
New Genes for Resistance to the Green Leafhopper in Rice1

Bernard H. Siwi and Gurdev S. Khush2

ABSTRACT
The inheritance of resistance to the green leafhopper

(Nephotettix virescens Distant) was studied in 13 culti-
vars of rice (Oryza sativa L.). Seedlings at the one-leaf
stage were artificially infested in the greenhouse with
second- and third-instar nymphs of the green leafhopper.
Seedling reaction was recorded one week after infestation.
A single dominant gene that is allelic to the dominant
gene Glh 1 originally identified in 'Pankhari 203', con-
veys resistance to green leafhopper in 'Jhingasail'. The
rice cultivars 'Godalki', 'Lien-tsan 50', and 'Palasithari
601', each possess a single dominant gene for resistance,
located at the Glh 2 locus, originally identified in 'ASD
7'. The resistance in 'Belong', 'DNJ 97', and 'H 5' is con-
ditioned by single dominant genes that are allelic to Glh
J originally found in 'IR8'. Single dominant genes that
are independent of Glh 1, Glh 2, and Glh 3 convey re-
sistance to the green leafhopper in 'ASD 8 (Thuyamalli)',
'ARC 6602', 'DM 77', 'DS 1', and 'Khama 49/8'. A single
recessive gene that is independent of Glh 1, Glh 2, and
Glh 3 conveys resistance to the green leafhopper in 'Ptb
8 (Chuvannari Thavalakkannan)'. This recessive gene is
designated glh 4. The single dominant gene conditioning
resistance in ASD 8 is designated Glh S. We do not know
the allelic relationships to glh 4 and Glh 5 of the dom-
inant genes that convey resistance to the green leafhopper
in ARC 6602, DM 77, DS 1, and Khama 49/8.

Additional index words: Oryza sativa L., Nephotettix
virescens Distant, Tungro virus, Insect resistance, Inher-
itance of resistance, Allelic relationships.

THE green leafhopper, Nephotettix virescens Dis-
tant, is a serious insect pest of rice, Oryza sativa

L. The insect directly damages plants by sucking the
sap and by ovipositing on the leaf sheath. Consequent-
ly, susceptible plants have reduced vigor, fewer till-
ers, and a higher percentage of unfilled grains. Ne-
photettix virescens efficiently transmits rice tungro
virus, one of the most destructive diseases of rice. The
insect also transmits yellow dwarf, "penyakit merah",
transitory yellowing and yellow orange leaf virus (5,
6).

Several chemicals have been identified that effec-
tively control the insect, but chemical control of rice
insects is expensive and beyond the means of most
farmers in tropical Asia. Therefore, the development
and growing of resistant cultivars appear to be the
most logical way to control the insect.

Rice with high levels of resistance to the green leaf-
hopper have been identified (7, 8). Several of the re-
sistant cultivars have been used in the breeding pro-
gram at the International Rice Research Institute
(IRRI) and several cultivars and many resistant breed-
ing lines have been developed. The resistant cultivars
are being used as sources of resistance in several na-
tional breeding programs.

Athwal et al. (2) and Athwal and Pathak (1) re-
ported that the green leafhopper resistance in rice cul-
tivars 'Pankhari 203', 'ASD 7', and 'IR8' is conditioned
by the single dominant genes Glh 1, Glh 2, and Glh 3,
respectively. Each segregates independently of the oth-
ers. These genes have been incorporated into rices of
improved plant type. This study was undertaken to
identify additional genes for resistance to green leaf-
hopper.

MATERIALS AND METHODS
We used 13 rice cultivars that were identified by IRRI entom-

ologists (7) as resistant to the green leafhopper (Table 1). Each
test cultivar was crossed with 'Taichung Native 1' (TN1), Pank-
hari 203, IR3275-A1733-7 (IR3275), and IR8. TN1 is a high-
yielding dwarf variety from Taiwan which is highly susceptible
to the green leafhopper. Pankhari 203 is a tall indica from

Table I. Green leafhopper-resistant rice cultivars used as par-
ents to study the inheritance of green leafhopper resistance.

1 Contribution from IRRI, Los Banos, Philippines. Received
28 Feb. 1976.

'Former research fellow (presently at Central Research Insti-
tute for Agriculture, Bogor, Indonesia) and plant breeder, Inter-
national Rice Research Institute, P.O. Box 933, Manila.

Cultivar

ARC 6602
ASD 8 (Thuyamalli)
Betong
DM77
DNJ 97
DS1
Godalki
H 5
Jhingasail
Khama 49/8
Lien-tsan 50
Palasithari 601
Ptb 8 (Chuvannari Thavalakkannan)

IRRI ace. no.

