop canopy during kharif and rabi of 2015
Crop canopy
Kharif 2015 Rabi 2015
45days 75days 45days 75days
Bottom | Middle | Top |Bottom | Middle| Top |Bottom | Middle| Top |Bottom | Middle| Top
Mean leafhoppers | 0.56 1.95 1.49 1.14 3.00 2.6 1.5 3.58 2.95 2.11 5.78 4.66
per leaves (0.87a) | (1.19c¢) | (1.09b) | (1.01a) | (1.40c) | (1.32b) | (1.08a) | (1.49c) | (1.37b) | (1.19a) | (1.81b) | (1.65b)
+SD 0.66 1.12 1.06 0.89 1.22 1.15 1.31 1.48 1.52 1.63 2.48 1.89
SE.M+ 0.019 0.022 0.032 0.15
CD at P=0.05 0.054 0.061 0.071 0.42
Table 14: Spatial distribution pattern of leafhopper in sunflower crop canopy during Kharif and rabi of 2016
Crop canopy
Kharif 2016 Rabi 2016
45days 75days 45days 75days
Bottom | Middle | Top |Bottom | Middle| Top |Bottom | Middle| Top |Bottom | Middle| Top
Mean leafhoppers | 0.44 1.81 1.32 0.96 3.12 2.69 1.46 3.77 3.33 2.77 6.37 5.16
per leaves (0.84a) | (1.17c) | (1.05b) | (0.96a) | (1.42b) | (1.34b) | (1.07a) | (1.53c) | (1.45b) | (1.22a) | (1.41b) | (1.87c)
+SD 0.55 0.99 0.98 0.91 1.11 1.07 1.21 1.10 1.25 1.46 2.22 1.82
SEM+ 0.023 0.03 0.023 0.13
CD at P=0.05 0.064 0.08 0.065 0.36
NB: Figures in the parenthesis are Vx+0.50 transformed values
Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 82




The present findings are contradictory to those of Mahto (1990) who revealed that
at lower canopy level of sunflower , leafhopper was significantly more in number than
other two levels. He did not find significant difference in nymphal population between
middle and upper leaves. In okra, Senapati and Khan (1978) found that the younger
leaves (top canopy) were significantly more preferred than the older leaves by A.
biguttula biguttula. In case of potato, leafhopper Emposca fabae Harris was reported to
have distinct preference for middle leaves. The higher preference by leafhopper for lower
canopy level in sunflower in earlier findings and mid levels canopy preference that of in
potato and younger leaves in okra, all could be attributed to variations and nutrient levels

differing in each case.

4.1.6 Artificial screening of entries under the glass house during rabi 2016

A total of 19 entries (10 Resistant and 9 highly susceptible) shortlisted from both
screening trails conducted during rabi 2015 and rabi 2016 which represented two
contrasting groups w.r.t their reaction to leafhopper infestation were taken for this study.
These 19 entries were further subjected to artificial screening under glasshouse
conditions during rabi 2016 at glass house of the Department of Plant Pathology,
University of Agricultural Sciences, Bengaluru, to ascertain their consistent reaction to

leafhopper under high pest pressure (Table 15).

The number of leafhopper nymphs and hopper burn injury grade per plant on 19
sunflower entries under artificial screening, at 45 DAS ranged from 0.00 (OPV 3) to 33
(Morden) and 0.00 (OPV3) to 2.00 (Morden) respectively. At 60 DAS, the number of
leafhopper nymphs and hopper burn injury grade ranged from 0.00 (RH- 95-C-1, OPV 2,
CMS 103 B) to 26.0 (Morden) and 0.00 (RH-95-C-1, AHT 12, OPV 2, CMS 103B,
OPV3, NCP 198, KBSH 1 and AHT 13) to 4.00 (RHA 284, EC 734840,NCP 22, KBSH
41 and Morden) (Table 15).

In the 10 resistant entries (RH-95-C-1, AHT 12, OPV 2, CMS 103 B, KBSH 53,
KBSH 72, OPV3, NCP 198, KBSH 1, AHT 13) the number of leafhopper nymphs and
hopper burn injury grade per plant ranged from 0.00 to 10.0 and 0, respectively, at 45™
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Table 15: Leafhopper population build up following artificial infestation of A.

biguttula biguttula at different plant ages on sunflower entries

A. Resistant entries

No of Plant age
Entries hoppers No of nymphs Hopper burn injury grade
released at
30 DAS | 45 DAS | 60 DAS | Mean 45 DAS 60 DAS
RH-95-C-1 20 4.00 0.00 2.00 0 0
AHT 12 20 7.00 4.00 5.50 0 0
OPV 2 20 8.00 0.00 4.00 0 0
CMS 103B 20 6.00 0.00 3.00 0 0
KBSH 53 20 5.00 3.00 4.00 0 1
KBSH 72 20 9.00 1.00 5.00 0 1
OPV 3 20 0.00 2.00 1.00 0 0
NCP 198 20 9.00 3.00 6.00 0 0
KBSH 1 20 10.0 2.00 6.00 0 0
AHT 13 20 5.00 0.00 2.50 0 0
Mean 6.30 1.50
B. Highly susceptible entries
No of Plant age
Entries :‘;22;;; No. of nymphs Hopper burn injury grade
at 30 DAS | 45 DAS | 60 DAS | Mean 45 DAS 60 DAS
DRSF 108 20 22.0 160 | 19.0 0 3
RHA 284 20 18.0 13.0 15.5 1 4
EC 734840 20 17.0 9.00 13.0 1 4
EC 734844 20 24.0 19.0 21.5 0 3
NCP 22 20 19.0 22.0 20.5 0 4
NCP 28 20 26.0 16.0 21.0 1 3
KBSH 41 20 24.0 16.0 20.0 0 4
Morden 20 33.0 26.0 29.5 2 4
UASB 560 20 21.0 24.0 22.5 0 3
Mean 22.60 17.88

DAS: Days after sowing
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DAS. At 60" DAS, the number of leafhopper nymphs per plant and hopper burn injury
grade ranged from 0.00 to 4.0 and 0 to 1respectively (Tablel5)

The number of leafhopper nymphs and hopper burn injury grade on the nine
highly susceptible sunflower entries (DRSF 108, RHA 284, EC 734840, EC 734844,
NCP 22, NCP28, KBSH 41, Morden and UASB 560) during at 45™ DAS ranged from
17.00 to 33.00 and 0.00 to 2.00, respectively. At 60" DAS, the number of leafhopper
nymphs per plant and hopper burn injury grade ranged from 9.00 to 26.00 and 3 to 4,
respectively (Table 15).

4.2 Determination of morphological basis of resistance

A total of 19 entries (10 Resistant and 9 highly susceptible) harbouring different
levels of leafhopper infestation were studied separately for variations in the pigmentation
of petiole, shape of lamina tip and consistency of lamina, lacination index, trichome

density and trichome length by recording the observations at 45 and 60 days after sowing

4.2.1 Pigmentation of petiole

Perusal of the Table 16 indicates that all the ten resistant and nine susceptible
entries exhibited green petiole, none of the entries had purple pigmented petiole. It
indicated that there was no relationship between the pigmentation of the petiole and

leafhopper infestation in the 19 sunflower entries.

4.2.2 Shape of the lamina tip

All the ten resistant and nine susceptible entries were having no association with
the shape of the lamina tip. Leafhopper population on these nineteen entries was
independent of the shape of lamina tip. All the nineteen entries exhibited pointed lamina
tip (Table 16).

4.2.3 Lamina consistency

Two types of lamina consistency were observed in the entries i,e. coarse and

smooth. Totally seven out of the ten resistant entries exhibited coarse lamina, whereas
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seven out of the nine susceptible entries exhibited smooth lamina (Table 16). It indicated

that the close association of leafhopper resistance has got with lamina consistency.

4.2.4 Lacination index

The lacination index was calculated on all nineteen entries. Out of ten resistant
entries, seven resistant entries recorded the lacination indices ranging between 0.70- 0.80
i.e., narrow leaves. Similarly, nine susceptible entries recorded different lacination index
ranging from 0.51 to 0.84, this indicated different shape of leaves i.e., broad leaves,
intermediate leaves and narrow leaves respectively, which did not have much bearing on

leafhopper resistance (Table 16).

Studies to determine the relationship between colour of petiole, shape and
consistency of lamina with reference to the incidence of leafhopper and hopper burn
injury revealed that both petiole pigmentation (Green Vs Purple) and shape of the lamina
(Pointed Vs Rounded tip) did not seem to have any relationship with the incidence of the
leafhopper and hopper burn injury. However, among the two types of laminar consistency
observed (Coarse Vs Smooth), majority of resistant entries possessed coarse lamina,
whereas, majority of the susceptible entries exhibited smooth lamina. Out of ten resistant
entries, seven resistant entries recorded the lacination index which ranged from 0.70-
0.84 i.e., narrow leaves. Similarly, nine susceptible entries recorded different lacination
index which ranged from 0.51 to 0.84, this indicated that existence of different shape of
leaves i.e., broad leaves, intermediate leaves and narrow leaves. Similar type of studies
by Kadapa et al., (1988) indicated that leaf toughness serves as a limiting factor in
population build up of certain sucking pests. Thus, in the present study, leaf coarseness of
the leafhopper resistant sunflower genotypes might have discouraged the leafhopper
infestation and subsequent development of hopper burn injury. The present findings are
almost in agreement with that of Seetharam and Ravikumar (2003), who reported that

smooth (soft) leaves of sunflower were associated with susceptibility to sucking pests.
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Table 16: Petiole colour, shape of the lamina tip, consistency of lamina and

lacination index in leafhopper resistant and susceptible genotypes

A) Resistant entries

Sl Entries Pigmentaﬁon Shap_e of '_the Consistan_cy _Lacination

No. of the petiole | laminatip | of the lamina | index (cm)
1 RH-95-C-1 Green Pointed tip Smooth 0.74
2 AHT 12 Green Pointed tip Coarse 0.84
3 OPV 2 Green Pointed tip Smooth 0.73
4 CMS 103B Green Pointed tip Coarse 0.74
5 KBSH 53 Green Pointed tip Coarse 0.77
6 KBSH 72 Green Pointed tip Coarse 0.70
7 OPV 3 Green Pointed tip Smooth 0.64
8 NCP 198 Green Pointed tip Coarse 0.53
9 KBSH 1 Green Pointed tip Coarse 0.75
10 AHT 13 Green Pointed tip Coarse 0.66
Mean 0.71

B) Highly susceptible entries

Sl Entries Pigmenta@ion Shap_e of '_(he Consistan_cy of I__acination

No. of the petiole lamina tip the lamina index(cm)
1 DRSF 108 Green Pointed Tip Smooth 0.51
2 RHA 284 Green Pointed Tip Smooth 0.59
3 EC 734840 Green Pointed Tip Coarse 0.84
4 EC 734844 Green Pointed Tip Coarse 0.76
5 NCP 22 Green Pointed Tip Smooth 0.80
6 NCP 28 Green Pointed Tip Smooth 0.72
7 KBSH 41 Green Pointed Tip Smooth 0.68
8 Morden Green Pointed Tip Smooth 0.71
9 UASB 560 Green Pointed Tip Smooth 0.69
Mean 0.70
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In the present study, the thickness of leaf lamina showed positive and significant
correlation with the leafhopper population. The present finding can be comparble with
that of Taylo and Bernardo (1995), who reported that leaf thickness and number of
primary branches did not show significant variation in the resistant and susceptible

genotypes.

4.2.5 Trichome Density

The trichome density in the ten resistant entries (Table 17, Fig. 1) ranged between
183.64 to 235.30/0.64cm’® (mean=208.43+17.04) and 163.13 to 211.84/0.64 cm’
(mean=189.57+£16.51) at 45 DAS and 60 DAS, respectively. There was no significant
difference between the density of trichomes at 45 DAS and 60 DAS (0.95), whereas in
nine susceptible entries (Table 17, Fig. 1), it ranged between 106. 32 to 194.26/0.64cm?
(mean=145.94+34.33) and 89.23 to 169.79/0.64cm* (mean=137.36+30.93) at 45 DAS
and 60 DAS, respectively. In this case also there was no significant difference between
the entries w.r.t the density of trichomes (0.77) at 45 DAS and 60 DAS.

A similar trend was observed by Parnell et al., (1949) wherein, the trichome
density and their angles of insertion contributed towards leafhopper resistance in cotton.
The present findings can be compared with that of by the Naqvi (1975) who reported that
trichome density showed the negative correlation with the population of leafthopper (A.
biguttula biguttula) on the brinjal crop. The present observations are in consistency with
that of Mahal et al. (1993a) who found opposite relationship among appearance of
nymphs and hair density of leaves. Correspondingly, Taylo and Bernardo (1995) found
that emergence of leafhopper showed negative and significant correlation with hair
density. The present results somewhat similar those of Sikka et al. (1966), Lokesh and
Singh (2005) who found that hair density on the veins in relation to oviposition showed a

negative and significant correlation.

4.2.6 Trichome Length

In the ten resistant entries (Table 17, Fig. 1) trichome length ranged between
20.12 to 27.87um (mean = 23.05+2.37) and 20.14 to 27.84 um (mean = 23.07+2.36) at
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45" DAS and 60™ DAS, respectively. Whereas, in the nine susceptible entries it ranged
between 17.68 to 27.31 um (mean = 21.73+3.38) (Table 17, Fig. 1) and 17.70 to 27.34
(mean = 21.75+3.38) at 45 DAS and 60" DAS, respectively. There was no significant
difference w.r.t trichome length during 45™ and 60" DAS in all the nineteen entries.

The findings of Seetharam and Ravikumar (2003) wherein hairiness (trichomes)
are linked to resistance to sucking pests in sunflower are agreeable with the present
findings. A similar trend was observed by Parnell et al., (1949) wherein, the trichome
length and their angles of insertion contributed towards leafhopper resistance in cotton.
Further, Ramey (1962) observed that dense pubescence confers resistance to thrips in
cotton, similarly in case of Cassava (Schoonhoven, 1974). The multivariate analysis
pertaining to thrips vector, SND and trichome length showed that the mean of all the
above variables are significantly different from each other (P=0.01). The present study
can be compared with that of Gaikwad et al. (1991) who reported the different morpho-
physical plant characters and their correlation in the leaves of brinjal. The present findins
can be compared with that of Lit and Bernardo (1990) who reported significant and
negative linear correlation among hair length, number of primary branches, and density
of leaf hairs and causes larval liking and reduced adult oviposition on the brinjal plants.
The present study is in consistency with that of Mahal et al. (1993a) who found the
opposite relationship among appearance of nymphs and hair.

4.2.7 Correlation between trichome density, incidence of leafhoppers and hopper

burn injury grade

Simple correlation (Table 18) between trichome density and incidence of
leafhopper and hopper burn injury revealed that, in the resistant entries, the trichome
density was significantly and positively correlated with the leafhopper population (r =
0.271**) whereas, with the hopper burn injury grade (r = -0.032**) trichome density was
significantly and negatively correlated. However, the correlation between the incidence
of the leafhopper with hopper burn injury grade was positive, but not significant (r =

0.181) in the resistant entries.
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In susceptible entries, trichome density was significantly and negatively
correlated with the leafhopper population (r = -0.412**) whereas, with the hopper burn
injury grade (r = -0.184) trichome density was non significant and negatively correlated.
However, the correlation between the incidence of the leafhopper with hopper burn injury

grade was positive, but not significant (r = 0.109).

4.2.8 Correlation between trichome length, incidence of leafhoppers and hopper

burn injury grade

Studies to determine the influence of trichome length on the population of
leafhopper and hopper burn injury grade in the 10 resistant entries (Table 19) revealed
that the trichome length was non significantly and negatively correlated with the
incidence of both the leafhopper (r = -0.007) and hopper burn injury grade (r = -0.236)
but this relationship was non significant (0.181). In the nine susceptible entries trichome
length was significantly and negatively correlated with the leafhopper population (r = -
0.603**), whereas with the hopper burn injury (r = 0.216) trichome length was non
significantly and positively correlated. However, the correlation between the incidence of

the leafhopper with hopper burn injury grade was positive, but not significant (r = 0.109).

