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ABSTRACT

A total of 1110 ENRRD rice germplasm accessions were evaluated for their resistance to brown
planthopper, BPH in glass house by adopting internationally accepted standard seed box screening
technique and scored on 0-9 scale by following the IRRI method of standard evaluation system for
rice. Among 1110 rice germplasm accessions tested, 3 were categorized as Highly resistant, 24 as
resistant, 19 as moderately resistant, 192 as moderately susceptible, 509 as susceptible and rest of
other 363 genotypes were highly susceptible to BPH. The studies on antixenosis mechanism of
resistance for feeding by probing marks revealed that resistant entries, were least preferred by BPH
nymphs and adults with more number of probing marks The results indicate that the germplasm
accessions viz., IC 343457, IC 300168 and IC 377051 were highly resistant and possess non-
preference mechanism of resistance and are not preferred by BPH for feeding. The identified
resistant entries can be used in the breeding programmes to develop BPH resistant varieties.

Keywords: Brown planthopper, Feeding behavior, host plant resistance, germplasm accessions,
Nilaparvata Lugens, probing marks, rice.

1. INTRODUCTION

Cultivation of rice is the major activity and source
of staple food and income for millions of
households round the globe. In India, rice is
cultivated in an area of 42.96 million hectares
with a total production and productivity of 158.75
million tonnes and 3.69 metric tonnes per
hectare, respectively. Paddy, is attacked by
about 800 species of insect pests in both field and
storage. Of all these, brown planthopper (BPH),
Nilaparvata Lugens (Stal) (Homoptera:
Delphacidae) is economically important, which
can cause huge damage where both nymphs
and adults suck the plant sap directly and
indirectly transmits viral diseases such as ragged
stunt and grassy stunt [1]. BPH damage results in,
appearance of round and yellow patches, which
soon turn brownish due to the drying up of the
plants which is called as ‘'hopper burn', and
could result in causing vyield loss ranging
from 10-75%. Different chemical pesticides
were advised to manage BPH, however their
negligent use resulted in their revival, the
development of insecticide resistance, and a
negative influence on natural enemies [2-4]. An
alternate  strategy for controlling brown
planthopper is to improve host plant resistance.
Growing pest-resistant cultivars offers farmers
free pest control and can work well with other pest
control strategies in an integrated pest
management programme. The most significant
benefit of plant resistance is its particular,
cumulative, and long-lasting impact on insect
populations. The necessity to identify suitable
new resistant donors for BPH from different
sources is utmost important in order to combat
this insect and to develop material resistant to
different biotypes. It is necessary to understand
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the mechanism and factors which are
responsible for manifesting the resistance into
the selected cultures with desirable characters,
so that these can be utilized effectively in the
breeding programme. Keeping this in view, the
present investigation of identification of resistant
sources from the ENRRD (Establishment of
National Rice Resource Database) germplasm
accessions to brown planthopper was carried out
and the antixenosis mechanism of resistance for
feeding in terms of probing marks was studied.

2. MATERIALS AND METHODS
2.1 Mass Rearing of Brown Planthopper

The BPH was mass reared on susceptible variety
TN1 in the Entomology greenhouse of ICAR-
Indian Institute of Rice Research,
Rajendranagar, Hyderabad. Twenty adult gravid
female hoppers were released on pre cleaned
potted TN1 plants in oviposition cages. Plants
with eggs were taken out and placed in separate
cages for hatching. The hatched nymphs were
utilized as and when they obtain the desired age.

