“MECHANISM OF RESISTANCE INVOLVED IN
BROWN PLANTHOPPER (BPH) Nilaparvata lugens

(Stal.) RESISTANT DONORS OF IGKYV,
RICE GERMPLASM”

THESIS
Submitted to the
Indira Gandhi Agricultural University, Raipur

in partial fulfilment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY
IN

ENTOMOLOGY

By
@Lanem[ra Q{umar &amx

DEPARTMENT OF ENTOMOLOGY
INDIRA GANDHI AGRICULTURAL UNIVBRSITY

COLLEGE OF AGRICULTURE
RAIPUR (M.P,)

1998



INDIRA GANDHI AGRICULTURAL UNIVERSITY
COLLEGEOFAGRICULTURE,RAIPUR(M.P.)

CERTIFICATE-I

This is to certify that the thesis entitled "MECHANISM OF
RESISTANCE INVOLVED IN BROWN PLANTHOPPER (BPH)
Nilaparvata lugens (Stal.) RESISTANT DONORS OF IGKV, RICE
GERMPLASM" submitted in partial fulfilment of the requirements for the
degree of DOCTOR OF PHILOSOPHY IN ENTOMOLOGY of the Indira
Gandhi Agricultura University, Raipur (M.P.) isarecord of the bonafide research
work carried out by SHRI DHANENDRA KUMAR RANA under my guidance
and supervison. The subject of the thesis has been approved by Student's
Advisory Committee and the Director of Instructions.

No part of the thesis has been submitted for any other degree or diploma
or has been published/published part has been fully acknowledged. All the
assistance and help received during the course of the investigation has been

duly acknowledged by him.
&1 fFM

Dr. D.J. POPHALY
Chairman of the advisory committee

THESIS APPROVED BY STUDENT'S ADVISORY COMMITTEE

Charman : Dr. D.J. Pophay

Member . Dr. UK. Kaushik = cceeoeeeenne ;f-. e
Member Dr. B.S. Thakur

Member Dr. R.K. Mishra

Member Dr. M.A. Ali

Member Dr. A K. Geda




INDIRAGANDHIAGRICULTURAL UNIVERSITY
COLLEGE OF AGRICULTURE, RAIPUR (M.P.)

CERTIFICATE -1

This is to certify that the thesis entitlted "MECHANISM OF
RESISTANCE INVOLVED IN BROWN PLANTHOPPER (BPH)
Nilaparvatalugens (Stal.) RESISTANT DONORS OF IGKYV, RICE
GERMPLASM" submitted by SHRI DHANENDRA KUMAR RANA to the
Indira Gandhi Agricultural University, Raipur (M.P.) in partial fulfilment of
the requirements for the degree of DOCTOR OF PHILOSOPHY IN
ENTOMOLOGY in the DEPARTMENT OF ENTOMOLOGY has been
approved by the Student's Advisory Committee and External Examiner after

M-

E}CTEF\;NAL EXAMINER

an ora examination of the same.

23l

MAJOR ADVISOR

HEAD OF THE DEPARTMENT

DIRECTOR OFYINSTRUCTIONS



CONTENTS

CHAPTER PARTICULARS PAGE No.
I INTRCDUCTION . 1-7
II REVIEW COF LITERATURE B-36
ITT MATERIAIL AND METHODS 37-47
IV RESULTS: ' 48-78
v DISCUSSION 79-92
VI SUMMARY, CONCLUSION & SUGGESTIONS 93-96

FOR FURTHER WORK

ABSTRACT 97

REFERENCES 98-121

APPENDICES i - x



LIST OF TABLES

1 Plant damage score of isolated resigtant 50-52
donors of BPH Nilaparvata lugens (Stal).

2 Plant damage score of moderately 53-54
resistant cultivars of BPH Nilaparvata
lugens (8Stal) isolated.

3 Amount of honeydew excretion, probing 61
marks, egg laying and plant damage score
of BPH on selected resistant rice
donors.

4 Estimation of total, mono, diphenol and 69
sugar contents in BPH resistant donors.

S Estimation of total phenol, mono phenol, 70
diphenol, sugar content and honeydew
exrection, probing marks, egyg laying and
plant damage score.

6 Path coefficient showing direct and 76
indirect effect of phenol and sugar on
honeydew secretion.

7 Path coefficient showing direct and 76
indirect effect of phenol and sugar on
probing marks.

8 Path coefficient showing direct and 77
indirect effect of phenol and sugar on
oviposition.

9 Path coefficient showing direct and 77

indirect effect of phenol and sugar on
plant damage score.

10 Correlation coefficient of phenol, 78
sugar, honeydew, probing mark, egg
laying and plant damage score.



LIST OF FIGURES

FIGURE No. PARTICULARS PAGE No
1 Layout for screening of rice germplasm 39
lines for resistance to the brown plant
hopper.
2 Plant damage score and honeydew of 62

N.lugens on resistant cultivars.

3 Plant damage score and mark probing of 63
N.lugens on registant cultivars.

4 Plant damage score and ovipositional 64
response of N.lugens o©n resistant
cultivars,

5 Total, mono, diphenol and honeydew 71
excretion of N.lugens on zresistant
cultivars.

6 Total, mono, diphenol and probing mark 72

of N.lugens on resistant cultivars.

7 Total, mono, diphenol and Cvipositional 73
response of N.lugens on resistant
~cultivars.
8 Total, mono, diphenol and plant damage 74
score of N, lugens on resistant

cultivars.



LIST OF PLATES

1 Mass rearing of brown planthopper szecond 37-38
instar BPH population {nymphs)

2 Screening of rice germ plasm against 38-39
brown planthopper (BPH)

3 Uninfested and infested rice varieties. 38-39
4 Feeding test of brown planthopper. 40-41
5 Probing mark test : Staining with 1.0% 42-43

erythrosine solution.

6 Egg laying study of brown planthopper in 42-43
accession of rice germplasm.

7 Registant cultivars : Bhamasur, Badshah 52-53
Bhog, Badshah Bhog and Bhimsen.

8 Resistant cultivars : Chirai Nakhi, 52-53
Chitar Boti and Budha Budi.

9 Resistant cultivars : Benisar and Nawab 52-53
Bhog.
10 Resistant cultivars : Bharda, Bhejari, 52-53

Buda Budi and Bhagi.

11 Honeydew excretion of BPH on resistant 57-58
cultivars : Badshah Bhog and Wishun Bhog.

12 Honeydew excretion of BPH on resistant 57-58
cultivars : Bhejari and Nawab Bhog.

13 Honeydew excretion of BPH on resistant 57-58
cultivars : Badshah Bhog and Chirai
Nakhi.

14 Honeydew excretion of BPH on resistant 57-58

cultivars : Barma Tripal and Benisar.



ACKNOWLEDGEMENT

| feel great pleasure in expressing my deep sense of gratitude to Dr. D.J.
Pophaly, Chairman Advisory Committee and Associate Professor of Entomology,
Indira Gandhi Krishi Vishwavidyalaya, Raipur (M.P.). His valuable guidance,
unique supervision, constant encouragement and constr uctive criticism throughout
the tenure of this investigation and preparation of manuscript proved to be highly
inspiring.

| express my deepest gratitude to members of Advisory Committee Dr. U.K.
Kaushik, Professor and Head (Entomology), Dr. B.S. Thakur, Dr. RK. Mishra,
Dr. M.A. Ali and Dr. AKK. Geda for their excellent guidance and suggestions,
during the course of this study.

| profoundly express my grateful thanks to Dr. RS Tripathi, Dean, College
of Agriculture, Raipur, Dr. RK. Katre, Ex-Dean, Dr. B.C. Shukla, Dr. SA. Dixit,
Dr. Rajiv Gupta, Dr. AK. Dubey, Dr. H.K. Chandrakar, Associate Professors,
Dr. VK. Dubey, Dr. RN. Ganguli, Dr. Y.K. Yadu, Assistant Professors, Shri
Amol Gupta, Research Associate, Entomology, Dr. N.K. Motiramani, Germplasm
Incharge, . G.K.V., Raipur, Dr. Nathani, Associate Professor, Biochemistry, R.S.U.
Raipur, Shri G.V. Prasad, Computer Sectionfor their valuable help in thepresent
work.

| extend my thanks to Shri Raghunath Yadav, S Sahu, D.N. Chandrakar,
K. Verma, Khetro, Sanketan ad Anil, non teaching staff of our department who
were always ready to provide help in this study.

My heart felt thanks go to my friends Shri Vivek Tripathi, G.L. Sahu, Dr.
A.P. Sngh, Dr. A.L. Rathore and Keshav for their cooperation in completing my
thesis.

Finally, words in my command are not adequate either in form of sprit of
convey my depth feelings gratitude to my beloved parents, fathers Shri D.N. Rana
and mother Smt. S Rana, wife Smt. Pritksha Rana, son Chinmay Rana, M.K.
Rana, brothers, sisters and Sweta Bisen whose filial affection, encouragement,
obstinate sacrifice and overflowing blessings have always been the most vital
source of inspiration to me in my undertakings.

College of Agriculture Dhanendra Kumar Rana
Raipur (M.P.)
Dated :



INTRODUCTION




i\

i

\

CHAPTER - |

| NTRODUCTI ON

*

The brown pl anthopper (BPH Nl aparvata |ugens (Stal)
has in recent years caused extensive danage to the rice crop
in Asia. A though an inportant pest in Japan for nany years,
it was formerly only a mnor pest in nmost tropical countries
of Asia. In the past few years, however, the BPH popul ation
have greatly increased and caused severe yield losses in
several countries. Large scale danmage by the insect has been
reported in India, |ndonesia, Philippines and Srilanka, and
infestation of varying degree is now comonly observed in

many countries.

Rce (Oyza sativa L.) is the staple food of nore than
60 per cent of the world s population in which nost of the

peopl e belong to South-East Asian countries. |Its production

was 527 mllion tonnes from 148 mllion hectare gl obal area

and average yield was 3600 kg/ha in 1993. Approximately 92%
of all rice is produced from 90% of global area in Asia

(IRRI, 1995) .

Among the rice growing countries, India has the largest
area of 41.64 mllion hectares but second in production with
72.6 mllion tonnes of paddy during 1994-95. In Madhya
Pradesh, rice is grown in 535 mllion hectares with the

production of 6.46 mllion tonnes during 1994-95, which is



12.8% of total area and 8.9% of total production in the
country. The productivity of rice in India and Madhya
Pradesh is 1744 kg/ha and 1273 kg/ha, respectively (Agril.
Statistics, 1995). The productivity of rice in Chhattisgarh
region of M.P. is only about 1000 kg/ha which is very |ow
due to various constraints anong them danage caused by
Insect-pest is one of the major constraints in reducing

grain yield.

In Southern states of India, where the rice crop Is
grown round the year, the pests viz., Stem borer, |eaf and
planthoppers, gall m dge and Wworl maggot are mai nly
responsible for low grain yield. But in Madhya Pradesh and
particularly in Chhattisgarh region the pest problem is
altogether different to that of Southern states. |In order of.
severity, the rice gallmidge, |leaf and planthoppers,
stemborer, caseworm, |eaf folder and rice hispa are nmajor

I nsect pests.

Wth the spread of high yielding rice varieties and of
intensive cultivation, the brown planthopper, ~Nilaparvata
lugens (Stal), (Honoptera : Del phaci dae) , has becone a very
serious pest of rice throughout tropical Asia since
1970 (Dyck and Thonmas, 1979). It has been known to be widaly
distributed in Southern Asia, since Stal first recorded this
insect in Java in 1854 (Mochidaet al., 1977). It feeds ON

the basal portion of the rice plant by sucking the plant sap



through stylet and consequently plugging xylem and phloem
tubes of the leaf sheaths. Light infestations reduces plant:
hei ght, the nunber of productive tillers, crop vigour and
I nduces the production of unfilled grains (Bae and Pathak,
1970). Heavy infestations cause conplete drying or
"Hopperburn" of the crop (Kisinoto, 1960). In addition to
the direct feeding danmage, this pest is also a vector of the
grassy stunt virus which makes its status as a pest even

nore serious (Rvera et al., 1966).

Brown pl anthopper (BPH has becone a very serious pest
of rice in India. Athough the pest was first reported In
Kerala during 1958 and 1962, the first severe outbreak
occurred in Kerala in 1973-74, damagi ng about 50,000 ha of
rice (Ba et al. 1992). In Chhattisgarh region of Madhya
Pradesh severe outbreak of BPH was occurred in 1976,
resulting 34.4 per cent yield loss (Gangrade et al., 1978).
Subsequently, it has been reported frommany other states of
India viz., Andhra Pradesh, Bihar, Haryana, Qi ssa, Punjab,
Tam| Nadu and Utar Pradesh. Gain loss were also neasured
which ranged from 10 per cent in noderately affected fields
to 70 per cent in severely affected fields (Kulshreshtha et

al., 1974).

H nckley (1963) estinmated loss of US$ 50,000 when BPH
destroyed about 22% of the rice crop in 2800 ha in Fiiji.

Dyck and Thomas (1979) estinmated the nonetary |osses due to
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BPH danage and grassy stunt virus to the extent of us$
311.62 mllion in eleven Asian countries and in India al one

US$ 20 mllion, including US$ 12 nmillion in Kerala state.

Attenpt to control this pest with chemcal nethods has
given rise to many problens viz., resurgence, insecticidal
resistance to BPH destruction of natural enemes. The use
of chemcals to control this pest is beyond the capacity of
margi nal farners. Mreover towards the naturity stage of
crop growth, application of insecticides causes presence of
their residues in rice bran and straw above the tol erance
| evel (Rajukkannu et a1., 1988). An outbreak of brown
pl ant hopper in Thailand during April 1988 due to the
application of nonocrotophos for the control of other pests

(S ndhusake et al., 1988).

The uncritical use of pesticides in the wake of the
green revolution in many Asian countries has upset the
ecol ogi cal bal ance. The nost dramatic evidences of this was
recorded in Indonesia where the rice brown planthopper, a
minor pest before the green revolution, infested rice orops
in Java and North Sumatra in 1976-77. In a bid to control
the outbreak, the aircraft balanketed nmore than one million
hectare rice fields with pesticides, but to no avail

(Anonymous, 1990).

Therefore, looking to the figures of economc 1losses,

pesticides hazard and environmental pollution; devel opnent



and use of resistant variety is not only cheapest but it is

safest nethod to control this pest.

Fortunately, the world’s second largest (21,000
accessions) rice germplasm collection of Chhattisgarh region
of M.p. established by Dr. R H Richharia during 1971 to
1981 (sharmaet al., 1987) is available at 1.6.K.V., Raipur
(I'ndia) which needs to be tested systematically. The
i nportance of this gernplasm needs no enphasis. This has
been stressed many tines both at National and International
| evel s particularly in context of fast spread of high
yielding varieties resulting in large scale erosion of

useful genes (R chharia, 1979 and Chang, 1985).

An interesting point is that the nost of natural
gernplasm with the developing countries like India, Europ,
Japan, Indonesia. Inspite of this fact, gene hunters of
devel oped countries have made best use of these basic

material for socio-economc growh and devel opnent.

In nost cases host plant resistance is biochemcal in
nature and phytochem cals involved are nostly belong to five
groups |ike aectogenins, alkaloids, flavonoids, glycosides,
i soprenoids etc. (Pathak and Dale, 1983). These chemcals
act as feeding deterrents, growth inhibitors, toxicants and
al i ke. Besides such secondary plant substances, certain

principal nutrient contribute towards susceptibility of host



plant. Wile information is available on performance of
certain chem cal s acting as pr obi ng/ sucki ng
stimulants/deterrents against the brown planthopper,
Nilaparvata lugens (Sogawa, 1982). The follow ng phenolic
substances are present in rice plants, P-Coumaric acid, p-
hydr oxybenzoi ¢ acid, ferulic acid, vamllic acid,
chlorogenic acid, and several flavonoids (Kuwatsuka and

Oshima, 1961).

Chem cal ecol ogy of host plant is a conpl ex phenomenon.
Variety of chemcals are released by the host plant as a
def ense mechani sm under selective environmental situation.
Even this is a step-wise chem cal reason, depending on
vari ous ecological situation. 1In general phenols are
wi despread in plant kingdomand said to offer resistance to
insect and disease attack. Therefore, estimation of total
phenol was a nmain target in biochemcal studies in host-
plant information studies. Phenols react with Phosphomolybic
acid in folin Ciocaltau reagent in al kaline medium and
produce blue coloured conplex. Phenols chemcal structure
based on the aromatic al cohol phenol are predominantly

hydrophilic.

Brown planthopper Nilaparvata lugens is a serious
insect pest of rice in Chhattisgarh region of Madhya
Pradesh. It is occurring every year in irrigated rice and

created unprecedented pest control problens in past few



years. Its severe outbreak was observed in 1975. Chem ca

protection neasures are loosing its ground day by day for
many reasons, Viz. resurgence, devel opnent of insecticida

resistance to insect and towards the maturity stage of crop
growt h, application of insecticides |ike monocrotophos,
qui nal phos etc., leave their residues in rice bran and straw
above the tolerance level and also cause destruction of
natural enemes. By and large, use of chemcals is beyond
the economc capacity of marginal farners. Moreover,

N.lugens virulent prolific populations a constant threat to
the stability of resistant/tolerant varieties. Thus to stay
ahead of the problem it 1s necessary to be well equi pped
wth new BPH resistant genetic material with inbuilt known

mechani sm of resi stance.

In view of above facts and situation, the follow ng
studies were carried out in controlled condition of

gl asshouse

1. | sol ation of brown pl ant hopper (BPH) N | aparvata lugens

(Stal) resistant donors fromrice germplasm.

2. Probi ng behaviour of BPH insect in selected resistant
donors.

3. Egg | aying responses in selected resistant donors.

4. Bi ochem cal basis of BPH resistance in sone selected

donors.
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CHAPTER - 11

REVI EW OF LI TERATURE

The brown planthopper, Nilaparvata lugens (Stal)
bel ongs to the fam|ly Delphacidae and order Heni ptera.
Thr oughout the world, fourteen determ ned and two under m ned
species are reported as the nenbers of genus Nil aparvata
(Mochida, 1977) of which N lugens is recognized as a

serious pest of rice (Nasu, 1964).

The occurrence and evolution of prolific biotypes of
BPH is a constant threat to the stability of the present
pest resistant rice (O sativa) varieties presently under
cultivation (Pathak and Saxena, 1980). A biotype of the BPH
is generally referred to as popul ati on which has a specific
ability or inability to survive on and infest rice varieties
wth specific genes for resistance to this insect. The
popul ation which can not infest any varieties wth
resi stance genes is called biotype 1, while those popul ati on
infesting resistant varieties carrying Bph 1 and bph 2 genes
are described as biotypes 2 and 3, respectively (IRRI,
1976). Five different BPH biotypes are known (TARI, 1981)

till now

The possibility of devel opi ng BPH bi ot ypes on resi st ant
rice varieties was anticipated as early as 1969, soon after

the first discovery of BPH resistant variety Midgo (IRRI,



1970). One of the maj or di sadvant age associated with the use
of resistant varieties is the devel opnent of new biotypes

whi ch are capable to overcone the resistance (Glass, 1975).

Resistant varieties were released for commerci al
cultivation but the situation becanme alarm ng when
resi stance of these varieties was no |onger function because
of the selection of virulent biotypes of the pest, in
| ndonesi a (Harahap, 1979), Philippines and Vi etnam (Khush,
1979) and Solonon Islands (Stapley, 1974). Studies have
i ndicated that biotype selection can occur within a

relatively short period of tinme (Pathak & Heinrichs, 1982b).

For instance, three years after its release, IR-26
becone susceptible in Philippines in 1975, are the sane
sequence of biotype devel opnent occurred in India (Krishna
et al., 1976); Indonesia (Mchida et al., 1977; Cka, 1978)

and Solonon Islands (Stapley et al., 1979).

Resistant cultivars wth bph 2 gene have been
identified at the IRRI such as ‘IR36’ and ‘IR42’ were
released and are widely cultivated in the Philippines and
| ndonesia (Khush, 1984) . The resistance of IR 42 was
reported to have "Broken down" in Indonesia due to the
devel opnent of new biotype (Cka and Bahagiawati, 1984) and

IRS6 with the Bph 3 gene was rel eased.



Seven differential donors tested at Raipur with | ocal
popul ati on of BPH showed variations in reactions as conpared
to IRRI BPH population. Simlarly twenty one IR varieties
exhibited differences when the results were exam ned against
3 BPH biotypes at IRRI. Thus, conclude that, the Rai pur BPH
population is different from that at IRRI. Corollary to
this, fifteen Pattambi BPH donors also behaved dissimlarly
towards Rai pur BPH popul ation, thereby indicating Pattanbi

BPH popul ation to less virulent than that of Rai pur (Pophaly

and Rana, 1994).

The brief review has been presented on follow ng sub

heading:

1. | solation of resistant donors
2. Screening of rice germplasm
3. Mechani sm of resi stance

4. Feedi ng test
5. Mar k probi ng test
6. Qvi posi ti onal response

7. Bi ochem cal studies

2.1 |Isolation of resistant donors

Brown pl anthopper biotype 1, 2 and 3 are being
mai ntai ned as isolated inbred population at IRRI. Biotype 1
was kept on susceptible Taichung native 1 (TN1l) since 1965.
Biotype 2 and 3 were developed from natural popul ation by

forced breeding on the resistant variety Mudgo with Bph 1

10



and ASD 7 with bph 2 genes, respectively (IRRI, 1976). BPH
is being carried on 40 to 50 days old plants inside of 0.5 X

0.5 x 1 m cage described by Pathak and Khush (1979).

Lee et al. (1983) Japonica varieties Mlyang 64,
Mlyang 65 and MI|yang 66 were devel oped as new elite lines
at Yeongnam Crops experinent station in 1981. M|yang 64 was
produced froma cross between M| yang 15 and chock 48-1 and
MIlyang 65 and 66 were devel oped from crosses between
Mlyang 15 and chock 48-5. MIlyang 64 and 66 were resistant
to biotypes 1 and 2 at seedling stage and MIlyang 65 were

resistant to biotype 1.