The present findings are in conformity with that of Ramey (1962) in cotton. In an
earlier study, greater trichome density and length in resistant sunflower genotypes might
have inhibited the thrips vector infestation and indirectly contributed towards lower
incidence of SND in the resistant genotypes. Correlation between the incidence of the
thrips vector and that of SND was positive, but not significant (r = 0.362). This agrees
with the findings of Meenakshi (2006), who also observed a non-significant positive
relationship between thrips vector and SND incidence. The amount of resistance imparted
by the host plants to A. biguttula biguttula is related to morphological characters like hair
density on midrib and lamina, thickness of cortex and diameter of midrib vein as in
cotton and hair density in okra (Batra and Gupta 1970 and Yadav et al., 1967).
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Table 17: Leaf trichome density and length in selected sunflower entries at different

growth stages

A) Resistant entries

Entries Tr(ﬁzo/?g 4dcemn§)lty Trichome length (um)

45 DAS | 60 DAS Mean 45 DAS 60 DAS Mean
RH-95-C-1 | 210.35 204.21 207.28 27.87 27.84 27.85
AHT 12 211.58 197.46 204.52 23.21 23.42 23.31
OPV 2 210.34 187.85 199.09 25.10 25.12 25.11
CMS 103B | 183.64 163.13 173.38 20.12 20.14 20.13
KBSH 53 232.16 211.84 222.00 22.89 22.84 22.86
KBSH 72 184.42 163.43 173.92 21.12 21.16 21.14
OPV 3 197.56 181.30 189.43 20.16 20.14 20.15
NCP 198 235.30 211.74 223.52 24.13 24.14 24.13
KBSH 1 210.11 188.35 199.23 22.12 22.15 22.13
AHT 13 208.90 186.45 197.67 23.78 23.80 23.79

Mean 208.43 189.57 23.05 23.07

SD+ 17.04 16.51 2.37 2.36

F 0.95 NS 0.99 NS

B) Highly susceptible entries

Entries Tr(':l:c;[)n.g 4(1erln1§)|ty Trichome length (um)
45 DAS | 60 DAS | Mean 45 DAS 60 DAS Mean
DRSF 108 146.22 132.11 139.17 17.68 17.70 17.69
RHA 284 154.84 143.21 149.03 27.31 27.34 27.32
EC 734840 194.26 164.32 179.29 25.62 25.64 25.63
EC 734844 175.24 169.79 172.52 24.34 24.37 24.35
NCP 22 129.70 119.85 124.78 18.81 18.79 18.80
NCP 28 107.34 93.41 100.38 19.36 19.38 19.37
KBSH 41 187.23 166.12 176.68 22.32 22.31 22.31
Morden 112.31 158.21 135.26 19.08 19.05 19.06
UASB 560 106.32 89.23 97.78 21.08 21.20 21.14
Mean 145.94 137.36 21.73 21.75
SD+ 34.33 30.93 3.38 3.38
F 0.77 NS 0.99 NS

DAS: Days after sowing
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Table 18: Correlation between trichome density, incidence of leafhopper and

hopper burn injury grade

5| Resistant entries Highly susceptible entries
Nd. Category Leafhopper | Hopper burn | Leafhopper | Hopper burn
(No) injury grade (No) injury grade
y | Leafhopper 1.000 0.181 1.000 0.109
(No)
o | Hopperburn | g 1.000 0.109 1.000
injury grade
3 Trichome 0.271%* -0.032** -0.412** -0.184
density

** Significance at 1%

Table 19: Correlation between trichome length, incidence of leafhopper and hopper

burn injury
5| Resistant entries Highly susceptible entries
Nd. Category Leafhopper Hopper burn | Leafhopper Hopper burn
(No) injury grade (No) injury grade
y | Leafhopper 1.000 0.181 1.000 0.109
(No)
o | Hopper burn 0.181 1.000 0.109 1.000
injury grade
g | [Trichome -0.007 -0.236 -0.603** 0.216
length

** Significance at 1%

Table 20: Correlation between resistant and susceptible entries w.r.t. trichome

density and trichome length

S| Trichome density Trichome length
Nd. Category Resistant Susceptible | Resistant | Susceptible
entries entries entries entries
Resistant entries 1.000 -0.139 1.000 -0.250
Susceptible entries -0.139 1.000 -0.250 1.000
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The present findings are similar with those of Jayaraj and Sellammal, 1988;
Jenkins, 1989 and Watson, 1989. In cotton, the insect resistance is associated with
various morphological traits. There are certain morphological characteristics in cotton
such as hairiness (glabrous v/s hairy), leaf shape (okra v/s normal) and the presence or
absence of nectar-producing glands on leaves or flowers make the plants less attractive to
pests, this can reduce their survival or growth. Hairiness is one of the important easily
recognizable insect resistant trait in cotton. In numerous species there is a negative
correlation between the trichome density and insect feeding, oviposition responses and
the nutrition of larvae. Specialized hooked trichomes may impale adults or larvae as well.
Hairiness has been reported to have resistance against the sucking insect pests of cotton.
Similarly, Tidke and Sane (1962) established a correlation between hairiness of leaf and
leafhopper population in cotton genotypes which was further confirmed by Ali et al.
(1995b). The degree of leafhopper resistance has definite correlation with the pilosity of
the plant. The more tufted types were less prone to leafhopper attack. On the relative
importance of the characteristics of hairiness studied, length of hair seemed to be of
prime importance, closely followed by density of hair on lamina whereas, hair on the
midrib did not seem to play any role in resistance to pest. Length of hair, with higher hair
density on the lamina was considered to be the best selection index in breeding resistance
to leafhopper attack (Sikka et al., 1966).

The present experimental results are similar with those of Sajjad et al. (2004) who
evaluated eighteen cotton cultivars against A. devastans. The cultivars, CRIS-82 and
MNH-536 were severely infested by A. devastans. The lowest seasonal infestation was
recorded for CRIS-467 and CRIS-134. The cultivars with the greatest hair density were
resistant to leafhopper, whereas the cultivars with the lowest hair density were
susceptible to leafhopper. Hair length had no significant effect on the population of
leafhopper.
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4.2.9 Correlation between resistant and susceptible entries w. r. t trichome density

and trichome length
The correlation between resistant and susceptible entries w.r.t trichome density
and trichome length was negative and non significant (Table 20.)
4.3 Biochemical analysis of sunflower entries screened for leafhopper infestation

Leaves from the 19 entries having extreme reactions to leafhopper infestation
were sampled (at 45 and 60 days after planting) and analyzed separately for different
biochemical constituents like, total sugars, total proteins and total phenols by following

the standard procedures. The results of these biochemical analyses are presented below.
4.3.1 Total Soluble protein (TSP) content in relation to the incidence of leafhopper

The results on total soluble protein content at 45 and 60 DAS are presented in
(Table 21, Fig. 2)

At 45 Days After Sowing (DAS):

Total soluble protein content in the ten resistant genotypes ranged between 4.65 to
5.75 mg/g (mean = 5.08+0.32), whereas the total soluble protein content in the nine
susceptible entries ranged between 4.82 to 5.50 mg/g (mean = 5.16+0.29).

At 60 DAS:

In the ten resistant genotypes, total soluble protein content ranged between 5.22 to
6.27 mg/g, (mean = 5.56+0.31), whereas the total soluble protein content in the nine

susceptible entries ranged between 5.40 to 6.10 mg/g (mean = 5.70+0.24).

There was no significant difference between total soluble protein content at 45"
and 60" DAS, in both resistant and susceptible entries (0.93) and (0.62).

Mean total soluble protein:

The pooled mean of the two observations (i.e., 45 and 60DAS) indicated that the

total soluble protein content was marginally higher in the resistant entries (mean =
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5.70+£0.24mg/100mg) when compared to the susceptible entries (mean = 5.32+0.28
mg/g).

These results are in lined with (Chakravorthy and Sahni, 1972; Balasubramanian
and Gopalan, 1981; Bhat et al., 1981a; Thimmaiah et al., 1992). The cotton varieties
susceptible to pests or diseases have been found to contain higher amount of protein.
Higher content of soluble proteins in susceptible strains (22.53 mg) as compared to
leafhopper resistant cotton strains (18mg/g fresh leaf) was reported by Bhat et al.
(1981b). Presence of lower quantity of protein was related with resistance of rice varieties
to BPH (Sujatha et al., 1987). A similar trend has been observed during the present

investigations also.

The present findings can be compares with that of Uthamasamy (1980) who
reported that different minerals showed various responses towards population
fluctuations of the leafhopper. The present studies are not in conventionality with that of
Singh (1988), who found that the effect of protein was less significant on the prevalence
of A. biguttula biguttula. While Singh and Agarwal (1988) found that highly susceptible
varieties contained considerably high amounts of protein as compared to resistant
varieties. These results are conformed by Singh and Taneja (1989) who found the
positive correlation between protein content of host plants and the oviposition of

leafhopper.

Correlation between total soluble protein and incidence of leafhopper:

The perusal of the table 22 revealed that the total soluble protein was non
significantly and positively correlated with the incidence of the leafhopper. However, at
45" (r = 0.499%), 60™ DAS (r = 0.658*) and the pooled mean total soluble protein (r =
0.653*) was positively and significantly correlated with leafhopper incidence in resistant

entries.

In susceptible entries, at 45" (r = -0.150), 60" DAS (r = -0.228) and the pooled
mean, the total soluble protein (r = -0.199) was negatively and not significantly correlated

with leafhopper incidence in resistant entries
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Table 21: Total soluble protein content (mg/g) in leaves of selected sunflower

entries at different growth stages

) Total soluble protein ) Total soluble protein
Sl Resistant Susceptible
NO. entries 45 60 Pooled entries 45 60 | Pooled
DAS | DAS mean DAS | DAS | mean
1 RH-95-C-1 | 5.15 | 5.40 5.27 DRSF 108 | 4.95 | 540 | 5.17
2 AHT 12 525 | 5.45 5.35 RHA284 | 540 | 590 | 5.65
3 OPV 2 4.65 | 5.47 5.06 EC 734840 | 550 | 6.10 | 5.80
4 CMS 103B | 4.90 | 5.22 5.06 EC 734844 | 535 | 565 | 5.50
5 KBSH53 | 525 | 5.50 5.37 NCP 22 482 | 540 | 5.11
6 KBSH72 | 475 | 5.80 5.27 NCP 28 495 | 585 | 5.40
7 OPV 3 482 | 5.52 5.17 KBSH 41 535 | 5.62 5.48
8 NCP 198 | 5.30 | 5.80 5.55 Morden 545 | 590 | 5.67
9 KBSH 1 575 | 6.27 6.01 UASB560 | 4.75 | 550 | 5.12
10 AHT 13 5.07 | 5.22 5.14
Mean 5.08 | 5.56 5.32 516 | 570 | 5.43
SD+ 032 | 031 0.28 029 | 0.24 | 0.25
F 0.93 NS 0.62 | NS

DAS: Days after sowing

Table 22: Correlation between total soluble protein

and hopper burn injury grade

and incidence of leafhopper

5| Resistant entries Highly susceptible entries
No. Category Leafhopper | Hopper burn | Leafhopper | Hopper burn
(No) injury grade (No) injury grade
p | Leafhopper 1.000 0.181 1.000 0.109
(No)
o | Hopper burn 0.181 1.000 0.109 1.000
injury grade
g | Proteinatdd | 4 4gx 0,144 10.150 0.634*
DAS . : : .
Protein at 60 % *
4 DAS 0.658 0.142 -0.228 0.741
5 Pooled mean 0.653* -0.004 -0.199 0.732*

* Significance at 5%

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.)

96




Correlation between total soluble protein and incidence of hopper burn injury

grade:

In resistant entries, the correlation between total soluble protein and hopper burn
injury grade (Table 22) was negatively correlated and non significant at 45th DAS (r = -
0.144) and non significant and positively correlated at 60th DAS (r = 0.142). The
correlation between hopper burn injury grade and total soluble protein was non
significant and positive at 60 DAS. The pooled mean of the two observations at 45th and
60™ DAS showed that, the hopper burn injury grade was non significantly and negatively
correlated with the total soluble protein (r = -0.004).

In susceptible entries, the correlation between total soluble protein and hopper
burn injury grade (Table 22) was positively correlated and significant at 45th DAS (r =
0.634*) and 60th DAS (r = 0.741*) The pooled mean of the two observations at 45th and
60" DAS showed that, the hopper burn injury grade was significant and positively
correlated with the total soluble protein (r = 0.732%).

The above findings are almost in agreement with the results of Chakravorthy and
Sahni (1972); Balasubramanian and Gopalan (1981) and Bhat et al, (1981) who opined

that cotton varieties susceptible to pests or diseases contain higher amount of protein.

4.3.2 Total Soluble Sugar (TSS) content in relation to the incidence of leafhopper

and hopper burn injury grade

The results pertaining to the estimation of TSS content at 45 and 60 DAS in the
19 entries are presented in Table 23, Fig. 3.
At 45 DAS:

TSS content in the ten resistant genotypes ranged between 5.00 to 7.10mg/g,
(mean = 6.33+0.56), whereas the TSS content in the 10 susceptible entries ranged
between 6.90 to 8.15 mg/g (mean = 7.57+0.45).
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At 60 DAS:

In the ten resistant genotypes, TSS ranged between 5.20 to 6.80mg/g, (mean =
6.12+0.46), whereas the total soluble sugar content in the 9 susceptible entries ranged
between 6.71 to 8.00 mg/g (mean = 7.32 + 0.49). There was no significant difference
between total soluble sugar content at 45" and 60™ DAS in both resistant and susceptible

entries (0.55) and (0.80), respectively.

Mean TSS:

The pooled mean of the two observations (i.e., 45 and 60DAS) indicated that the
TSS content was higher in the susceptible entries (mean = 7.44+0.49 mg/g) when
compared to the resistant entries (mean = 6.22+0.50 mg/qg).

In similar investigations, pest susceptible cotton genotypes had higher levels of
sugars, whereas the resistant genotypes had comparatively lower levels of sugars
(Thimmaiah, 1992; Chandrashekara, 1994). Similarly, leafhopper resistant cotton
cultivars had lower content of reducing sugars as compared to the susceptible strains.
(Singh et al., 1971; Mohan Kumar and Venugopal, 1999). Samal et al. (1982) and
Dharma Reddy and Mishra (1995) reported less total soluble sugars in BPH resistant rice
cultivars as compared to the susceptible ones. Balasubramanian and Gopalan (1981)
found that susceptible genotype contain the minor amount of reducing sugars as
compared to resistant genotype. Singh (1988) negatively correlated the A. biguttula
biguttula incidence in leaves of resistant genotypes due to the total and non reducing

sugars.

Correlation between total soluble sugar and incidence of leafhopper

The perusal of the (Table 24) revealed that at 45 DAS (r = -0.361), 60 DAS
(r =-0.310) and the pooled mean of total soluble sugars (r = -0.340) was non significantly

and negatively correlated with leafhopper incidence in the resistant entries.
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Table 23: Total soluble sugar content (mg/g) in leaves of selected sunflower entries

at different growth stages

Total soluble sugar

Total soluble sugar

Sl. | Resistant Susceptible
No entries 45 60 | Pooled entries 45 60 | Pooled
DAS | DAS | mean DAS | DAS | mean

1 | RH-95-C-1 | 6.32 | 6.11 6.21 DRSF 108 | 8.00 | 7.80 7.90
2 AHT 12 5.00 5.20 5.10 RHA 284 7.90 | 7.50 7.70
3 OPV 2 6.30 | 5.90 6.10 EC 734840 | 7.40 | 6.90 7.15
4 | CMS103B | 6.10 | 5.80 5.95 EC 734844 | 6.90 | 6.71 6.80
5 KBSH53 | 6.60 | 6.30 6.45 NCP 22 7.15 | 6.80 6.97
6 KBSH72 | 6.15 | 5.90 6.02 NCP 28 750 | 7.30 7.40
7 OPV 3 7.10 | 6.80 6.95 KBSH 41 7.15 | 7.00 7.07
8 NCP 198 6.90 | 6.70 6.80 Morden 8.15 | 8.00 | 8.07
9 KBSH 1 6.40 | 6.20 6.30 UASB 560 | 8.00 | 7.90 7.95
10 AHT 13 6.50 | 6.30 6.40

Mean 6.33 | 6.12 6.22 757 | 7.32 7.44

SD+ 0.56 | 0.46 0.50 0.45 | 049 | 047

F 0.55 NS 0.80 | NS

DAS: Days after sowing

Table 24: Correlation between total soluble sugars and incidence of leafhopper and

hopper burn injury grade

Resistant entries Highly susceptible entries
Sl. Ho H
Categor PPer | | eafh opper
No. 9ory Lea{llzlg;))per burn injury ca Nopper burn injury
grade (No) grade
1 Leafhopper (No) 1.000 0.181 1.000 0.109
2 Hopper burn 0.181 1.000 0.109 1.000
injury grade
3 | Sugars at 45™ DAS -0.361 0.035 0.456* 0.159*
4 | Sugars at 60™ DAS -0.310 -0.024 0.511* 0.006*
5 Pooled mean -0.340 0.009 -0.304* -0.228*
*Significance at 5%
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In susceptible entries, both at 45 DAS (r = 0.456*) and 60" DAS (r = 0.511%*), the
total soluble sugars was significantly and positively correlated with the incidence of the
leafhopper and the pooled mean of total soluble sugars (r = -304*) was negatively and
significantly correlated with leafhopper incidence.

Correlation between total soluble sugars and hopper burn injury grade

In resistant entries, the correlation between total soluble sugar and hopper burn
injury grade (Table 24) was positively correlated but it was non significant at 45th DAS
(r = 0035), whereas 60th DAS (r = -0.024) the correlation between hopper burn injury
and total soluble sugars was non significant and negative. The pooled mean of the two
observations at 45th and 60" DAS showed that, the hopper burn injury was non

significant and positively correlated with the total soluble sugars (r = -0.009).

In susceptible entries, the correlation between total soluble sugars and hopper
burn injury (Table 24) was positively correlated and significant at 45th DAS (r = 0.159%)
and 60th DAS (r = 0.006*). The pooled mean of the two observations at 45th and 60"
DAS showed that, the hopper burn injury was significant and negatively correlated with
the total soluble sugars (r = -0.228%).