2.2 Mass Screening of ENRRD Entries

In order to identify the sources of resistance to
BPH, 1110 ENRRD (Establishment of National
Rice Resource database) germplasm
accessions supplied by ICAR-National Bureau of

Plant Genetic Resources, New Delhi and
multiplied and maintained by ICAR-Indian
institute of Rice research, Rajendranagar,

Hyderabad were mass screened. Screening was
carried out by adopting mass screening test
under controlled greenhouse conditions as per
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Table 1. Classification of resistance based on damage reaction

Plant state

Damage score Resistance classification

None of the leaves yellow or dead

One bottom leaf yellow

One or two leaves yellow or leaf dried

One or two leaves dried or one leaf healthy
All leaves dried or yellow but stem green
Plant dead

Highly resistant
Resistant
Moderately resistant
Moderately resistant
Susceptible

Highly susceptible

O~NOO1TWEFk O

the technique described by [5,6]. The seed of the
ENRRD germplasm entries was pre-germinated in
petri dishes and sown individually in the
screening trays (50cm x 40cm x 8cm) filled with
fertilizer enriched puddled soil. Each screening
tray contained 20 test lines with about 15- 20
seedlings per line, one row of resistant check
(PTB 33) in the middle and two rows of
susceptible check (TN1) in the boarders. Each
entry was screened in two replications. After
sowing, the screening trays were placed in fibre
trays (60cm x 180cm x 8cm) filled with water.
The screening trays were covered with mylar
cages and first and second instar BPH nymphs
were released on to 12-13 day old seedlings
(Plate 1a and 1b). When more than 90 per cent
plants of the susceptible check, TN1 were killed,
the test entries were scored for the damage
reaction, based on a 0-9 scale of International
Standard Evaluation System [7] as described in
Table 1. ENRRD germplasm accessions showing
damage score below 50 were tested with two
replications to confirm the consistency of the
reaction to BPH.

2.3 Feeding/probing Behaviour of Third
Instar BPH Nymphs and Adults on

Selected ENRRD Germplasm
Accessions
A total number of 43 ENRRD germplasm

accessions including highly resistant, resistant,
moderately resistant and susceptible accessions
along with susceptible and resistant checks were
selected to find out the feeding/probing
behaviour of third instar nymphs and adults
expressed in terms of feeding or probing marks
on the stems of rice plants. Prior to insertion of
the stylets, the planthopper secrets a small
amount of coagulable saliva while pushing the
labial tip onto the plant epidermis. This makes a
tight connection between them leaving
characteristic circular marks at the pount of stylet
insertion. The salivary deposit on the plant
epidermis is called a feeding mark. The non-
preference of the BPH for food was studied by
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counting probing marks. Number of probing
marks made by a single one day old female and
third instar nymph during one day feeding on
resistant and susceptible rice cultures was
recorded. For this purpose, a single one day old
adult female insect was allowed to feed on
seven day old test entry in a test tube for 24
hours and this was replicated five times. After 24
hours, the insect was removed and the test plant
was stained by dipping in one per cent agueous
Erythrosin-B solution for one hour to distinguish
the feeding marks on the test entries [8,9]. The
feeding marks were counted by using magnifying
hand lens. The experiment was also conducted
with third instar nymphs (Plate 2). The data were
analyzed statistically in Completely Randomized
Design (CRD) and the means were separated
using LSD.

2.4 Correlation and Regression Analysis

Pearson correlation analysis and linear
regression analysis between the damage score
and probing marks of nymphs and adults was
carried out using OP Stat software to understand
their relationship and interdependence.