The BPH popul ation of Hyderabad and Pantnagar is
nai nt ai ned separately on 30 to 50 days old potted plants of
TN1 variety in glasshouse to prevent any possible m xing.
Qoti num tenperature of 27+3° and relatiwe humidity 65 to 85
per cent were provided for better multiplication and

survival of the insects (Bhattacharyyaet al., 1983).

Ito et al. (1994 Bi otypes of brown planthopper
popul ations collected in and around the Mida area in
Peni nsul ar Mal aysia in 1989 and 1990 were exani ned by
conpari ng the amount of honeydew excreted by the female
adults on 5 standard rice varieties : Midgo (which has the
Bph 1 gene for resistance to the brown pl anthopper) , ASD 7
(bph 2), Rathu Heenati (Bph 3), Babawee (bph 4) and TN1 (no

resi stance genes) . Most popul ations from the Miuda area

11
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showed simlar biotypical properties regardless of the
collection sites or crop seasons. Anong the 4 resistant
varieties used, high nortality was recorded on Rathu Heenat i
and Babawee. A relatively larger anount of honeydew was
discharged on ASD 7; this was followed by Midgo. Little
honeydew excretion was recorded on Rathu Heenati and
Babawee. A simlar trend was also observed in nopst
popul ations collected fromother sites on the west and east
coasts of Peninsular Ml aysia. Two explanations are
considered for this phenonenon, i.e., these biotypes had

devel oped in Malaysia or immgrated from Sumatra, | ndonesi a.

Ni | aparvata |ugens was nass reared by Pophaly and Rana
(1995) throughout the year in glasshouse at 30°c + 5°C on
potted TN1 variety to get the steady supply of insects for

vari ous studi es.

2.1.1 Screening of rice gernplasm:

India is very rich in plant genetic diversity.
CGernplasmcarries gene pool and utilizatioin of this genetic
diversity to a fullest length is still inconplete. WMany
scientists evaluated rice gernplasm material pooled from
various sources and tested against brown planthopper (BPH

insect.

A total of 515 AC varieties fromgenetic stock screened

against BPH at Quttack, India. 21 were found resistant and 8



noderately resistant. Qut of few hundred varieties, 10 AC
and Ptb 10, Ptb 21 and MNP 76 were found to be resistant
(CRRI, 1977; 1978 Annual Report).

At Coinbatore, 988 entries were eval uated agai nst BPH
and 22 were identified as prom sing (Bal asubramanian et al.,
1978). A total of 6170 rice varieties representing to many
germplasm bank or genetic stock were screened agai nst BPH.
Qut of these 112 and 167 varieties found to be resistant and
noderately resistant, respectively (Misraet al., 1978; 1983

and M sra, 1982).

Over 35,000 gernpl asm accessions and breeding nateri al
have been eval uated agai nst BPH at Hyderabad since 1973. As
a result about 600 resistant donors have been identified
(Kalodeet al., 1979; 1983). The first high yielding variety
IR 8 released by IRRI, resulted in energence of N lugens as
a pest, major genes Bph 1 & bph 2 were identified by Pathak
and Khush (1979) from traditional varieties of India and

Shri Lanka.

Al together 187 gernplasm of rice were screened agai nst
two ecologically isolated popul ations of BPH from Pant nagar
and Hyderabad. Two rice accessions nanely, Mnohar sali and
T 1415 proved to be resistant to BPH Pantnagar popul ation
and noderately susceptible and susceptible to Hyderabad
popul ati on respectively. However, eight cultivars have

exhibited resistance reaction against Hyderabad BPH

13



popul ation. Anong these only three were npderately
resistant, while the remaining five totally succunbed to
Pant nagar popul ati on. These observations indicated that
Pant nagar and Hyderabad popul ations differ considerably

(Bhattacharyya et al., 1983).

Mshra et al . (1983) a total of 2297 ARC, 317 AC, 750
JBS and 1000 NCS cultivars were screened against the rice
brown pl anthopper under artificial i nfestation. The
resistant cultivars included 34 ARC, 3 AC, one JBS and 6 NCS
while 70 ARC cultivars and 31 NCS varieties were found to be

noderately resistant.

A total of 50,423 rice accessions tested agai nst BPH at
IRRI during 1967 to 1984. Qut of these, 555 accessions were
found to be resistant (Heinrichs, 1984). Thirty accessions
have been reported as highly resistant, out of 465
accessions evaluated at Coinbatore (Velusany and Chelli ah,

1984) .

Lei et al. (1984) of 313 rice varieties screened, 37
cultivars were resistant at the seedling stage and 53 showed
resistance in the field. Arong the resistant varieties were
cultivars fromlIndia, Srilanka, |ndonesia, Thailand, 1IRRI,
Tai wan, Chi na, Japan, Barma, Ml aya and Paki stan. Mudgo, BG
367-8 and BG 367-9 have suitable chracteristics and are

bei ng used in the breedi ng progranme.



Four varieties of IR series (IR56, IR 58, IR 60 and IR
62) were found to be resistant to BPH biotype 1, 2 and 3
(Heinrichs et al., 1985). Five varieties nanely ASD 11, |ET
5741, |1ET 6315, T7 and Vv.P. Sanba were identified as BPH

resistant at Coimbatore (Velusamy, 1985).

The rice varieties IR 5 to IR 64 were evaluated for
resistant to Nephotettix virescens, Sogatella furcifera and
Ni | aparvata lIugens. Only IR 62 and IR 64 were highly
resistant while IR 5 IR 36, IR 42, IR 46 and IR 60 were
noderately resistant to all 3 pests (MVelusany et al., 1986).
O 24 Korean cultivars Gaya, Chilsung and Sangang were
found resistant to Ni |l aparvata | ugens and Cheong cheong was
noderately resistant to Sogatella furcifera. In test of 20
other Korean cultivars, Ballgunchal, Milyang 30, Nanpung and
Hangangchal were resistant to N~N. |lugens (Lee, 1987).
Screening result of eight rice varieties for resistant to
BPH insect in Philippines, Bangladesh, Salonon Islands and
Si Lanka indicated only two varieties viz. Uri Rajapan and
Triveni were resistant in all locations (Medrano et al.,

1987) .

Screening of 185 rice accessions done (Germplasm
collection of M.P., India) at Philippines for resistant to
2nd and 3rd instar nynphs of BPH biotype 1 showed ei ghteen
were resistant and sixteen noderately resistant to BPH

popul ati on accessions viz., Aol esar cross 116, Dudga, Haruma

15



dubraj, Aagyasal and Aagyasar are also known resistant to
bacterial blight disease (Sahu, 1987). The resistance of
hybrid rice to the delphacids Nilaparvata Iugens and
Sogatella furcifera was tested. O 38 cross combinations, 9
were resistant to both pests, 6 to ~N. lugens and 6 to sS.

furcifera (zhang et al., 1987).

Kaneda (1988) reviewed the work on BPH genes for

resi stance and cultivars classified according to the genes

present .
Gene Qultivars
Bph 1 Mudgo, MIU 15, IR 747 B2.6, Tibiriwewa, S0 12,

Sudrvi 305, Andaragahawewa etc.

bph 2 ASD 7, ASD 9, Ptb 18, Ptb 34, 11-105, IR 1154-243,
M1. 329, Hathiel, Mirungakayan 302, 115, PTB 21
(+ Bph 3) etc.

Bph 3 Rat hu Heenati, Ptb 19, Gangl ala, Midu, Kiriyal,
Hondrawal a 378, PTB 33 (+bph 2) etc.

bph 4 Babawee, Kahata Sanba, Kulukuruwee, etc.
bph 5 ARC 10550, Leb Mue Nahng, ARC 15782 etc.
Bph 6 Swar nal at a
bph 7 T 12
bph 8 Thai Col 5, Thai Gol 11, Chin Saba
Bph 9 Kaharamana, Pokkali, Balamawee (70-518).
A total of 200 traditional rice cultivars were screened
for resistance to BPH in M.P., India, in 1987. Anjania,

Badi dhan, Badshah Bhog, Bangoli 3, Budiya bonko, Bansbhira,
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Barhi, Barik Safed, Basangi, Lal Basant, Bataru, Benwar,
Bewara, Banspatri, Bhakawa and Chapdo were resistant (Murthy

et al., 1988).

Rice varieties wth genes for resistance to BPH were
evaluated in Tamilnadu, India. Rathu Heenati, Babawee, ARC
10550, Swarnalata and Ptb 33 were resistant in screening
trials while IR 747-B2-6 and ASD 7 were susceptible
(Velusany and Saxena, 1989). One hundred ninety-five
breeding lines derived fromOryza officinalis were eval uated
against BPH 54 were exhibited high level of resistant to

BPH w th score 1 (\elusany, 1991).

Nearly 1700 entries from national and international
trials and 1830 segregating breeding lines were evaluted to
BPH Onhly eight entries showed high level of resistant in
replicated test. Newly identified noderately resistant
included 3 from Tam | Nadu and 4 from Assam rice germplasm.
RB 2325 (Ratna/Majila) and RP 2335 (Ratna/ ARC 10666) were
two new crosses identified with their promsing performance

to BPH (DRR 1990).

BPH resistant donors such as Ptb 20, Kochuvithu,
Karivennel, IR 1539, Ptb 33, ARC 6650, IR 1561 and nodern
varieties such as IR 8, IR 11, Triveni and Jaya were used in
breeding programme. Promsing selection were obtained from
crosses IR 8/Ptb 33, IR 11/Kochuvithu, IR8/Karivennel,

Triveni /I R1L539, Jaya/Ptb 33, ARC 6650/Jaya and IR 1561/Ptb



33. EBght varieties were released during 1978-90 (Bai et
al., 1992). One hundred eighty-one accessions were found to
be resistant to BPH from 4261 germplasm accessions tested

(Ruifeng and Zoum n, 1992).

Manisegaran et al. (1993) Conducted |aboratory studies
to confirm the |level of resistance of sone selected
cultivars against brown plant hopper, N |aparvata lugens
stal. (Homoptera :Delphacidae). The studies reveal ed that
three wild species; Oryza officinalis wall., O latifolia
J.S. Presl. and Q minuta Desv. are highly resistant to BPH
(Score 1) , and recorded significantly |east area and
quantity of honey dew excreted. TNAUBPHR 831305 showed a
good | evel of resistance, and it was on par wth resistant

check PTB 33. IR 64 and IR 36 showed noderate |evels of

resi stance whereas IR 50 was suscepti bl e.

Twenty-one IR varieties were tested against BPH at
Rai pur (M.P.) in 1991. Only IR 62 and IR 64 were resistant
and IR 34, IR 36 and IR 56 noderately resistant (Pophaly and
Rana, 1993a). N ne hundred MPRRI rice cultivars eval uated
during 1990-92 at Raipur (MP.) to locate better sources of
BPH resi stance, out of these sixty-nine cultivars were found
resistant to BPH (Pophaly and Rana, 1993b). A collection of
58 IET rice genotype were studied for resistance to BPH
Gll mdge (@) and bacterial leaf blight (BLB) during 1988-
92. Fifty-six varieties were resistant to BPH 13 to GM and



12 to BLB. These varieties also evalauted against grain
noth, only 8 were strongly resistant. R 650-1820 was the
only variety resistant to BPH, GV BLB and grain noth

infestation (Rana et al. , 1994).

A total of 4,380 IGKV rice germplasm eval uated agai nst
BPH at Raipur, India during 1992 to 1995 Qut of these 172
entries were isolated as resistant donors and 168 found

noderatel y resistant (Anonynous, 1995) .

The wild rice collected from Chhattisgarh region were
evaluated for BPH resistant in 1993. Four varieties viz.,
VSR-23, MS-47, VSR-14 and VSR8 were found resistant to
Rai pur BPH insect population and other three varieties viz.
VSR-20, VSR-2, VS-19 were noderately resistant (Pophaly and

Qupta, 1995) .

Reddy and Msra (1996) Screened thirty rice cultivars
for resistance to N laparvata 1lugens in Utar Pradesh,
I ndia, during the Kharif seasons of 1981 and 1982. C these,
culture 1, IR 28 and IR 8 were the l|east susceptible, but

were significantly less resistant than the resistant check

Pth 33.

2.1.2 Mechani sm of resistance
The mechani sm of resistance to brown planthopper (BPH
have been studied by several workers. The resistance of

varieties to insects could be due to one or nore factors
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non-preference, antibiosis, or tolerance (Painter, 1951) .
Tol erance response are generally nore influenced by
environmental conditions than non preference and anti bi osis

(Painter, 1951; Pathak, 1970).

Pathak et a1. (1969) reported that variety Mudgo 1S
highly resistant to BPH at IRRI. The results indicated the
lack of sustained feeding by BPH insect on this variety.
Further studies showed that insects caged on these plants
suffered high nortality, loss in weight, excreted little

honeydew and had under devel oped ovaries.

Sogawa and Pathak (1970) reported the sugar content of
susceptible and resistant plants was not significantly
differrent but resistant plants contained snaller quantities
of amino acids, particularly of asparagine. In separate
tests, fenale showed strong attraction to this amno acid.
Thus, |lower asparagine content in Midgo is suggested as a

factor of resistance.

Samal and Misra (1979) reported five BPH resistant
varieties, such as, Ptb 33, Ptb 18, Ptb 21, CR 57-MR 1523,
ARC 14529 and two BPH susceptible varieties, such as Jaya
and TN1 were taken for estimation of |ocal soluble sugars,
am no acids and phenols. It was found that total am no acids
and phenolic conpounds were high in resistant varieties and
soluble sugar high in susceptible varieties. There was no

difference in nitrogen content between resistant and



susceptible varieties.

Saxena and Pathak (1979) and Saxena and Puma (1979)
determned the biochemcal basis of suitability of rice
varieties to BPH The stem distillate extracts of resistant
varieties and of the barnyard grass were repellent and when
applied topically caused high nortalities even at |ow doses.
Yoshi hara et a1. (1979; 1980) reported that soluble salicyli
acid and oxalic acid in the rice plant acted as BPH sucki ng
inhibitors. But soon it becane apparent that salicylic acid
was a general sucking inhibitor occurring in both
susceptible and resistant varieties. Likewse, oxalic acid
was found to occur in both resistant and susceptible
varieties, although its concentration was slightly higher in
some resistant varieties. Potassium and sodium oxal ate at
concentration of 0.1%-0.2% conpletely inhibited sucking on

15% sucrose sol ution.

IRRI (1980; 1981) reported noderately resistant
varieties maintain insect populations equal to those on the
susceptible TN1 but suffer |ess damage. As the danage rating
of Triveni were lower than those of TN1 despite simlar BPH
popul ation. The sane was true on Mudgo (noderately
resistant) when conpared to IR 26, both of which are
susceptible to biotype 2. Feeding on Triveni was half on
TN1. This may be one reason that Triveni suffers |ess damage

than TN1 at simlar populations. Tolerance is the ability of
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a plant to survive and grow despite insect feeding. In
tolerant varieties the photosynthetic activities were
continued despite severe plant damage, while this activity
ceased in susceptible variety at sane |level of danage. The
average concentration of oxalic acid was 0.24 mg/g fresh
| eaf sheath tissues in susceptible varieties and 0.45 to
0.59 in 5 resistant varieties. Likew se, the average
percentage of oxalic acid in total organic acid was lower in
susceptible (5-8% than in resistant varieties (10.0-14.4%).
The higher oxalic acid is one of the chemcal factor

governing resistance to the BPH

samal (1980) observed anatom cal feature of the stem of
5 resistant and 2 susceptible varieties such as Ptb 33, T
1415, Ptb 18, R 57-11-2, ARC 6650, Jaya and TN1. It was
found that stem of resistant varieties have relatively
smal l er vascular bundles, 3-6 layers of sclerenchynmatous
hypoderms while, the stem of susceptible varieties have
relatively larger vascular bundles and 2-4 |layer of

scl erenchynat ous hypoderm s.

Samal (1983) analysed the total silica content of |eaf
sheath of 45 days-old seedlings of four resistant varieties
viz., CR57-11-2, MR1523, Ptb 33 and Ptb 21 and two
susceptible varieties ™1 and Jaya was found to be o.1s,
0.14, 0.21, o0.14, 0.27 and 0.27 per cent respectively. As

percentage of silica was less in leaf sheaths of both



resistant and susceptible varieties, there may not be any
correlation between percentage of total silica and
resistance to BPH in rice. The stem of these varieties al so
estinmated for total soluble sugars, amno acids and Phenol
(at 15, 30, 45, 60 DAT and boot |eaf stage) . It was found
that total soluble sugars were nore in all stages of TN1 and
three stages (30, 45 and 60 DAT) in Jaya. The total am no
acids were nore in susceptible varieties Jaya (30, 45 and 60
days) and TN1 (at 60 days and boot |eaf stage) than
resistant varieties at the sane stages. VWhile, total
phenolic content were nore in resistant varieties Ptb 33 (45
and 60 days) and (R 57-11-2 (30, 45 and 60 days) than the

susceptible varieties Jaya and TN1 at same stage.

Saxena and Ckech (1985) reported the topical
application of the extracts of resistant varieties Midgo,
ASD7, Rathu Heenati, Babawee, Ptb 33 and ARC 6650 caused
significantly higher nortality of females than the TN1
extract. The extract of 60 days-old resistant plants was
nore toxic than the extract of 30, 45 or 100 days-old

pl ant s.

Veronica (1985) studied the biochemcal analysis of
test varietiesandindicated hi gher concentration of total
sugars and total nitrogen content in susceptible varieties.
Wereas, resistant varieties had hi gher phenolic conpounds.

Further, honeydew excreted by the BPH insect susceptible
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variety TN1 had higher concentration of amino acids as

conpared to that on resistant varieties.

2.1.2.1 Feeding test

Honeydew exreted by brown planthopper (BPH) ;
Ni | aparvata lugens (Stal) has been used as a criterion for
determning the amount of sap ingested by the insect on
resistant and susceptible rice cultivars (Sogawa and Pat hak,

1970) .

IRRI (1979) reported varieties wth known BPH
resi stance gene and those with the bph 2 gene all had | arger
stained area than the Bph 1 varieties with resistance to
bi otype 3. The bph 2 gene varieties IR 32, IR 36, IR 38 and
IR 42 fed less than those wth no gene for resistance, but
IR 40 was again the nost susceptible of the bph 2 gene
variety, as indicated by the extent of the stainded area.
IRRI  (1980) reported feeding on Triveni (noderately
resistant) was half of that TNi1i. This nmay be one reason
Triveni suffered |less danmage than TN1 at simlar popul ation.
IRR (1981) reported BPH noderately resistant varieties
allowelan internedi ate anount of feeding as conpared to
resistant and susceptible varieties. Feeding activity on
noderate resistant varieties on noderate resistant varieties
viz., IR 46, Triveni and Uri Rajapan neasured agai nst all
bi ot ypes. These varieties indicated lower feeding activity

than on resistant variety IR 26.
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Pathak et a1. (1982) reported feeding activity on
resistant varieties (Mudgo and ASD 7) were significantly

| ess as conpared to susceptible variety (TN1).

Gook et a1. (1987) determned the honeydew production
which was significantly |lower on the resistant varieties
though insect weight gains in 24 h were simlar on IR 46 and
IR 22 both being significantly greater than on the highly
resistant variety. Q@ et al. (1987) reported that the
average food intake of brachypterous fenales was 6.33 tines
that of macropterous nales during the first 8 days after
hatching. It is suggested that the nost suitable tine for

chemcal control is during the adult stage.

Lee (1987) reported while conducting the honeydew
excretion screening tests, that biotype 1 excreted 10-20
times nore honeydew on the susceptible cultivars than the
resistant ones while biotype 2 and 3 excreted 4-5 tines nore
honeydew on the susceptible cultivars than on the resistant

ones.

Padghan and Wodhead (1988) reported the nmgjor
potential sources of variation in the feeding of N | aparvata
lugens which are not host dependent are those related i.e.
age of the insect, length of tine, insect is in association
with the plant and the time of day. These paraneters were
i nvestigated with a susceptible, a noderately resistant and

a resistant rice variety using honeydew clocks for the



collection of honeydew excretion data. It is concluded that
there are non-circadian patterns of honeydew excretion which
are related to the degree of variety and that such feeding
and excretion pattern can be used to characterize the

rel ati onship between insect populations and rice varieties.

Hasan and Kamal (1992) the susceptibility reaction to
brown planthopper (BPH in four rice varieties, Hotel Sanba,
Kurihondarawala, ARC 10550 and Swarnalata having four
different BPH resistant genes along with resistant (T27A
and susceptible (TN1) checks was studied through vari etal
damage reaction, preference and honeydew tests. BPH feedi ng
was low on Swarnalata and ARC 10550 and these showed
resistant scores of 3 and 5 respectively. Swarnalata, a
traditional Bangl adeshi variety, developed some quality at
the later growth stage which nade it nonpreferable to BPH
whil e Hotel Sanba and Kuruhondarawal a had BPH preference and
feeding simlar to that of Swarnalata and ARC 10550 but
showed susceptibility scores of 9 in the damage reaction

test, indicating their lack of tolerance.

Pophaly and Rana (1993b) reported the BPH feeding test
on resistant cultivars viz. Hi nga, Kapee, Dhouri 1043,
Dhouri 1163, Jaybay Rang, Khatia Pati, Kanak, Ganja Kali,
H ranakhi and EBl7. Feeding rate was ranged between 0.17 to
65 mm’ per fermale in 24 hours, which was much lower than the

feeding on TN1 (173.23 mm%/q).
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Pophaly and Rana (1995) evaluated the feeding rate of
BPH on sone selected ressistance varieties ranged between
0. 96 mmz/female in Chapdo to 65 nn?/female in Hnga variety
which exhibited 0.65 plant danage score. The standard
seedling test showed Rathu Heenati (Bph3) and Balamawee (Bph
9) noderately resistant and Swarnal ata (Bph 6) and ARC 10550
(bph 5) resistant. Honeydew excretion test confirnmed these

results.