Negative association of sugars with seed cotton yield indicated that higher sugar
content makes the plant parts more palatable to insects (Mundas, 1992).Mustard aphid
population showed significant positive correlation with sugar content, indicating that
higher amounts of sugar was needed for better survival of the aphid, providing better
nutritional condition for its growth and development and thus sugar content in plants was
generally associated with susceptibility (Sachan and Sachan, 1991). These observations

of earlier workers are in close agreement with the present findings.

4.3.3 Total phenol content in relation to the incidence of leafhopper and hopper

burn injury

The results w.r.t the estimation on TSS content at 45 and 60 DAS are furnished in
Table 25, Fig. 4.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 100



At 45 DAS:

Total phenol content in the ten resistant genotypes ranged between 2.30 to 2.90
mg/g (mean = 2.57+0.18), whereas total phenol content in the nine susceptible entries
ranged between 1.25 t01.80 mg/g (mean = 1.53+0.21).

At 60 DAS:

Total phenol content in the ten resistant genotypes ranged between 2.60 to 3.25
mg/g (mean = 2.86 +0.26), whereas the total phenol content in the nine susceptible
entries ranged between 1.40 to 2.20 mg/g (mean = 1.75 £0.30). There was no significant
difference between total soluble phenol content at 45™ and 60" DAS in both resistant and
susceptible entries (0.075) and (0.45).

Mean total phenol content:

The pooled mean of the two observations recorded at 45th and 60" DAS indicated
that the total phenol content was higher in the resistant entries (mean = 2.71+0.20) when
compared to the susceptible entries (mean = 1.64+0.25).

Higher phenolic content is associated with lower damage by Scirtothrips dorsalis
in chilli (Manoj, 1994). BPH resistant rice varieties had high content of phenols in
comparison to the susceptible ones (Peraiah et al., 1982). Chhabra et al. (1993) reported
higher content of total phenols in blackgram genotypes, showing resistance to whitefly
and leafhoppers. Kotireddy (1971) reported that rice cultivars resistant to Pyricularia
oryzae Cav. contained more total phenols than the susceptible variety. At Coimbatore,
restorer lines RHA587 and RHA3376 were free from necrosis disease and both the
entries i.e., RHA587 (57.9, 140.2 and 228mg/100g) and RHA3376 (68.1, 120.1, 192.4
mg /100g) recorded high total phenol content at vegetative, flowering and maturity

stages, respectively (Anon., 2007).

Correlation between total phenol content and incidence of the leafhopper

The study table 26 revealed that the total phenol was non significantly and
negatively correlated at 45 DAS (r=-0.196), 60 DAS (r=-0.655) and the mean of the two
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Table 25: Total phenol content (mg/g) in leaves of selected sunflower entries at

different growth stages

) Total soluble protein ) Total soluble protein
Sl Resistant Susceptible
No. entries 45 60 Pooled entries 45 60 | Pooled
DAS | DAS | mean DAS | DAS | mean
1 RH-95-C-1 2.60 3.22 2.91 DRSF108 | 1.25 | 1.40 | 1.32
2 AHT 12 2.40 2.60 2.50 RHA 284 | 1.65 | 210 | 1.87
3 OPV 2 2.30 2.60 245 | EC 734840 | 155 | 1.70 | 1.62
4 CMS 103B 2.70 3.25 297 | EC734844 | 140 | 1.60 | 1.50
5 KBSH 53 2.80 2.85 2.82 NCP 22 1.70 | 1.54 | 1.62
6 KBSH 72 2.50 2.80 2.65 NCP 28 140 | .70 | 155
7 OPV 3 2.40 2.80 2.60 KBSH41 | 1.80 | 210 | 1.95
8 NCP 198 2.60 2.70 2.65 Morden 1.25 | 1.42 | 1.33
9 KBSH 1 2.50 2.60 2.55 UASB 560 | 1.80 | 2.20 | 2.00
10 AHT 13 2.90 3.20 3.05
Mean 2.57 2.86 2.71 153 | 1.75 | 1.64
SD+ 0.18 0.26 0.20 0.21 | 0.30 | 0.25
Fcal 0.075 NS 0.45 | NS

DAS: Days after sowing

Table 26: Correlation between total phenol content and incidence of leafhopper

and hopper burn injury grade

Resistant entries Highly susceptible entries
S. H
Categor opper | | eafh Hopper
No. gory Lea{lk\llt())[))per burn injury ea(Nch)g)per burn injury
grade grade
1 Leafhopper (No) 1.000 0.181 1.000 0.109
o | Hopperburninjury | g 1.000 0.109 1.000
grade
Phenols at 45" DAS |  -0.196 0.223* -0.061 -0.151
4 | Phenols at 60" DAS -0.655 -0.941* -0.155 -0.485*
Pooled mean -0.503 0.054* -0.655 -0.210*

*Significance at 5%
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observations (r= - 0.503) in resistant entries. In susceptible entries, the total phenol was
non significantly and negatively correlated at 45™ (r= -0.061) at 60™ (r= -0.155) and also
w.r.t the pooled the mean of the two observations (r= - 0.655).

Correlation between total phenol content and hopper burn injury grade

In the ten resistant entries, correlation between total phenol and incidence of
hopper burn injury grade (Table 26) revealed that it was significantly and positively
correlated at 45" DAS (r = 0.223*). However, at the 60th DAS (r = -0.941*) the
correlation between hopper burn injury grade and total phenol content was significant and
negative. The pooled mean of the two observations recorded at 45" and 60th DAS
showed that, hopper burn injury was significantly and positively correlated with total

phenol content of the genotypes (r = 0.054%).

In nine susceptible entries correlation between total phenol and incidence of
hopper burn injury grade (Table 26) revealed that, it was negatively correlated at 45"
DAS, but, this relationship was non significant (0.151). However at the 60th DAS (r = -
0.485%*) the correlation between hopper burn injury grade and total phenol content was
significant and negative. The pooled mean of the two observations recorded at 45 and
60th DAS showed that, hopper burn injury grade was significantly and negatively
correlated with total phenol content of the genotypes (r = -0.210%).

The present findings are supported by the reports of earlier workers, viz., Sachan
and Sachan (1991) who found a significant negative correlation between the aphid
population and phenol content of mustard cultivars indicating that higher amounts of
phenol was responsible for low aphid population, while, Baruah and Dutta (1994)
reported a negative association between the total phenolics and the incidence of Riptortus
lineasis on greengram. Similarly, Malik et al. (1995) reported that the polyphenol content

in linseed showed a negative correlation (r = - 0.87) with bud fly infestation.

The concentration of biochemical compounds in the leaf tissue, namely protein,
sugars and phenolic compounds, also influence leafhopper infestation. Changes in the
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concentration of these constituents may exert marked influence on the physiology of the

plant, which in turn influence further leafhopper infestation

Chemical constituents of leaves such as total sugars, non reducing sugars, tannins,
silica and moisture content and pH were negatively correlated with leafhopper (A.
biguttula biguttula) density in okra (Singh et al., 1988). Lipid, total phosphorus, silica,
iron and magnesium content of leaves was positively correlated whereas calcium, potash
and non reducing sugars in leaves were negatively correlated with level of resistance to
leafhopper, A. biguttula biguttula (Singh et al., 1972). Taking clue from these earlier
works, it is possible that sunflower germplasm lines have differed substantially in
chemical constituents of the leaf or morphological characteristics of leaves or both.

Correlation between resistant entries and susceptible entries w.r.t. total soluble

protiens, total soluble sugars and total phenol content.

The correlation between resistant and susceptible entries w.r.t. total soluble

protein, total soluble sugars and total phenol content was negative and non significant
(Table 27).

Table 27: Correlation between resistant entries and susceptible entries w. r. t. total

soluble protiens, total soluble sugars and total phenol content

Total soluble protien | Total soluble sugars | Total phenol content
Sl.
No. Category Resistant | Susceptible | Resistant | Susceptible | Resistant | Susceptible
entries entries entries entries entries entries
y | Resistant | 650 | 0.449 1.000 | -0.026 1.000 | -0.480
entries
o | Susceptible | 5409 | 1000 | 0026 | 1000 | -0480 | 1.000
entries
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V SUMMARY

Investigations on the host plant resistance to leafhopper, Amarasca bigiuttula
biguttula Ishida. (Hemiptera : Cicadellidae) on sunflower (Helianthus annuus L.) with
special reference to the determination of morphological and biochemical basis of
resistance was carried out in the Departments of Agricultural Entomology, SS&A and
AICRP (Sunflower), University Agricultural Sciences, Bengaluru during the period
2015-16 to 2016-17. The salient findings of these investigations are briefly summarized

below.

In four cropping seasons (kharif 2015, rabi 2015, kharif 2016 and rabi2016),
totally four hundred and eleven sunflower entries (including varieties / parental lines

/nybrids/gremfour plasm lines) were screened for their reaction to leafhopper infestation.

The overall incidence of leafhopper per six leaves and hopper burn injury grade
recorded in Sunflower entries was more during rabi 2016 followed by rabi 2015 seasons
and it was very low during kharif 2015 and 2016. Therefore, data from the screening
trials of rabi 2015 and rabi 2016 were considered and the entries showing extreme
reaction (i.e., resistant and highly susceptible) were taken forward for intensive screening

under glass house conditions under high pest pressure.

Totally 19 entries (i.e., 10 resistant and 9 highly susceptible) were shortlisted and
subjected to artificial screening during rabi 2017 to ascertain consistent reaction of these

entries for leafhopper infestation.

The number of leafhopper nymphs and hopper burn injury grade per plant on 19
sunflower entries under glass house conditions at 45™ DAS ranged from 0.00 (OPV 3) to
33 (Morden) and 0 to 2, respectively. At 60" DAS the number of leafhopper nymphs and
hopper burn injury grade per plant ranged from 0.00 (RH- 95-C-1, OPV 2, CMS 103 B)
to 26.0 (Morden) and 0 to 4 respectively, which confirmed the resistant reaction of the

ten entries and highly susceptible nature of the nine entries.
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The spatial distribution of the leafhopper studied on sunflower entries during two
different phenological stages of the crop (45 and 75 DAS) revealed that the leafhopper
confined maximum population to the middle portion of the plant canopy, followed by top
portion during both growth stages in the level canopy of sunflower.

Artificial screening of the 19 shortlisted entries under high pest pressure revealed
that, the 10 resistant entries (RH-95-C-1, AHT 12, OPV 2,CMS 103 B, KBSH 53,
KBSH 72, OPV3, NCP 198, KBSH 1 and AHT 13 ) the number of leafhopper nymphs
per plant and hopper burn injury grade ranged from 0.00 to 10.0 and O respectively at
45™ DAS. At 60™ DAS the number of leafhopper nymphs/plant and hopper burn injury
grade per plant ranged from 0.00 to 4.0 and O tolrespectively.

In contrast to this, the number of leafthopper nymphs/ per plant and hopper burn
injury grade on nine highly susceptible entries (DRSF 108, RHA 284, EC 734840, EC
734844, NCP 22, NCP28, KBSH 41, Morden and UASB 560) at 45" DAS ranged from
17.00 to 33.00 and O to 2, respectively. At 60" DAS, the number of leafhopper nymphs
per plant and hopper burn injury grade ranged from 9.00 to 26.00 and 3 to 4, respectively.

The 19 entries when subjected to morphological revealed that the petiole
pigmentation (Green and Purple) and shape of the lamina tip (Pointed and Rounded tip)
did not seem to have any bearing on the leafhopper infestation and hopper burn injury
grade. However, majority of leafhopper resistant entries possessed coarse lamina,
whereas, majority of the susceptible entries exhibited smooth lamina. Thus, leaf
coarseness of the leafhopper resistant sunflower genotypes might have discouraged the

leafhopper infestation and subsequent development of hopper burn symptoms.

Trichome density was higher in the 10 leafhopper resistant entries
(208.43+17.04/0.64cm?) and (189.57+16.51/0.64cm?) at 45" and 60" DAS, respectively.
When compared to the 9 susceptible entries at 45™ and 60" DAS (145.94+34.33/0.64cm?)
(137.36+30.93/0.64cm?) respectively, clearly indicating that the trichome density was
greater in the resistant entries when compared to susceptible entries. Similarly, the

trichome length was marginally greater in the 10 resistant entries at 45" and 60" DAS
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(23.05+ 2.37 pum) and (23.07+ 2.36 um) when compared to the 9 susceptible entries
(21.73+3.38 pm) and (21.753.38 um) at 45™ DAS and 60™ DAS respectively.

Trichome density was significantly positively correlated with the leafhopper
population (r = 0.271**) and significantly negatively correlated with the hopper burn
injury grade (r = -0.032**). However, the correlation between the leafhopper infestation
with hopper burn injury grade was positive, but not significant (r = 0.181) in the resistant
entries. Meanwhile, in susceptible entries, trichome density was significantly and
negatively correlated with the leafhopper population (r = -0.412**) and non significant
negative correlation existed between hopper burn injury (r = -0.184) trichome density.
However, the correlation between the leafhopper infestation and hopper burn injury was

positive, but not significant (r = 0.109).

Similarly, trichome length on the incidence of leafhopper and hopper burn injury
in the 10 resistant entries revealed that the trichome length was non significant and
negatively correlated with the incidence of both the leafhopper (r = -0.007) and hopper
burn injury(r = -0.236) and hopper burn injury but this relationship was non significant
(0.181). In the 9 susceptible entries, trichome length was significantly and negatively
correlated with the leafhopper population (r = -0.063**). Whereas, hopper burn injury
grade (r = 0.216) with trichome length However, the correlation was non significant and
positively correlated between the leafhopper infestation with hopper burn injury grade

was positive, but not significant (r = 0.109).

Thus, greater trichome density and length in the resistant sunflower genotypes
might have inhibited the leafhopper infestation to a greater extent and indirectly

contributed towards lower incidence of hopper burn injury.

Biochemical basis of resistance in the 19 entries showing two extreme reactions
was analysed, the total soluble protein content in the 10 resistant genotypes was
marginally lower at 45th DAS, (5.08+0.32) and 60th DAS (5.56+0.31), as compared to
the nine susceptible entries at, 45DAS (5.16 £ 0.29) and 60DAS (5.70+0.24). The pooled

mean of observations recorded at 45™ and 60th DAS indicated that total soluble protein
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content was marginally higher in the susceptible entries (mean = 5.32+0.28 mg/100mg)
when compared to the resistant entries (mean = 5.70+£0.24mg/100mg). Thus, no clear
relationship could be derived between the incidences of leafhopper, hopper burn injury
grade w.r.t the total soluble protein content of the sunflower genotypes.

The total soluble protein was non significantly and positively correlated with the
incidence of the leafhopper. However, at 45" (r = 0.499%), 60" DAS (r = 0.658*) and the
pooled mean the total soluble protein (r = 0.653*) was positive to and significantly
correlated with leafhopper incidence in resistant entries, In susceptible entries, at 45™ (r =
-0.150), 60™ DAS (r = -0.228) and the pooled mean the total soluble protein content (r = -
0.199) was negatively and not significantly correlated with leafhopper incidence in

resistant entries

In resistant entries, the correlation between total soluble protein and hopper burn
injury was negatively correlated and non significant at 45th DAS (r = -0.144) and 60th
DAS (r = 0.142). The correlation between hopper burn injury grade and total soluble
protien was non significant and positive. The pooled mean of the two observations at
45th and 60™ DAS showed that, the hopper burn injury grade incidence was non
significant and negatively correlated with the total soluble protein (r = -0.004). In
susceptible entries, the correlation between total soluble protein and hopper burn injury
positively correlated and significant at 45th DAS (r = 0.634*) and 60th DAS (r = 0.741%)
The pooled mean of the two observations at 45th and 60™ DAS showed that, the hopper
burn injury was significant and positively correlated with the total soluble protein (r =
0.732%).

The total soluble sugar (TSS) content was relatively lower in the ten resistant
genotypes both at 45 DAS (6.12 + 0.46 mg/100 mg) and 60 DAS (6.12 + 0.46 mg/100
mg) as compared to the nine susceptible genotypes at 45DAS (7.57+ 0.49 mg/100 mg)
and 60DAS (7.32 = mg/ 100 mg). The pooled mean of the two observations (i.e., 45 and
60DAS) indicated that the TSS content was higher in the susceptible entries
(7.44+0.49mg/100mg) when compared to the resistant entries (6.22+0.50 mg/100mg).
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The total soluble sugars were significantly and positively correlated with the
incidence of the leafhopper. However in resistant entries, at 45 (r = -0.361), 60" DAS (r
= -0.310) and the pooled mean total soluble sugars (r = -0.340) was not significantly and
negatively correlated with leafhopper incidence. In susceptible entries, at 45" (r =
0.456%), 60" DAS (r = 0.511*), that the total soluble sugars was significantly and
positively correlated with the incidence of the leafhopper and the pooled mean total
soluble sugars (r = -304*) was negative and significantly correlated with leafhopper

incidence.

In the resistant entries, the correlation between total soluble sugar and hopper
burn injury was positively correlated and non significant at 45th DAS (r = 0.035) whereas
60th DAS (r = -0.024) the correlation between hopper burn injury and total soluble sugars
was non significant and negative. The pooled mean of the two observations at 45th and
60" DAS showed that, the hopper burn injury was non significant and positively
correlated with the total soluble sugars (r = -0.009). In susceptible entries, the correlation
between total soluble sugars and hopper burn injury was positively correlated and
significant at 45th DAS (r = 0.159*) and 60th DAS (r = 0.006*). The pooled mean of the
two observations at 45th and 60"™ DAS showed that, the hopper burn injury was
significant and negatively correlated with the total soluble sugars (r = -0.228%).