12290
6393
8184
879S
8454
8573
8342
156
8336
6504
4539
12069
6291

Origin

India
India
Indonesia
Bangladesh
Bangladesh
Bangladesh
Bangladesh
Sri Lanka
Bangladesh
Bangladesh
China
Sri Lanka
India
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Table 2. Reactions to green leafhopper of F1 and F2 populations and F~ lines from crosses of resistant cultivars with susceptible TN1.

Reaction of F2 populations Reaction of F3 lines
Cross F1 reaction1" Total % susc. P value 3:1 No. resis. No. segr. No. susc. P value 1:2:1 .

TNI XARC 6602 R 638 26.1 0.25-0.50 33 66 33 0.99-1.0
TNI XASD 8 R 937 23.0 0.10-0.25 30 65 34 0.75-0.90
TN1 X Betong R 892 21.8 0.02-0.05 27 72 33 0.25-0.50
TN1 X DM 77 R 735 29.6 ~0.005 36 66 30 0.75-0.90
TN1 X DNJ 97 R 374 20.3 0.02-0.05 35 67 42 0.50-0.75
TN1 X DS 1 R 896 33.4 (--0.005 29 70 33 0.50-0.75
TN1 X Godalki R 846 26.3 0.25-0.50 37 76 35 0.90-0.95
TN1 X H 5 R 789 24.0 0.50-0.75 32 77 34 0.50-0.75
TN1 X Jhingasail R 1,216 24.6 0.75-0.90 28 72 32 0.50-0.75
TN1 X Khama 49/8 R 698 24.7 0.75-0.90 31 67 34 0.75-0.90
TN1 X Lien-tsan 50 R 1,017 23.7 0.25-0.50 39 72 39 0.75-0.90
TN1 X Palasithari 601 R 534 23.9 0.50-0.75 30 83 37 0.25-0.50
TN1 X Ptb 8 S 726 75.7 0.50-0.75:~ 33 65 34 0.95-0.97

resistant, S ffi susceptible. $ For 1:3 ratio.

Table 3. Reactions to green lcafhopper of F2 populations and F~ lines from crosses of resistant cultivars with Pankhari 203 (GIh 1).

Reaction of F2 populations Reaction of F3 lines

Cross Total % susc. P value 15:1 No. resis. No. segr. No. susc. P value 7:8:1

Pankhari 203 X ARC 6602 654 13.7 <0.005 55 68 9 0.75-0.90
Pankhari 203 XASD 8 674 9.2 <0.005 50 53 7 0.90-0.95
Pankhari 203 X Betong 653 7.6 0.10-0.25 59 65 8 0.97-0.99
Pankhari 203 X DM 77 765 4.0 0.01-0.02 52 71 9 0.50-0.75
Pankhari 203 X DNJ 97 391 3.0 0.00-0.01 60 65 7 0.75-0.90
Pankhari 203 X DS 1 817 7.0 0.02-0.05 55 67 10 0.75-0.90
Pankhari 203 X Godalki 791 5.7 0.50-0.75 57 68 7 0.75-0.90
Pankhari 203 X H 5 751 2.7 <0.005 75 49 8 0.99-1.00J-
Pankhari 203 X Jhingasail 673 8.2 0.02-0.05 132 0 0
Pankhari 203 X Khama 49/8 839 7.8 0.05-0.10 57 66 9 0.95-0.97
Pankhari 203 X Lien.tsan 50 772 5.0 0.10-0.25 78 47 7 0.50-0.75
Pankhari 203 X Palasithari 601 813 6.0 0.75-0.90 55 68 9 0.75-0.90
Pankhari 203 X Ptb 8 591 16.2 0.10-0.25:~ 58 64 10 0.75-0.90

Resistant and segregating lines pooled together. For 13:3 ratio.

India and is homozygous for the Glh 1 gene for green leat’hopper
resistance. IR3275 is a dwarf selection from the cross (TN1 
ASD 7) X IR22~ and is homozygous for Glh 2 for resistance.
IK8 is a dwarf, high-yielding cultivar that is homozygous for the
Glh 3 gene for resistance.

Seeds of the test cultivars were obtained from the germplasm
bank of the IRRI.

The F~, F~, and F~ progenies from crosses of the test cultivars
with TN1 were studied to determine the mode of inheritance of
resistance, and progenies from crosses of the test cultivars with
Pankhari 203, IR3275, and IR8 were studied to determine the
allelic relationships of the resistance genes.