2.1.2.2 Probing mark test

The probing response of the BPH to the rice varieties
and barnyard grass was also uniformy high, indicating the
absence of mechanical barriers to insertion of stylets

(Sogawa and Pathak, 1970).

The result of the probing behaviour indicated that the
resistant varieties received nore nunber of probing
punctures than the susceptible ones (Reddy, 1979; Reddy and

Kalode, 1985 and Veroni ca, 1985).

The electronic neasurenent system greatly facilitates
t he behavi oural study of feeding and probing by piercing and
sucking insects on susceptible and resistant plants (Kawabe

et al., 1981; vVelusamy and Heinrichs, 1986).

2.1.2.3 Ovipositional response :
Saxena (1976) reported the nunber of eggs produced on

TN1, IR8 and IR20 varieties was very high conpared to the



resistant varieties. A conparison of egg-production between
Mudgo and IR0, IR8 and TN1 showed that the insect produced
alnost 100 to 200 tines nore eggs on the susceptible

varieti es.

Sekido and Sogawa (1976) reported that N lugens
oviposited preferably in salicylic acid nedia, while only a

few eggs were laid in a salicylic acid-free control medi um

Pathak et al. (1982) observed that the fecundity in an
adult female differed on resitant and susceptible plants in
respect to the preoviposition period and nunber of eggs
produced during its life. The preoviposition period was
shortest on TN1. There were only marginal differences in the
preovi position period of selected popul ati on anong the three
varieties, the period being slightly longer on the varieties
on which the insect had not been selected. The popul ation
sel ected on Mudgo had a higher fecundity rate on mudgo and
TN1 as conpared with ASD-7, but due to high variation the

differences was not significant.

Lee (1987) reported the BPH resistant cultivars (RX)
less preferred for feeding than susceptible cultivars (SX)
but there was no significant difference between RCs and SCs

in preference for oviposition.

Park and Song (1988) reported feeding and oviposition

preferences of 3 biotypes on Dongjinbyeo (no resistance



gene) were greater than for cultivars with resistance genes.
Preferences of biotype 2 for Cheongcheongbyeo (Bph 1 gene)
and biotype 3 for Milyang 63 were relatively high but |ower

than those for Dongjinbyeo.

Misra et al. (1988) Studied the eggs nynphs and adults
were in the laboratory on the resistant cultivars Daya,
Pratap, S nna Sivappu and |ET 7575, tolerant Wri-Raj apan
and susceptible Jaya. The values for adult |ongevity,
fecundity, egg hatchability and growh index were
significantly lower on the 4 resistant cultivars than the

susceptible control.

Velusamy and Saxena (1989) reported the fecundity and
egg viability higher on susceptible TN1, IR 747-B2-6 and
ASD7 than on resistant Rathu Heenati, Babawee, ARC 10550,
Swarnalata and Ptb 33.

Senguttuvan et al. (1991) reported highly resistant Ptb
33 was less preferred for settling and oviposition than
susceptible TN1. Yu and Wi (1991) reported the BPH fenale
| aid significantly nore eggs on susceptible Shan You 63 and
Xiu Shui 48 than on other varieties. BPH fecundity at
booting was higher than at tillering. BPH resistant
varieties Shan You no. 6, Xiu Shui 63 and Bing 664 received
less eggs of BPH than susceptible varieties. Rathu Heenati
and TN1 were used as a resistant and susceptible check,

respectively.



Velusany et a1. (1995 reported BPH resistant wld
rices Oryza officinalis, O punctata and o. latifolia had

|l ow fecundity as conpared to cultivated resistant varieties.

2.7 Biochem cal studies

Kimet al. (1975) reported that brown planthopper coul d
not survive on Barnyard grass which contain t-aconitic acid
as putative antifeedant, when t-aconitic acid was included
in the artificial diet, it inhibited the feeding of brown

pl ant hopper.

Yoshi hara et al.(1979) identified soluble salysilic and
oxalic acid isolated from leaf sheath extracts of rice as

potent sucking inhibitor for N. lugens.

Kawabe et al. (1980) reported that the brown plant
hoppers fed mainly on the |eaf sheath and the production and
distribution of t-aconitic acid in the |leaf sheath are
considered to be adequate. It is therefore, suggested that
BPH nay be sensitive to the presence of an antifeedant in
this cell and the probing is interrupted before the stylet
| ocates the phloem They further described that quantitative
analysis of sugar in the phloem sap using thin |ayer
chromatography and gas chromatography reveal ed that sucrose
was the only phloem sugar present. Sucrose content in the
sap was estinmated to be 17% and remai ned constant during the

reduction peri od.
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Shigematsu et al. (1982) has anal ysed phl oem exract of
resi stant and susceptible rice cultivars using gas liquid
chronmat ography selected ion nonitoring chromatography (GG
SIM) after trimethylsilylation technique and identified 6
sitosterol as a main sterol and its content in the phloem
sap of (80R resistant cultivars were several tines nore

than that of susceptible (745 rice cultivars.

Saxena and C(kech (1985) reported that the incorporation
of the extract of the susceptible TN1 cultivar into 10%
sucrose solution stinulated significant greater intake by N.
lugens fenale than that of sucrose solution alone or intake
of the extract of the resistant cultivars nudgo, Ptb 33, ARC
6650. The resistant cultivars ASD-7 was an exception and N.
| ugens fenale feed as well on sucrose solution wth ASD 7
extract as with TN1 extract. The extract of Ptb-33 and Rat hu
Heenati caused maxi mum inhibition of intake of sucrose

solution.

Vi shwanat han and Kal ode (1990) reported that no
apparent differences were observed in relation to sucrose,
gl ucose and fructose. All the test varieties and L. haxendra
weed had 3 sugar (sucrose, glucose and fructose) alnost in
conparable quantities, thereby suggesting no significant
role of these sugar in resistance against the |eaf hoppers.
Sogawa and Pathak (1970) could not <correlate the

susceptibility (IR8 and TN1) and resistance nudgo of rice
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varieties with sugar content. On the other hand, Peraiah et
al. (1982) observed higher amount of sugar in brown plant
hopper susceptible varieties (Telia Hamsu and Jaya) as

conpared to resistant variety.

Previous studies have shown that the feedi ng behavi our
of BPH on different rice varieties is not related to the
wi de variety of so called resistant gene (Padgham et al.,
1989) . There appear to be at |east two major conponent of
resi stance. The nost common, including that in the variety
‘Pathu Heenati’ is in the phloem In the two other varieties
studies BG 300 and BG 379/2 the nechanism is derived from
Pat hu Heenati thus one m ght expect it to be the sane. The
second conponent which is reported only for variety IR 46 is
I ncreased surface activity of BPH attributed to |eaf surface
waxes (Wodhead & Padgham 1988). Previous studies have
Identified apigenin-c-glycosides e.g. schaftoside and
| soschaftoside in whole leaf extracts (Besson et al., 1985)
and in rice phloem (Gayer et al., 1994) and have suggested
that they stinmulate probing in BPH Stevenson et al. (1996)
provi ded evidence that there phloem derived conmpound
apigenin-c-glycoside play an inportant role in rice

resi stance to BPH

Vi shwanat han and Kal ode (1990) reported that the total
phenol present were lowest in the susceptible varety TN1

while the resistant varieties had higher concentration on



the other hand L. hexandra, a susceptible host of N
nigroprictus had the highest quantity of total phenol.
Probably, further analysis of individual phenol in test
varieties may give some clue regarding to the role of such
phenolic conpounds in inparting resistance to green |eaf
hopper. Krishna (1977) found that phenolic in healthy
sanples of resistant and susceptible varieties were not
indicative of any role played by these conpound but upon
infestation by brown plant hopper, resistant variety was
found to react sharply in producing higher anmount of
phenols. 1In general, resistant varieties contained nore
phenolic conmpounds than susceptible varieties (Pathak &

Kush, 1979).

Thayurmanvan et al. (1990) resistant varieties possesed
significantly higher content of total phenols. Salicylic
acid was higher in susceptible varieties, but concentration
of chlogogenic and gallic acids were higher in resistant
varieties. Reducing sugars were significantly higher in
susceptible varieties. Free anono acid content was generally

hi gher in susceptible varieties.

Vishwanathan and Kal ode (1990) Bi ochem cal anal ysis of
arice varieties and a weed showed that the total free am no
acid content was greater in the susceptible variety TN1 than
in Ptb 2, Ptb 7 and ptb 18 wich are resistant to both the

species of green 1leafhoppers. However, the weed Leersia
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hexandra the nost suitable host of Nephotettix nigroprictus,
had the |owest anmount of free amno acid. No apparant
differences were observed in relation to sucrose, glucose
and frfictose content in the test varieties. Total phenol
content was the highest in Leersia hexandra followed by
resistant varieties, while it was the lowst in the

susceptible rice variety.

Vi shwanat han and Kal ode (1990) several biochem cals
| i ke, phenols, oxalic acid, lownolecular proteins fractions
are reported to be associated with rice. Wiile working with
green |eaf hopper, Nephotettix virescens (O stant)
resi stance, Vi shwanat han and Kal ode (1990) reported the |ess
anmount of free amno acid content in resistant varieties Ptb
2, Ptb 7 and Ptb 18. Resistant varieties also contain nore

phenol content than susceptibl e once.

Katsuhara et al1. (1993) reported that a quantative
analysis of organic acid in |eaves of Barnyard grass
reveal ed that the contents of trans aconitic acid were high,
suggesting that this conmpound may act as an antifeedant
agai nst brown pl ant hopper. However, trans aconitic acid
could not be detected in the phl oem sap whi ch was consi der ed
to be main nutrient source for brown planthopper. Trans-
aconitic acid was forned in vitro from sis-acotinic acid
through the aconitatic isonerge activity which was detected

only in the leaf sheath, but not in the |eaf blade.
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Mansour et al. (1994) reported that Phenolics as
all elochemcals played a principal role in the control of
Gstrunia nubilalis. catechol and resorcinol as simple
phenols when incorporated in a synthetic diet at 0.5 mg/g
diet inhibited the larval growh by reducing the food
consunption and increased excretion. There was a decrease in
the efficiency of conversion of assimlated food. The
overall efficiency of ingested and digested food was

decreased, leading to a reduction in the pupal weight.

Phenolic acid and codensed tannin have been inplicated
in plant resistance to insect pest and disease (Lege et al. ,
1995) . Such phenolic conpound precipitate proteins (Saain,
1979) and have been reported as digestibility reduci ng agent
and may act as a dosage dependent defence against insect
pest feeding on plants (Levin, 1971, Rhodes & cates, 1976) .
In chickpea, the malate and oxal ate (Rambolt and Tober,
1985) and oxalic acid (Yoshida, 1995) have been reported to

inmpart the host resistance against the H armigera.

Li GuoQing et al.(1996) studied conparison wth a
noderately resistant rice variety IR 28, and the susceptible
varieties NJ 11, Sy 63 and TN1, the resistance factors to
brown pl ant hopper (Ni |l aparvatalugens) in the blade of NJ 14,
Fewer sucking-stimulatory amino acids were found in the
bl ade of NJ 11 was the sane, but NJ 14 had 93 tines nore

oxalic acid in the phloem than NJ 11. The high concn of



oxalic acid may also have an antifeedant effect. An acetone
extract of the blade of N} 14 was a hydrophilic growh
inhibitor and could significantly increase the nortality of

N. lugens.

Ananthakrishnan (1997) reported that the role of
phenolic conmpound i.e. gallic acid and sulycilic acid,
synergic acid and resorcinol and phloro-glucinol has been
known to have chronic effect on growh, ingestion and
utilization of food against Helicoverpa armigera, BPH and
phenolic conpund |ocalized and systemc signals are rel eased
at the site of insect feeding damage and the signals get
translocated to other parts of the plant where they induce
defence nechanism @llic and salicylic acid are known to
play an inportant role in insect plant interaction and have
consi derabl e practical application in the area of

bi ot echnol ogy of crop protection.

Veeranna (1998) has reported that total phenol and
tanin content was calculated by using chlorogenic acid and
catachin as standard. The genotypes exhibited variation in
the total phenol and tannin content with the tolerent
genotype TVX-7 showing 0.96 of total phenol and 0.75% of
total tannin of 0.54% and 0.41% respectively. Therefore,
hi gher level of phenol and tannin content was found in

tol erent genotypes than susceptible.
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CHAPTER - I
MATERI ALS AND METHODS

The experinental material of 1100 rice accessions of
| ate maturity group belonged to IGKV, Raipur rice germplasm
bank. The experinments were carried out in the glass house,
Departnment of Entomology, |CGKV, Raipur and Biochem stry

Laboratory, Departnent of Plant Breeding, |V, Raipur.

3.1 |solation of resistant donors

Mass-rearing : The brown planthopper (BPH NI parvata
| ugens (stal) population is maintained thorughout the year
in the glass house at 30°C + 5°C on potted TN-1
susceptible variety. BPH were reared on 40-50 days old TN 1
rice plants inside a rearing cage of 75 x 75 x 75 cns
(Fig.1) size consisting of wooden frane with small w ndow on
front side and fine wire nesh on top and other sides cages

were placed on raised platformhaving water level of 7.5 cm

Potted TN-1 plants were placed inside rearing cages for
egg laying alongwith 60 pairs of BPH per pot. After 2-3
days, the fenales started egg laying inside the |eaf sheath
of rice plants. Later, an energence of nynph from eggs of
TN-1 susceptible rice plants. The released BPH pairs were

transferred to another TN-1 rice plants pots with the help
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Plate 3.1 :  Mass rearing of brown planthopper second instar
BPH population (nymphs)
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of aspirator for egg l|laying when newy energed nynphs
reached to second instar they were used in screening of rice

germplasm.

3.1.1 Screening of rice gernplasm :

Screening of rice gernplasm was conducted under
controlled condition of glass house as per nethodol ogy
suggested by Kal ode and Krishna (1979) . The test and check
varieties were pregermnated in petridishes (10 cm
diameter). The germnated seed was sown in rows 5 cm, apart
in 60 x 40 x 15 cmwooden boxes, contai ni ng honogenous soil .
Each tray accomodated 16 rows of test entries (each with 15
seedlings) along with 2 mddle row of resistant check Ptb-33

and 4 border row of susceptible check TN-1.

The wooden trays were placed in 7.5 cm deep water on
raised platform to maintain high humdity necessary for
devel opnent of BPH population. First to second instar @ 8-10
nynphs per seedling gently were released uniformy on the 7-

10 days old or 1-2 leaf stage of rice seedlings.

The observations were recorded on the basis of 0-9
scal e when nore than 90% of TN-1 seedlings were dead by the
BPH infestation (Seshu and Kauffnman, 1980). The reacti on was
conpl eted between 7-10 days after inoculation of insects.
Prom sing entries were re-evaluated 5-6 tinmes to get

consi stent reacti ons.



Plate 3.2 :  Screening of rice germ plasm against brown
planthopper (BPH)

ATl LTI "

Plate 3.3 : Uninfested and infested rice varieties.



Fig. 3.1: Layout for screening of rice germplasm lines
for resistance to the brown planthopper.

o « o Susceptible check
* « « Reggance check
— Teg line
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Scoring of seedlings were done on the basis of visual

pl ant danage symptoms (0-9 scale) which is as follow :

BPH scoring synptons on rice gernpl ans.

Score Rat i ng Synpt ons

0 H ghly resistant No vi si bl e danage

1 Resi st ant Partial yellow ng for first | eaf

3 Moder atel y resi stant First and second | eaves partially
yel | ow.

5 Moderately susceptible Pronounced yell ow ng and sone
stunting or wilting

7 Suscepti bl e More than half of the plants
are wlting or dead and ramaining
pl ants severaly stunted.

9 H ghly susceptible Al l plants dead.

3.1.2 Mechani smof resistance :

1.

Feedi ng test : Feeding test was assessed by quanti fyi ng
the area of honeydew excreted by the insect on filter
paper in 24 hours (h) of confinenent on the test

variety.

Wiit e whatman’s No. 1 filter papter (10 cm were di pped

in a solution of bronocreosol green (2 mg/ml ethanol) and

allowed to dry in sunlight then filter papers turned

yel | owi sh orange (Pathak and Heinrich, 1982a). Bronocreosol

green

is a green indicator which is yellow at pH 3.8 and

blue green at pH 5.4 (Ahonynous, 1976).



Plate 3.4 : Feeding test of brown planthopper
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The treated filter papers were placed on an inverted
petridish (10 cm dianeter) at the base of plant through a
slit made in centre. After that each plant was covered with
on inverted glass funnel (75 mm) alongwth tw days old
female allowed to feed on leaf sheath for 24 h. The insects
were starved for three hours prior to conducting the test.
Feeding activity was investigated at 30 days old potted
plants. Ten replicates were used for each variety and each
replications contain two females on each tiller of the

pl ant .

Bl ue spots appeared on the treated filters papers by
t he honeydew secreted by fenale. As the concentration of the
honeydew increased, the spots turned white in the centre
with blue edges. The spots were traced on transparent filter
paper and neasured by keeping on milimeter square graph. The
anount of feeding excreted by the insect on test varieties
as well as susceptible and resistant check, expressed in
terns of honeydew excretion per female in mm? unit per

pl ant .

3.2 Probing nark test

This test was carried out according to nethodol ogy
suggested by Natio (1964). Seed of identified promsing rice
accessions and check varieties TN-1 and Ptb-33 were
germnated separately in petridishes. Germnated seed was

sown in the wooden trays containing well puddled soil. After



seven days, the seedlings of each variety were renoved from
trays and washed thoroughly with water and then transferred
individually into 15 cm long test tubes containing a few
drop of water. Two days old healthy single femal e was
introduced individually into each test tube and allowed to
make punctures on the seedling for one night (12 hours).
Test tubes were plugged with sterlized cotton swab.

Thereafter, the seedlings were transferred for staining in
another tube containing 1.0% erythrosine dye aqueous
solution. Insect probing marks were counted by necked eyes
after 30 mnutes of staining. Ten replications were used for

each promsing accessions and each replicate contain one

seedl i ng.

3.3 Ovipositional response

Ovi positional response of BPH female was studied on
sonme selected test entries. Two newy mature gravid fenal es
of BPH were caged on the basal portion of plant. This
female was allowed to oviposit for two days on 50 days old
potted plant. Thereafter fermale was renoved and plant
di ssected for presence of BPH eggs which were counted in all
treatments as well as TN-1 and Ptb-33 were used as
susceptible and resistant check respectively. There were ten

replications of all test entries and check varieties.



Plate 3.5: Probing mark test: Staining with 1.0% erythrosine
solution.

Plate 3.6 :  Egg laying study of brown planthopper in resistant
accession of rice germplasm.



3.4 Biochem cal studies

Al'l glasswares required in the experinent were cleaned
Wi th potassium dichromate sul phuric acid solution then
washed throughly with liquid detergent. Further, these were
washed by ordinary tap water and then rinsed with distilled
water and alchohol. Finally all these glasswares were
sterilized at 80°C tenperature for use. daxo sigma AR
grade chemcals and solvent were used for making buffer

standard sol ution and colour reagents.

3.4.1 Extraction procedure for phenol

Thirty and sixty days old fresh BPH resistant plant
sanpl e of 23 rice accession were washed with distilled water
and then dried at 50°C for 24 hours for phenol estimation.
TN-1 susceptible and Ptb-33 resistant check varieties were
also taken for estimation of total phenol. Fresh plant
material (1.0 gm) was taken for extraction in 80% al coholic
borate buffer (0.2 M pH 1.6) at room tenperature in dark
wth the help of pistal notor to honogenise the sanple
suspensi on, centrifuged at 3,000 rpm for 15 mnutes twice.
Supernatent was collected for estimation of phenols. The
vol ume extracted sanple was made to 5 ml with borate buffer

and was used as a source of phenolic conpound estination.
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3.4.2 Estimation of total phenols
Total phenolic content was estinmated by the method of
Snmain and HIlls (1959). The reaction mxture was prepared in

the follow ng manner.

100 nl = 0.1 m plant extract

800 ul = 0.8 M distilled water
100 jnl = o1 m folin reagent (IN
2000 ul = 2.0 m sodi um carbonat e

The total volune of reaction mxture used was 3 ml. The
absorbance of the blue solution was neasured at 660 nm
after incubating it for 45 mn. in order to develop the
col our. Standard curve was prepared using different
concentrations of chlorogenic acid stock solution 1 x 1073
g/ml. Phenolic content was expressed as ng total phenol per

gn fresh weight of plant sanple. Three replications were

made from each test sanple.

3.4.2.1 Estimation of Mbonophenol
Monophenols were determned by the method of Emerson

(1943) . The reaction mxture consisted of in the foll ow ng

nanner
0.1 ul Pl ant extract
0.4 ul Distilled water
0.4 ul Sodi um hydroxi de (0.5 N
0.5 ul Ant epyri ne
0.6 ul Sodi um bi car bonat e

0.5 ul Pot assi um fero cyani de.



The volune of reaction mxture was nmade up to 2.5 ul
was neasured at 620 nm. After incubating it for 45 mnutes
the pink coloured developed was neasured at 620 nm
spectrometer. Blank was used as a reference. Standard curve
was prepared using different concentrations of phenol stock
solution 1 x 10 g/ml. The phenolic content was expressed
as mg monophenol per gm fresh weight of plant sanple. Three

replications were recorded from each test sanple.

3.4.2.2 Estinmati on of Diphenol (O D hodroxy benzene)
The O di hodroxy phenolic content was assayed by the
nmet hod of Mahadevan (1975). The reaction m xture consisted

the follow ng nanner.