The total phenol content in the 10 resistant genotypes was higher at 45 DAS
(2.570+£0.18) and at 60 DAS (2.86+0.26), when compared with the total phenol content in
the nine susceptible entries at 45DAS (1.53 + 0.21) and 60DAS (1.75+0.30). The pooled
mean of two observations recorded at 45th and 60th DAS indicated that the total phenol
content was higher in the resistant entries (mean = 2.71+0.20) when compared to the

susceptible entries (mean = 1.64+0.25).

The total phenol was negatively correlated at 45th (r= -0.196), 60th (r= -0.655)
and in case of the mean of the two observations (r= - 0.503) in resistant entries. In
susceptible entries, the total phenol was negatively correlated at 45th (r= -0.061) at 60th
(r=-0.155) and in the case of the mean of the two observations (r= - 0.655).
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In resistant entries, correlation between total phenol and incidence of hopper burn
injury grade revealed that, it was positively correlated at 45™ DAS, but, this relationship
was significant (r = 0.223*). However at the 60th DAS (r = -0.941*) the correlation
between hopper burn injury grade and total phenol content was significant and negative.
The pooled mean of the two observations recorded at 45™ and 60th DAS showed that,
hopper burn injury was significantly and positively correlated with total phenol content of
the genotypes (r = 0.054*). In susceptible entries correlation between total phenol and
incidence of hopper burn injury revealed that, it was negatively correlated at 45" DAS,
but, this relationship was non significant (0.151). However at the 60th DAS (r = -0.485%)
the correlation between hopper burn injury incidence and total phenol content was
significant and negative. The pooled mean of the two observations recorded at 45™ and
60th DAS showed that, hopper burn injury was significantly and positively correlated
with total phenol content of the genotypes (r = -0.210%).

The wide variation present in the sunflower genotypes can be exploited in the

resistance breeding programmes in sunflower, particularly for leafhopper.

110 Soumya, M. Shettar, Ph.D. 2017



VI REFERENCES

ABIDA, N., GHULAM, M. C., SHOAIB, F. AND MUSHTAQ, A. S., 2004, Resistance
of different cotton cultivars to chewing insect pests. Pakistan Entomol., 26: 81-
85.

AFZAL, M. AND ABBAS, M., 1943, Cotton jassid (E. devastans Distant) in the Punjab
V. A note on the characters of the plant associated with jassid resistance. Indian J.
Ent., 5: 41-51.

AFZAL, M. AND ABBAS, M., 1944, Cotton jassid (Empoasca devastans Dist.) in the
Punjab V. A. note on the characters of the plant associated with jassid resistance,
Indian J. Entomol., 5:41-51.

AFZAL, M. AND GHANI, M. A., 1946, Cotton jassid in Punjab. Indian Fmg, 7: 407-10.

AFZAL, M. AND GHANI, M. A., 1953, Cotton jassid in Punjab. Sci Mono Pakistan
Assoc. Adv. Sci., Lahore, 2: 101.

AHMAD, G., ARIF, M. J. AND SANPAL, M. R. Z., 2005, Population fluctuation of
jassid, Amrasca devastans (Distant) in cotton through morpho-physical plant

traits. Caderno de Pesquisa Biologia, 17: 71-79.

AHMAD, M., ARIF, M. I. AND AHMAD, Z., 1999, Detection of Resistance to
pyrethroids in Field Population of Cotton Jassid (Homoptera:Cicadellidae) from
Pakistan. J. Econ. Entomol.,92(6):1246-1250.

ALI, A. AND AHEER, G. M., 2007, Varietal resistance against sucking insect pests of
cotton under Bahawalpur ecological conditions (Pakistan). J. Agric. Res.,45(3):
205-208.

ALI, M. I. AND ALI, M. R., 1993, Okra leaf cotton: a potential source of resistance
against the cotton jassid, Amrasca devastans (Dist.) in Bangladesh. Bangladesh J.
Zool.,21(2): 45-49.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 111



*ALI, A, ASHRAF, M. AND SAEED, M., 1995a, Bio-chemical factors affecting
resistance in cotton against jassid, Amrasca devastans (Dist.) and thrips, Thrips
tabaci (Lind.). J. Agric. Res., 3: 185-90.

*ALI, A., KHALIQ, A. AND ASHRAF, M., 1995b, Physical factors affecting resistance
in cotton against jassid, Amrasca devastans (Distant) and thrips, Thrips tabaci
(Lindeman). J Agric. Res., 33: 173-78.

AMBEKAR, J. S. AND KALBHOR, S. E., 1981 Note on the plant characters associated
with resistance to jassid, Amrasca biguttula biguttula Ishida, in different varieties
of cotton. Indian J. Agric. Sci., 51: 816-17.

ANAND, 1946, Aphid reaction to glabrous and hairy type of cotton. Ann. Appl. Biol.,33:
23-25.

ANITHA, K. R. AND NANDIHALLLI, B. S., 2009, Evaluation of some okra hybrids
against leafhopper and aphid. Karnataka J. Agric. Sci., 22(3): 718-109.

ANNAPPAN, R. S., 1960, Breeding for jassid resistance - new findings. Indian Cotton
Grow Rev., 4: 501-08.

ANONYMOUS, 1979, Annual progress report of AICRP on Sunflower for the year
1978-79,Directorate of Oilseeds Research, ICAR, Hyderabad, Pp. 109.

ANONYMOUS, 1997, Annual Progress Report of AICRP on sunflower for the year
1997-98., Directorate of Oilseeds Research, ICAR, Hyderabad,Pp. 167.

ANONYMOUS, 1999, Annual Progress Report of AICRP on sunflower for the year
2007-08, Directorate of Oilseeds Research, ICAR, Hyderabad, Pp. 197.

ANONYMOUS, 2002, Food and Agriculture Organization production year book, (FAO).
Pp. 259.

112 Soumya, M. Shettar, Ph.D. 2017



ANONYMOUS, 2006, Research achievement in sunflower, AICRP, (Sunflower)
Directorate of Oilseeds Research, ICAR, Hyderabad, Pp. 117.

ANONYMOUS, 2007, Annual Progress Report of AICRP on sunflower for theyear
2007-08., Directorate of Oilseeds Research, ICAR, Hyderabad, Pp197.

ANONYMOUS, 2008, Technical programme, AICRP on sunflower for the year 2007-08,
Directorate of Oilseeds Research, ICAR, Hyderabad.

ANONYMOUS, 2013, Project Director’s Report, Annual Group Meeting of Sunflower,
Sesame and Niger, DOR, Hyderabad, 8-10 April, 20pp.

ANONYMOUS, 2016, Research achievement in sunflower, AICRP, (Sunflower)
Directorate of Oilseeds Research, ICAR, Hyderabad, 117pp.

ARIF, M. J,, GOGI, M. D. AND AHMAD, G., 2006, Arab. J. PI. Prot.,24(1): 58-60.

ARUMUGAM, R. AND MUTHUKRISHNAN, C. R., 1977, An index describing the leaf
shapes in okra. Indian J. Hort., 34: 257-509.

ASHFAQ, M. AND ASLAM, M., 2001a, Response of Different Insect Pests to Some
Sunflower (Helianthus annuus Linnaeus, Compositae) genotypes and their
Correlation with Yield Component under Field Conditions. J. Biol. Sci., 1(9):
835-839.

ASHFAQ, M. AND ASLAM, M., 2001b, Resistance of Different Sunflower (Helianthus
annuus Linnaeus, Compositae) genotypes against the Attack of Aphis gossypii
Glover, Nezara viridula (L.) and Thrips tabaci Lind. in Field. J. Biol. Sci., 1(10):
941-945.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 113



ASHFAQ, M., MUHAMMAD, N. A., KHURAM, Z., ABIDA, N. AND MANSOOR, H.,
2010, The correlation of abiotic factors and physico-morphic characteristics of
(Bacillus thuringiensis) Bt transgenic cotton with whitefly, Bemisia tabaci
(Homoptera : Aleyrodidae) and jassid, -Amrasca devastans (Homoptera :
Jassidae) populations. African J. Agric. Res.,5(22): 3102-3107.

BALAKRISHNAN, N., MURUGESAN, N, VANNIARAJAN, C., RAMALINGAM, A.
AND SURIACHANDRASELVAN, M., 2007, Screening of cotton genotypes for
resistance to leafhopper, Amrasca biguttula biguttula (Ishida) in Tamil Nadu. J.
Cotton Res.Dev.,21(1): 120-121.

BALASUBRAMANIAN, G. AND GOPALAN, M., 1981, Role of carbohydrates and
nitrogen in cotton varieties in relation in resistance to leaf hopper. Indian J. Agric.
Sci., 51: 795-798.

BARBEHENN, R. V. AND PETER, C. C., 2011, Tannins in plant herbivore interactions.
Phytochem, 72: 1551- 65.

*BARRGOA, B. F. AND BERNARDO, E. N., 1993, Biology, feeding behavior and
damage of cotton leaf hopper, Amrasca biguttula (Ishida) on susceptible and
resistant varieties of Okra, Abelmoschus esculentus (Linnaeus). Moench
Philippine Agric., 9(2): 186-200.

BARUAH, P. AND DUTTA, S. K., 1994, Assocation of physico-chemical characters of
green gram varieties with nympal period, body weight ad fecundity of Riptortus
linearies (FAB) (Hemiptera : Alydidae). Legume Res., 17(3): 167-174.

BASAPPA, H., 1995, Insect pest Management in sunflower-innovative approaches
subject matter workshop cum seminar on integrated pest management in oil
seeds, October 10-17, 1995, Directorate of oilseeds Research, Hyderabad.

BASAPPA, H. AND BHAT, N. S., 1998, Pest management in sunflower seed

production. In: Hybrid sunflower seed production technology (Eds.).

114 Soumya, M. Shettar, Ph.D. 2017



BASHIR, M. H., AFZAL, M., SABRI, M. A. AND RAZA, M. A, 2001, Relationship
between sucking insect pests and physio-morphic plant characters towards
resistance/susceptibility in some new genotypes of cotton. Pakistan Entomol.,
23(1-2): 75-78. (Original not seen. Cited by ASHFAQ M, ANE M N, KHURAM
Z, ABIDA N and HASAN M, 2010. African J. Agric. Res., 5: 3102-05).

BATRA, G. R. AND GUPTA, D. S., 1970, screening of varieties of cotton for resistance
to leafhopperAmrasca biguttula biguttula (Ishida). Cotton Grow Rev., 47:285-91.

BERNARDO, 1990, Histological and biochemical basis of resistance to woolly aphid in
sugarcane (Saccharum officinarum L.). M. Sc. (Agri.) Thesis, Univ. Agric. Sci.,
Dharwad, Karnataka (India).

BHAT, M. G., JOSHI, A. B. AND SINGH, M., 19814, Relative loss of seed cotton yield
by jassid and bollworms in some cotton genotypes (Gossypium hirsutumL.).
Indian J. Entomol., 46:169-173.

BHAT, M. G., JOSHI, A. B.,, MEHTA, S. L. AND SINGH, M., 1981b, Biochemical

basis of resistance to jassid in cotton. Crop Improv., 8: 1-6.

BHAT, N. S. AND VIRUPAKSHAPPA, K., 1993, Integrated pest management in
sunflower. Group discussion on IPM strategies in oilseeds in India, 23-24 Dec,
1993, Punjab Agric. Univ., Ludhiana.

BHAT, O. K. 1999, Studies on integrated management of some important insect- pests of
okra (Abelmoschus esculentus (Linnaeus) Moench. Ph.D. Thesis, Sher-e-Kashmir

University of Agriculture and Technology, Jammu. Pp. 35-76.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 115



*BHATTI, M. A., SAEED, M., CHATTA, N. AND IQBAL, S., 1976, Host-plant
resistance and importance to insect population suppression in cotton crop. Proc
Cott Prod Sem ESSO Pakist Fertilizer Co. Ltd. Pp. 132-142. BINDRA, O. S.
AND MAHAL, M. S, 1979, Investigation on varietal resistance in okra,
Abelmoschus esculentus (Linnaeus) Moench to the cotton jassid, Amrasca
biguttula biguttula (Ishida). Indian J. Hort., 36: 212-19.

BINDRA, O. S. AND MAHAL, M. S., 1979, Investigation on varietal resistance in okra,
Abelmoschus esculentus (Linnaeus) Moench to the cotton jassid, Amrasca
biguttula biguttula (Ishida). Indian J Hort., 36: 212-109.

BINDRA, O. S. AND MAHAL, M. S., 1981 Varietal resistance in eggplant (brinjal),
Solanum melongena to the cotton jassid, Amrasca biguttula biguttula.
Phytoparasitica, 9: 119-31.

CARTER, J. F., 1978, Sunflower Science and technology, Agronomy American Society
of Agronomy, Madison, W1 53711, U.S.A., pp. 255.

CASSI-Lit, M. AND BERNARDO, E. N, 1990, Mechanism of resistance of eggplant,
Solanum melongena (Linnaeus) to the cotton leaf hopper, Amrasca biguttula
(Ishida). Il. Morphological and biochemical factors associated with resistance.
Philippine J. Crop Sci., 15: 79-84. (Original not seen. Cited by JAMSHAID I,
2011. PhD thesis, University of Agriculture, Faisalabad, Pakistan. Pp. 46-70).

CHAKRABORTY, S. C. AND SAHANI. V. M., 1972, Biochemical basis of resistance
of jassids (Emposca spp.) in Gossypium hirsutum L. IndianAgric., 55 (1): 8-13.

CHANDRAMANI, P., MURUGESAN, N., RAMALINGAM, A. AND SIVASAMY, N.,
2004, Screening cotton entries for sources of resistance to leafhopper, Amrasca
devastans (Distant) Role of anatomical characters in host-plant resistance.
National Symposium on “Changing World Order Cotton Research, Development
and Policy in Context” at ANGRAU, Hyderabad.

116 Soumya, M. Shettar, Ph.D. 2017



CHANDRASHEKARA, S., 1994, Histological and histochemical basis of insectpest
resistance in cotton (Gossypium hirsutum L.) genotypes. M.Sc. (Agri.)Thesis,
UAS, Dharwad, pp. 147.

CHAPMAN, R.F., 1969, The Insects: Structure and Function: The English Universities
Press, London, pp. 72.

CHAVAN, U. D., ADSULE, R. N. AND KACHARE, D. P., 1991, Chemical
composition and nutritional quality of some promising cultivars of okra. J.
Maharashtra Agric. Univ., 16: 287-90.

CHERIAN, M. C. AND KYLASAM, 1938, Leafhopper on cotton. Madras Agric. J., 26:
76-79.

CHHABRA, K. S., KOONER, B. S., SAXENA, A. K. AND SHARMA, A. K., 1993,
Effect of biochemical components on the incidence of insect pest complex and

yellow mosaic virus in mungbean. Crop. Imrov.,8(1): 56-59.

CHIRUMAMILLA, A., LAWRENCE, D., CHARLET, HULKE, H. C., SEILER, G. S.,
GROSS, T. A., KNODEL, J. J., ROBERT, K. AND AIKEN, 2010, Update on
host plant resistance studies of banded sunflower moth and sunflower
moth.www.ddr.nal.usda.gov/bitstream/10113/40225/1/IND44344428.pdf
accessed on 19.02.11

CHU, C. C., NATWICK, E. T., HENNEBERRY, T. J., NELSON, D. R., BUCKNER, J.
AND FREEMAN, T. P., 2000, Silverleaf Whitefly Studies: Effects of Trichome
Density and Leaf Shape USDA, ARS, WCRL, Phoenix, AZ.

DABHI, M. V., ACHARYA, M. F., KHANPARA, A. V. AND KORAT, D. M., 2012,
Reaction of okra genotypes/varieties to leafhopper, Amrasca biguttula biguttula
and whitefly, Bemisia tabaci.Indian J. PI. Prot., 40: 205-07.

DESHMUKH, S. D. AND AKHARE, M. D., 1979, Reaponse of early and dwarf
varieties of sunflower to leafhopper. Indian J. PI. Prot., 7(1): 64-65.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 117



DETHIER, J. P., 1953, Introduction, in herbivorous insects: Host seeking behavior and
mechanism (Ed.Sami Ahmed), Publ. Acadamic Press, New York, Pp. 1-13.

DHALIWAL, G. S. AND ARORA, R., 2003, Integrated Pest Management: Concepts and
Approaches, Kalyani publishers, New Delhi. Pp 427.

DHANKHAR, B. S. AND MISHRA, J. P., 2001, Okra. In: Thamburaj S AND Singh N
(ed) Textbook of Vegetables, Tuber Crops and Spices. ICAR, New Delhi. Pp.
222-37.

DHANKHAR, B. S., 1997, Development of okra varieties resistant to biotic and abiotic
stresses. In: KOHLI U K AND KALA B N (Eds.) Summer school on breeding for
resistance to biotic and abiotic stresses in vegetable crops February 21 — March 3,
1997, Solan (Himachal Pradesh). Pp. 79-82.

DHARMA REDDY, K. AND MISHRA, D.S., 1995, Varietal response of rice
againstbrown plant hopper, Nilaparvata lugens (STAL). Indian J. Ent., 57 (3):
169-178.