3. RESULTS AND DISCUSSION

3.1 ENRRD Germplasm
Resistant to BPH

Accessions

Among 1110 rice germplasm accessions tested,
three accessions viz., IC 343457 (DS 0.3), IC
300168 (DS 0.6) and IC 377051 (DS 0.9) were
highly resistant with a damage score of 0.1 to 1.0;
while, 24 entries viz., IC Nos. 319799 (DS 1.1),
343394 (DS 1.2), 301181 (DS 1.3), 449821 (DS
1.3), 343392 (DS 1.3), 464944 (DS 1.4), 450041
(DS 1.4), 341334 (DS 1.4), 300166 (DS 1.6),
377527 (DS 1.7), 300167(DS 1.8), 319350 (DS
2.1), 346927, (DS 2.1), 343515 (DS 2.2), 300202
(DS 2.4), 577624 (DS 2.5), 545441(DS 2.5),
497079 (DS 2.7), 461801(DS 2.7), 377423 (DS
2.8), 554787 (DS 2.8), 354787 (DS 2.9),
321833 (DS 2.9) and 252243 (DS 3.0), were
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resistant with a damage score of 1.1 to 3.0;
whereas19 entries were identified as moderately
resistant with a damage score of 3.1 to 5.0
(Table 2 and Fig. 1). Among the remaining 1110
ENRRD entries, 192 entries were moderately
susceptible (DS 5.1 to 7.0), 509 entries were
susceptible (DS 7.1 to 8.9) and remaining 363
entries were highly susceptible (DS 9.0). PTB 33
was resistant (DS 1.4) and TN1 was susceptible
(DS 9.0). Screening for resistance to brown
planthopper is a continuous process to identify
new sources of resistance. International Rice
Research Institute (IRRI) has initiated screening
of thousands of rice varieties and lines including
worldwide germplasm collections and breeding
lines of rice in which a large number of varieties
were identified as resistant [10]. In India, host
plant resistance to BPH is being exploited in
several research centers and important sources
of resistance have been identified their use in
breeding programme has been attempted [11-
15].

3.2 Feeding/Probing Marks

A total number of 41 ENRRD germplasm
accessions including highly resistant and
resistant accessions along with susceptible and
resistant checks were selected to find out the
feeding/probing behaviour of third instar nymphs
and adults expressed in terms of feeding or
probing marks on the stems of rice plants.

3.3 BPH Adults

There was a significant difference among the
entries with regard to probing marks (Table 3
and Fig. 2). The resistant accessions recorded
more number of probing marks compared to
susceptible accessions. Among the resistant
accessions, the resistant accession, IC 377051
had maximum number of feeding punctures
(20.8) while IC 145400 received minimum
number of feeding punctures (4.0). The
susceptible check TN1 had 6.8 probing marks
while the resistant check, PTB33 recorded the
maximum number of probing marks (44.0). The
resistant germplasm accessions viz., IC 377051
(20.8), IC 497079 (19.4), IC 464944 (18.6), IC
300167 (17.8), IC 319799 (16.8), IC 377527
(16.4) recorded more number of feeding marks
compared to other resistant and susceptible
entries. The germplasm accessions viz., IC
145400 (4.0), IC 252243 (4.4), IC 300683 (4.4),
IC 301172 (4.4), IC 301181 (4.8), IC 449821
(4.8), IC 319350 (4.8), IC 377746 (4.8), IC
343392 (5.2), IC 300378 (5.4) recorded very less
number of feeding punctures. The highly
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resistant germplasm accessions were probed
more number of times (14.8) by the BPH adults
compared to the resistant (12.1), moderately
resistant (8.1) and susceptible accessions (7.8).

3.4 BPH Nymphs

There was a significant difference among the
entries with regard to probing marks by nymphs
(Table 2 and Fig. 1). In the resistant accessions,
highest number of probing marks by nymphs
were observed on 1C464944 (29.4) followed by
IC 461801 (15.4), 1C497079 (12.2), 1C319799
(10.6) and IC 450382 (11.2), PTB33 had the
maximum number of probing marks (38.6).
Lowest number of probing marks were observed
on IC 300163 (2.0), followed by 1C319350 (4.0),
IC 145400 (4.2), 1C343392 (4.4) and IC 301172
(4.4) and TN1 had 6.8 probing marks. Nymphs
probed more number of times on the highly
resistant germplasm accessions (10.6)
compared to resistant (10.5), moderately
resistant (6.4) and susceptible entries (6.3).
More number of feeding punctures were
observed when the plant is fed with adult BPH
(10.4) compared to the nymphs (8.6). More
number of feeding punctures in the resistant
entries might be due to the reason that, these
resistant and moderately resistant entries did not
sustain prolonged feeding due to presence of
certain feeding deterrents or toxic chemicals or
absence of feeding stimulants. Hence, the insect
had to probe more number of times on the
resistant genotypes to locate feeding sites
[16,17]. The results corroborate with the findings
of several workers [6,9,14,18] who reported that
resistant varieties received more probing marks
than susceptible ones.