0.1 ul Pl ant extract

0.4 ul Dstilled water
1.0 ul Hydrochl oric acid
0.5 ul Arnous reagent

1.0 m Sodi um hydr oxi de (IN

The volune of reaction mxture was nmade up to 3 ni.
After incubating it for 45 mnutes, the pink colour
devel oped. It was neasured at 620 nm Blank was used as a
reference. Standard curve was prepared using different
concentrations of catechcol (0-dilydroxy benzene) stock
solution 1 x 10 g/m. The phenolic content was expressed
as ng di phenol per gm fresh weight of plant sanple. Three

replications were recorded from each test sanple.
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3.4.3 Extracti on procedure for sugar :

Estimation of total soluble sugar in plant was done by
the method proposed by Dubois (1956). The extraction of
total soluble sugar in plant was done in phosphate buffer

(0.05M pH 7.2) as per procedure given bel ow.

Thirty days old fresh BPH resistant plant sanples of 23
rice accession were washed with distilled water and then
dried at 50°C for 24 h for soluble sugar estinmation. TN1
suscepti ble and Ptb-33 resistant check, varieties were also
taken for total sugar estimation. 0.1 gmeach of this sanple
in 5 m of buffer was taken and honogeni sed in glass pistal
notor. The suspension was centrifuged at 3000 rpm for 15
mnutes twice and supernatent was collected for estimation

of total sugars.

3.4.4 . Estimation of total sugar

Fifty mcro liter plant extract supernatent was taken
and 2.8 m of anthrone reagent (0.2% anthrone in conc.
sul phuric acid) was added to it. The vol une was nade up to 4
m in all tubes by adding distilled water. The tubes were
covered with glass ball on the nmouth of each test tube to
prevent the evaporation. These tubes were placed in boiling
water both for 10 mnutes. The test tubes were allowed to
cool at room tenperature, when the blue green col oured
appeared and bl ank was al so run simultaniously. The opti cal

density of each sanple was recorded at 625 nmm spectrometer.



The standard curves were prepared with glucose sol ution
at different concentrations of 2 x 10 . Standard graphs
were drawn by plotting concentration of the standard on the
X axi s verses absorbance on Y axis. The total sugar content

was expressed as mg/gm fresh weight of plant sanple.

3.4.5 Statistical Analysis
St andard procedure of carrying out correlation analysis
anong different variables was adopted. Path coefficients

were worked out as per the procedure suggested by Dewey and
Lu (1959) .
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CHAPTER - 1V
RESULTS

Cernplasm is a main basic unit in devel opi ng pest
resistant varieties. It represents gene pool of a particular
crop in the specific geographical ar ea. In 1India,
utilization of this gernplasmto a fullest length is yet to

be achieved for the devel opment of pest resistant varieties.

Progress of the devel opnent of rice varieties resistant
to brown planthopper (BPH in Asia has been fast. The
reasons for this is rich rice gernplasm collection and
availability of perfect screening techniques. Inspite of
this, several estinmates are avail able on yield | osses due to
the insect pests (H nckley, 1963; Kul shreshtha et a1., 1974
and Gangrade, et al., 1978). The reasons for this is break
down in resistant varieties devel oped and evol ution of nore
prolific virulent strains of BPH (Pophaly and Rana, 1994).
This insect biotypic variations limt the scope of resistant

varieties.

Rai pur IGKV rice gernmplasm is the second | argest
collection in the world (Sharma et al. 1987). Host plant
resistance is the nost preferred managenent strategy over
insecticide application and it can phase out the use of
I nsecticides to a great extent, thereby activating the
cryptic natural enemes to exercise their potential or

I nsect pests.



N\

4.1 Isolation of resistant donors

In all, 1100 accessions of rice gernplasmwere studied
against BPH in glass house by adopting internationally
accepted screening technique. Qut of these genetic stock,
115 accessions (Table 1) were identified as prom sing
resi stant donors whereas 61 entries were found noderately
resistant to BPH insect (Table 2) remaining susceptible

entries are listed in appendix |.

Resi stant accessions

In-depth studies were carried out for 23 isolated BPH
resistant donors, with respect to probing marks made by the
i nsect and honey dew excreted by caging on individua
resistant plants. Nunber of probes indicates the attenpts
made by insect for their nutritional requirenent, and honey
dew excretion is the indication of suitability of nutrition
required for growh and devel opnent. Egg |aying capacity of
BPH femal es on these resistant donors was also studied. All
these studies form the nechani sm of resistance involved in

these isolated resistant donors.

Further, wvarious chemcals that are responsible for
resi stant nechani sm phenonena in these resistant plants were

al so esti nat ed.



Table 1. Plant danmage score of isolated resistant donors
of BPH Ni | aparvata lugens (Stal).

S. Accession No. Nane of Average plant Rating
No. of I.G.K.V. Cultivars danmage score

1 C 108 CH TAKA 0.24 R
2. A 64 ASAM CHUDI 0. 37 R
3. B: 1458 BHAMASUR 0.57 R
4. B:214 111 BADSHAH BHOG 0. 83 R
5. C 110 11 CHUD 0. 87 R
6. B: 1640 BADSHAH BHOG 0.88 R
7. B: 1409 BHIMSEN 0.98 R
8. C13 111 CH RAl NAKHI 1.16 R
9. C 561 CHRA PHOA 1.16 R
10. B: 2040 BHAKUA 1.23 R
11. BOT: 571 1 1 BARONDA COFF TYPE 1.25 R
12, C 327 CH TAR BOTI 1.28 R
13. B: 2800 BUDHA BUDHI 1.29 R
14. BOT:57I1 BARONDA COFF TYPE 1.29 R
15. B: 236 BACHELI 1.30 R
16. A 600 ASSAM CHUD 1.31 R
17. B: 667 BADSHAH BHOG 1.32 R
18. BOT:571IV BARONDA CFF TYPE 1.33 R
19. B: 1049 N BHAIS PATH 1.33 R
20. A 206 ASSAM CHUDI 1.35 R
21. C 629 CHALI S 1.38 R
22. B: 1672 BARVA TRIPAL 1.41 R
23. C 443 11 CHAMEL 1.44 R
24. B: 1567 BADSHAH BHOG 1.48 R
25. B: 767 BHEJARI 1.56 R
26. W:21 |1 WISHUN BHOG 1.55 R
27. C 650 cHDO 1.59 R
28. B: 2175 BUDHA BUDH 1. 62 R
29. Cc651 Il CHUDI 1. 66 R
30. B: 1409 BH MSEN 1.69 R
31. C 198 | CHATR 1.71 R
32. C 727 cHDO 1.71 R
33. B: 448 BADSHAH BHOG 1.72 R
34. A 584 ASSAM CHUO 1.78 R
35. B: 542 | BARVA CRCSS TR PLE 1.81 R
36. BOT: 6 BARONDA CFF TYPE 1.82 R
37. B: 430 BHADAILI 1. 86 R
38. B: 543 1|1 BEN SAR 1.86 R
39. A 550 ASSAM CHUDI 1.87 R
40. A 308 ASSAM CH.DI 1.89 R
41. B: 1567 BADSHAH BHOG 1.95 R
42. N 65 NAWAB BHOG 1.98 R
43. C 376 | cHDO 2.00 R
44, C 463 CH.D 2.03 R
45. A: 533 ASSAM CHUDI 2.04 R
46. B:431 N BHEJARI 2.05 R
47. C 164 | CH RAI NAKH 2. 06 R
48. C 435 CH NN\CR 2.07 R
49. B: 98 BURDA 2.07 R
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S. Accession No. Nane of Average plant Rating
No. of I.G.K.V. Cultivars danmage score

50. C 643 CH RAI JIBHI 2.08 R
51. C 750 cHD 2.08 R
52. B 43 BARONDA COFF TYPE 2.08 R
53. Cc 164 11 CH RAI NAKH 2.10 R
54. C 652 cHUO 2.11 R
55. B: 233 | BHATA 2.12 R
56. C 651 cHD 2.13 R
57. B: 1790 BYAPARI JHCPA 2.15 R
58. B: 2269 BUDH BUDHA 2.16 R
59. W69 |1 URAI BUTA 2.16 R
60. C 762 aHDO 2.17 R
61. C15 11 CH NA BAL 2.17 R
62. C13A I CH RAI NAKH 2.18 R
63. B: 2028 BUDHA BUDH 2. 20 R
64. C 265 GHATR 2.22 R
65. C 235 | GHATR 2.22 R
66. A 583 AVERI CA CHUO 2.23 R
67. C 676 CHH NDMCR 2.24 R
68. C 746 CHUDI 2.27 R
69. C 759 CHING PURI 2.28 R
70. BOT: 22 BARONDA CFF TYPE 2.30 R
71. B: 105 BHEJARI 2.31 R
72. K 1223 KH RABI JO 2.32 R
73. B: 1995 BHATHA BHUNDI 2.34 R
74. C 383 GH ND 2.36 R
75. C 165 11 CHENDARA CHHAL 2.42 R
76. B: 1404 11 BARUNGI 2.43 R
77. N 633 NAWAB BHOG 2.44 R
78. C 443 | CHAMEL 2.45 R
79. T.13 TENDU BUTA 2. 46 R
80. A 379 11 ASSAM CHJOI 2.47 R
81. C 803 CH NNOUR 2.48 R
82. A 206 ASSAM CHUO 2.48 R
83. B: 2257 BUDI DHAN 2. 49 R
84. C 288 CH RAI  NAKHI 2.49 R
85. C 289 CHUO 2.52 R
86. BOT: 20 BARONDA OFF TYPE 2.53 R
87. B 294 |1 BYCRA 2.53 R
88. B: 465 | BUDA BUD 2.54 R
89. B: 323 BADSHAH BHOG 2.54 R
90. B: 467 11 BATRAJ 2. 56 R
o1. B: 2843 BHAGI 2.56 R
92. BOT: 59 BARONDA COFF TYPE 2.61 R
93. B: 2419 BAYKANA 2.61 R
94, K: 559 KANTH CH NNOR 2.63 R oo,
95. W 122 11 URAI BUTA 2.67 s e
96. B: 1426 11 BHEJARI 2.67 ARG
97. C 799 GHATR 2.69 /f’ o R
98. C 219 CH TAL CHINI 2.69 // 7 r
99, BOT:21 BARONDA OFF TYPE 2.70 Ff 'R
100. C 747 CH.D 2.74 IR 4:
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S. Accession No. Nane of Average plant Rating
No. of I.G.K.V. Cultivars damage score

101. U 106 URAI BUTA 2.74 R
102. B: 214 BADSHAH BHOG 2.75 R
103. C 586 CHATI YA NAKI 2.75 R
104. C 824 CcHUD 2.83 R
105. U 146 URAI BUTA 2.83 R
106. B: 1638 BADSHAH BHOG 2.84 R
107. C 806 CH NNOUR 2.85 R
108. C 666 CHHIN GOPARI 2.85 R
1009. P: 309 ASSAM CH.D 2.87 R
110. B: 543l BEN SAR 2. 89 R
111. B 34 BADSHAH BHOG 2.89 R
112. B: 1901 | BENIKATH 2.94 R
113. BOT: 38 BARONDA COFF TYPE 2. 96 R
114, B: 2255 BHAGI 2.99 R
115. C:30VII CHINI KAPOCR 2.99 R
116. (Susceptible check) TN-1 9.00 S
117. (Resistant check) Ptb33 1.78 R

Pl ant danage score average of 5 replications.

Danage sco¥e based on 0-9 scale.
R = Resistant
S = Susceptible



Plate 4.3 : Resistant cultivars : 1-Benisar, 2-Nawab Bhog,
A-TN-1 and B-Ptb-33.

Plate 4.4 :  Resistant cultivars : 1-Bharda, 2-Bhejari, 3-Buda
Budi, 4-Bhagi, A-TN-1 and B-Ptb-33.



Plate 4.1 : Resistant cultivars : 1-Bhamasur, 2-Badshah
Bhog, 3-Badshah Bhog, 4-Bhimsen, A-TN-1 and
B-Ptb-33.

Plate 4.2 :  Resistant cultivars : 1 -Chirai Nakhi, 2-Chitar Boti,
3-Budha Budi, A-TN-1 and B-Ptb-33.



Table 2 Pl ant danage score of noderately resistant cultivars
of BPH Ni | aparvat a lugens (Stal) isol ated.
S. Accession No. Nanme of Average plant Rating
No. of I.G.K.V. Qultivars danage score
1 C 207 CH NNCR 3.13 MR
2. B: 1675 BCDE 3.25 MR
3. B: 1020 | BU LEEM 3.25 MR
4. D 531 | DESHI BUDI YA 3.26 MR
5. BOT: 2 BARONDA CFF TYPE 3.28 MR
6. C 318 CH TAR BOTI 3.30 MR
7. C 205 CH RAI KHAJA 3.33 MR
8. B: 542 |1 BRAMHA CRCSS TR PLE 3.41 MR
9. B: 2147 KURSO BHGOG 3.41 MR
10. A 581 ASSAM CHUDI 3.43 MR
11. A 464 ASSAM CHUD 3.45 MR
12. A 287 ASSAM CHUDI 3.45 MR
13. C 366 CH NCGAR 3.45 MR
14. B: 2274 BATASI 3. 46 MR
15. B: 236 11 BADSHAH BHOG 3. 46 MR
16. A 501 ASSAM CHUDI 3. 47 MR
17. C 588 CH ND 3.47 MR
18. B: 2777 BARVA 3.48 MR
19. A 563 ASSAM CHUDI 3.49 MR
20. A 605 ASSAM CHUDI 3.52 MR
21. B: 525 Bl KON 3.53 MR
22. A: 159 || ASSAM CHUDI 3.54 MR
23. W 8 WRAI BUTA 3.55 MR
24. M| AIII MUNI BHOG 3. 56 MR
25. B: 1033 BEN SAR 3. 56 MR
26. C 84 CH NNOUR 3.57 MR
27. A 540 ASSAM CHUDI 3.57 MR
28. B 41 | BHADO KAKER 3.59 MR
29. B: 811 BYARANGI 3. 60 MR
30. A 580 ASSAM CHUDI 3.60 MR
31. R 317 RUI BUTA 3.61 MR
32. A 209 ASSAM CH.O 3.61 MR
33. B: 1730 BHAISA NONI 3.61 MR
34. C 494 11 CH NNCR 3.61 MR
35. A 503 ASSAM CHUD 3.62 MR
36. B:879 11 BHUSKEL 3.64 MR
37. C72 11 CH NNOUR 3. 66 MR
38. C 827 cHO 3.68 MR
39. B: 889 BHEJAR 3.69 MR
40. C 588 CH ND 3.72 MR
41. B: 2132 BIRIJUA 3.72 MR
42. C 480 CH NNCR 3.74 MR
43. C 381 CHH NA BAI 3.80 MR
44, A 441 ASSAM CHUDI 3.80 MR
45, A 549 ASSAM CHUDI 3.81 MR
46. B: 467 | BATRAJ 3.81 MR
47. C 378 | cHD 3.81 MR
48. BOT: 16 BARONDA OFF TYPE 3.82 MR
49. A 615 ASSAM CHUDI 3.84 MR
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S Accession No. Nane of Aver age pl ant

. Rati ng

No. of I.G.K.V. Cultivars damage score

50. A 602 ASSAM CHUDI 3.85 MR
51. T:13 | TENDU BUTA 3. 96 MR
52. BOT: 7 || BARONDA COFF TYPE 3.97 MR
53. C 515 CH NABAL 4.04 VR
54. W21 | WISHUN BHOG 4.04 VR
55. B: 724 BHEJARI 4.04 MR
56. C 492 CH NNCR 4.11 MR
57. R 1763 BARMA 4.12 MR
58. A 8 ASSAM CHUD 4.12 MR
59. B: 2649 BHEJARI 4.18 MR
60. BOT: 28 || BARONDA CFF TYPE 4.21 MR
61. C 778 CHIKO 4.28 MR
62. (Susceptible check) TN-1 9. 00 S
63. (Resistant check) Ptb33 1.78 R

Pl ant danage score average of 5 replications.
Danmage scoe based on 0-9 scale.

MR = Moderately resistant

R = Resistant

S = Susceptible



Al 115 entries exhibited plant danmage score which
ranged between 0.24 to 2.99 (Table 1). As per the norns of
International Scale for plant danage score, all these 115
entries are resistant, but keeping in view the invol venent
of donors in breeding programme |owest plant damage val ues
l.e. 0.24 to 0.98 were exhibited by cultivars viz. Chitaka
(C108), Assanthudi (A 64), Bhamasur (B 1458), Badshah Bhog
(B214 111), Chudi (C110 11), Badshah Bhog (B 1640) and
Bhimsen (B:1409). This strains are nore inportant by virtue
of their lower biological values estimated for resistance
paraneter rather than other accessions of higher values in

the resistant category.

4.2 Mark probing test

Twenty three identified resistant donors were studied
In-depth for probing mark test to find out the nechani sm of
resistance involved in these entries. Al these twenty three
resistant donors were exhibited plant danmage score ranging
between 0.57 to 2.56 and nunber of probing marks were in the
range of 13.10 to 25.10/seedling/q. In susceptible check TN
1 wvariety (9.0 danmage score) probing marks were
10.33/seedling/gq. Resistant check variety ptb-33 showed
pl ant damage score 1.78 wth probing marks val ue
20.66/seedling/q. The |owest probing nmarks were observed in
variety Chirai Nakhi (C13Al) 13.10/seedling/q and hi ghest
probing nmarks in variety Bhawaile (B:430) 25.10/seedling/q.

Al these 23 resistant donors received nore nunber of
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probing marks (13.10 to 25.10/seedling/q) as conpared to

suscepti bl e check TN-1 varieties (Table 3).

4.3 Ovipositional response :
In order to understand the role of ovipositional
response of BPH fermales on resistant varieties these studies

were carried out.

Twenty three resistant donors to BPH were exposed to
BPH gravid fenmale for egg laying. The average egg | aying
ranged between 51.88 to 173.77/plant/q. Four resistant
accession were placed in 0.57 to 0.98 (FHrst group) plant
damage score, 12 accessions in 1.16 to 1.98 (Second group)
and renmai ni ng seven accession in 2.03 to 2.56 (Third group).
In general seven accessions in group 3 whose plant danage
score ranged between 2.03 to 2.56 had shown nobre egg
deposition rate (127.58 eggs/plant/q) than first group
(77.82/plant/q) and second group (88.52/plant/q). Where
these value are much low than third group. Al these 23
selected resistant donors were observed |ess responsive to
egg deposition by BPH fenmale as conpared to susceptible
check TN-1 variety (199.11 eggs/plant/gq). The |owest egg
deposition was observed in variety Badhshah Bhog (B:214I1I)
51 eggs/plant/q and highest eggs in variety Bhagi (B:2843)
with 173.77 eggs/plant/q (Table 3).
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4.4 Feeding test

Twenty three identified resistant donors were studied
i n-depth for honeydew secretion test to find out the
mechani sm of resistance involved in these donors. All these
twenty three resistant donors were exhibited plant danage
score between 0.57 to 2.56 and honeydew secretion in the
range of 4.66 to 602.47 mm?/plant/q. |n susceptible check
TN-1 variety (9.0 danage score) honeydew secretion was found
hi ghest 1015.44 mm2?/plant/q. But, the resistant check
variety ptb-33 with damage score 1.78, honeydew secretion
was observed 322.88 mm2/plant/q. The |lowest honeydew
secretion were observed variety Badshah Bhog (B.448) 4.66
mm /plant/q and highest in variety Buda Budi (B:465 1)
602. 47 mm?/plant/q. All these twenty three resistant donors
honeydew secretion were observed less as conpared to

susceptible check TN-1 variety (1015.44 mm?/plant/q) (Table
3).

However, in order to throw nore light on this aspects
various parameters were also studied in 23 varieties. Plant
damage score in these accessions ranged between 0.57 to
2.56. Honey dew excretion values varied from 4.66 to 602.42
mm? /plant /g (Table 3). Wiereas, nunber of probing nmarks were
in the range of 13.10 to 25.10/seedling/q. Eggs laid in
these varieties were ranged between 59.88 to 173.77/plant/q,
corresponding egg laid on TN-1 susceptible check variety

were 199.11/plant/q, Wwhereas, on ptb 33 resistant check
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Plate 4.6 :  Honeydew excretion of BPH on resistant cultivars
: 9-Bhejari, 10-Nawab Bhog and A-TN-1.

o Plate 4.5 : Honeydéw excretion of BPH on resistant cultivars
: 7-Badshah Bhog, 8-Wishun Bhog and A-TN-1.



Plate 4.7 :  Honeydew excretion of BPH on resistant cultivars
: 11-Badshah Bhog, 12-Chirai Nakhi and B-Ptb-
33.

Plate 4.8 : Honeydew excretion of BPH on resistant cultivars
: 3-Barma Tripal, 4-Benisar and B-Ptb-33.



variety 114.66 egg/plant/q were noticed. Honey dew excretion
on TN1 was 1015.44 mm?/plant/q and that of ptb33 was 322.88
mm?/plant/gq. Nunber of probes on susceptible TN1 variety
were 10.33/plant/q which is nmuch less than that of ptb33
resistant variety 20.66 probes/q/plant (Table 3). Thus, data
indicated crystal clear difference between these two

susceptible and resistant check variety.

Al 23 test entries differ thenselves with respect to
their biological paraneter. Citical analysis of these
values depicts the existence of genetic variability and
potential of these entries with respect to BPH resistance.
There is no correl ati on between pl ant danmage score, feeding
and probing values obtained anong these varieties.
Therefore, these values indicated the presence of difference

I n genetic nmake-up of these donors.

For better understanding identified 23 BPH resistant
accessions were further categorized in 3 groups dependi ng on
pl ant danmage score values obtained. Four accessions were
placed in 0.57 to 0.98 (first group) plant damage score, 12
entries in 1.16 to 1.98 (second group) and renmaining seven
entries in 2.03 to 2.56 (third group) plant danage score
(Table 3).

In general, seven accessions in third group whose pl ant
damage score ranged between 2.03 to 2.56, had shown nore

honey dew secretion (360.52 mm?/plant/q), probing marks



18. 58 /seedling/q and nor e egg ovi posi tion rate
(127.58/plant/q) than first and second group, whereas these

val ues are nuch less than the first group.