DHILLON, H, S., MAHAL, M. S. AND RAJWANT, S., 1998, Antixenosis response in
hirsutum cotton against cotton jassid, Amrasca biguttula (Ishida). J. Insect Sci.,
1(2): 162-165.

DHILLON, H. S., 1997, Mechanism of resistance to cotton jassid, Amrasca biguttula
biguttula (Ishida) in American cotton, Gossypium hirsutum (Linnaeus). M.Sc.,
Thesis, Punjab Agricultural University, Ludhiana, India. Pp. 47-55.

*DLABOLA, J., 1957, DIEZIKADEN Afganistans (Homopt- Auchenorrhyncha) Mitt.
Munchen Ent. Gesell.,47: 265-303.

DORREL, D. G., 1978, Processing and utilization of oilseed sunflower. In: Sunflower
Science and Technology, (Ed. Carter, J.E), pp. 407-441.The American Society of
Agronomy, Crop Science Society of American and Soil Science Society of
America, USA.

118 Soumya, M. Shettar, Ph.D. 2017



DUBIOS, M. B., GILLES, K. A., HAMILTON, J. K., REBERS, P. A. AND SMITH, F.,
1956, Colorimetric method for determination of sugars and related substances.
Ann. Chem., 28: 350-356.

*DWORAKOWASKA, 1., 1970, On some genera of Typlocybini and Emposcini
(Auchenorrhyncha, Cicadellidae, Typlocybinae). Bull. Acad. Pol. Sci. CI. II. Ser.
Sci. Biol., 18(11): 707-716.

* DWORAKOWASKA, I. AND VIRAKTMATH, C. A, 1975, One new genus and two
new species of Zyginellini (Cicadellidae, Typlocybinae) from India. Oriental Ins.,
14(3): 271-277.

FICK, S. D., 1978, The European corn borer, Pyrousti mubilalis (Hiibn.) and its principle
host-plant-1. Orientation of feeding behaviour of the larvae of the corn plant. Ann.
Entl. Soc. America, 25: 552-558.

GAIKWAD, B. P., DAREKAR, K. S. AND CHAVAN, U. D., 1991, Varietal reaction of
eggplant againstjassid. J. Maha. Agri. Uni., 16 (3): 354-356.

GHAURI, 1967, Biochemical basis of resistance in pigeonpea pod walls to pod walls to

pod fly, Melongromyza obtuse Malloch. Crop Improv., 14: 64-68.

GHOSH, J. S. K., CHATTERJEE, H. A. AND SENAPATI, S. K., 1999, Pest constraints
of okra under Terai region of West Bengal. Indian J. Ent., 61: 362-71.

GILL, S. S., BASSI, G., GILL, B. S. AND ARORA, S. K., 1997, Morphological
variation and characterization of okra (Abelmoschus esculentus (Linnaeus)
Moench). Crop Improv., 24: 63-69.

GONDE, A. D., KUMAR, A., RAUT, A. H.,, WARGANTIWAR, R. K. AND PHUKE,
D. P. 2013. Screening varieties of okra (Abelmoschus esculentus (Linnaeus)
Moench) against important insect pests under agroclimatic conditions of
Allahabad (UP). Trends Biosci., 6: 645-47.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 119



GUL, 1998, Biochemical basis of resistance of jassids (Empoasca spp.) in Gossypium
hirsutum L. IndianAgric., 16:45-48.

GULATI, A. M. AND TURNER, A. N., 1928, A note on the early history of cotton. In:
Breeding Plants Resistant to Insects, F. G. MAXWELL AND P. R. JENNINGS.,
JOHN WILEY AND Sons, USA, pp. 337-370.

GULZAR, A., MUHAMMAD, J, A. AND MUHAMMAD, R. Z. S., 2005, Population
fluctuation of jassid, Amrasca devastans (dist.) In: Cotton through Morpho-
Physical Plant Traits, Caderno de Pesquisa Sér. Bio.,Santa Cruz do Sul, 17 (1):
71-79.

HALDER, J., SANWAL, S. K., DEB, D., RAI, A. B. AND SINGH, B, 2016,
Mechanisms of physical and biochemical basis of resistance against leaf-hopper
(Amrasca biguttula biguttula) in different okra (Abelmoschus esculentus)
genotypes. Indian J. Agric. Sci., 86: 57-60.

HEISER, 1978, Biochemical variations between leaf folder (Cnaphalocrosis medinalis
G.) resistant and susceptible rice (Oryza sativa L.) varieties in healthy and
infested plants. Indian J. Agric. Biochem., 12 (1): 1-4.

HOODA, V. S., DHANKHAR, B. S. AND SINGH, R. 1997, Evaluation of Okra
Cultivars for Field Resistance to the Leafhopper, Amrasca biguttula biguttula
(Ishida). Int. J. Trop Insect Sci., 17: 323-27.

HU, J. S., GELMAN, D. B., SALVUCCI, M. E., CHEN,Y. P. AND BLACKBURN, M.
B., 2010, Insecticidal activity of some reducing sugars against the sweet potato

whitefly, Bemisia tabaci, Biotype B. J. Insect Sci., 10: 203.

HUSSAIN, M. A. AND LAL, K. B., 1940, The bionomics of Empoasca devastans

Distant on some varieties of cotton in the Punjab. Indian J. Entomol., 2:123-136.

HUSSAIN, M. A., 1938, The cotton jassid. p. 66-67, In Proc. 1% Conf. Sci. Res. Workers
Cotton India.

120 Soumya, M. Shettar, Ph.D. 2017



HUSSAIN, M. A. AND LAL, K. B., 1940, The bionomics of Empoasca devastans

(Distant) on some varieties of cotton in the Punjab. Indian J. Ent., 2: 127-36.

HYACINTH, A. M. AND SELVANARAYANAN, V., 2011, Field evaluation of

sunflower (Helianthus annuus L.) accessions for resistance against leaf hopper,
Amrasca biguttula biguttula (Ishida). J. Phytol., 3 (10): 36-37.

IMTIAZ, A. N., MUZAFFAR, A.T., RAB, D. K. AND SHARIF, M. N., 2002, Relative
resistance of cotton cultivar to sucking complex. Pak. J. Appl. Sci., 2 (6): 686-
689.

INDRAYANI, I. G.,, SIWI SUMARTINI, A. A. AND HELIYANTO, B., 2007,

Resistance of several cotton accession to sucking insect pest, Amrasca biguttula
(Ishida). Indust. Crops Res. J., 13 (3): 81-87.

IQBAL, J., HASAN, M., ASHFAQ, M. AND NADEEM, M., 2011a, Association of

chemical components of okra with its resistance against Amrasca biguttula
biguttula (Ishida).Pakistan J. Zool., 43: 1141-45.

IQBAL, J., HASAN, M., ASHFAQ, M., SHAHBAZ, T. S AND AMJAD, A., 2011b,

Studies on correlation of Amrasca biguttula biguttula (Ishida) population with

physio-morphic characters of okra, Abelmoschus esculentus (Linnaeus) Moench.
Pakistan J. Zool., 43: 141-46.

IQBAL, J., HASAN, M., ASHFAQ, M., SHAHBAZ, T. S. AND AMJAD, A., 2008,

Screening of okra genotypes against jassid, Amrasca biguttula biguttula (Ishida)
(Homoptera: Cicadellidae). Pakistan J. Agric. Sci., 45: 448-51.

IRFAN, M., IRAM, M., ABU, B. M. R., KAFEEL, A., ZAFAR, I. K. AND NOSHIN,

A., 2010, Effect of leaf morphology on the incidence of sucking insect pests in
some cotton genotypes (varieties). Intl. J. Cell Molec. Biol., 1 (3): 285-291.

ISHAAYA, T. AND MEISNER, J., 1973, Physiological effects of sugars on various
digestive enzyme of Spodoptera littora larvae. J .Comp. Physiol., 86: 117-124.

Studies on the Host Plant Resistance to Green Leafhopper

in Sunflower (Helianthus annuus L.) 121



*ISHIDA, M., 1913, Report on the injurious and useful insects of cotton. Govt. of
Formosa, Bureau of industry and production, Publication No. 12, Issused March
13,1913, Pp. 1-3,

JALGAONKAR,V. N., PATIL, P. D., MUNJ A'Y AND NAIK, K.V., 2002, Screening of
new germplasm of okra, Abelmoschus esculentus (L.) against sucking pests.
Pestology, 26: 42-46. (Original not seen. Cited by Gonde A D, Kumar A, Raut A
H, Wargantiwar R K and Phuke D P, 2013. Trends Biosci., 6: 645-47).

JAVED, A.,, MUHAMMAD, A. K., WASEEM, A., HAFIZ, A. A. K. AND TARIQ, M.
K., 1992, Impact of Bt- cotton on whitefly, Bemisia tabaci (Genn.). Agric. Res.
Rev.,59(9): 62-82.

JAYARAJ, S. AND SELLAMMAL, M., 1988, Studies on boll worm resistance in cotton.
Bollworm Seminar, Nagpur, India. In: Cotton Breeding, 2nd Edition, 2004 eds.
Phundun Singh., Kalyani Publishers, New Delhi, Pp. 136-146.

JAYARAMAIAH, M. AND JAGADISH, K. S., 1996, Spatial distribution of the tobacco
aphid, Myzus nicotianae Blackman (Homoptera: Aphididae). Aphidology symp.,
1996. Dep. Zool., Univ. Gorakhpur, Gorakhpur, India.

JENKINS, J. N., 1989, State of the art in host plant resistance in cotton. In: Cotton
Breeding, 2nd Edition, 2004 Eds. Phundun Singh., Kalyani Publishers, New
Delhi, pp. 136-146.

JINDAL, V., ARORA, R., AND KUMAR, R., 2007, Screening of cotton genotypes for
resistance to sucking pests. Ann. Plant Protect. Sci., 15(1):26-29.

JONES, H. A, BAILE, S. F. AND EMSWELLER, S. L., 1934, Thrips resistance in the
onion. Hilgardia, 8: 215-232.

KABRE, G. B. AND GHORPADE, S. A., 1999, Susceptibility to maize stem borer,
Chilo partellus (Swinhoe.) in relation to sugars, proteins and free amino acid
content of maize germplasm and F; hybrids. J. Insect Sci., 21 (1): 37-40.

122 Soumya, M. Shettar, Ph.D. 2017



KADAPA, S. N,, VIZIA, N. C. AND PATIL, N. B., 1988, A note on stem tip stiffness in
aphid tolerant cotton Gossypium hirsutum L. Curr. Sci.,57: 265-266.

KANWAT, P. M. AND KUMAWAT, K. C., 2001, Screening of germplasm of cotton for
resistance to Jassid,Amrasca biguttula biguttula (Ishida). Ann. PI. Prot. Sci., 9 (2):
327-329.

KAPLAN, GALEN, P. D. AND ROBERT, F. D., 2009, The costs of anti-herbivore
defense traits in agricultural crop plants: a case study involving leafhoppers and
trichomes. Ecol. Appl., 19 (4): 864-872.

*KAPOOR, V. C. AND SOHI, A. S., 1972, The nomenclature status of cotton
leafhopper, Amrasca devastans (Dist). Ent. Res. J. Var., 84: 51.

KHALIL, KHOSO, F. N., SHAFIQUE, M. A., AHMED, A. M., GILAL, A. A,
TALPUR, M. M. A. AND DHILOO, K. H., 2015, Host plant preference of
sucking pest complex to different tomato genotypes. J. Entomol. Zool. Studies,
5(1): 293-297.

KHAN, M. A., REDDY, J. D. AND RAO, S. V., 2001, Efficacy of selected insecticides
against pest complex in okra, Abelmoschus esculentus Linn. Pestol., 25 (9): 44-
47.

KHAN, M. H., AHMAD, N. AND TOFIQUE, M., 2011, Screning of different Bt cotton
(Gossypium hirsutum L.) genotypes against sucking and bollworm complexes.
Nucleus, 48 (4): 343.

KHAN, Z. R. AND AGARWAL, R. A., 1984, Ovipositional preference of jassid,
Amrasca biguttula biguttula (Ishida) on cotton. J. Entomol. Res.,8(1): 78-80.

KISHORE, N., KASHYAP, R. KAND DHANKHAR, B. S., 1983, Field resistance of
okra lines against jassid and fruit borer. Ann. Appl. Biol., 102: 130- 31.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 123



KOLTE, S. J., 1985, Sunflower diseases. In: Diseases of annual edible oilseeds crops
Vol., lI: Sunflower, Safflower and Niger seed diseases. pp 9-69, CRS press, Boca
Raton, Florida.

KOTI REDDY, M., 1971,Certain chemical constituents of rice plants in relation to

resistance to blast disease. Ann. Annamalai Univ. Agri. Res.,3:106.

KRISHANANANDA AND AGARWAL, 1979, Source of resistance to leafhopper A.
devastans in cotton. Indian J. Ent., 41(2): 177-180.

KULKARNI, V. N. AND KHADI, B. M., 2009, Physical basis of jassid (Amrasca
devastans) resistance in Cotton. The World Cotton Research Conference-4,
September 10-14.

KUMAR, P. K. AND SINGH, P. M., 2002, Biochemical factors governing resistance in
diploid cotton against grey mildew. Indian phytopathol.,55(2):140-146.

LAL, H., 1989, Resistance in okra to the Jassid, Amrasca biguttula biguttula (Ishida) in
relation to age of the crop. M.Sc. Thesis, Punjab Agricultural University,
Ludhiana, India. Pp. 24-45.

LAL, H.,, MAHAL, M. S. AND SINGH, R., 1997, Role of leaf hairiness in imparting

jassid resistance in okra in relation to crop age. J. Insect Sci., 10: 19-22.

LEE, J. A., 1985, Revision of the genetics of the hairiness-smoothness system of
Gossypium. The J. Hered.,76: 123-126.

LEWIN, H.D., THANDAVARAYAN, K., KUMAR, S. AND SUNDARARAJU, 1973,
Studies on the common and destructive pests of sunflower (Helianthus annuus
Linn.). Pesticides, 7(4): 17- 23.

124 Soumya, M. Shettar, Ph.D. 2017



LIT, M. C. AND BERNARDO, E. N., 1990, Mechanism of resistance of eggplant
(Solanummelongera Linn.) to the cotton leafhopper, Amrasca biguttula(lshida) I1.
Morphologicaland biochemical factors associated with resistance. Philippines J.
Crop Sci., 15(2): 79-84.

LOFGREN, J. R., 1978, Sunflower for confectionary food, bird food and pet food. In:
Sunflower Science and Technology, (Ed. Carter, J.E) pp 407-441, The American
Society of Agronomy, Crop Science Society of American and Soil Science

Society of America, USA.

LOKESH AND SINGH, R., 2005, Influence of leaf vein morphology in okra genotypes
(Malvaceae)on the oviposition of the leafhopper species Amrasca biguttula
(Hemiptera: Cicadellidae).Entom. Gen., 28(2): 103-114.

LOWRY, O. H., ROSEBROUGH, N. J., FARR, A. L. AND RANDALL, R. J., 1951,

Protein measurement with the folin phenol reagent. J. East China, 5: 82-88.

MAHAL, M. S. AND SINGH, B., 1979, Population buildup of cotton jassid and index of
its injury as a measure of resistance in okra. Indian J. Eco., 15: 74-81.

MAHAL, M. S. AND SINGH, B., 1982, Inheritance of resistance in okra to the cotton
jassid, (Ishida). I. Field studies. Indian J. Ent., 44: 1-12.

MAHAL, M. S., 1973, Studies on varietal resistance in okra, Abelmoschus esculentus
(Linnaeus) Moench and Brinjal, Solanum melongena (Linnaeus), MSc Thesis,
Punjab Agricultural University, Ludhiana, India.

MAHAL, M. S., 1978, Inheritance of resistance in okra, Abelmoschus esculentus
(Linnaeus) Moench. to the cotton jassid, Amrasca biguttula biguttula (Ishida).
Ph.D. Thesis, Punjab Agricultural University, Ludhiana. Pp. 45-70.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 125



MAHAL, M. S., LAL, H. AND SINGH, R., 1991, Standardization of a technique for
screening okra germplasm for resistance against cotton jassid, Amrasca biguttula
biguttula (Ishida) 1. Development and Survival of nymphs. J. Insect Sci., 4: 135-
37.

MAHAL, M. S., LAL, H. AND SINGH, R., 1993a, Standardization of a technique for
screening okra germplasm for resistance against cotton jassid, Amrasca biguttula
biguttula (Ishida). Il. Ovipositional Preference of Adults. J. Insect Sci., 6: 223-
25.F

MAHAL, M. S., LAL, H., SINGH, R. AND SINGH, B., 1993b, Field resistance in okra
to the cotton jassid,Amrasca biguttula (Ishida) in relation to crop age. J. Insect
Sci.,6(1): 60-63.

MAHTO. Y., 1990, A note on population dynamics of Amrasca biguttula biguttula
(Ishida) on sunflower. Indian J. Ent., 52(3): 506-508.

MALIK, Y. P., SHASHI SINGH, SINGH, B., PANDEY, N. D. AND SINGH, S. V.,
1995, Determination of physico-chemical basis of resistance in linseed for bud
fly. Indian J. Ent., 57(3): 267-272.