3.5 Correlation and Regression between
Damage Score and Probing Marks

Correlation analysis between damage score and
probing marks by nymphs (-O.290NS) and adults (-

0.303*) indicated a negative relation which is
significant in adults. More number of probing
marks were observed in the germplasm
accessions which are resistant and vice versa
(Table 3 and Fig 2). [14,17-19] suggested a
negative relation between damage score and
probing marks made by brown planthopper and
whitebacked planthopper in rice germplasm
accessions. There was a negative relation
between damage score and probing marks and
the probing marks could explain 19% variation in
the damage score and for each unit increase in
the probing marks, the damage score decreased
by 0.328 units (Table 4 and Fig. 3).
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Plate 2. Experiment on Probing marks
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Table 2. Damage score and probing marks of brown planthopper in ENRRD germplasm accessions

S.No Germplasm DS Probing marks made by S.No. Germplasm DS Probing marks made by
accessions (IC Nymphs Adults accessions (IC Nymphs Adults
No) No)
1 IC 343457 0.3 10.4(3.2)c9 8.8(2.9)gm 23 IC 461261 3.2 6.0(2.4)en 8.4(2.9)9"
2 IC 300168 0.6 10.6(3.1)c9 14.8(3.8)b0 24 IC 450072 4.0 10.4(3.2)cf 9.2(2.9)Fm
3 IC 377051 0.9 10.8(3.3)c® 20.8(4.4)b 25 IC 413638 4.1 11.0(3.2)cf 7.4(2.7)n
4 IC 319799 11 8.2(2.8)dm 16.8(3.9)0 26 IC 377746 45 4.8(2.2)0 4.8(2.1)mn
5 IC 343394 12 6.2(2.5)e" 6.0(2.3)i" 27 IC 332672 4.6 4.8(2.2)0 9.2(2.9)Fm
6 IC 301181 13 6.4(2.5)e" 4.8(2.1)n 28 IC 145400 4.6 4.2(2.0)mo 4.0(1.9)"
7 IC 343392 13 4.4(2.1) 5.2(2.2)kn 29 IC 300378 4.7 7.6(2.7)4n 5.4(2.3)i"
8 IC 449821 1.3 6.6(2.6)e™" 4.8(2.1) 'n 30 IC 145402 4.7 5.2(2.2)° 9.8(3.1)%*
9 IC 341334 1.4 10.4(3.2)c9 11.2(3.2)% 31 IC 300683 4.8 4.6(2.1)o 4.4(2.1)mn
10 IC 464944 1.4 29.4(5.2)b 18.6(4.1)bd 32 IC 300991 4.8 5.0(2.2)° 10.4(3.2)%
11 IC 300166 1.6 9.2(2.9)d 7.6(2.7)Mn 33 IC 450382 4.9 11.2(3.3)c® 9.1(2.9)gm
12 IC 377527 1.7 5.2(2.3)° 16.4(4.0)b-e 34 IC 17037 5.0 6.2(2.4) 13.0(3.6)b"
13 IC 300167 1.8 9.0(2.9)* 17.8(4.2)c 35 IC 145419 5.0 8.6(2.9)+ 10.3(3.2)%
14 IC 319350 2.1 4.0(1.9)° 4.8(2.2)kn 36 IC 301172 5.0 4.4(2.1) 4.4(2.1)mn
15 IC 343515 2.2 6.6(2.5)e" 11.0(3.3)¢ 37 IC 300163 5.0 2.0(1.4)° 11.0(3.2)%
16 IC 300202 24 7.8(2.8)dn 7.0(2.6)Mn 38 IC 577781 9.0 5.9(2.3)9" 7.4(2.6)"n
17 IC 545441 25 9.4(3.0)c 9.6(3.1)" 39 IC 577803 9.0 7.1(2.7)4n 8.0(2.8)"n
18 IC 577624 25 10.4(3.1)ch 12.2(3.5)v 40 IC 577833 9.0 6.4(2.5)e" 7.0(2.6)"
19 IC 461801 2.7 15.4(3.9)¢ 11.6(3.4)c 41 IC 577922 9.0 5.2(2.3)"n 7.4(2.7)n
20 IC 497079 2.7 12.2(3.5)« 19.4(4.1)bd 42 PTB 33 14 38.6(6.1)2 44.0(6.4)2
21 IC 321833 29 5.2(2.3)"mn 8.8(2.9)gm 43 TN1 9.0 6.8(2.6)4n 9.0(2.9)gm
22 IC 252243 3.0 5.8(2.3)9" 4.4(2.0)™
S.Em(z) 0.3071 0.339 0.3071 0.339
C.V.(%) 24.84 25.07 24.84 25.07
C.D.(0.05) 0.8573 0.9462 0.8573 0.9462