First group :

Four accessions in this first group has shown plant
damage score between 0.57 to 0.98 but they differ from each
other extrenmely with respect to honey dew secretion val ues.
Anmong these four entries, Badshah Bhog (B:214 I11) exhibited
| onest feeding value (18.66 nm’/plant/q) and correspondi ng
probing marks were 21.10/seedling/gq. This variety also
received |owest egg (51.88/plant/q) indicating non-
preference for egg laying, feeding and probing. Variety
Bhi nsen (B:1409) also followed nore or less sane trend, but

feeding rate is nore than Bhamasur (B:1458).

Astonishingly, variety Bhamasur (B:1458) with | owest
pl ant damage score (0.57) exhibited nore honeydew secretion
427.55 mm?/plant/q and probing marks only 18.55/seedling/q
(Table 3). This variety received only 80.77 egsg/plant/gq in
ovi positional response studies. Another variety Bhinsen
(B:1409) followed the simlar trend, indicating the ability
of these genotype to recupate the plant |osses inspite of
nore feeding rate. Thus, these two varieties had exhibited
significant choice as a BPH resistant donor in breeding
programre. Moreover, Badshah Bhog (B 214l1) is a scented

variety, an additional advantage it contri butes.



Second group :

This includes 12 varieties with plant danmage score
ranged between 1.16 to 1.98. Variety Badshah Bhog (B:448)
had given only 4.66 mm /plant/q feeding value which is
lowest anong all 23 varieties studied. Average probes were
15.10 and 82.99 eggs were received by these varieties in
confined condition. Simlar trend was also observed in
Badshah Bhog (B:214 Il1) variety and occupy better choice as
a BPH resistant donor. In the sane group, variety Nawab Bhog
(N:635) also received only 19.33 mmz/plant/q honey dew
secretion value wth 19.33 probi ng marks/seedling/q (Table

3).

Variety Budha Budhi (B:2800) in this group vyielded
maxi mum feeding value 488.88 mm2/plant/q, this is a
characteristic feature of this variety having sustained
heavy plant sap drai nage, plant damage score val ue was only
1.29 with lower nunber of egg deposits (84.88/plant/q). This
exhibits the unique genetic ability of this variety to
recover, the losses at faster rate, consequently no apparent
synptons of plant damage were noticed. Variety Wshun Bhog
(W:2111) also expressed less feeding rate 18.77 mm /plant/q
with 19 probing nmarks and only 59.88 egg deposits. Simlar
Is the trend observed in variety Barma Tripal (B:1762). SO
these fine varieties are better donors. Remaining seven

varieties followed trend with variability in feedi ng val ues.
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Table 3 : Amount of honeydew excretion, probing narks, egg |aying
and plant danage score of BPH on selected resistant
ri ce donors.

24 (Suscepti bl e check) TN-1 1015.44 10. 33 199.11
25 (Resistant check)Ptb-333 322.88 20. 66 114. 66

S Accession Nane of Honeydew Average Eggs Plant**
No. No. Cultivars mm/ probing laid/ damage
plant/q marks/ plant/q score
seed-
ling/q

First group :

1 B: 1458  Bhanasur 427. 55 18.55 80. 77 0. 57

2 B: 214111 Badshah Bhog 18. 66 21.10 51. 88 0.83

3 B 1640 Badshah Bhog 29. 44 17.55 86. 55 0. 88

4 B: 1409 Bhimsen 287. 44 18.88 92.10 0. 98
Aver age 190. 77 19.02 77.82 0.81
Second group :

5 C13 Il Chirai Nakhi 133. 33 18. 66 94. 66 1.16

6 C 327 Chitar Boti 246. 88 17. 32 81.77 1.28

7 B: 2800 Budha Budhi 488. 88 17. 66 84. 88 1.29

8 B 1049 Bhais Path 283. 55 14. 33 92. 88 1.33

9 B: 1762 Barma Tri pal 71. 22 21. 88 70. 10 1.41
10 B: 1567 Badshah Bhog 66. 33 15. 44 123. 22 1.48
11 W21 Il Wshun Bhog 18. 77 19.44 59. 88 1.55
12 B: 448 Badshah Bhog 4. 66 15.10 82. 99 1.72
13 B: 544 Budhram 222. 44 23. 44 93.10 1.82
14 B: 430 Bhawaile 279. 88 25.10 84. 66 1.86
15 B: 543 Beni sar 115. 44 21. 77 103. 33 1.86
16 N 635 Nawab Bhog 19. 33 18.99 94. 77 1.98
Aver age 162. 55 19.09 88. 85 1. 56
Third group :

17 B: 98 Bhar da 441. 22 20. 77 96. 44 2.03
18 B: 431 Bhejari 25. 77 16. 11 87. 44 2. 05
19 B: 2269 Budhi Budha 558. 44 20. 77 141. 11 2.16
20 C 13Al hirai Nakhi 220. 10 13.10 103.22 2.18
21 B 2028 Budha Budhi 230. 00 14.00 125.77 2.20
22 B 465 | Buda Budi 602.47  21.77 165. 33 2.54
23 B 2843 Bhagi 445, 66 23.55 173.77 2. 56
Average 360. 52 18.58 127. 58 2.24
Pool ed aver age 227.71 18. 92 98. 72 1.64

9
1.

* Average of 10 replication
** Average of 5 replication
each replication contain 18-20 plants.



2: Plant damage score and honeydew of N. lugens on ‘roslstant cultivars.
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Plant damage score and mark probing of N. lugens on resistant cultivars.

Figi3
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Plant damage score and ovipositional response of N. Jugens on resistant cultivars.

Fig./4
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Third group

This group conprising seven varieties of which Bhejari
(B:431) variety performed exceptionally better with respect
to all biological paraneters required as a resistant donor.
This has given 25.77 mm?/plant/q honey dew secretion and
only 16.11 probing marks/q/seedling. This genotype
possibility express, the feeding deterrent quality, and al so
conparatively received |less nunber of eggs (87.44/plant/q).
Accession with such character are of nore value in breeding
progranmme. Renaining varieties, exhibited variations, wth
feedi ng val ues ranged between 220.10 to 602.47 mmz/plant/q
(Table 3).

4.5 Biochem cal Estimation

The chemcal profile of the host plant in determning
its acceptance and utilization plant is extremely inportant
in its acceptance and wutilization by insects. Many
scientists isolated chemcal factors that play an inportant
role to nmedi ate negative responses to keep the insects away
from feeding. Feeding deterrents and various toxicants has
been isolated for various insects feeding on host plant.
Phenols no doubt is responsible for such deterrents
phenorrena. Estinmation of phenols contents and sugar in 23
BPH resistant isolated donors therefore, undertaken al ong
with resistant (Ptb 33) and susceptible check (Tn-1) (Table
4).



Total phenols were estimated in these resistant donors
at 30 and 60 days old plants. In general at 60 days old
pl ants phenol contents were nore as conpared to 30 days old
plant, wth sone exceptional accession. At 30 days old
plant, total phenol content in these test |ines was ranged
between 0.334 to 0.833 ng/gm of weight sanple. Lowest val ue
of 0.334 ng/gm is represented by varieties Badshah bhog
(B:1567) and highest by Budha Budhi (B 2800) 0.833 ng/gm At
60 days old plant also Badshah bhog (B:1567) showed | owest
total phenol content 0.401 ng/gm while variety Bhagi
(B:2843) exhibited 1.425 ng/gmtotal phenol highest anongst

all 23 test varieties (Table 4).

Mono and di phenol content were also estimated both at
30 and 60 days old plant. Obviously quantity of these
phenols was very less as conpared to total phenols. In 30
days old plant variety Nawab bhog (N:635) nonophenol content
was highest (0.099ng/gn) and lowest in the variety Chirai
Nakhi (C13AI1) 0.22 ng/gm sanple weight (Table 4). At 60
days old plant nonophenol was highest in variety Bhagi
(B:2843) 0.108 ng/gm while lowest in variety Badshah bhog
(B 214111) 0.021 ng/ gm

D phenol content was highest (0.250 ng/gm) in variety
Beni sar (B:543) while lowest (0.029 ng/gn) in variety Bhais-
path (B:1049) at 30 days old plant. D phenol content was

hi gher (0.325 ng/gm in variety Bhagi (B 2843) while | owest
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(0.043 ng/gn) in variety Badshah Bhog (B:1567) at 60 days
old plant. At 60 days old plant however, quantity of

O phenol was nore as conpared to 30 days old plant.

In general irrespective of varied plant damage score
and other biological estinmated parameter, all varieties did
not show any regular feature or correlation wth respect to
phenol contents. Consequently, there is sufficient |ogic
that totality of biochemcal factors played a key role in
sone varieties, whereas in other varieties various factors

are responsible for contribution of resistance.

Total sugar content in these varieties was al so worked
out. Ptb 33 resistant check exhibited l|east sugar content
(4.93 mg/gm). H ghest sugar content was noted in variety
Badshah Bhog (B:1567) 18.44 ng/gm and |owest in Bhagi
(B:2843) 2.59 ny/ gm suscepti bl e check (TN-1) variety contain
10.21 ng/gm sugar (Table 4). But test varieties even having
hi gher sugar content observed resistant to BPH insect

attack.

Most of the scented varieties, viz. Badshah Bhog
(B 1567), Wshun Bhog (W:21II), Benisar (B 543) contain high
anmount of sugar. Nawab Bhog (N:635) exhibited conparatively
| ess nunber of probes, honeydew secretion and noderate | evel
of egg deposits anongst resistant varieties and total phenol
content was 1.323 ng/gm and di phenol was 0.198 ng/gm at 60
days old plant.
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Varieties Bhagi (B:2843) with |owest sugar content
exhi bited higher total phenols, nonophenol and di phenol at
60 days old plant but egg deposition, honey dew deposition

was nore and nunber of probes |ess.

Total phenol contents though noted to be a best
criteria for contribution of resistance to variety, but in
present piece of research work, other factors together also
pl ayed a significant role. Variety Bhamasur (B:1458) havi ng
| east plant danmage score had only 0.422 and 0.835 mg/gm
total phenol content (Table 4) at 30 and 60 days old pl ant
respectively. Mino and di phenol quantity was 0.050, 0.067,
0.177 and 0.198 ng/gm (Table 4) weight sanple respectively
at 30 and 60 days old plant. Inspite this fact the variety
topped the list with respect to plant danage score (0.57)
and apparently variety stand was best, also this variety had
given 427.55 mm?/q (table 3) honey dew secretion which is

hi gher than Ptb 33 resistant check.

An interesting phenonena noted in variety Badshah Bhog
(B:214111) conparatively at |ower phenol content it could
give only 18.663 nm’/plant/q (Table 3) honey dew secretion
and pl ant damage score of 0.836 which is second |owest score
in all test varieties. Sane is true for its sister line
vari ety Badshah Bhog (B:1640). Bhimsen (B:1409) variety
also followed the simlar trend of variety Bhanmasur

(B:1458) .

68



69

Table 4: Estimation of total, nono, diphenol and sugar contents in BPH
resi stant donors.
S. Accession Name of Total Phenol ) Mono Phenol D phenol Total Sugar
No.  No. Qul'tivars (mo/ gm (ng/ gn) (ny/ gm (nmo/ gm
30days 60days 30days 60days 30days 60days 30days
pl ant plant plant plant plant plant plant

1 B: 1458 Bhanmasur 0.422 0.835 0.050 0.067 0.177 0. 198 7. 15

2 B: 214111 Badshah Bhog 0.568 0.427 0.052 0.021 0.061 O. 046 8. 26

3 B: 1640 Badshah Bhog 0.652 0.672 0.060 0.032 0.08 0.077 14.43

4 B: 1409 Bhimsen 0.785 0.790 0.028 0.047 0.055 0. 129 8. 54
Aver age 0.606 0.681 0.047 0.041 0.094 0. 112 9. 59

5 C13 IIl Cnhirai Nakhi 0.595 0.581 0.063 0.036 0.089 0.080 13.89

6 C 327 Chitar Boti 0.525 0.741 0.043 0.032 0.092 0. 075 8. 73

7 B: 2800 Budha Budhi 0.833 1.141 0.071 0.072 0.124 0. 178 9. 80

8 B: 1049 Bhais Path 0.530 0.969 0.026 0.103 0.029 0. 235 7. 67

9 B: 1762 Barma Tri pal 0.368 0.919 0.040 0.065 0.057 0. 180 8. 65
10 B 1567 Badshah Bhog 0.334 0.401 0.052 0.025 0.072 0.043 18.44
11 W21 Il  Wshun Bhog 0.608 0.453 0.072 0.0727 0.122 0.072 14.85
12 B 448 Badshah Bhog 0.478 0.525 0.053 0.037 0.054 0.093 18.30
13 B: 544 Budhr am 0.693 0.429 0.091 0.037 0.152 0.071 11.93
14 B: 430 Bhawai | e 0.618 1.004 0.073 0.0/8 0.114 0. 182 7. 98
15 B 543 Beni sar 0.809 0.616 0.051 0.049 0.250 O.101 15.30
16 N 635 Nawab Bhog 0.735 1.323 0.099 0.074 0.167 O0.198 17.97
Aver age 0.593 0.758 0.061 0.056 0.110 O.125 12.79
17 B: 98 Bhr da 0.722 0.823 0.047 0.034 0.121 0. 123 8. 26
18 B 431 Bhej ari 0.543 0.661 0.037 0.045 0.069 O0.106 14.83 |
19 B 2269 Budhi Budha 0.485 0.720 0.078 0.046 0.103 0. 118 5. 85
20 C 13AIl Chirai Nakhi 0.472 0.651 0.022 0.058 0.037 0.09% 17.9%4
21 B: 2028 Budha Budhi 0.666 0.573 0.058 0.030 0.102 0.076 6. 45
22 B. 465 | Buda Budi 0.650 0.654 0.062 0.064 0.123 O0.128 12.40 I
23 B: 2843 Bhagi 0.640 1.425 0.055 0.108 0.074 0. 325 2. 59 I
Aver age 0.596 0.786 0.051 0.055 0.089 0.138 9,76 |
Pool ed aver age 0.600 0.753 0.055 0.053 0.101 0. 127 11.29 |
24 (Susceptible check) TN-1 0.425 0.299 0.040 0.016 0.060 O0.019 10.21 I
25 (Resistant check) Ptb-33 0.587 0.439 0.043 0.022 0.064 0.064 4. 93 l

*

Dat a based on average of 3 replications.



Table 5

Estimation of
exrection, probing marks,

t ot al

phenol,

nmono phenol ,
egg laying and plant damage score.

diphenol,

sugar

cont ent

and honey- dew

*

*

*

*%* *%

S.  Accession Name of Total Phenol Mono Phenol Diphenol Sugar ¢ Honey-  Probing ovi - Danage
No. No. Cultivars days days days dew position score
30 60 30 60 30 60 30
1 B:1458 Bhamasur 0.422 0.83% 0.050 0.067 0.177 0.19 7.15 427.55  18.55 80. 77 0.57
2 B 214111 Badshah Bhog 0.568 0.427 0.052 0.021 006l 0.046 826 18.66 21.10 51.88 0.83
3 B 1640 Badshah Bhog 0.652 0.672 0.060 0.032 o0.085 0.077 14.43 20.44  17.55 86. 55 0.838
wi B: 1409 Bhimsen 0.785 0.790 0.028 0.047 0.055 0.129 854 287.44  18.88 92.10 0.98
Average 0.606 0.681 0.047 0.041 0.094 0.112 9.59 190.77 19.02 771.82 0.81
5 C: 13 Ill chirai Nakhi 0.595 0.581 0.063 0.036 0.089 o0.080 13.89 133.33 18.66 94. 66 1.16
6 C 327 Chitar Boti 0.525 0741 0.043 0.032 0.092 0.075 873 246.88 17.32 8L.77 1.28
7 B:2800 Budha Budhi 0.833 1.141 0071 0.072 0.124 0.178 9.8 488.88 17.66 84.88 1.29
8 B 1049 Bhais path 0.530 0.969 0.026 0.103 0.029 0.235 7.67 283.55 14.33 92.88 133
9B:1762 Barma Tripal 0.368 0.919 0.040 0.065 0.057 0.180 8.65 7122 21.88 70.10 1.41
10 B:1567 Badshah Bhog 0.334 0401 0.052 0.025 0.072 0.043 1844 66.33 15.44 123. 22 1.48
11 W21 Il wWishun Bhog 0.608 0.453 0.072 0071 0.122 0.072 14.8 18.77 19.44 59. 88 1.55
12 B 448 Badshah Bhog 0.478 0.525 0.053 0.037 0.054 0.093 18.30 4.66 15.10 82. 99 172
13 B544 Budhram 0.693 0.429 0.091 0.037 0.152 0.071 11.93 222.44 23.44 93.10 1.82
14 B 430 Bhawaile 0.618 1.004 0.073 0.078 0.114 0.182 798 279.88 25.10 84. 66 1.86
W B:543 Benisar 0.809 0.616 0.051 0.049 0.250 0.101 15.30 115.44 2177 103. 33 1.86
16 N 635 Nawab Bhog 0.735 1.323 0.099 0.074 0.167 0.198 17.97 19.33 18.99 94. 77 1.98
Average 0.593 0.758 0.061 0.056 0.110 o0.125 12.79 162.55 19.09 88.85 1.56
17 B 98 Bhr da 0.722 0.823 0.047 0.034 0.121 0.123 826 441.22 20.77 96. 44 2.03
18 B: 431 Bhejari 0.543 0.661 0.037 0.045 0.069 0.106 14.83 25.77 16.11 87.44 2.05
19 B 2269 Budhi Budha 0.485 0.720 0.078 0.046 0.103 0.118 5.85 558.44 20.77 141.11 2.16
20 C:13AlIl Chirai Nakhi 0.472 0.651 0.022 0.058 0.037 0.096 17.94 220.10 13.10 103. 22 2.18
21 B 2028 Budha Budhi 0.666 0.573 0.058 0.030 0.102 0.076 6.45 230.00 14.00 125.77 2.20
22 B 465 | Buda Budi 0.650 0.654 0.062 0.064 0.123 0.128 12.40 602. 47 21. 77 165. 33 2.54
23 B:2843 Bhagi 0.640 1.425 0.055 0.108 0.074 0.325 259 445.66  23.55 173.77 2.56
Aver age 0.596 0.786 0.051 0.055 0.089 0.138 9.76  360.52 18.58 127.58 2.24
Pool ed average 0.600 0.753 0.055 0.053 0.101 0.127 11.29 227.71 18.92 98.72 1.64
24(Susceptible check)TN-1  0.425 0.299 0.040 0.016 0.060 0.019 10.21 1015.44 10.33 199.11 9.00
25( Resi st ant check)Pth-33 0.587 0.439 0.043 0.022 0.064 0.064 493 322.88 20.66 114.66 1.78

* Data based on average of 3 replications
**  Data based on average of 10 replications

*k%

Data based on average of

5 replications
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Total, mono, diphenol and mark probing of N. /lugens on resistant cultivars.
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8 : Total, mono, diphenol and plant damage score of N. Jugens on resistant cultivars.
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Bi ochem cal estimation in all the test varieties
differ, thenselves and also their respective performance in
various studies viz. oviposition, probing nunber, quantity
of honeydew secretion and plant danmage score. Thereby,
overall correlation coefficient of direct contribution of
I ndependent vari abl e on dependent variable, thus i ndicated
t hat nonophenol and di phenol at 60 days old plant had direct
effect on honeydew secretion. Total phenol at 60 days old
pl ant on honey dew secretion is negative but indirect effect
on other characters are correlated except diphenol at 60
days (Table 6) . | nsect probes seens to be positively
correlated with diphenol at 60 days, and thus has direct
relationship (Table 7) . Mnophenol at 30 days and di phenol
at 60 days exhibited true relationship on oviposition
effect. As these two characters showed true relationship. The
direct effect of Di-phenol 60 days are positive and hi gh but
correlation is negative (Table 8). The characters |ike total
phenol had negative correlation and had with danmage score

(Table 9).

Probing is the only character correlated with total
phenol (60 days) nonophenol (30 and 60 days), diphenol (30
and 60 days) except total phenol, but negative correlation

with the total sugar (Table 10).
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Table 6 : Path coefficient showing direct and indirect effect of phenol
and sugar on honeydew secretion.

Characters Total Phenol Mono Phenol D phenol Tot al r
Sugar

30 days 60 days 30 days 60 days 30 days 60 days

Total Phenol 0.0959 -0.0124 0.0252 0.0106 0.0638 -0.0205 0.0632 O0.2257
(30 days)

Total Phenol 0.0187 -0.0630 0.0077 0.1799 0.0035 -0.2496 0.1536 0.0427
(60 days)

Mono Phenol 0.0295 -0.0050 0.0814 0.0016 0.0681 0.0040 -0.0451 O0.1338
(30 days)

Mono Phenol 0.0045 -0.0478 0.0006 0.2269 -0.0010 -0.2422 0.0902 0.0340
(60 days)

Di~Phenol 0.0423 -0.0015 0.0384 -0.0015 0.1445 0.0062 -0.0599 O0.1685
(30 days)
D - Phenol 0.0700 -0.0560 0.0012 0.1954 0.0032 0.2813 0.2120 0.0728
(60 days)

Total Sugar -0.0106 0.0170 0.0064 -0.0358 0.0151 O0.1043 -0.5716 -0.4751

Residual effect = 0. 6877 Bold figure = direct effect

Table 7 : Path coefficient showing direct and indirect effect of phenol
and sugar on probi ng narks.