MANDAL, P. AND DASH, S.K., 2003, Assocation of physico-chemicalcharacters of
green gram varieties with nympal period, body weight andfecundity of Riptortus
linearies (FAB) (Hemiptera:Alydidae). LegumeRes., 17(3): 167-174.

MANOJ, S. L., 1994, Evaluation of advanced chilli lines for the reaction to
Polyphagotarsonemus latus (Banks) (Acari:Tarsonemidae) and Scirtothrips
dorsalis Hood (Thysanoptera:Thripidae). M.Sc. (Agri.) Thesis, UAS, Dharwad,
Pp. 117.

MASSEY, F. P.,, ENNOS, A. R. AND HARTLEY, S. E., 2006, Silica in grasses as a
defence against insect herbivores: contrasting effects on folivores and a phloem
feeder. J. Animal Ecol., 75: 595-603.

126 Soumya, M. Shettar, Ph.D. 2017



MATHUR, B. P. AND BHANDARI, D. R., 1978, Studies on relative resistance to cotton
varieties G. hirsutum against leafhopper Empoasca devastans (Dist). Pesticides,
12: 51-52.

*MATSUMURA, S., 1913, A revision of the palaearctic and oriental Typlocybid genera,

with descriptions of new species and genera. Insecta Matsumurana, 6: 55-91
*MATSUMURA., 1917, Chlorita bimaculata. Appl. Ent., 1: 1-731.

MEAGHER, R. L., SMITH, C. W. AND SMITH, W. J., 1997, Preference of Gossypium
genotypes to Bemisia argentifolii (Homoptera:Aleyrodidae). J. Econ. Entomol.,
90 (4): 1046-1052.

MEENAKSHI, J., 2006, Studies on the insect pest complex of Sunflower(Helianthus
annuus L.) with special reference to thrips. M. Sc. (Agri.)Thesis, Univ. Agric. Sci.,

Bangalore, pp83.

MEHETRE, S. S. AND PATIL, V. R., 2004, Anatomical basis of resistance in cotton for
sucking pest complex from Gossypium arboreum to G. hirsutum via haploid.
National Symposium on “Changing World Order-Cotton Research, Development
and Policy in Context” at ANGRAU, Hyderabad.

MERINO, D. M., 1936, Morphological and physiological parameters of soybean

resistance to Agromyzid beanflies. Environ. Entomol.,12: 260-265.

MOHAN KUMAR, S. AND VENUGOPAL, M.S., 1999, Influence of biochemicalprofile
of cotton lines on leaf hopper (Amrasca devastans Distant.)resistance. A paper
presented at National Symposium on .Role ofBiochemistry and Biotechnolgy in
21st century. held from March 4-6, 1999at UAS, Bangalore (Abst No. P.S.11-8, p-
60).

MOHANKUMAR, S., 1996, Integration of plant resistance with insecticides for the
management of cotton leafhopper, Amrasca devastans (Disant). Ph. D., Thesis,
Tamil Nadu Agricultural University, Coimbatore, Pp. 256.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 127



MORE, AW., KULKARNI, U. G., ANSINGKAR, K. S. AND RATHOD, A. S., 2007,
Anatomical parameters of apomictic lines in cotton. J. Cotton Res. Dev., 21(1):
29-32.

MUDGALKAR, A. B., SONALKAR, V. U. AND GAIKWAD, B. B., 2015, Correlation
between leaf hopper and whitefly population with phenol and sugar content of
okra leaf. J. Ent. Res., 39: 131-34.

MUHAMMAD, A. AND ANJUM, S., 2010, Studying the sucking insect pests
community in transgenic Bt cotton. Int. J. Agric. Biol., ISSN: 1560-8530.

MUHAMMAD, A., BASHIR, M. H. AND MUHAMMAD, A., 2009, Comparative
resistance of some cotton cultivars against sucking insect pests.Pakistan J. Life
Sci.,7(2): 144-147.

MUHAMMAD, A., MUHAMMAD, R., WASEEM, A. SHAHBAZ, T. S. AND
AMZAD, A., 2012, Physiomorphic characters of the brinjal, Solanum melongena
(Linnaeus) plant and their relationship with the jassid (Amrasca biguttula
biguttula) population fluctuation. Pakistan J. Agric. Sci., 49: 67-71.

MUHAMMAD, R., MUHAMMAD, A., SARFRAZ, A. S., NAEEM, A. AND NOOR, A.
S., 2004, Evaluation of some new promising cotton strains against bollworm
complex. Pak. J. Entomol.,15: 313-318.

MUNDAS, M. B., 1992, Physiological aspects of bollworm tolerance in cotton
(Gosypium hirsutum L.) M.Sc. (Agri.) thesis, Univ. Agri. Sci. Dharwad, Pp.116.

MURUGESAN, N. AND KAVITHA, A., 2010, Host plant resistance in cotton
accessions to the leafhopper, Amrasca devastans (Distant). J. Biopesticides,3(3):
526-533.

NAGARAJU, JAGADISH, K. S. AND SHADAKSHARI, Y.G., 2004, Sunflower
diseases and management (in Kannada). Extension brochure May 2004. AICRP
sunflower, Univ. Agri. Sci., Bangalore. Pp 5.

128 Soumya, M. Shettar, Ph.D. 2017



NAQVI, K. M., 1975, Crop protection to boost up cotton production. Read at Cotton
Seminar,April 13-14, at Lyallpur, (Faisalabad), Pakistan.

NAVEED, D. K., DILLWITH, J. W., ZARRABI, A. A, CADDE, J. L. AND
BERBERETM, R. C., 2011, Epicuticular lipids of alfalfa related to its
susceptibility of spotted alfalfa aphids (Homoptera : Aphididae). Ann. Ent. Soc.
America, 70: 781-785.

NEWTON, R. AND ANDERSON, J. A., 1929, Studies on nature of resistance in wheat 4

phenolic compounds in wheat plants. CanadianJ. Res., 1:86-89.

NORRIS, D. N. AND KOGAN, M., 1980, Biochemical and morphological bases of
resistance. In: Breeding Plant Resistance to Insects. Maxwell, F.G. and Jennings,
P.R. (Eds.), John Wiley and Sons, New York, pp. 23-61.

PAINTER, R. H., 1951, Insect Resistance in Crop Plants, The Macmillan Co., New York,
p. 520.

PARNELL, F. R. D.,, MACDONALD, E. F.,, RUSTON AND KING, H. E., 1945,
Breeding and genetics-leaf hairiness and jassid resistance. Emp. Cot. Gr. Corp.
Rep. Exp. Stn., 44: 26-30.

PARNELL, F. R., 1925, The breeding of jassid resistant cottons. Progress reports of
experiment stations, South Africa. Emp. Cott. Gr. Corp. Rep. Exp. Stn: 5-9.

PARNELL, F.R., KING, H.E. AND RUSTON, D.F.,1949, Jassid resistance and hairiness
of cotton plant. Bull. Entomol. Res., 39:539-575.

PEDIGO, L. P., 1999, Entomology and Pest Management. Prentice Hall Inc., New
Jersey, USA, pp.742.

PERAIAH, A., PANDURANGACHARI, SREE RAMA REDDY AND MURTHY, K.
R., 1982, Biochemical nature of brown plant hopper resistance and itsinheritance
pattern in rice. Andhra Agric. J., 29 (4): 293-295.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 129



PRAPARAT, H., ARUNEE, W. AND SOMCHAI, P., 2001, Observation of Gamma
Irradiated Cotton Populations on Trend of Cotton Leafhopper Resistance Using
Hopperburn Index. Kasetsart J. Nat. Sci., 35: 386 — 391.

PUSHPA, R. AND RAVEENDRAN, T. S., 2005, Artificial Screening and Inheritance
Studies on Resistance to Jassid (Amrasca devastans) in Gossypium Hirsutum L.
Indian J. Geneti.Plant Breed., 65(3): 254-257.

PUTT, E. D., 1971, Sunflower seed production. Canada Dept. of Agri. Publi., pp.1019.

RADHIKA, P. S., BASHA MOHIDDIN, K. S. AND PRASADA RAO, M. V., 2004,
Field evaluation of cotton genotypes against leafhopper, Amrasca biguttula
biguttula. National Symposium on “Changing World Order-Cotton Research,
Development and Policy in Context” at ANGRAU, Hyderabad.

RAJAMOHAN, N., 1976, Pest complex of Sunflower: a bibliography. PANS, 20: 546-
563.

RAJMOHAN, N., RAMAKRISHNA, C., KRISHNARAJ, J. AND BRAMANIAM, T.
R., 1974, The incidence of leafhopper Amrasca biguttula biguttula (Ishida) on

sunflower in reaction to manuring and spacing. Madras Agric. J., 61 (8): 486-489.

RAJU, A. K. AND RAO, P. R. M., 1984, Note on the effect of seed treatment of mesta
with carbofuran 3 for control of leafhopper Amrasca biguttula biguttula (Ishida).
Jute Dev. J., 4 (2): 37-38.

RAJU, G. T .T. AND REDDY, D. N. R., 1982 Screening of cotton varieties for their
resistance against cotton jassid, Amrasca biguttula biguttula (Ishida) (Homoptera:

Cicadellidae) biochemical basis of resistance. Cotton Dev., 18: 39-42.

RAMEY, H. H., 1962, Genetics of plant pubescence in upland cotton. Crop Science, 2:
269.

130 Soumya, M. Shettar, Ph.D. 2017



RANA, J. S. AND SHEORAN, R. K., 2004, Evaluation of sunflower Helianthus annuus
L. hybrids against insect pests in semi-arid tropics. J. Oilseeds Res.,21 (2): 374-
375.

RAZA, A. B. M., AFZAL, M., SARFRAZ, M., BASHIR, M. H., GOGI, M. D. AND
SARWAR, M. S., 2000, Physicomorphic plant characters in relation to resistance
against sucking insect pests in some new cotton genotypes. Entomol.,22 (1-2): 73-
77.

ROHINI, A., PRASAD, N. V. V. S. D.,, CHALAM, M. S. V. AND VEERAIAH, K.,
2011, Identification of suitable resistant cotton genotypes against sucking pests. J.
Ent. Res.,35(3): 197-202.

SACHAN, S.K. AND SACHAN, G.C., 1991, Relation of some biochemicalcharacters of
Brassica juncea to susceptibility to Lipaphis crysimi(KALTENBACH). Indian J.
Ent., 53(3): 218-225.

SADASIVAM, S. AND MANICKAM, A., 1991, Biochemical methods for Agricultural
Sciences. Wiley Eastern Ltd., New Delhi pp. 286.

SAHOO, B. K. AND PATNAIK, H. P., 2003, Effect of biochemicals on the incidence of
pigeonpea pod borers. Indian J. Plant Prot., 31(1): 105-108.

SAID, M. K., 2011, Varietal performance and chemical control used as tactics against
sucking insect pests of cotton. Sarhad J. Agric., 27(2): 18-23.

SAJJAD, A., MAQSOOD, S., FAROOQ, H. M. K. AND FARMAN, U., 2004,
Resistance of cotton against Amrasca devastans (Dist.) (Jassidae: Homoptera) and
relationship of the insect with leafhair density and leaf hair length. Sarhad J.
Agric., 20(2): 265-268.

SALMAN, M., MASOOD, A., ARIF, M. J., SAEED, S. AND HAMED, M., 2011, The
resistance levels of different cotton varieties against sucking insect pests complex
in Pakistan. Pak. J. Agri., Agril. Engg. Vet. Sci., 27(2): 168-175.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 131



SAMAL, P., MISRA, B.C. AND LODH, S.B., 1982, Biochemical basis ofresistance in
rice to brown plant hoper. Orzya, 19: 58-59.

SANA. D. L., 1989, Tea Science, Ashrafla Boi Ghar, 36, Bangla Bazar, Dhaka, pp. 224-
226.

SANDHU, G. S., SHARMA, B. R., SINGH, B. AND BHALLA, J. S., 1974, Sources of

resistance to jassid and whitefly in okra germplasm. Crop Improv.,1: 77-81.

SARWAN KUMAR AND DHILLON, S. K., 2014, Screening of sunflower hybrids
against insectpests under field conditions. Res. J. of Agric and Environmental
Management. 3(8):376-379.

SCHOONHOVEN, A., 1974, Resistance to thrips damage in cassava. J. Econ. Ent.,67:
728-730.

*SCHUSTER, 1993, On some Typlocybinae from India (Auchenorrhyncha,
Cicadellidae). Bull. Acad. Pol. Sci. Biol., 23(8): 530.

SEETHARAM, A. AND RAVIKUMAR, R.L., 2003, Breeding for InsectResistance in
Sunflower in National Seminar on Stress management in oilseeds for attaining
self reliance in vegetable oils, 28"and 30™ Jan, 2003, DOR, Hyderabad, pp 271-
282.

SEILER, 1992, Transmission and serological diagnosis of sunflower necrosis virus
(SNV) from various sources and screening for resistance. M. Sc. (Agri.) Thesis,

Univ. Agri. Sci., Bangalore, Pp. 99.

SEILER, V. K. AND RIESEBURG, Y. K., 1997, Insect pest succession studies on okra.
J. Appl. Zool. Res.,10: 144-45.

SENAPATHI AND KHAN, S. R., 1978, A note on population fluctuation of Amrasca
biguttula biguttula (Ishida) on okra at bhubaneshwar. Indian J. Agric. Res., 12(2):
97-98.

132 Soumya, M. Shettar, Ph.D. 2017



SHANKREGOUDA, JAGADISH, K.S., BASAVARAJ, K.,DARSHINI, G.M., GEETA,
S. AND SHADAKSHARI, Y.G., 2006, Foraging pattern of bees on hybrid
sunflower (Helianthus annuus L.) and differential response of cultivars to bee
pollination. 10™ National Symposium on Soil Biology and Ecology., pp.159

SHARMA, B. R. AND ARORA, S. K., 1993, Improvement in okra In: Chadha K L (Ed.)
Advances in Horticulture (Vol 5) Malhotra Publishing House, New Delhi. Pp.
343-64.

SHARMA, G. N. AND SHARMA, P. D., 19973, Biology and development of cotton leaf
hopper, Amrasca biguttula biguttula (Ishida) on different genotype of okra
(Abelmoschus esculentus (Linnaeus) Monech). Crop Res. Hisar., 14: 487-92.

SHARMA, G. N. AND SHARMA, P. D 1997b, Ovipositional behavior of cotton leaf
hopper, Amrasca biguttula biguttula (Ishida) vis-a-vis morphological characters
of cotton cultivars. Ann. PI. Prot. Sci.,5: 15-17.

SHARMA, G. N. AND SHARMA, P. D., 1997c, Population dynamics of cotton leaf
hopper, Amrasca biguttula biguttula (Ishida) on cotton and okra in relation to

physical factors of environment in Haryana. Ann. Biol. Ldh., 13: 179-83.

SHARMA, G. N. AND SHARMA, P. D., 2001, Biology and development of cotton leaf
hopper (Amrasca biguttula biguttula Ishida) on different genotypes of okra

(Abelmoschus esculentus Linnaeus. Moench). Crop Res., 14: 487-92.

SHARMA, H. C. AND AGARWAL, R. A., 1983, Role of some chemical components
and leaf hairs in varietal resistance in cotton to jassid, Amrasca bigutella bigutella
Ishida. J. Entomol. Res., 7: 145-49.

SHARMA, H. C., SUJANA, G. AND RAO, D. M., 2009, Morphological and chemical
components of resistance to pod borer, Helicoverpa armigera in wild relatives of

pigeonpea. Arthropod PI. Interact.,3: 151-61.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 133



*SHIRAKI, T., 1913. Investgations upon insects injurious to cotton. Formosa Agri. Expt.
Sta. Spec. Rept., 5: 1-282.

SHINDE, B. A., GURVE, S. S., GONDE, A. D. AND HOLE, U. B., 2014, Studies on
resistance of cotton genotypes against jassids (Amrasca biguttula biguttula)
Ishida. Bioinfolet.,11: 58-62.

SIKKA, S. M., SAHI, V. M. AND BUTANI, D. K., 1966, Studies on jassid resistance in
relation tohairness of cotton leaves. Euphyica, 15(3): 383-388.

SIMMONDS, M. S. J., 2003, Flavonoid-insect interactions: recent advances in our
knowledge. Phytochem,64: 21-30.

SINDAGI, S. S. AND VIRUPAKSHAPPA, K., 1986, Sunflower Indian Council of
Agricultural Res. Pub., New Delhi. Pp37.

SINGH, B. AND ATWAL, A. S., 1976, Role of physico-chemical characteristics of the
leaves of cotton varieties in imparting resistance to Amrasca biguttula biguttula
(Ishida). Indian J. Ecol.,3: 172-80

SINGH, B., RAI, M., KALLOO, G., SATPATHY, S. AND PANDEY, K. K., 2007, Wild
Taxa of Okra (Abelmoschus species): Reservoir of genes for resistance to biotic
stresses. Acta Hort., 752: 323-328.

SINGH, D. K., 2007, Modern vegetable varieties and production technology 1st ed.
International Book Distributing Company, Lucknow (U.P.). Pp.127-40.

SINGH, R. AND AGARWAL, R. A., 1988, Role of chemical components of resistant
and susceptiblegenotypes of cotton and okra in ovipositional preference of cotton
leafhopper. Proc.Indian Acad. Sci.,97(6): 545-550.