Note: Means in a column followed by same letter are not significantly different from each other.
Figures in parenthesis are square root transformed values
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Table 3. Correlation matrix between damage score and probing marks of BPH

Components of resistance Damage score Probing marks Probing marks
nymphs adults

Damage score 1

Probing marks nymphs -0.290Ns 1

Probing marks adults -0.303" 0.404" 1

Table 4. Linear regression analysis between damage score and probing marks of BPH

Parameter No. Regression Standard Error R2
observations equation

Probing marks Nymphs 43 y =-0.1627x + 12.175 0.095 0.1026

Probing marks Adults 43 y =-0.1652x + 14.006  0.089 0.0915
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Fig. 3. Regression equation between damage score and probing marks of BPH

4. CONCLUSIONS

In the present investigation, ENRRD germplasm
accessions viz., IC 343457, IC 300168 and IC
377051were  highly resistant to  brown
planthopper with less damage score (0.0 to 1.0)
and with more number of probing marks which
indicates that they are not preferred for feeding
and these accessions can be used in the
breeding programmes to develop brown
planthopper resistant varieties.

ACKNOWLEDGEMENTS

The first author expresses her heartfelt gratitude
to Department of Science and Technology,
Government of India, for providing INSPIRE
fellowship. The authors are immensely thankful
to the Director, ICAR-Indian Institute of Rice
Research, Rajendranagar, Hyderabad for
providing facilities to take up the present
investigation.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Khush GS, Brar DS. Genetics of
resistance to insects in crop plants.
Adv Agron. 1991;45:223-274.

33

2.

Chelliah S, Heinrichs EA. Factors Affecting
Insecticide-Induced Resurgence of the
Brown Planthopper, Nilaparvata Lugensl
on Rice. Environ Entomol. 1980;9(6):773—
777.

Lakshmi VJ, Krishnaiah NV, Katti G,
Pasalu IC and Bhanu KV. Development of
insecticide resistance in rice brown
planthopper and whitebacked planthopper
in Godavari Delta of Andhra Pradesh.
Indian J Plant Prot. 2010;38:35-40.
Lakshmi VJ, Krishnaiah NV, Katti GR,
Pasalu IC and Chirutkar PM. Screening of
insecticides for toxicity to rice hoppers and
their predators. ORYZA-An Int J Rice.
2010;47(4):295-301.