Characters Total Phenol Mono Phenol Di phenol Tot al r
Sugar

30 days 60 days 30 days 60 days 30 days 60 days

Total Phenol -0.0710 -0.0177 0.0612 -0.0040 0.0830 0.0270 0.0193 0.0980
(30 days)

Total Phenol 0.0140 -0.0898 0.0186 -0.0654 0.0045 0.3286 0.0468 0.2294
(60 days)

Mono Phenol -0.0220 -0.0840 0.1977 -0.0006 0.0886 -0.0093 -0.0137 0.2363
(30 days)

Mono Phenol -0.0033 -0.0680 0.0014 -0.0863 -0.0012 0.3188 0.0275 0.1889
(60 days)

D - Phenol -0.0313 -0.0021 0.0932 0.0060 0.1880 -0.0082 -0.0183 0.2219
(30 days)
D - Phenol -0.0052 -0.0797 -0.0028 -0.0743 0.0042 0.3702 0.0646 O0.2687
(60 days)

Total Sugar 0.0078 0.0241 0.0156 0.0136 0.0197 -0.1373 -0.7430 O0.2307

Resi dual effect = 0. 8157 Bold figure = direct effect
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Table 8 : Path coefficient showing direct and indirect effect of phenol
and sugar on ovi position.

Characters Total Phenol Mono Phenol D phenol Tot al r
Sugar

30 days 60 days 30 days 60 days 30 days 60 days

Total Phenol 0.1071 -0.0596 0.0653 -0.0028 -0.0170 0.0214 0.0201 O0.1345
(30 days)

Total Phenol 0.0211 -0.3030 0.0199 -0.0461 -0.0090 0.2607 0.0489 0.0005
(60 days)

Mono Phenol 0.0331 -0.0285 0.2111 -0.0004 -0.0181 -0.0042 -0.0143 0.1787
(30 days)

Mono Phenol 0.0050 -0.2295 0.0014 -0.0608 0.0003 0.2529 0.0287 0.0020
(60 days)

Di-Phenol 0.0473 -0.0072 0.0995 -0.0004 -0.0384 -0.0065 -0.0191 0.0020
(30 days)
D - Phenol 0.0078 -0.2689 0.0030 0.0524 0.0009 0.2937 0.0674 0.0445
(60 days)

Total Sugar -0.0118 0.0814 0.0166 0.0096 -0.0040 -0.1090 -0.1818 -0.1989

Resi dual effect = 0.9013 Bold figure = direct effect

Table 9 : Path coefficient showing direct and indirect effect of phenol
and sugar on plant danage score.

Characters Total Phenol Mono Phenol D phenol Tot al r
Sugar

30 days 60 days 30 days 60 days 30 days 60 days

Total Phenol 0.1347 -0.0325 0.0433 0.0690 0.0028 -0.0196 0.0182 0.1536
(30 days)

Total Phenol 0.0265 -0.1654 0.0132 0.1150 0.0002 -0.2381 0.0442 -0.2081
(60 days)

Mono Phenol 0.0417 -0.0156 0.1398 0.0010 0.0030 0.0038 -0.0130 O0.1608
(30 days)

Mono Phenol 0.0063 -0.1253 0.0010 0.1471 0.0000 -0.2311 0.0259 O0.1761
(60 days)

D - Phenol 0.0595 -0.0040 0.0659 -0.0010 0.0063 0.0059 -0.0172 0.1154
(30 days)
D - Phenol 0.0098 -0.1468 -0.0020 0.1267 -0.0001 0.2683 0.0610 -0.2198
(60 days)

Total Sugar -0.0149 0.0445 0.0110 -0.0232 0.0007 0.0995 -0.1644 -0.0468

Resi dual effect = 0. 8809 Bold figure = direct effect



Table 10 : Correlation coefficient of Phenol, sugar, honeydew, probing mark,

danmge score.
Characters Total Phenol Mono Phenol Di phenol Sugar

30 days 60 days 30 days 60 days 30 days 60 days

Total Phenol 1.0000 0.1960 0.3094 0.0466 0.4415 0.7290 0.1105
(30 days)

Honey Probing Ovipo.

0. 2257* 0.0978

*k * % * * ¥ *
Tot al Phenol 1.0000 0.9410 0.7575 0.2390 0.8870 0.2680 0.0427 0.2294*
(60 days)
*
Mono Phenol 1.0000 0.0068 0.4713 -0.0143 0.0788 0.1338 0.2363*
(30 days)
Mono Phenol 1.0000 -0.0066 0.8612 -0.1578 0.0311 0.1889
(60 days)
Di-Phenol 1.0000 -0.0222 0.1048 0.1685 0.2219
(30 days)
. dedk
Di-Phenol 1.0000 -0.3710 0.0728 O0.2687*
(60 days)
sk
Total Sugar 1.0000 -0.4751 -0. 2307+
Honeydew 1.0000 -0.0812
Pr obi ng 1. 0000

Oviposition

Damage

* = Significant at 5% |evel ** = Significant at 1% |evel

0. 1345

0. 0005

0.1787

0. 0020

0. 0760

0. 0455

-0. 1989

-0. 1352

-0.1352

1. 0000

egg | ayi ng and pl ant

Damage

0. 1536

0. 2087

0. 1608

0.1761

0.1154

0.2198

-0. 0468

-0. 2946

-0. 2946

0. 6017

1.0000



DISCUSSION




CHAPTER - V

DI SCUSSI ON

The brown planthopper, Nilaparvata |lugens (stal)
belongs to the famly Delphacidae and order Hemiptera. Till
now 14 species were identified and 2 unidentified species as
a nmenber of genus N |aparvata (Mochida 1977), of which
N.lugens is a serious pest of rice and being nonophagous
threat to rice production is nore. Moreover, occurrence and
evalution of nore prolific biotypes of BPH is a constant
threat to the stability of present pest resistant varieties.
BPH resistance in IR 42 varieties broken down in |ndonesia
(Khush, 1984). Krishna et al. (1976) reported that IR 26
becane susceptible to BPH in Philippines. So present studies
were ainmed to identify better resistant donors taking into
consideration, the Rai pur BPH popul ation which is nore

virulent than el sewhere (Pophaly and Rana, 1994).

5.1 Isolation of resistant donors

Avail ability of vast rice germplasm and systematic
genetic evaluation against pest forns the backbone for
utilization in breeding programme to devel op pest resistant
varieties. Genotypic differences anong |and races/varieties
i N agroecosystem was not always enough if the cytoplasmis
entirely of one kind. Both genetic diversity and cytoplasmic

variability are essential for agroecosystem stability.



Sufficient work on insect resistant gene identification in
resistant donors and their inheritance studies has been
docunmented in literature |ike Khush et al. (1986), Kabir and
Kush (1988), Nenoto et al. (1989 and Jena and Khush (1990).
Even t hough, breakdown of resistant varieties simltaneously
alone is going on. Expression of resistant gene in
particular donor, is not sufficient. Though many worker till
now realised upon it. Biochemcal estinmation in relation to
gene expression are tw conponents to be studied
simultaneously. Taking into consideration this view 115
rice accessions out of 1100 genetically were found resistant
to BPH insect. Various biological paraneters in relation to
resistant criteria were studied in 23 selected BPH donors
out of 115 isolated donors. Variability 1in various
bi ol ogi cal values studied clearly indicated the difference
in their genetic nake-up. At national and international
level, various workers identified BPH resistant donors and
resistant varieties were released for commercial cultivation

(Khush, 1979).

Stapley (1974) has screened a total of 515 AC
varieties against BPH at CQuttack. 21 lines were found
resi stant (CRRI 1977; 1978 annual report). At Coimbatore 22
lines identified as BPH resistant donor by Bal asubramani an
(1978) and 112 varieties were observed resistant (Misra, et
al., 1978, 1983 and Msra, 1982). At DRR Hyderabad, 35000,

ri ce accession were screened agai nst BPH since 1973. So far,



600 resistant donors were identified.All these naterial were
used in breeding programme (Kalode et alI., 1979, 1983,
Pat hak & Khush, 1979).

At international |evel Heinrich (1984) and Pathak
(1970) contributed significantly towards BPH screening and
breeding work for BPH insect. Qut of which nmany IR varieties
were devel oped, of which IR 36 with bph-2 gene is being

widely cultivated in Asian countries.

Qut of 21,000 rice germplasms from IGKV, Raipur (M.P.)
India genetic stock, approxinmately 5000 rice varieties were
eval uated against BPH and better resistant varieties are

bei ng used in breedi ng work.

Pai nter (1951) described various types of resistance of
which antibiosis is being considered as a biological
paraneters in genetic, evaluation system Thus, in present
studies, twenty three BPH donors were studied for their
mechani sm of resistance out of 115 entries isolated. In all,
eight varieties viz. Badshah Bhog (B:214 |Il) Badshah Bhog
(B:1640), Barma Tripal (B:1762) Badshah Bhog (B:1567),
Wishun Bhog (W21I1), Badshah Bhog (B:448), Nawab Bhog
(N:635) and Bhejari (B:431) were observed to possess |ower
feeding value. Variety Badshah Bhog (B 214l11) was observed

to yield | onest feeding val ue of 18.66 mm?/plant/q and al so
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received lowest eggs 51.88/plant/g With 21.10/seedling/q
probing marks (Table 3). Simlar trend was al so observed in
its sister |ine Badshah Bhog (B:1640). Both the Ilines
probably contain feeding deterrent thereby restricted
feeding activity by BPH consequently nunber of probes were
al so found reduced. Nutritional requirenent of insect if not
fulfilled, insect will not continue to feed, but in such
varieties even presence of feeding deterrent is probably the
main factor. These characters of the variety no doubt is
inherited, so while taking into consideration, the selection
of donors in breeding programre, such type of lines inpart
significant contribution. Barma Tripal (B 1762), Badshah
Bhog (B:1567), Wishun Bhog (W21lll) and Nawab Bhog (N 635)
are the varieties followed this trend. Saxena and Pathak
(1979) in their indepth studies noticed the nortality of BPH
i nsect popul ati on when stem distillate of extracts of
resistant varieties applied topically. Also simlar results
were noticed by Yoshihara et al. (1979, 1980). BPH sucking
inhibitors in resistant varieties. Further, potassium and
sodium oxalate at 0.1 to 0.2% concentration also found

responsi ble for conplete inhibition of sucking by BPH

Al the way, these resistant factors in these eight
varieties represent inbuilt genetic resources. Secretion of
chemcals and their quantity in a particular cultivar is
ultimately governed by genes. Anmongst eight varieties this

qualitative differences will represent nore true picture.
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Few varieties viz. Bhamasur (B 1458), Bhinsen (B:1409),
Budhi Budha (B:2269), Buda Budi (B 465 1) and Bhagi (B:2843)
however, on the contrary produced highest honey dew
secretion inspite of these fact plant stand observed to be

resi stant.

5.2 Feeding test

QGeat variations in BPH feeding pattern on various
identified BPH resistant |line can be explained in the |ight
of various chemcals that particular variety possesses and
non-circadi an pattern of honey dew excretion related to the
degree of variety and that such feeding and excretion
pattern can be used to .- characterize the relationship
between insect and rice varieties (Padghan and Wodhead,
1988). Feeding activity on resistant varieties were

significantly less as conpared to susceptible check TN-1.

Pathak et a1l. (1982) in his work pointed out this
differences, further Qu et al. (1987) also confirned these
facts in the light of macropterous and brachypterous form of
i nsect popul ation. Lee (1987), studied great variations in
feeding value of different BPH biotypes on the sane

resistant variety.

However, nore feeding on these resistant test |ines
conpared to Ptb 33, nay be due to the nore BPH virul ent

strain avail abl e at Rai pur (Pophaly and Rana, 1994). At this



| ocation even on differential donors the feeding value of

BPH i nsect was nuch nore (Pophaly and Rana, 1994).

Genetics of resistance to BPH was studied by many
worker viz. Khush et al., (1986), Nemoto et al.(1989) and
Jena and Khush, (1990). They identified nunber of recessive
and dom nant genes. But, their corresponding nechanism in
selection to secretion of chemcals as a defense nechani sm

is still an awaited work.

This area of research wl| prove worthy in
bi ot echnol ogy work to produce good resistant varieties,
merely on the basis of recessive and dom nant gene
identification and in breeding programme now enlighted its
consequences utilization as break down in resistant

varieties were now frequent.

5.3 Probing mark test

In general, nunber of probes received by twenty three
resistant varieties were high as conpared to susceptible
check TN-1 variety. But there is a variation in probe
nunber, in test lines. Thus, indicating the absence of
mechani cal barriers to insertion of stylets by insects.
Review in this respect clearly indicated the sane view and
as per the literature cited, it is the uncontroversial issue,
as many workers viz. Sogawa and Pathak (1970) Veronica
(1985), Reddy (1979), Reddy and Kal ode (1985) are of opi nion

that resistant varieties receive high nunber of probes than



susceptible variety TN-1. However, electronic measurenent
system greatly facilitate, the behaviour studies for
piercing and probing by insect stylets (Kawabe et al. 1980,
Velusamy and Heinrich, 1986). In this regard, piercing the
stylets and holding it for long tinme depend upon the

nutritional fulfilment contact of sap being drained b3;

I nsect through stylets.

Detheir (1947), Thorsteinson (1958) and Beck (1965)
very well enunerated the theory of host selection by insect,
whi ch involves various steps viz., orientation, biting
response and continuous feeding. Utinmately selection of
proper host is dependent on sustained feeding by insect. In
this process, nutritional requirenents if not provided by
host plant then insect tries often and often to neet the
nutritional requirement in these varieties. BPH insect could
not get proper nutritional response and hence these
varieties were unfit for feeding due to lack of proper

nutritional response.

Samal (1980) also noticed, anatomcal feature of stem
of resistant varieties which play a magjor role to inpart
resistance. In such varieties presence of snaller vascular
bundl es were docunented, hence in these 23 varieties, the
possi bility of presence of much nechani sm of resistance can

not be i gnored.



5.4 Ovipositional response :

Various aspects of insect nechanism also involved the
egg laying preference by BPH female. Eggs laid by BPH fenal e
on 23 resistant varieties were |less as conpared to
suscepti ble check TN-1 (Table 3). Msra et al. (1988) also
docunented that on four resistant varieties viz. Daya,
Pratap, Sivappu and IET-7575 received significantly |ess
nunber of eggs than susceptible Jaya. Fecundity of BPH eggs
were lower on resistant Rathu Heenati, Babawee, ARC 10550,
Swarnal ata and Ptb 33 (\Velusany and Saxena, 1989). Simlarly
BPH female laid significantly less eggs on resistant
varieties which identified on the basis of plant danmage
score also reported by Lee (1987) and Senguttuvan et al.

(1991) .

By and large non-preference for oviposition and feeding
are governed by various factors. Oviposition involve plant
characters for oviposition including stinmuli by plant and

chenor ecepti bl e nechani sm (Painter, 1951).

5.5 Biochem cal studies :

Control of insect pest has been an integral part of the
devel opnent of agricultural practices. A built-up of pest
species can be reduced by nmeking the plant comunity nore
diverse. Plant and insect have been co-existing and evol vi ng
under selection pressure. It is therefore, plants have

adopted to release variety of bio-chemcals as defenses



nmechani sm agai nst insect, and protected by conbination of

chem cal nechani sm

I nsect gustatory receptor react to amino acid and
sugar. Toxins and antimetabolite inside the plant tissue
forms a second line of defense even cause poor nutrient

i nbal ance.

In present studies, phenol and sugar contents were
estimated for 23 BPH resistant donors. Total phenol
content was nore on 60 days as conpared to 30 days
old plants. Phenol contents have been estimated on resistant
donors earlier by various workers, viz. Vishwanathan and
Kal ode (1990), Thyunanvan et al. (1990), Mansour et al.
(1994) and Pathak and Kush (1979) pointed out higher anount
of phenol content in resistant varieties as conpared to
susceptible one which is responsible to inpart resistance to
BPH insect. Total phenols were |lowest in susceptible varietyﬂ
whereas in resistant the concentration was nore. But Krishna
(1977) clearly pointed out that phenolic conmpound in
resistant and susceptible varieties were not of indicative
of any role played by these conmpounds but upon infestation
by BPH resistant varieties were found to react sharply in
produci ng hi gher anount of phenols, simlarly in present
studies, all 23 resistant donors possess varying degree of
phenols but certainly nmore than TN-1 susceptible check,

however, as such, there is great likelihood to increase the



BPH and content of phenol at both age group was hi gher "Even
di phenol content at 60 days old plant was hi gher as conpared
to other variety except Bhais path (B:1049) and Bhagi
(B:2843) variety. Total phenol content in other varieties at
60 days of course was found to be rmuch hi gher as conpare to
susceptible TN-1 variety, even though anmount was nuch than
that of Ptb 33 resistant variety. Thus, all these varieties
conparatively upon BPH infestation reacted sharply to
produce nore phenol contents, as a defense nechani sm
Phenotypically, this phenonenon is seen as the plant stand

apparently was good in infested BPH test seed boxes.

All the way, not only the phenol content, but also
other paraneters like quality of sap in plant, their
nutritional value for insect together played an inportant
role, for rejection of variety by insect. This integrating
expression ofcourse is very difficult job in estimating the
role played by each conponent due to varying degree of

par anet ers observed in each variety.

However, Ananthakrishna as early in 1997, pointed out
the role of various phenolics viz. gallic acid, salicylic
acid, synergic acid, resorcinol and phloro-glucinol on the
growh of insect ingestion and utilization of food content
of these conmpound upon insect feeding provokes systemc
signals and nade available at the site of insect feeding

damage, and further these signals get translocated to other



contents of these phenolic conpound, on infestation of BPH
This increased response in these varieties is a natter of
nmore concern. Total phenol group contents nmany chemcal in

rice plant.

This was reported by various workers that, rice contain
variety of phenol viz. counaric acid, P-hydroxybenzoic acid,
ferulic acid, vanillic acid, chlorogenic acid and several
fl avonoi ds, Kuwatsuka and Oshima (1961). However, recently
Vi shvanat han and Kal ode (1990) had given list of about 15
phenol i c conpounds present in the rice plants, viz. benzoic
acid, cuaffeic acid, catechol, cinnamic acid, counaric acid,
hydroquinone, hydrobenzoic acid, phloroglucinol, protocate
chuic acid, pyrogallol, quinon, salicylic acid, sulfanilic
acid, vanillic acid, and vanillin, responsible for BPH

resistance.

In present studies variety viz. Budha Budhi (B 2800),
Bhawai | e (B:430), Nawab Bhog (N 636) and Bhagi (B:2843) had
gi ven hi gher anount of total phenol content at 60 days old
plant followed by Bhais Path (B:1049), Barma Tri pal
(B:1762), Bhamasur (B 1458) and Bharda (B 98) whereas at 30
day old plant variety Bhuda Bhudi (B:2800) had gi ven hi ghest
phenol content followed by Benisar (B 543).

At both age of crop plant 30 and 60 days, variety

Budha- budhi (B:2800) reacted sharply to the infestation of
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part of the plant where they induce defense nechanism Al
the way gallic and salicylic: acid are known to play
inportant role in insect plant interaction, and now is a

area of biotechnology of crop protection.

Many scientist Lege et al. (1995), Smain (1979), Levin
(1971) , Rhodes and cates (1976), Yoshida (1995), Rambolt and
Tober (1985) and Veeranna (1998) reported that phenolic acid
and tannin were responsible for plant resistance to insect,
because of digestibility of reducing agent and even act as
dosage dependent defense against insect. Therefore, in
present studies, variations in phenol contents of various
varieties itself is an indication of such type integrating
reactive responsi ble which, ultimately becone dose dependent

due to different genetic nmake-up of varieties.

I n ion-exchange chromat ography quantitative neasurenent
of oxalic acid estimated in mudgo variety was responsible

for resistance to BPH

5.5.1 Mno and diphenol

Quantity of total phenols in resistant plants though
nore than susceptible varieties, even though it does not
give a true picture about the exact role of conpound there
in responsible for resistance. As such in these studies,
only nono and diphenol total contents were estinmated.

However in the literature presented no reference was



noti ced. Data presented (Table 4) on nono and di phenol
contents in different varieties does not pose any
significant role in relation to resistant characters
expressed phenotypically, because variation in the estimnates
are very small but diphenol content in varieties viz.
Beni sar (B:543) was highest in 30 day old plant followed by
Bhamasur (B:1458), Budha Budhi (B:2800), Nawab Bhog (N:635),
Bharda (B 98), Budhi budha (B:2269) and Buda budi (B 465 I)

as conpared to other test entries.

D phenol content at 60 days old plant is highest in
variety Bhagi (B 2843), Bhaispath (B 1409) and sone ot her
varieties viz. Bhamasur (B:1458), Budha Budhi (B:2800),

Barma tripal (B:1762), Bhawale (B:430), Budha budi (B 2028)
and Bhagi (B:2843).

In general diphenol content was nuch nore than nono
phenol content in test varieties thus giving possibility of

L

| i nkage between resi stance and di phenol contents.

5.5.2 Sugar

Total sugar contents in all 23 test entries were worked
out, to see any correlation between feeding by insect and
content of sugar in the varieties. But no such correl ation
was observed, Kalode et al. (1989) also found no difference
In sugar contents (sucrose, glucose and fructose) and
susceptibility. Simlar observations were also noticed by

Sogawa and Pathak (1970), Peraiah et al. (1982) in Telia



Homsu and Jaya. However, Kawabe et al1. (1980) and Liu et al.
(1995) observed variations in sugar content at different

pl ant growth stages.

It is not nerely a sugar content, but presence of other
chemcals in plant sap such as B-sitosterol, amino acid,
exceedi ng 4% may cause sucking inhibition. Even though
antifeedent activity of BPH insect was noticed as apigenin-
c-glycosides content is high (Stevenson et al., 1996). In
this situation, sugar content alone can not make inpact on

/

i nsect feedi ng behaviour.



SUMMARY, CONCLUSION AND
SUGGESTIONS FOR FURTHER WORK




CHAPTER - VI

SUMMARY, CONCLUSI ON AND SUGGESTIONS FOR FURTHER WORK

In the present studies, 115 rice accessions were
isolated as BPH resistant donors out of 1100 rice germplasm.
However, in depth studies in relation to various biol ogical
paraneters and total phenol contents were carried out in
twenty three resistant donors. Citical analysis of these
varieties showed the existence of genetic variability
anmongst these donors. However, taking into consideration
di fferent conponents on various biological values and total

phenol contents, the following varieties performed better.