SINGH, R. AND TANEJA, A. D., 1989, Influence of phytochemicals and leaf
pubescence of somemalvaceous plants on development, survival and oviposition
of cotton leaf hopper. Z.Angew. Zool.,76: 357-368.

134 Soumya, M. Shettar, Ph.D. 2017



SINGH, R. B., DAHIYA, R. P. AND JAIN, D. K., 1972, Genetics of ginning and fibre
characters in upland cotton. Indian J. Gene. PI. Breed., 32(1): 125-137.

SINGH, R., 1988, Bases of resistance in okra (Abelmoschus esculentus) to Amrasca
biguttulabiguttula. Indian J. Agric. Sci., 58(1): 15-109.

SINGH, T. H,, SINGH, G., SHARMA, K. P. AND GUTA, S. P., 1972, Resistance of
cotton (Gossypium hirsutum L.) to cotton jassid, Amrasca devastans (Distant.)
(Homoptera: Jassidae). Indian J. Agric. Sci., 42(5): 421-425.

SINGH, T.H., GURDIPASING, SHARMA, K.P. AND GUPTA, S.P., 1971,Resistance of

cotton (Gossypium hirsutum L.) to cotton jassid Amarascadevastans (distant).
Indian J. Agric. Sci., 42: 421-425.

SIVASUBRAMANIAN, P., UTHAMASAMY, S. AND PARVATHY, K., 1991,

Resistance in cotton Gossypium spp to the leafhopper, Amrasca devastans.
Madras Agric. J., 78(1- 4): 80 -81.

SKORIC, 1993, Some biochemical changes induced in powdery mildew infected
grapevine leaves. Pl. Dis. Res., 7: 248-250.

*SOHI, A. S., 1976, Indian cotton Jassid- Amrasca biguttula biguttula (Ishida). Ent. Rec.
J. Var., 88: 236-237.

SRINIVASA, H. AND SUGEETHA, G., 2001, Field screening of certain okra varieties
for resistance against major pests. Insect Environ., 7: 74-76. (Original not seen.
Cited by Sharma B N, Singh S and Sharma A, 2007. Pest Mgmt. Hort. Ecosys.,
13:189-93).

SUBBARATNAM, G. V., DHAMO, K. BUTANI AND KRISHNA MURTHY, B. H.,
1983 Leaf characters of Brinjal governing resistance to jassid, Amrasca biguttula
biguttula (Ishida). Indian J. Ent., 45: 171-73.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 135



SUGANTHY, M. AND UMA, D., 2011, Screening of Promising Sunflower Germplasm
against Key Insect Pests. Madras Agric. J.,98 (4-6): 180-181.

SUJATHA, G., REDDY, G.P.V. AND KRISHNA MURTHY, M.M., 1987, Effectof
certain biochemical factors on the expression of resistance of rice varietiesto
brown plant hopper (Nilaparvata lugens Stal.) J. Res. APAU, 15(2): 124-128.

SYED, T. S., ABRO, G. H., KHUHRO, R. D. AND DHAUROO. M. H., 2003, Relative
resistance of cotton varieties against sucking pest. Pakistan J. Biol. Sci.,6(14):
1232-1233.

SYED, T. S., ABRO, G. H.,, KHURO, R. D. AND DHAUROO, M. H., 1996, Relative
resistance of cotton varieties against sucking insect pests. Abstract No. PM-17.
2nd International Congress of Entomol. Sci., March 19-21, Pakistan Entomol,
Soc., PARC, Islamabad, pp. 52.

TANEJA, 1989, Screening of blackgram genotypes against whitefly, Jassids and yellow
mosaic virus- role of phytochemicals in resistance. Indian J. Pulses Res.,6(1):76-
81.

TELI, V. SSAND DALAYA, V. P., 1981, Varietal resistance in okra to Amrasca
biguttula biguttula (Ishida). Indian J Agric Sci., 51: 729-31.

THAKUR, M. R., ARORA, S. K. AND KABIR, J., 2003, Okra. In: Bose T K, KABIR J,
MAITY T K, PARTHASARATHY V A AND SOM M G (Eds.) Vegetable Crops
(Vol 3), Naya Udyog, Kolkata. Pp. 209-240.

THIMMAIAH, K. K., NALINI PRABHAKAR, A. S. AND PANCHAL, Y. C., 1997,
Histochemical studies on proteins and polysaccharides in insect, pest resistant and

susceptible cotton genotypes. Karnataka J. Agric. Sci., 10(2): 562-564.

THIMMAIAH, K. K., PANCHAL, Y. C., KADAPA, S. N. AND NALINI
PRABHAKAR, A. S., 1992, Comparative anatomical in insect pest resistance and
susceptible genotypes. Karnataka J. Agric. Sci., 7(4):410-416.

136 Soumya, M. Shettar, Ph.D. 2017



THIMMAIAH, K.K., 1992, Physiological and histo-chemical basis of insect
pestresistance in cotton (Gossypium spp.) genotypes. Ph.D. Thesis, UAS,
Dharwad, 312 pp.

THORSTEINSON, A. J., 1960, Host selection in phytophagous insects. Ann. Rev.
Entomol., 5: 193-218.

TIDKE, P. M. AND SANE, P. V., 1962, Jassid resistance and morphology of cotton leaf.
Indian Cotton Gr. Rev., 16: 324-327.

*TAYLO, L. D. AND BERNARDO, E. N., 1995, Morphological and biochemical bases
of resistance of eggplant (Solanum melongena (Linnaeus) and okra (Abelmoschus
esculentus (Linnaeus) Moench.) to cotton leaf hopper (Amrasca biguttula Ishida).
Pest management Council of the Philippines, Inc., College, Laguna (Philippines).
PMCP 26th Anniv Annual Sci Meeting, Pp. 78-79. TELI, V. S. AND DALAYA,
V. P., 1981, Varietal resistance in okra to Amrasca biguttula biguttula (Ishida).
Indian J. Agric. Sci., 51: 729-31.

ULLAH, S., JAVED, H. AND AZIZ, M. A., 2012, Role of Physico-Morphic Characters
of Different Okra genotypes in relation to Population of Jassid, Amrasca biguttula
biguttula Ishida. J. Agric. Res., 50: 217-24.

UTHAMASAMY, S., 1980, Studies on host resistance in certain okra, Abelmschus
esculenttus (Linnaeus) Moench. varieties to the leafhopper, Amrasca devastans
(Distant) Cicadellidae: Homoptera. Pesticides, 14: 39.

UTHAMASAMY, S., 1985a, Effect of leaf hopper Amrasca devastans (Dist.) feeding on
the organicacid content of okra, Abelmoschus esculentus (L.) Moench leaves.
Madras Agric. J., 72(11): 656-657.

UTHAMASAMY, S., 1985b, Influence of leaf hairiness on the resistance of bhendi or
ladyis finger, (Abelmoschus esculentus) (L.) Moench) to the leafhopper, Amrasca
devastans (Distant). Trop. Pest Mngt. 31: 194 - 295.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 137



UTHAMASAMY, S., 1986, Studies on the resistance in okra, Abelmoschus esculentus
(Linnaeus) Moench to the leaf hopper, Amrasca devastans (Distant). Trop Pest
Mgmt., 32: 146-47.

UTHAMASAMY, S., SUBRAMANIAN, T. R. AND JAYARAJ, S., 1971, Studies on
plant characters of bhindi associated with resistance to leaf hopper. Prog. Hort., 3:
25-32.

UTHAMASAMY, S., SUBRAMANIAM, T. R. AND JAYARAJ, S., 1973, Studies on
the varietal resistance of bhindi (Abelmoschus esculentus) to the leafhopper,
Amrasca devastans (Distant) (Homoptera: Jassidae) 1. Screening of varieties
under field conditions. Madras Agric. J.,60: 27-31.

VAISHALI. A. R.,, KUMAR, R. AND SINGH, B., 2012, Inter-Varietal variations to
phenolic compounds in okra (Abelmoschus esculentus) germplasm. Vegetos., 25:
163-70.

VAN EMDEN, H. F., 1997, Host plant resistance to insect pests. In: D. Pimentel (ed.)
Techniques for Reducing Pesticide Use. John Wiley and Sons, Chichester, UK,
pp. 129-152.

VERMA, P. M. AND AFZAL, M., 1940, Studies on cotton leafhopper Emposca
devastans (Dist) in the Punjab I varietal susceptibility and development of pest on
different varieties of cotton. Indian J. Agric. Sci., 10: 911-926.

WATSON, J. S., 1989, Recent progress in breeding for insect resistance in three cotton.
In : Cotton Breeding, 2nd Edition, 2004 Eds. Phundun Singh., Kalyani Publishers,
New Delhi, pp.136-146.

WOODHEAD, S. AND CHAPMAN, R. F., 1986, Insect behaviours and the chemistry of
plant surface waxes. In: Insects and the plant surface EDS., JUNIPER, B. AND
SOUTHWOOD, R., EDWARD ARNOLD, London, pp. 123-135.

138 Soumya, M. Shettar, Ph.D. 2017



YADAV, H. N., MITTAL, R. K. AND SINGH, H. G., 1967, Correlation studies between
leaf midrib structure and resistance to jassids, Empoasca devastans Dist. in
cotton. Indian J. Agric. Sci.,37: 495-497.

ZUMBA, J. X. AND MYERS, G. O., 2008, Evaluation of the USDA Shafter cotton
(Gossypium spp.) collection for agronomic and fibre traits. J. Cotton Sci.,12: 73-
80.

* Original articles not seen.

Studies on the Host Plant Resistance to Green Leafhopper.......... in Sunflower (Helianthus annuus L.) 139



Mpysore . Agric. Sci., 51(2): 271-275,2017

Field Evaluation of Sunflower (Helianthus annuus 1..) Genotypes for their Reaction
to Green Leaf Hopper, Amrasca biguttula biguttula (Ishida)
(Hemiptera : Cicadellidae) infestation
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ABSTRACT

One hundred and sixty two sunflower (Helianthus annuus 1..) accessions were screened under field
conditions at the Main Research Station (MRS), Hebbal, Bengaluru, during Rabi season of 2015 for their
reaction to leaf hopper, Amrasca biguttula biguttula Tshida infestation. The results revealed that, the ten
accessions viz., RH-95-C-1, AHT 12, OPV 2, CMS 103 B, KBSH 53, KBSH 72, OPV3, NCP 198, KBSH 1 and AHT
13 showed resistance reaction, whereas, DRSF 108, RHA 284, EC 734840, EC 734844, NCP 22, NCP28, KBSH 41,
Morden and UASB 560 were found to be highly susceptible. Among the remaining accessions, 101 accessions

were moderately resistant and 43 accessions were in the susceptible category. The spatial distribution of the

leathopper studied on sunflower entries during two different phenological stages of the crop (45 and 75 DAS)

revealed that the leathopper confined maximum population to the middle portion of the plant canopy, followed

by top portion during both growth stages in the level canopy of sunflower.

Keywords: dmrasca biguttula biguttula, helianthus annuus, field screening, resistance, canopy distribution

In Sunflower (Helianthus annuus L.) the work for
the development ofinsect resistant cultivar / hybrid in
particular reference to sucking pests, is still in its
infancy. It is an elite oilseed crop of our country with
high quality edible oil and wider adaptability and
occupies an area of 7.21 lakh hectares with a
production of 4.99 lakh tonnes and a productivity of
692 kg / ha. However, Karnataka occupies first position
in India by accounting for an area of 3.84 lakh ha, a
production of 1.93 lakh tonnes and productivity of 503
kg / ha (Anon., 2013). Although sunflower crop has
the yield potential of 2.0 to 2.5 tonnes / ha under
favourable conditions, its mean productivity levels are
quiet low in India, mainly due to several biotic and
abiotic stress factors. Among the bioticfactors, the
attack of insect pests is the major limiting factor in its
successful cultivation.

Of the 251 insect and acarine species that have
been recorded on sunflower at the global level
(Rajamohan, 1976), insect pests like Capitulum borer,
Helicoverpa armigera (Hub.); Green semilooper,
Thysanoplusia orichalcea (Fab.); Bihar hairy
caterpillar, Spilarctia obliqua (Walker); tobacco
caterpillar, Spodoptera litura (Fab.); cabbage

semilooper, Trichoplusia ni (Hub.) and leaf hopper,
Amrasca biguttula biguttula were considered to be
of major economic importance in India (Basappa,
1995; Jagadish et ai., 2004).

Leathoppers, A. biguttula biguttula
(Homoptera : Cicadellidae) are the important sucking
pests of sunflower in India (Rana and Sheoran, 2004).
Both nymphs and adults suck the plant sap and their
severe infestation leads to curling of leaves and the
characteristic “hopper burn” symptom. Crop loss due
to insect pests in sunflower varies from region to
region. As a result of severe outbreak of seedling
pests, the plant stand of sunflower crop could be
reduced by more than 30 per cent (Basappa and
Bhat, 1998). The leaf hopper alone causes crop loss
ranging from 18.5 to 46.3 per cent in Maharashtra
(Anon., 1979).

Many insecticides are being used to control the
pest complex of sunflower, which pose health and
environmental hazards. Plant resistance is a potential
alternate management strategy to reduce such pest
damage, since it is eco-friendly, cost effective and can
be integrated with cultural and biological control
measures (Chirumamilla et al., 2010).
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Since host plant resistance can be effectively
exploited and utilized against sucking pests (Saritha
et al., 2008), the present investigation was undertaken
to screen sunflower germplasm for resistance against
leaf hopper under field conditions.

MATERIAL AND METHODS

The study was conducted at Main Research
Station, Hebbal, Bengaluru, Karnataka falls under the
eastern dry Agro-climatic zones of Karnataka state
during Rabi secason 2015. The experiment was
sown on Nov. 13, 2015 in unreplicated rows of 4 m

length.

The experiment was initiated in order to determine
the sources of resistance to leaf hopper population, of
which 162 germplasm lines and experimental hybrids
were screened under field conditions for their reaction
to the leaf hopper. Observations on mean leaf hoppers
per plant and hopper burn injury were recorded on
45% and 75% DAS. All agronomic practices were
followed as per the Package of Practices, UAS,
Bengaluru (Anon., 2015).

For recording leaf hopper population, five plants
of each entry were randomly selected and labelled
for recording observations both at 45 and 75 DAS.
The observations were recorded on two upper leaves,
two middle leaves and two bottom leaves of plant
canopy and later it was expressed as mean number
per plant (i.e., mean no. / six leaves / plant). Both
nymphs and adults were counted.

Hopper burn injury was recorded on the same
five labelled plants in each entry following a 0 to 5
scale (Anon, 2013) and expressed as mean injury
grade per plant.

Based on the leaf hopper injury grade, the
accessions were categorised as detailed below. In that
ten entries were categorised as resistant and nine
entries were highly susceptible. Germplasm entries of
sunflower were screened for evaluating their
resistance potential against A. biguttula biguttula and
the same set of entries were used for studying canopy
distribution pattern of sunflower by counting the
number of leaf hoppers at two top, two middle and
two bottom leaves.

Leaf hopper Resistance
injury grade category™
01 R
MR
S
45 HS

Note: R: Resistant, MR: Moderately Resistant,
S: Susceptible, HS: Highly susceptible

RESULTS AND DiscussioN

The results revealed that mean population of leaf
hoppers ranged from 0.50 to 2.66 and 0.83 to 5.66 the
infestation at 45 DAS and 75 DAS, respectively, across
the different genotypes and hopper burn injury grade
ranged from 0.00-1.80 and 0.40-4.60 at 45 DAS and
75 DAS, respectively.

Based on the observations ten accessions viz.,
RH-95-C-1, AHT 12, OPV 2,CMS 103 B, KBSH 53,
KBSH 72, OPV3, NCP 198, KBSH land AHT 13
had relatively lower leaf hopper population (< 1.0
hopper / plant) and hopper burn injury grade (0-1) than
other accessions and were grouped as resistant,
whereas, nine accessions viz.,, DRSF 108, RHA 284,
EC 734840, EC 734844, NCP 22, NCP28, KBSH 41,
Morden and UASB 560 recorded the highest mean
populations (>3 hoppers / plant) and hopper burn injury
scale (>3 injury grade) and based on the mean injury
grade these entries were rated as highly susceptible.
Among the remaining accessions, 101 accessions were
rated as moderately resistant and 43 accessions were
rated as susceptible (Table I). Rana and Sheoran
(2004) reported that the hopper population ranged from
a minimum of 2 on HSFH 848 to a maximum of 4 per
plant on KBSH 1. This result was contradictory with
the present findings whereas, Bhat and Virupakshappa
(1993) observed some hybrids such as KBSH 8 and
KBSH 1 recorded the least damage. Morden recorded
the highest leaf hopper population at both 45 and 75
DAS (2.66 and 5.66 per plant), respectively. Suganthy
and Uma (2011) reported a maximum of 28 hoppers
per plant in Morden and they consider Morden as
susceptible check.