Kalode MB, Viswanathan PRK, Seshu DV.
The standard test to characterize host
plant resistance to brown planthoppers in
rice. Indian J Plant Prot. 1975;3:204—-206.
Nagendra Reddy B, Jhansi Lakshmi V,
Uma Maheswari T, Ramulamma A, Katti
GR. Identification of resistant sources to
brown planthopper Nilaparvata Lugens
(Stal) (Delphacidae: Homoptera).
Progressive Res Int J. 2016;11(1):5-8.
IRRI. Standard Evaluation System (SES)
for Rice. 5th Edition. International Rice
Research Institute, Manila, Philippines.
2013;55.

Naito A. Methods of detecting feeding
marks of leaf and plant hopper and its
application. Japanese J Plant Prot.
1964;18(12):482—-484.



10.

11.

12.

13.

14.

Shilpakala et al.; J. Exp. Agric. Int., vol. 46, no. 3, pp. 26-34, 2024; Article no.JEAI.111895

Ponnada U, Pophaly DJ, Shaw SS,
Ganguli J. Feeding and probing behaviour
of rice brown planthopper (BPH)
Nilaparvata  Lugens (Stal.). Indian
J Entomol. 2011;73:201-203.

Fernando H, Senadhera D, Elikawela Y,

De Alwis HM, Kudagamage C.
Varietal resistance to the brown
planthopper in Sri Lanka. Brown

Planthopper: Threat to Rice Production in
Asia. 1979;241-249.

Alagar M, Suresh S, Samiyappan R,
Saravanakumar D. Reaction of Resistant
and Susceptible Rice Genotypes
Against Brown Planthopper (Nilaparvata
Lugens). Phytoparasitica. 2007;35:346-
356.

Deen R, Ramesh K, Gautam SK, Rao Y K,
Lakshmi VJ, Viraktamath BC, Brar DS,
Ram T. Identification of new gene for BPH

resistance introgressed from 0.
rufipogon. Rice Genetics Newsletter.
2010;25:27.

Ramulamma A, Sridevi D, Lakshmi VJ,
Nagendra Reddy B, Bharathi N Bhat.
Evaluation of different rice germplasm
accessions for resistance to brown
planthopper Nilaparvata lugens (Stal).
Progress Res — An Int J. 2015;10(3):223-
225.

Dhawande A, Lakshmi VJ, Chirukar PM,
Katti GR and Rao LS. Evaluation of
germplasm accessions for resistance to
rice  Brown planthopper, Nilaparvata

15.

16.

17.

18.

19.

lugens (Stal). J Rice Res. 2018;11(2):36-
44,

Anjali KM, Jhansi Lakshmi Vattikuti,
Satendra Kumar Mangrauthia, Rahman
SJ, Akanksha Srivastava, Raman
Meenakshi Sundaram. N22 mutants

resistant to rice planthoppers BPH and
WBPH. J Exp Zool India. 2022;25(2):20—
32.

Sogawa K, Pathak MD. Mechanism of
brown planthopper resistance in Mudgo
variety of rice (Homoptera: Delphacidae).
Appl Entomol Zool. 1970;5:148-158.
Priyadarshini S, Lakshmi VJ, Madhav MS,
Rajeswari B, Srinivas C. Non-preference
mechanism of resistance to Brown
planthopper, Nilaparvata Lugens (Stal)
(Hemiptera: Delphacidae) population of
Mahbubnagar, Telangana in rice
genotypes. J Exp Zool India. 2021;24(2):1
811-1817.

Dhawande A, Lakshmi VJ and Rao LV.
Non-preference mechanism of resistance
in rice germplasm accessions to
whitebacked planthopper Sogatella
furcifera  (Horvath). Indian  J Ecol.
2022;49(3):809-815.

Ramesh K, Padmavathi G, Deen R,
Pandey MK, Jhansi Lakshmi V, Bentur JS.
Whitebacked planthopper Sogatella
furcifera (Horvath) (Homoptera:
Delphacidae) resistance in rice variety
Sinna  Sivappu. Euphytica. 2014;
200(1):139-48.

© 2024 Shilpakala et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/111895

34


http://creativecommons.org/licenses/by/4.0