Bhamasur variety (B:1458) exhibtied |owest plant danmage
score, less nunber of eggs were deposited by BPH femal e and
had noderate total phenol contents at 60 day old plants.
Anot her variety Budha Budhi (B:2800) posses nost desirable
paraneter as total phenol contents is higher both at 60 and
30 day old plant, wth |ow nunber of probes and pl ant danage
score. Varieties viz. Nawab bhog (N 635), Bhais path
(B:1049) had gi ven hi gher anmount of total phenol contents at
60 days old plants. Benisar (B:543) and Bhi nsen (B:1409) had
gi ven higher anmount of total phenols at 30 days old plant
and variety Bhagi (B:2843) has al so gi ven hi gher nono-phenol
and di-phenol content at 60 days old plant wth maxi mum
nunber of probes. Badshah bhog (B:448) exceptionally had

shown lower feeding rate by BPH insect. So taking into
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consi deration over all wvarious biological and chem cal
paraneters these varieties perforned better and can be apted
for better BPH resistant donor in breeding programme.
Varieties viz. Badshah Bhog (B:214 I111) Badshah bhog
(B:1640) and Bhejari (B:431) performed exceptionally better
with respect to all biological paraneters required as a
resi stant donor. These varieties have given |low quantity of
honeydew secretion, noderate probing nmarks and were |east
responsive to egg deposition except Badshah bhog (B:214
ITII). It is therefore seens that these genotypes,
possibility possess the feeding deterrent thus, expression
of these characters in these genotypes Bhejari (B:431) are

of nore value in breedi ng programe.

Egg deposition in all twenty three resistant varieties
were less as conpared to TN-1 susceptible check. However,
anongst 23 varieties, egg deposition in Badshah bhog (B:214
[11) variety was | owest where as variety Bhagi (B:2843)
recei ved maxi num eggs/plant/q. In general those varieties
exhibited plant damage score upto 1.55 received an average
88.85 egg/plant/q as conpared to 127.58 eggs/plant/q wth
pl ant damage score between 2.03 to 2.56 |ow egg deposition,
may be due to various plant characters which induced stimuli

emtted by plant and chenoreceptive nechani sm



Concl usi on :

1

Al 23 BPH resistant donors identified in the present
research work, nostly represent genetic variability

anongst t hensel ves.

In general due to feeding of BPH insect, nunber of
probes received by twenty three resistant varieties
were in higher proportion as conpared to susceptible
TN-1 check variety, however, highest feeding nmarks were
observed in variety viz. Bhawaile (B:430), Budhram
(B:544), Bhagi (B 2843) which indicates the presence of

feeding detrrent response in these varieties.

Feedi ng behaviour of BPH in twenty three selected
resistant donors were observed. The |owest honeydew
excretion were noticed in varieties viz. Badshah Bhog
(B:214111I), Badshah Bhog (B:1640) and Badshah Bhog
(B:448). Sanme varieties al so showed | east plant danage
score, and therefore, these genetic naterial are of

nore val ue in breedi ng progranme.

Egg deposition in all twenty three resistant varieties
were |less as conpared to susceptible check TN 1
variety. But in varieties viz. Badshah Bhog (B:214l11),
Wshun Bhog (w:21II) were received |owest egg
deposition with less honeydew excretion and probing
marks which indicates the induced stimuli emtted by

pl ant and chenorecepti ve nechani sm



Total phenol content at 60 day of plant were high in
all the varieties thereby indicating the 9 inportant

conponent responsible for BPH resi stance.

Solely total phenol content is not a criteria for BPH
resistance but in some varieties, |ow phenol contents

al so exhi bited resi stance phenonenon.

Mono and di phenol estimation however, has given little
indication of <correlation in these varieties between

ovi positional response and BPH resistant donors.

Suggestions for further work

1.

Cenetic variability expressed in all 23 resistant
lines, can be visualized on the basis of nolecular
| evel studies. Molecular weight fraction will indicate

the inhibition action on feeding of BPH insect.

RFLP and RrRaPD’s analysis of resistant line will help to

identify the genes present in these donors.

Estimation of individual conponent of phenol content
will focus nore light on the resistance criteria in the

present worKk.

Cytoplasmic variability of 23 BPH resistant |ines
should be worked out to have crystal clear variation

anmongst these identified donors.
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MECHANI SM OF RESI STANCE | NVOLVED | N BROAN PLANTHOPPER (BPH)
Ni | aparvata |ugens (stal.) RESI STANT DONCRS OF
IGKV, RI CE GERMPLASM

By

Dhanendra Kumar Rana

ABSTRACT

The investigation was carried out in glass house, Departnent
of Entonology and Biochemstry laboratory Departnent of Plant
Breeding 1KV, Raipur during 1997-98. The nmain objectives were
isolation of Nilaparvata |ugens (Stal.) donors on the basis of
screening of rice gernplasm probing and feedi ng behavi our, egg
| ayi ng response and estinmation of the total, nono and di phenol in
resi stant donors.

El even hundred accessions of rice gernplasm were screened
against BPH insect and out of these genetic stock 115 accessions
were found resistant to BPH insect. S xty one accessions were
identified as noderately resistant to BPH

Qut of these 115 prom sing accessions, 23 donors differ
thensel ves with respect to their biological paraneters and phenol
contents. Oitical analysis of these values depicts the existence
of genetic variability and potential as a best BPH resistant
donors. There is no correlation obtained between plant danage
score, feeding anount, probing numbers, ovipositional response
and total phenol content. Therefore, these values indicated the
presence of difference in genetic nmake up of these donors.

In general, in 60 days old plants, phenol content was nore
as conpared to 30 days old plants. There is sufficient |ogic that
integration of phenol content and various biological values
played a key role in inparting the resistance, rather than one
single factors.

Mono and diphenols were estimated in 30 and 60 days old
plant. Qoviously, quantity of these phenols was very less as
conpared to total phenol but anount of diphenol was greater than
nmonophenol both at 30 and 60 days old pl ant stages.

Dr. DJ. POPHALY
Maj or Advi sor
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Appendi x 1 : Reaction of 924 1IGKV rice gernplasm agai nst brown planthopper in
gl ass house.

S N AcCcC.No. NAME OF OULTIVARS RATING SN Acc.NO. NAME OF CULTIVARS RATIN
1B 91 BARVA S 51 B -2870 BHADO RANRER S
2 B 1276 BARVA CRCSS S 52 B:1619 BHAGAL PUR S
3 B 1373 BARUGI S 53 B. 1621 BHAGAL PURI S
4 B: 488 BASANPALI S 54 B:1926 BHAGAL PUR S
5 B: 219 BASANTI S 55 B:2867 BHAGAL PURI S
6 B 427 BASBH RA VB 56 B-2255 BHAG S
7 B: 403 BASI N S 57 B:2255I1 BHAQ S
8 B: 2035 BASTA S 58 B-.499 BHAI NS PAT S
9 B 701 BATASHFEN S 59 B:1824 BHAI NS PAT S

10 B: 6 BATASI S 60 B*2111 BHAI NS PAT S
11 B 6 BATRAJ S 61 B:2498 BHAI NS PAT S
12 B: 46711 BATRAJ S 62 B:2648 BHAI NS PAT S
13 B: 467111 BATRAJ S 63 B*9991I BHAI NS PAT S
14 B: 412 BATRO LOCAL S 64 B:999l | BHAI NS PATH S
15 B: 4121 | BATRO LOCAL S 65 B-10491 BHAIS PATH S
16 B: 2810 BAYKONA S 66 B:104911 BHAIS PATH S
17 B 64 BEDRO VB 67 B:1049111 BHAIS PATH S
18 B: 2366 BEDRO S 68 Be+2276 BHAI NSARA S
19 B: 2827 BEDRO NG 69 B:1730B BHAISA NINI S
20 B: 2833 BEDRO S 70 B:2336 BHAI SA PUCHHI S
21 B 27001  BEGANHUDI S 71 B:765 BHARUWA S
22 B: 270011 BEGANHUDI S 72 B:233l1 BHATA S
23 B: 27001 11 BEGANHUDI S 73 B:233111  BHATA S
24 B: 1474 BEL MJUDARI S 74 B:709 BHEDA RABAR S
25 B: 390 BENG_A S 75 B:121711 BHEDWA S
26 B: 3901 | BENGLA S 76 B; 1460111 BHEJAR VB
27 B: 12951 BENGR S 77 B:202 BHEJARI S
28 B: 129511 BENI G RI S 78 B*210 BHEJARI S
29 B: 1665 BEN G R VB 79 B:217N BHEJARI S
30 B: 3891 BENI RACH S 80 B-225 BHEJARI NG
31 B: 389l | BENI RACH S 81 B-2251I BHEJARI S
32 B: 389111 BEN KACH S 82 B:271 BHEJAR S
33 B 172 BEN KAT S 83 B:289 BHEJAR YS
34 B: 18111 BEN KAT S 84 B; 289l | BHEJAR S
35 B: 449 BENI KAT S 85 B:431I BHEJARI S
36 B: 15021  BENIKAT S 86 B 431l BHEJARI S
37 B: 150211 BENIKAT S 87 B:43111l BHEJARI S
38 B: 1901 BENI RAT S 88 B :516 BHEJARI S
39 B 737 BENI SAR S 89 B:518 BHEJARI S
40 B: 292 BENI SAR S 90 B»565 BHEJARI S
41 B: 543111 BEN SAR S 91 B:565MV BHEJARI S
42 B 737 BENI SAR S 92 B:565I I BHEJARI S
43 B: 980 BENI SAR S 93 B:565V BHEJARI S
44 B: 13561 BENI SAR S 94 B:565I 11 BHEJARI S
45 B: 1356l | BEN SAR S 95 B:565N BHEJARI S
46 B: 15691 BEQLO S 96 B:555V BHEJARI S
47 B: 256 BEWARA S 97 B:601 BHEJARI S
48 B 774 BEWARA (DESHI) S 98 B*601 BHEJARI S
49 B: 4111 BHADO RARER S 99 B:611I1 BHEJAR S
50 B: 651 BHADO RANRER S 100 B: 6461 BHEJARI S



S N ACC.NO. NAME CF CQULTIVARS RATING S N ACC.nNo. NAME OF GULTIVARS RATI NG
101 B: 744 BHEJAR S 151 B: 2850 BHEJARI S
102 B: 778 BHEJARI S 152 B: 2915 BHEJAR S
103 B: 789 BHEJARI S 153 B: 1672 BADE BHEJAR S
104 B: 8931 BHEJARI S 154 B: 19051 BADE BHEJAR S
105 B: 10391 BHEJAR S 155 B: 190511 BADE BHEJARI S
106 B: 103911 BHEJAR S 156 B: 2594 BHODU PAREWA S
107 B: 1100 BHEJARI S 157 C 344 GHHOTE BHEJARI S
108 B: 1102 BHEJARI S 158 B: 136211 BHCELIM S
109 B: 11971 BHEJAR S 159 A 4821 AMRIT BHOG S
110 B 119711 BHEJAR S 160 A 48211 AMRIT BHOG S
111 B 1215 BHEJAR S 161 A 647 AVRI T BHOG S
112 B 12911 BHEJAR S 162 B: 1209 BADSHAH BHOG S
113 B: 13861 BHEJAR S 163 B: 801l | BADSHAH BHOG S
114 B: 133611 BHEIAR S 164 B: 801 BADSHAH BHOG S
115 B: 13651 BHEJARI S 165 B: 13 BADSHAH BHOG S
116 B: 142211 BHEIAR S 166 B: 131II BADSHAH BHOG S
117 B 1422111 BHEJAR S 167 B: 25 BADSHAH BHOG S
118 B: 1422N BHEJARI S 168 B: 42 BADSHAH BHOG S
119 B: 14261 BHEJARI S 169 B: 421 BADSHAH BHOG S
120 B: 14931 BHEJARI S 170 B: 4211 BADSHAH BHOG S
121 B: 149311 BHEJAR M5 171 B: 541 BADSHAH BHOG S
122 B: 1493111 BHEJAR S 172 B: 5411 BADSHAH BHOG S
123 B: 150011 BHEJAR S 173 B: 54 BADSHAH BHOG S
124 B: 1500 BHEJAR S 174 B: 1731 BADSHAH BHOG S
125 B: 1534 BHEJAR S 175 B 17311 BADSHAH BHOG S
126 B: 15361 BHEJAR S 176 B: 173 BADSHAH BHOG S
127 B: 153611 BHEJARI S 177 B: 189l | BADSHAH BHOG S
128 B: 1558 BHEJAR S 178 B: 189111 BADSHAH BHOG S
129 B: 1571 BHEJARI S 179 B: 1891 BADSHAH BHOG S
130 B: 15771 BHEJARI S 180 B: 1891 | BADSHAH BHOG S
131 B: 157711 BHEJAR S 181 B 214l 1 BADSHAH BHOG S
132 B: 1673 BHEJAR M5 182 B: 220 BADSHAH BHOG S
133 B: 1875 BHEJARI S 183 B: 220 BADSHAH BHOG S
134 B: 1891 BHEJAR S 184 B: 22711 BADSHAH BHOG NB
135 B: 1937 BHEJARI S 185 B: 227111 BADSHAH BHOG S
136 B: 1938 BHEJAR S 186 B: 236l | BADSHAH BHOG S
137 B: 1954 BHEJAR S 187 B 236 BADSHAH BHOG S
138 B: 19541 BHEJARI S 188 B: 254l | BADSHAH BHOG S
139 B: 2010 BHEJAR NG 189 B: 254 BADSHAH BHOG S
140 B: 2083 BHEJAR S 190 B: 254 BADSHAH BHOG S
141 B: 2436 BHEJARI S 191 B: 306l | BADSHAH BHOG S
142 B: 2438 BHEJARI S 192 B: 323 BADSHAH BHOG S
143 B: 2443 BHEJARI S 193 B: 323 BADSHAH BHOG S |
144 B: 2518 BHEJAR S 194 B: 3231 BADSHAH BHOG S i
145 B: 2520 BHEJARI NG 195 B: 371 BADSHAH BHOG S
146 B: 2523 BHEJARI S 196 B: 323l | BADSHAH BHOG S |
147 B: 2524 BHEJAR S 197 B: 381 BADSHAH BHOG S |
148 B: 2652 BHEJARI S 198 B: 381l | BADSHAH BHOG S |
149 B 2741 BHEJAR S 199 B: 381 BADSHAH BHOG s
150 B: 2742 BHEJAR 200 B: 405 BADSHAH BHOG



S N Acc.No. NAME CF CULTIVARS RATI NG S.N. ACC.NoO. NAME CF CULTIVARS RATIN
201 B: 411 BADSHAH BHOG S 251 B: 2355 BADSHAH BHOG S
202 B: 4401 | BADSHAH BHOG MS 252 B: 2364 BADSHAH BHOG S
203 B: 4401 BADSHAH BHOG S 253 B: 2402 BADSHAH BHGOG S
204 B: 440111 BADSHAH BHOG S 254 B: 2461 BADSHAH BHOG S
205 B: 440N BADSHAH BHOG S 255 B: 2495 BADSHAH BHOG NG
206 B: 448l | BADSHAH BHOG S 256 B: 2504 BADSHAH BHOG S
207 B: 448111 BADSHAH BHOG S 257 B: 2716 BADSHAH BHOG S
208 B: 448 BADSHAH BHOG S 258 B 2717 BADSHAH BHOG S
209 B: 457 BADSHAH BHOG S 259 B: 2788 BADSHAH BHOG S
210 B 484 BADSHAH BHOG S 260 B: 2812 BADSHAH BHOG S
211 B: 4911 BADSHAH BHOG S 261 B 2814 BADSHAH BHOG S
212 B: 4911 | BADSHAH BHOG S 262 B: 167 BASA BHOG S
213 B: 49711 BADSHAH BHOG S 263 B: 16711 BASA BHOG NG
214 B: 497111 BADSHAH BHGOG S 264 B 167111  BASA BHOG S
215 B: 497 BADSHAH BHOG S 265 B: 506 BASA BHOG S
216 B: 528 BADSHAH BHOG S 266 B: 506 BASA BHOG S
217 B: 562 BADSHAH BHOG S 267 B: 5061 BASA BHOG S I
218 B: 562 BADSHAH BHOG S 268 B: 506l | BASA BHOG S ‘
219 B: 562l | BADSHAH BHOG S 269 B: 6561 BASA BHOG S
220 B: 674 BADSHAH BHOG S 270 B: 656l | BASA BHOG S J
221 B: 7691 BADSHAH BHOG S 271 B: 1092 BASA BHOG s
222 B 769l | BADSHAH BHOG S 272 B: 1756 BASA BHOG S‘
223 B 7991 BADSHAH BHOG S 273 B: 2456 BASA BHOG \V/ S
224 B: 7991 | BADSHAH BHOG S 274 B: 459 BASA BHOG S |
225 B 973 BADSHAH BHOG S 275 B: 1801 BASA BHOG S i
226 B: 987 BADSHAH BHOG S 276 B 1717 BASHA BHOG S |
227 B: 1005 BADSHAH BHOG S 277 B: 2376 BASHA BHOG S 1
228 B: 1010 BADSHAH BHOG S 278 B: 2599 BASHA BHOG S ‘
229 B 1029 BADSHAH BHOG S 279 B: 2604 BASHA BHOG S
230 B: 1043 BADSHAH BHOG S 280 B: 2469 BASSA BHOG S
231 B 1118 BADSHAH BHOG S 281 B 1112 BASTA BHOG S
232 B 12571 BADSHAH BHOG S 282 B 2775 BASTA BHOG S
233 B 125711  BADSHAH BHOG S 283 B 38ii BAYASA BHOG S
234 B: 1307 BADSHAH BHOG S 284 B: 38I11 BAYASA BHOG S
235 B 1322 BADSHAH BHOG S 285 B: 2219 BAYASA BHOG S
236 B: 1340 BADSHAH BHOG S 286 B: 109411 BIsSNU BHOG S
237 B: 1370 BADSHAH BHOG S 287 B: 10941V BISNU BHOG S
238 B: 1389 BADSHAH BHOG S 288 B: 1049111 BI SNU BHOG S
239 B: 1427 BADSHAH BHOG S 289 B: 664 Bl SNU BHGOG S
240 B: 1687 BADSHAH BHOG S 290 B: 678l 1 Bl SNU BHOG S
241 B: 1693 BADSHAH BHOG S 291 B 678111 Bl SNU BHOG S
242 B 1727 BADSHAH BHOG S 292 B: 1378 Bl SNU BHOG S
243 B 1731 BADSHAH BHOG S 293 B: 671A Bl SNU BHOG S
244 B: 1743 BADSHAH BHOG S 294 B: 67111 Bl SNU BHOG S
245 B: 1819 BADSHAH BHOG S 295 B 671 Bl SNU BHOG S
246 B: 1850 BADSHAH BHOG S 296 G 19411 CPAL BHOG S
247 B: 2094 BADSHAH BHOG S 297 G 19411 CPAL BHOG S
248 B 2297 BADSHAH BHOG |53 298 G 1941V  CPAL BHGG S
249 B: 2354 BADSHAH BHOG S 299 G 194v QCPAL BHOG S
250 B: 2354 BADSHAH BHOG S 300 G 194\ QCPAL BHOG S



S.N AcCcC.No. NAME CF CULTIVARS RATI NG S.N. ACC.NO. NAME COF CULTI VARS RATING

301 G 741 QCPAL BHOG S 351 S 1683 SH TAL BHOG S
302 G 585 GOVIND BHOG S 352 S 1684 SH TAL BHOG S
303 B: 136 JOGI BHOG S 353 S 1685 SH TAL BHOG S
304 B: 186 JOGI BHOG S 354 T: 114 THAKUR BHOG S
305 K 1724 KAPUR BHOG S 355 T: 114 THAKUR BHOG S
306 K 1930 KAPOOR BHOG S 356 T: 232 THAKUR BHOG S
307 K 2019 KAPOOR BHOG S 357 V: 711 VISHNOO BHOG S
308 K: 4151 | KATARNI BHOG S 358 V: 9 VISHNOO BHOG S
309 K 415111 KATARNI BHOG S 359 V: 101 VI SHNOO BHOG S
310 K 1603 KURSO BHOG S 360 V: 1011 VI SHNOO BHOG S
311 K 1637 KURSO BHOG S 361 V: 10 VI SHNOO BHOG S
312 K 1936 KURSO BHOG S 362 V: 151 VI SHNOO BHOG S
313 K 2149 KURSO BHOG S 363 V: 1511 VI SHNOO BHOG S
314 K 2151 KURSO BHOG S 364 V: 15111 VI SHNOO BHOG S
315 L: 985 LAHSUN BHOG S 365 V: 151V VI SHNCO BHOG S
316 L: 359 LAXMI BHOG S 366 V: 261 VISHUN BHOG S
317 L: 708 LAXMI BHOG S 367 V: 26111 VISHUN BHOG S
318 L: 711 LAXM BHOG S 368 V: 29 VISHUN BHOG S
319 L: 1238 LAXM BHOG (%) 369 w:15 WISHNOO BHOG S
320 L: 1238 LAXM BHGOG S 370 W:15I WISHNOO BHOG S
321 M 868 MADAN BHOG S 371 W 1511 W SHNCO BHOG S
322 M 520 MOHAN BHOG S 372 W 261 W SHNCO BHOG S
323 M 1A MUNI  BHOG S 373 W 2611 W SHNOO BHOG S
324 M 1B MUNI BHOG S 374 W 28 W SHNOO BHOG S
325 M 661 MUNI  BHOG S 375 W21 W SHUN BHOG S
326 N 633 NAWAB BHOG S 376 W 21l11 W SHUN BHOG S
327 N 19711 NIRANJAN BHOG S 377 W 211V W SHUN BHOG S
328 N 634 NIRPUTI BHOG S 378 W 21V W SHUN BHOG VB
329 P 680 PARSAD BHOG S 379 W21vI W SHUN BHOG S
330 P 917 PARSAD BHOG S 380 W 2411 W SHUN BHOG S
331 P 4 PARSADI BHOG S 381 W 2411 W SHUN BHOG S
332 P 41 PARSADI BHOG S 382 B 997 BHQ) NEEM S
333 P 411 PARSAD I BHOG S 383 B: 639 BHOJALI S
334 P. 41V PARSADI BHOG S 384 B: 187 BHOJANI S
335 P 4V PARSADI BHOG VB 385 B 187 BHOJANI S
336 P 4V PARSADI BHOG S 386 B: 665 BHOQJANI S
337 P. 94B PARSADI BHOG S 387 B: 2271 BHOQJANI S
338 P. 9411 PARSADI BHOG S 388 B: 2271 BHOJANI NG
339 P.94l11 PARSADI BHOG S 389 B: 2745 BHOJNIN S
340 P. 132 PARS AD I BHOG S 390 B: 57111 BHOJAIN S
341 P 1321 PARSADI BHOG S 391 B 600 BHUJANI S
342 P 13211 PARSADI BHOG S 392 B: 27511 BHUJNIN S
343 R 508 RAJA BHOG S 393 B: 1351 BHUJNIN S
344 R 508 RAJA BHOG S 394 B: 1793 BU LEEM S
345 R 509 RAJA BHOG S 395 B 1027 BU LEEM S
346 R 69I RAM BHOG S 396 B: 682 BHUNJNIN S
347 R 495A RUKHMANI BHOG S 397 B: 458 BHUDKUD S
348 R 40 RUKHMANI BHOG S 398 B: 2034 BHUDU S
349 S 1224 SH TAL BHOG S 399 B: 1123 BHUDO VB
350 S 1279 SH TAL BHOG S 400 B: 168 BHUNDU S
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BHACGCEU BHLILAU
BHATHA BHULAU

KANTH
KANTH
KANTH
KANTH
KANTH
KANTH
BHUNDA

DHAN

BHULAU
BHULAU
BHULAU
BHULAU
BHULAU
BHULAU

BHURI MATIA
BHUR KUND
BHURKUND
BHUR KUR

BHURSI
BHURSI
BHUS!
BHUSI
BHUSI
BHUSI
BHUSI
BHUS!