The present investigation has revealed that the
genotypes RH-95-C-1, AHT 12, OPV 2,CMS 103 B,
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TaBLE 1

Categorization of sunflower genotypes for leafhopper resistance based on mean population of
leafhoppers and hopper burn injury grade

Resistance category Name of the genotypes

Resistant RH-95-C-1, AHT 12, OPV2,CMS 103 B, KBSH 53, KBSH 72, OPV3, NCP 198, KBSH 1, AHT 13(10)

KBSH44, $-207, RSFH 130, RHA 93, GK VK-2, M-17R, AHT 1, AHT 2, AHT 4, AHT 6, AHTS, AHT9,
AHT 10, THT 241, THT 242, THT 243, THT 245, THT 246, THT 247, THT 248, THT 250, THT 252, THT 253,
THT 558, THT 711, THT 741, THT 750, THT 764, THT 775, THT 795, THT 802, THT 881, THT 879, THT 878,
THT 877, THT 848, THT 845, THT 843, IHT 815, IHT 807, IHT 888, IHT 891, IHT 913, THT 937, IHT 943,
THT 948, THT 951, THT 960, THT 971, THT 972, THT 975, THT 976, THT 990, THT 997, THT 1061, THT
1089, KBSH 71, KBSH 73, KBSH 75, KBSH 76, GMU 440, GMU 520, TCSH1, EC78484877, EC
734887, E17ARHA 469, GMU 601, GMU 604, GMU 606, GMU 607, GMU 608, GMU609, GMU 612,
GMU 613, GMU 614, GMU 615, GMU 616, GMU 617, GMU 618, GMU 619, GMU 621, GMU 622,
GMU 623, GMU 624, GMU 626, GMU 627, GMU 628, GMU 630, GMU 631, GMU 633, GMU 634,
GMU 636, GMU 637, GMU 639, GMU 640, GMU 641, GMU 642, GMU 644 (101)

Moderately resistant

EC734846, RHA 378, X15WB, AHT 3, AHT 5, AHT 7, AHT 11, THT 238, ITHT 239, THT 240, THT 249,
THT 251, THT 591, IHT 712, IHT 731, IHT 731, IHT 737, IHT748, IHT 752, IHT 753, THT 754, THT 837,
THT 821, THT 936, THT 952, THT 956, THT 980.THT 981,IHT 995, KBSH 74, RHA 467, GMU602,GMU
603, GMU 605, GMU610, GMU611, GMU 620, GMU 625, GMU 629, GMU 632, GMU635, GMU 643,
GMU645 (43)

Susceptible

Highly susceptible DRSF 108,RHA 284, EC 734840, EC 734844, NCP 22, NCP28, KBSH 41, Morden, UASB 560 (9)

KBSH 53, KBSH 72, OPV3, NCP 198, KBSH 1 and Spatial distribution pattern of leafhopper in

AHT 13 are resistant to A. biguttula biguttula by
virtue of recording both relatively lower pest population
and injury grade. Thus, the 19 entries (having extreme
reactions to leaf hopper) (Table II) will be subjected
to further tests both under field and artificial conditions,
to confirm the resistance and susceptibility so that, it
will help in further determination of morphological
and biochemical basis for leaf hopper resistance in
sunflower.

The results of the present investigation pertaining
to the field screening were similar to the reports of
Nagaraju ef al. (2004), Anonymous (2006, 2007 and
2008) who screened several entries against
leathoppers, by the same methodology, however, their
results cannot be compared with the present
investigation as the entries / cultivars used by them
differ and so also the seasonal variations.

sunflower crop canopy

There was significant difference between the
population of leathopper within the crop canopy at both
45% DAS (CD=0.071) and 75% DAS (CD=0.42).
During rabi 2015, leathopper population (45% DAS
and 75% DAS)was highest in the middle (3.58 / plant
and 5.78 / plant), followed by top (2.95 / plant and
4.66 / plant) and least in the bottom (1.5 / plant and
2.11/plant) at 45 DAS and at 75% DAS, respectively.
However, there was no significant difference between
top and middle crop canopy at 75 DAS (Table III).
These finding however, do not agree with those of
Jayaramaiah and Jagadish (1996) in case of Myzus
nicotianae in tobacco probably due to differences in
the host plant and pest species involved. Nevertheless,
it indicates that middle level canopy is the most
preferred site in sunflower for colonization by
leathopper.
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TasLEII

Entries showing resistance and high
susceptibility short listed for further studies.

A Resistant entries

Entries Mean no of quper burn
leathoppers / plant injury grade
45DAS 75DAS  45DAS  75DAS

RH-95-C-1 050 0.83 0.20 1.00
AHT 12 0.66 0.83 0.00 0.80
OPV2 0.66 0.66 0.00 1.00
CMS103B 050 0.83 0.20 0.60
KBSHS53 0.66 0.83 1.00 0.60
KBSH72 0.66 0.83 0.00 1.00
OPV3 0.66 0.83 0.40 0.40
NCP198 0.66 133 0.00 1.00
KBSH1 0.50 0.66 0.80 0.60
AHT 13 133 1.00 1.00 1.00

B. Highly susceptible entries

DRSF 108 2.00 3.66 1.20 340
RHA284 1.83 316 0.80 4.00
EC734840 1.83 3.66 1.80 420
EC734844 166 350 1.60 320
NCP22 1.83 316 1.00 2.80
NCP28 216 350 0.60 3.00
KBSH41 233 4.66 1.00 440
Morden 2.66 5.66 1.40 4.60
UASB560  1.66 3.00 1.20 3.60
TapLE 111

Spatial distribution pattern of leafhopper in
sunflower crop canopy

45days 75days

Bottom Middle Top Bottom Middle Top

Mean 1.5 3.58 2:95 2.11 5.78 4.66
leathoppers (1.08a) (1.49¢c) (1.37b) (1.19a) (1.81b) (1.65 b)
per leaves

+=SD 1.31 1.48 1.52 1.63 2.48 1.89
SEM+ 0.032 0.15
CD at P=0.05 0.071 0.42

The present findings are contradictory to those
of Mahto (1990) who revealed that at lower canopy
level of sunflower , leathopper was significantly more
in number than other two levels. He did not find
significant difference in nymphal population between
middle and upper leaves.

The overall incidence of leathopper per six leaves
and hopper burn injury grade recorded in sunflower
during rabi 2015. Totally 19 entries (i.e., resistant and
9 highly susceptible) were shortlisted and subjected to
artificial screening to ascertain consistent reaction of
these entries for leathopper infestation. The spatial
distribution of the leathopper studied on sunflower
entries during two different phenological stages of the
crop (45 and 75 DAS) revealed that the leathopper
confined maximum population to the middle portion of
the plant canopy, followed by top portion during both
growth stages in the level canopy of sunflower.
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ABSTRACT

Host plant resistance is a potential alternate management strategy to reduce pest
damage, since it is eco-friendly, cost effective and economic alternative to chemical
control of leafhopper (Amarsca biguttula biguttula Ishida). Therefore twenty four
varieties, one parental line, thirteen restorer lines, twenty germplasm entries and thirty
one hybrids were sown on 6™ november 2016 in unreplicated single rows of row length
4m each. Two leaves each at basal, middle and top level of canopy was examined at 75
days after sowing for leafhoppers number and hopper burn injury. Out of 104 entries
screened, ten entries were recorded very less number of leafhopper and hopper burn
injury in the range of 0.66-1.00 and 0.4 -1.0 respectively. While nine lines were highly
susceptible with highest leafhopper load (3.50-5.66 per plant) and hopper burn injury
(3.20-4.60 per plant). Distribution of leafhopper was maximum in the middle canopy
(6.37+2.2 per plant) followed by that in the top canopy (5.16+1.82 per plant) and least in
the bottom canopy (2.77+1.46 per plant) indicating that insecticidal sprays or release of
biocontrol agents should be directed mainly towards middle and top level canopy for
effective management of leafhopper. The results imply that, the 10 entries having very
less leafhopper population and hopper burn injury proved as good source of leafhopper

resistance.

Key words: sunflower, leafhopper, resistance
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Introduction

In India, sunflower (Helianthus annuus L.) production is hindered due to
susceptibility of crop to various biotic and abiotic stresses. Among the biotic stresses
leafhopper (Amrasca biguttula biguttula Ishida: Cicadellidae: Hemiptera) poses a major
challenge causing considerable reduction in the yield. The nymphs and adults suck the
plant sap mainly from the lower surface of leaves and inject toxic saliva into the plant
tissue at the time of feeding, resulting into phytotoxic symptoms known as “Hopper
burn”. As a result yellowing, browning, bronzing, cupping and withering, necrosis of
leaves occur and ultimately, the leaves shed prematurely. Crop loss due to insect pests in
sunflower varies from region to region. As a result of severe outbreak of seedling pests,
the plant stand of sunflower crop could be reduced by more than 30 per cent (Basappa
and Bhat, 1998). There are reports of leafhopper alone causing crop loss ranging from
18.5 to 46.3 per cent in Maharashtra (Anon., 1979).among various approaches to manage
this pest, host plant resistance is reliable and economical. Efforts by plant breeders to
develop varieties/ hybrids with inbuilt tolerance to leafhopper are constrained by narrow
genetic base of cultivated sunflower. Therefore, it becomes imperative to screen the
available germplasm for resistance to the leafhopper particularly in the context of

integrated pest management.

Earlier workers have demonstrated that the germplasm entries- 771, 775,892,
1009,1035,1042, 1407,1134,702R, KBSH-8, BSH-1, S-55, EL-61039, 75268 M, 77195,
110737 and 35811 were promising against leafhopper; EC-93442was promising against
white fly and EC-101287 and EC-68414 were promising against thrips, either by
supporting comparatively lesser population or not expressing the cupping symptoms as
compared to the susceptible ones as indicated by Bhat and Virupakshappa (1993).further
entries 364, 1147, 16022, 1139, 90, 777, 1136, 1426, 38, 212, 226, 367, 702, 145, 776,
702, 9, 90, 26, 238, 342, 1089, 25, 342, J375, 2306, 1602, showed promise against
leafhopper, entries- 364, 1139, 873, 1394, 91, 88, 179, 109, 216, 212, 366, 377-1 were

promising against other pests as reported by Anonymous (2000).
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Distribution pattern of sucking pests varies from crop to crop and it is pest
specific, particularly in the tobacco aphid, Myzus nicotianae where aphid density was
highest in the top, one third portion of tobacco canopy followed by middle one third and
it was least in the bottom one-third of the plant as indicated by the work of Jayaramaiah
and Jagadish (1996.)

With this background in mind germplasm entries of sunflower were screened for
evaluating their resistance potential against A. biguttula biguttula and further its canopy

distribution pattern studied in the same trail.
Material and Methods

One hundred four germplasm entries of sunflower were supplied by Indian
institute if oilseed research, Hyderabad were sown on 6™ November 2016, at ZARS,
GKVK, University of Agricultural Sciences, Bengaluru in unreplicated single rows of

row length 4m each (Table 1.)

The experiment was initiated in order to determine the sources of resistance to
leaf hopper population, of which 104 germplasm entries were screened under field
conditions for their reaction to the leaf hopper (Table 2). All the agronomic practices
were followed as per the Package of Practices, UAS, Bengaluru (Anon., 2015).These two

observations were recorded on 45 and 75 DAS.

Table 1. List of sunflower genotypes screened against leaf hopper.

Location ZARS, GKVK
Season Rabi 2016
Entries 104

DAS 06/11/2015
Design Unreplicated single rows
Row length 4m
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Observations were recorded on the following two parameters to assess the

reaction of the entries:
i. Population density counts

The leafhopper population (both nymphs and adults) were recorded in each entry.
Five plants of each entry were randomly selected and labelled for recording observations
both at 45 and 75 DAS. The observations were recorded on two upper leaves, two middle
leaves and two bottom leaves of plant canopy and later it was expressed as mean number

per plant (i.e., mean no. / six leaves/ plant).

ii. Hopper burn injury grade:

The same five plants which were observed for leaf hopper population were again
observed both at 45 and 75 DAS for recording leaf hopper injury grade, which was
assessed in 0-5 scale as per the procedure given by Anon ( 2013) and later it was

expressed as mean injury grade per plant

Rating scale adopted for recording leaf hopper injury grade as per Anon. 2013.

Rating scale Characteristics
0 Free from leaf hopper injury
1 Slight yellowing on edges of leaves upto 30%
2 Yellowing and curling upto 40% of leaves
3 Yellowing and curling upto 60% of leaves
4 Yellowing , curling upto 80% of leaves or 50% edge browning
5 Maximum yellowing, ‘cupping and curling of leaves upto 100% or
complete browning
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Based on the mean number of leaf hoppers present per plant and leaf hopper

injury grade, the screened accessions were categorized as detailed below:

Leaf hopper number / plant Leaf hopper injury grade | Resistance category
0-1 0-1 R
1-2 2 MR
2-3 3 S
Above 3 4-5 HS

NB: R: Resistant, MR: Moderately Resistant, S: Susceptible, HS: Highly susceptible
Results and Discussion

The sunflower crop attains maturity during 75 DAS, in this context the data
pertaining to number of leaf hoppers per plant and hopper burn injury grade at 75 DAS
was considered for drawing conclusions. The results showed that the leafhopper number
and hopper burn injury per plant was in the range of 0.00 to >3.00 and 0-5 (Table 2).
Based on the observations, the 104 germplasm lines were categorized into four
infestation ranges, namely, zero and 0-1 (resistant), 1 to 2 and 2 (moderately resistant), 2-

3 and 3 (susceptible) and >3 and 4-5 (highly susceptible).

Based on the observations ten accessions viz., RH-95-C-1, AHT 12, OPV 2,CMS
103 B, KBSH 53, KBSH 72, OPV3, NCP 198, KBSH 1 and AHT 13 had relatively
lower leaf hopper population (< 1.0 hopper/ plant) and hopper burn injury grade (0-1)
than other accessions and were grouped as resistant , whereas, nine accessions viz., DRSF
108, RHA 284, EC 734840, EC 734844, NCP 22, NCP28, KBSH 41, Morden and UASB
560 recorded the highest mean populations (> 3 hoppers/ plant) and hopper burn injury
scale (>3 injury grade) and based on the mean injury grade these entries were rated as
highly susceptible. Among the remaining accessions, 51 accessions were rated as
moderately resistant and 34accessions were rated as susceptible (Table 3). Since, Rana
and Sheoran (2004) reported that the leafhopper population ranged from a minimum of 2
on HSFH 848 to a maximum of 4 per plant on KBSH 1. This result was contradictory
with the present findings whereas, Bhat and Virupakshappa (1993) observed some
hybrids such as KBSH 8 and KBSH 1 recorded the least damage. Morden recorded the
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highest leafhopper population at both 45 and 75 DAS (2.66 and 5.66 per plant),
respectively. Suganthy and Uma (2011) reported a maximum of 28 hoppers per plant in

Morden and they consider Morden as susceptible check.

The distribution patter of leafhopper in crop canopy (Table 3.) showed maximum
population in the middle level canopy (6.37/ plant) as compared to the top (5.16/ plant)
and bottom level canopy (2.77/ plant). These finding though do not agree with those of
Jayaramaiah and Jagadish (1996) probably due to differences in the host and pest species
involved. Nevertheless, it indicates that middle level canopy is the most preferred site in
sunflower for colonization by leafhopper, implying that any sort of leafhopper
management operation either, biological or chemical, should be focused towards middle

and top level canopy of sunflower crop.
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Table 2. Reaction of sunflower germplasm entries to leafhopper infestation

Leafhopper
no per plant

Hopper
burn injury
per plant

Genotypic
reaction to
leafhopper

Germplasm entries

0-1

Resistant

RH-95-C-1, AHT 12, OPV 2,CMS 103 B, KBSH
53, KBSH 72, OPV3, NCP 198, KBSH 1, AHT 13
(10)

1-2

Moderately
resistant

KBSH 71, GKVK-2, GKVK- 1 RHA 630, RHA
378, RHA 265, UASB 929, UASB934, UASB788,
UASB 771, NCP 32, RHA 589, RHA 275, REC
443, RHA 272, RHA 272, RHA 265, LTRR-83-
273, OPV-6, OPV-4, EC734877, KBSH 75,
RSFH130, KBSH 74, RHA- M-17R, KBSH1,
AHT 1 AHT 4, AHT 6, AHTS8, AHT9, AHT 11,
NCP 198, IHT 239, IHT 241, IHT 242, IHT 244,
IHT 245, IHT 246, IHT 248, GMU 611, GMU
612, GMU 613, GMU 615, GMU 616, GMU 609,
GMU 612, GMU 613, GMU 614, GMU 619,
GMU 620

Susceptible

KBSH 44, RHA 275, EC734873, EC734874,
RHA 589, RHA 857, UASB 933, UASB 932,
UASB 790, RHA 857, REC 447, GPR 135, OPV
5, KBSH 73, KBSH 76, RHA 469, AHT 2, AHT
3, AHT 5, AHT 7, AHT 10, EC73846, IHT 238,
IHT 240, IHT 243, IHT 247, IHT 249,
GMUG604,GMU 606, GMU610, GMU 614, GMU
617, GMU 618

Above 3

45

Highly
susceptible

DRSF 108,RHA 284, EC 734840, EC 734844,
NCP 22, NCP28, KBSH 41, Morden, UASB 560

(9)

Table 3. Spatial distribution pattern of leafhopper in sunflower canopy

Crop canopy

Top Middle Bottom
Mean leafhopper no per plant 5.16 6.37 2.77
+ SD 1.82 2.22 1.46
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