BHUS BHUSI
BHUYALI M

BAHAL
BCDA B
BCDA B
BODAL
BCDELA

B.D. KANKARI Bl JA
B.D. KANKAR BIJA

Bl JA

I JA

| JA

Bl JA
Bl JA

nnnn 5 VNnunounuouuouunununuouunununuouununuounuounununununuoununnununununnunnununnnnnnm U)U)U)% nuon

451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
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485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500

K
K
K
K
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497
4971
43
2086
131911

© 12231 |

323
72
2248
155
1741
525
525111
5251V
525V
1599
2148
12991
12991 |
12991 I |
1683
1175
1787
20A
629l |
6291
2569
2477
1041
2618
10241
2559
5561
5561 |
128
135111
18211
12051 |
1641
322
7821 |
453
2295
1924
2847
5421 1
1759
1767
2249
2823

KAKDI Bl JA
KAKDI Bl JA
KAKARI Bl JA
KAKARI BUIA
KANKAR Bl JA
KHIRA Bl JA
PARSA Bl JA
Bl JO

BAHALI Bl JO
BALBIJO
BAHAL BINJO
Bl KONI

Bl KONI

Bl KONI

Bl KONI

BILAI MECHHA
BIROMANI

Bl SANI

Bl SANI

Bl SANI

BCDA

BCDA BHE]
BCODELA BIJ
BCDA BICHA
BCDA KABRO
BCDA KABRO
BODA MUNJA
BODA SAPUR
BCDE

BCDEL

BODELI

BCODI

BCOH TA

BCOH TA

BOH TA

BOH TA

BOH TA

BCOH TA
BOIRMAL
BOKDEL

BCORA

BCORAOVAL
BOROVAL
BOUIRAS
BOURSA
BRAVHA CRCSS TR PLEES
BUCHCH
BUCHCH
BUCHCH
BUCHCH
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S N AcCC.NO. NAME CF CULTIVARS RATING S N ACC No. NAVE CF CULTI VARS RAT IN

501 B: 2677 BADE BUCHHI S 551 U 135 URAI BUTA s
502 B: 565 CHHOTA BUCHH S 552 U 136 URAI BUTA NG
503 B: 572 CHHOTA BUCHH VB 553 U 158l URAI BUTA s
504 B: 787 CHIND BUCHH S 554 U 158| | URAI BUTA s
505 B: 626 PETA BUCHH S 555 U 168I | URAI  BUTA s
506 B: 889 PETA BUCHH S 556 U 234 URAI BUTA s
507 B: 2819 BUCHCHO S 557 U1l URAI BUTA VB
508 B: 465l | BUDA BUDI S 558 B 994. BYA BANDA s |
509 B: 425 BUDELA S 559 B 461 BYALO S
510 B: 8191 | BUDELA S 560 B: 1636 BYOLO s
511 B: 819l | BUDELA S 561 B: 294l | BYCRA s
512 B: 819111 BUDELA S 562 B: 255I BYCRA S
513 B: 150911 BUDELA S 563 B: 255 | BYCRA VB
514 B 11 BUNDELA S 564 B: 2903 B/ 5 S
515 B 132 BUDA BUDHI S 565 B: 2901 B/ 3 S
516 B: 1888 BUDHI BUDHA S 566 B: 2135 BAROUNDA-26 S
517 B 11161  BUDHA BUDH S 567 BOT:3II BARONDA CFF TYPE S
518 B: 111611 BUDHA BUDH S 568 BOT:3I BARONDA CFF TYPE S
519 B: 1381 BUDHA BHUDHI S 569 BOT: 4 BARONDA COFF TYPE S
520 B: 2803 BUDHA BUDHI s 570 BOT:5 BAROCNDA CFF TYPE S
521 B: 2284 BUDH BUDHA S 571 BOT:7II BARONDA CFF TYPE S
522 B: 599111 BUD YA S 572 BOT:8I BARCNDA CFF TYPE S
523 K 3471 KANTH BUDI YA S 573 BOT:8I1 BARONDA COFF TYPE S
524 K: 347! 1 KANTH BUD YA NB 574 BOT:8/11 BARONDA CFF TYPE S
525 B: 2702 BUDHIYA S 575 BOT: 121 BARONDA COFF TYPE NS
526 B: 544 BUDHRAM S 576 BOT:13 BARONDA CFF TYPE S
527 B: 1445 BURSO S 577 BOT:15 BARONDA CFF TYPE S
528 B: 2356 BUTAMALI S 578 BOT:18 BARONDA CFF TYPE S
529 A 204l | AURAI BUTA S 579 BOT:24 BARONDA CFF TYPE S
530 T: 1311 TENDU BUTA S 580 BOT:25V BARONDA OFF TYPE S
531 T: 209111 TENDU BUTA VB 581 BOT:27 BARONDA COFF TYPE S
532 U:14711 URA BUTA S 582 BOT:33 BARONDA CFF TYPE S
533 U 7Bl URAI BUTA S 583 BOT:34 BARONDA OFF TYPE S
534 U 34 URAI BUTA S 584 BOT:36 BARONDA CFF TYPE S
535 U 51 URAl BUTA S 585 BOT:41 BARONDA CFF TYPE S
536 U 54 URAI BUTA S 586 BOT:44 BARONDA CFF TYPE S
537 U 5511 URAI BUTA NG 587 BOT:45 BARONDA CFF TYPE S
538 U 55 URAl BUTA S 588 BOT:48 BARONDA CFF TYPE VB
539 U 55 URAlI BUTA S 589 BOT:491I BARONDA COFF TYPE S
540 U 55l 11 URAI  BUTA S 590 BOT:51 BARCNDA CFF TYPE S
541 U 74 URAI BUTA S 591 BOT:51II BARONDA CFF TYPE S
542 U 941 URAI BUTA S 592 BOT:51111 BARONDA OFF TYPE S
543 U 9411 URAI BUTA VB 593 BOT:511V BARONDA OFF TYPE S
544 U 1051 URAlI BUTA S 594 BOT: 53 BARONDA COFF TYPE S
545 U 105l | URAI BUTA S 595 BOT:55 BARONDA CFF TYPE S
546 U 106l I URAI BUTA S 596 BOT:561 BARONDA CFF TYPE S
547 U 1171 URAI BUTA S 597 BOT:57V  BARONDA CFF TYPE S
548 U 1191 | URAl BUTA S 598 BOT:59 BARONDA CFF TYPE S
549 U 12011 URAI BUTA S 599 BOT:59 BARONDA CFF TYPE S
550 U 134l 1 URAI BUTA S 600 BOT: 60 BARONDA CFF TYPE S



S N AcCC.NO. NAME CF CULTIVARS RATING S N ACC NO NAVE CF CULTI VARS RATINC

601 BOT:61I BARONDA CFF TYPE NG 651 C 233I11 CHHATRI S
602 BOT:611 BARONDA CFF TYPE S 652 C 233l | CHHATRI S
603 BOT: 611 | BARONDA CFF TYPE S 653 C 2331V CHHATRI S
604 BOT: 62 BARONDA CFF TYPE S 654 C 266A CHHATRI S
605 BOT:64I BARONDA CFF TYPE S 655 C 267 CHHATRI S
606 BOT:64I1 BARONDA CFF TYPE S 656 C 2671 CHHATR S
607 BOT:64I1T BARONDA CFF TYPE S 657 C 2781 CHHATRI S
608 BOT:76 BARONDA CFF TYPE S 658 C 278l CHHATRI S
609 B-R-9l B-R-91I S 659 C 278I11 CHHATRI NG
610 B-R 9l | B-ROIlI S 660 C 278 CHHATRI S
611 C 496 CHAKA BENI S 661 C 2781V CGHATRI S
612 C 98 CHAKIYA-59(I) S 662 C 354l | CHHATRI S
613 C 981 CHAKI YA-59( 1) S 663 C 354111 CHHATRI S
614 C 98II CHAKI YA-59( 1) S 664 C 3641 CHHATRI S
615 C 98IV CHAKIYA-59(1I) S 665 C 364l 1 CHHATRI S
616 C 98V CHAKIYA-59(I) S 666 C 365l | CHHATR VB
617 D 159 CHAKIYA-59(I) S 667 C 354l | CHHATRI S
618 C 439 CHAMELI S 668 C 484l | CHHATRI S
619 C 648 CHAMELI S 669 C 3881 CHHATRI S
620 C 670 CHANA CHUR S 670 C 388l | CHHATRI S
621 C 581 CHELTA S 671 C 393 CHHATRI S
622 C 1651 CHENDARA CHHAL S 672 C 401 CHHATRI S
623 C 167 CHENDRA JHAL S 673 C 406 CHHATRI S
624 C 544 CHENDRA JHAL S 674 C 414 CHHATRI VS
625 C 602 CHENDRA JHAL \%S3 675 C 568 CHHATRI S
626 C 363 CHEPDA S 676 C 380 CHHIDKA S
627 C 3511 CHHATRI S 677 C 380 CHHIDKA S
628 C 3611 CHHATRI S 678 C 3821 CHH ND BAHNI S
629 C 4211 CHHATRI S 679 C 382! CHHIND BAHNI S
630 C 541 CHHATRI S 680 C 386 CHH ND JHOWVPHA S
631 C 5511 CHHATRI S 681 C 455 CHH ND JHCPA S
632 C 90 CHHATRI S 682 C 562 CHH ND JHCPA S
633 C 92111 CHHATRI S 683 C 562 CHH ND JHCPA S
634 C 129111 CHHATRI VB 684 C 676 CHH ND MOR S
635 C 13211 CHHATR S 685 C 166 CHH ND MOUR S
636 C 1341 CHATR S 686 C 671 CHH ND MOUR S
637 C 137 CHATRI S 687 C 696 CHH ND MOUR S
638 C 138 CHHATR S 688 C 708 CHH ND MOUR NG
639 C 1571 CHHATRI S 689 C 541 CHH ND MOURI S
640 C 157111 CHHATRI S 690 C 617 CHH ND MOURI S
641 C 1571V CHHATRI S 691 C 633 CHH ND MOURI S
642 C 1921 CHHATR NB 692 C 635 CHH ND MOURI S
643 C 19211 CHHATR S 693 C 653 CHH ND MOURI S
644 C 192111 CHHATRI S 694 C 554 CHH ND MOURI M5
645 C 198l | CHHATRI S 695 C 20 CHH ND WAYA S
646 C 208l | CHHATRI S 696 C 448 CH N MAURI S
647 C 208 CHHATR S 697 C 343111 CHN MAURI S
648 C 21011 CHHATRI S 698 C 258l | CHH ND MOUR S
649 C 233 CHHATR 1Y) 699 C 258l | CHH ND MOUR S
650 C 23311 CHHATR S 700 C 444 CHH ND MOUR S



S N ACC.NO. NAMVE CF CQULTIVARS RATING SN AcC.NO. NAME CF CULTI VARS RATIN

701 C 547 CHIDA NAL S 751 C 390 CH NNOUR S
702 C 785 CH D YA DCRA S 752 C 392 CH NNOUR S
703 A: 406l | ASSAM CH DI YA S 753 C 3951 | CH NNOUR S
704 A 406 ASSAM CH D YA S 754 C 395B CH NNOUR S
705 C 470111 CHIKHALA KOTI S 755 C 397 CH NNOUR S
706 C 814 CHIKO S 756 C 399 CHI NNOUR S
707 C 11B CHILKAT (% 757 C 423 CH NNOUR VB
708 C 702 CHILLA KCRVA S 758 C 4251 CH NNOUR S
709 C 583 CH LPUR BANDA DESHI S 759 C 42511 CH NNOUR S
710 C 837 CH NA S 760 C 426 CH NNOUR S
711 C 837 CH NA S 761 C 4351 CH NNOUR S
712 E 48 EUTBAL CH NA S 762 C 43511 CH NNOUR S
713 C 370 CH NA WAL S 763 C 491 CH NNOUR S |
714 C 169 CH NA MAL S 764 C 4941 CH NNCOUR S
715 C 21 CHIND BAYN L S 765 C 566 CH NNOUR S
716 C 367I1 CHINGAR CHOPA S 766 C 604 CH NNOUR VB
717 C 579 CHING BAL S 767 C 606 CH NNOUR S
718 C 412 CHINGO S 768 C 801 CH NNOUR S
719 C 301 CHN KAPCCR S 769 C 805 CH NNOUR S
720 C 3011 CHN KAPOCR S 770 C 828 CH NNOUR S
721 C 30111 CH N KAPCCR S 771 C 839 CH NNOUR S
722 C 301V CHN KAPOOR M5 111 S 837 SUKUL MUNDI S
723 C 30V CH N KAPCCR S 773 S 1267 SUKUL MUNDI S
724 C 30M CH NI KAPCCR S 774 S 1308 SUKUL MUNDI S
725 C 30vVIi1 CHN KAPCCR S 775 S 1520 SUKUL MUNDI S
726 C 301V CH NI KAPCCR S 776 S 1003 SUKUL MUNDI S
727 C 30X1 CH N KAPCCR S 111 K 559 KANTH CH NNOUR S
728 C 30XI11 CHN KAPQCR S 778 K 2573 KANTH CHI NNOUR S
729 C 30Xl CHN KAPOGR S 779 C 577 CH NTA KOVA S
730 C 339 CH N KAPCCR S 780 C 563 CH NTA KOMVA S
731 C 340 CHN KAPOCR S 781 C 756 CH NTA MANI S
732 C 701 CHH NNA BAL KCBAWARI S 782 C 229 CHIPADA VB
733 C 564 CH NNA KQvA S 783 C 569 CH PDA S
734 C 312 CH NNA NMAL S 784 C 13A CH RAI NAKHI S
735 C 3111 CHINNOR S 785 C 75111 CH RAI NAKH S
736 C 8411 CH NNOUR S 786 C 751 CH RAI NAKHI S
737 C 84111 CH NNOUR S 787 C 148l 1 CH ROUNJ S
738 C 841V CH NNCOUR S 788 C 659 CH TAR BOTI S
739 C 102 CH NNCOUR M5 789 C 660 CH TAR BOTI S
740 C 1131 CH NNCOUR S 790 C 684 CH TAR CHI NI VB
741 C 11311 CH NNOUR S 791 C 20311 CH TAR CHI NI S
742 C 174 CH NNCOUR S 792 C 711 CH TAR KANTH S
743 C 1741 CH NNCUR S 793 C 705 CH TAR SI NGH NG
744 C 17411 CH NNOUR S 794 C 735 CH TAR SI NGH S
745 C 185 CH NNOUR S 795 C 251 CHT MJCHCH S
746 C 197 CH NNCOUR S 796 C 792 CHT MUCHI S
747 C 236 CH NNOUR S 797 C 631 CHITRA S
748 C 3341 CH NNOUR S 798 C 418l | CHITRAKUT S
749 C 334111 CH NNOUR S 799 C 24 CHUDI S
750 C 353 CH NNOUR VB 800 C 311 CHUDI S



S. N Acc.No. NAME OF CULTIVARS RATING S.N ACC NO NAME CF CULTIVARS RAT IN
801 C 322 CHUDI S 851 A 475111 AVER KA CHUD S
802 C 323 CHUDI S 852 A 472 AMVERI KA CHUDI S
803 C 328 o S 853 A 27 ASSAM CHUDI S
804 C 328l 1 o S 854 A 148 ASSAM CHUDI S
805 C 374 o S 855 A 148l ASSAM CHUDI S
806 C 374l aHuD VB 856 A: 238 ASSAM CHUDI S
807 C 37411 aHuD S 857 A 268 ASSAM CHUDI NG
808 C 376l 1 o S 858 A 281 ASSAM CHUDI S
809 C 377 o S 859 A 285 ASSAM CHUDI S
810 C 451 o S 860 A 300 ASSAM CHUDI S
811 C 45111 o S 861 A 301 ASSAM CHUDI S
812 C 45111l D S 862 A 310 ASSAM CHUDI S
813 C 451111 CcHIO S 863 A 312 ASSAM CHUDI S
814 C 454 D S 864 A 314 ASSAM CHUDI S
815 C 460 CHUDI S 865 A 329 ASSAM CHUDI S
816 C 462 o S 866 A 337 ASSAM CHUDI S
817 C 47311 cHo S 867 A 342 ASSAM CHUDI VB
818 C 532 CHUDI S 868 A: 357 ASSAM CHUDI S
819 C 570 o S 869 A 368 ASSAM CHUDI S
820 C 573 CHUDI VB 870 A 377 ASSAM CHUDI S
821 C 576 o S 871 A 382 ASSAM CHUDI S
822 C 464 o S 872 A 383 ASSAM CHUDI S
823 C 587 o S 873 A 384 ASSAM CHUDI S
824 C 589 o S 874 A 395 ASSAM CHUDI S
825 C 592 o S 875 A 400 ASSAM CHUDI NG
826 C 693l | o S 876 A 401 ASSAM CHUDI S
827 C 693 D S 877 A 411 ASSAM CHUDI S
828 C 699 o S 878 A 430 ASSAM CHUDI S
829 C 703 CHUDI S 879 A 436 ASSAM CHUDI S
830 C 755 o S 880 A 462 ASSAM CHUDI VB
831 C 760 CHUDI S 881 A 463 ASSAM CHUDI S
832 C 737 D S 882 A 476 ASSAM CHUDI S
833 C 742 aHD M5 883 A 477 ASSAM CHUDI S
834 C 743 o S 884 A 479 ASSAM CHUDI S
835 C 744 o S 885 A 481 ASSAM CHUDI S
836 C 754 D S 886 A 492 ASSAM CHUDI NG
837 C 761 D S 887 A 494 ASSAM CHUDI S
838 C 776 D S 888 A: 500 ASSAM CHUDI S
839 C 789 CHUDI S 889 A 514 ASSAM CHUDI S
840 C 809 CHUDI S 890 A 514 ASSAM CHUDI S
841 C 817 CHUDI S 891 A 516 ASSAM CHUDI S
842 C 823 o S 892 A 542 ASSAM CHUDI S
843 C 826 CHUDI S 893 A 548 ASSAM CHUDI S
844 C 590 o S 894 A: 557 ASSAM CHUDI S
845 C 4A o (%) 895 A 559 ASSAM CHUDI S
846 C 4Al I o S. 89%6 A 562 ASSAM CHUDI S
847 c:704 CHUD  DESHI S 897 A 563 ASSAM CHUDI S
848 C 307 CHO  DHAN NG 898 A 572 ASSAM CHUDI S
849 C 306 CHO  DHAN S 899 A 582 ASSAM CHUDI S
850 A 47511 AMERIKA CHUD S 900 A 585 ASSAM CHUDI S



S.N Acc.No. NAME CF QLTI VARS

901 A 596 ASSAM CHUD
902 A 60011 ASSAM CHUD
903 A: 607 ASSAM CHUD
904 A 610 ASSAM CHUD
905 A 611 ASSAM CHUDI
906 A 612 ASSAM CHUDI
907 A 613 ASSAM CHUDI
908 A 613 ASSAM CHUDI
909 A: 614 ASSAM CHUDI
910 A 618 ASSAM CHUDI
911 A 619 ASSAM CHUD
912 A 622 ASSAM CHUDI
913 A 624 ASSAM CHUDI
914 A 626 ASSAM CHUDI
915 A 632 ASSAM CHUD
916 A 633 ASSAM CHUD
917 A 635 ASSAM CHUD
918 A 636 ASSAM CHUDI
919 A 638 ASSAM CHUOI
920 A 639 ASSAM CHUD
921 A 640 ASSAM CHUDI
922 A 642 ASSAM CHUDI
923 A 645 ASSAM CHO
924 A 660 ASSAM CHUDI

M5 - Moderately susceptible,
S - Susceptible,
NG - No germination
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