The hybrid materials were tested for their reactions to the
green leafhopper using the bulk seedling test (2, 4). The test
materials were seeded in wooden flats, 60 X 45 X 10 cm in di-
mension filled with soil to a depth of 5 cm. The seeds were
sown in rows 5 cm apart. Each flat had 12 rows, each 45 cm
long, subdivided into 24 subrows each about 20 cm long. Of
these, 22 subrows were planted to test materials. The remaining
two subrows were further subdivided into two, with half planted
to the susceptible check and the other half to the resistant
check.

TN1 was used as the susceptible check and IR26 as the re-
sistant check in all tests, Pankhari 203, ASD 7 and IR8 were
included also as resistant checks when the progenies were studied
from crosses involving those parents.

Seedlings at the one-leaf stage (about 7 days after sowing) were
uniformly infested with second- and third-instar green teal
hopper nymphs. About five nymphs per seedling were considered
adequate to distinguish between resistant and susceptible geno-
types.

Damage was rated when the susceptible check was completely
dead, usually about 1 week after infestation. The seedling was
rated resistant if its reaction was similar to those of the re-
sistant check. Severely stunted seedlings with signs of wilting
and completely dead seedlings were rated as susceptible. The
F1 and F~ generations were scored on a row basis. The F.~ seed-
lings were classified as resistant or susceptible on an individual
seedling basis, whereas F~ prog.eny rows were classified either as
homozygous resistant, segregaung, or homozygous susceptible.

RESULTS

Mode of Inheritance. The F~ progenies from the
cross TN1 X Ptb 8 were susceptible, indicating that
green leafhopper resistance in Ptb 8 is recessive. The
Ft’s of all other crosses were resistant, indicating that
resistance is dominant over susceptibility in the other
cultivars (Table 2).

A good fit was obtained to a monogenic ratio of 3
resistant:l susceptible or 1 resistant:3 susceptible in
the F2 populations of all cross combinations except
TN1 ~( DM 77 and TN1 X DS 1 (Table 2). 
number of susceptible seedlings was significantly high-
er than expected on the basis of monogenic control in
the Fz populations of TN1 ~ DM 77 and TN1 X

DS 1 (X~ __~ 8.51 and 34.38, respectively).. But the Fa
data leave no doubt about the monogentc control o[
resistance in these two crosses (Table 2). The 
families of these two crosses fitted well a ratio of 1
homozygous resistant:2 segregating:l homozygous sus-
ceptible (~(~ ~ 0.55 and 0.73, respectively). The excess
of-susceptible seedlings in the F~ populations of these
two crosses may have been because some otherwise-re-
sistant seedlings died due to attacks of soilborne patho-
gens or extremely high insect pressures. A good fit
to the 1:2:1 F~ ratio expected for a monogenic control
of resistance was obtained also in the other crosses
(Table 2).

Thus, the information from the reactions of Fa, Fz,
and F.~ progenies o~ these crosses shows that a single
recessive gene is responsible for green leafllopper re-
sistance in Ptb 8, while resistance is governed by a
single dominant gene in all other resistant cultivars.
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Table 4. Reactions to green leafhopper of F2 populations and F3 lines from crosses of resistant cultivars with IR3275 (Glh 2).

Reaction of F2 populations Reaction of F3 lines

Cross Total % susc. P value 15:1 No. resis. No. segr. No. susc. P value 7:8:1

IR3275 X ARC 6602 764 0.5 <0.005 60 66 6 0.50-0.75
IR3275 X ASD 8 851 7.4 0.10-0.25 62 60 10 0.50-0.75
IR3275 X Betong 808 7.3 0.10-0.25 51 69 12 0.25-0.50
IR3275 X DM 77 952 1.4 <0.005 70 51 11 0.75-0.90J"
IR3275 )< DNJ 97 814 1.7 <0.005 64 58 10 0.25-0.50
IR3275 )< DS 826 6.1 0.90-0.95 59 67 6 0.50-0.75
IR3275 )< Godalki 820 0.0 132 0 0
IR3275 >( H 1,049 5.9 0.50-0.75 64 63 5 0.25-0.50
IR3275 )< Jhingasai! 729 5.0 0.10-0.25 53 70 9 0.50-0.75
IR3275 X Khama 49/8 801 1.3 40.005 65 59 8 0.25-0.50
IR3275 )< Lien-tsan 50 999 0.0 132 0 0
IR3275 X Palasithari 601 892 0.4 <0.005 132 0 0
IR3275 )< Ptb 855 17.1 0.10-0.255 58 64 10 0.75-0.90

Resistant and segregating lines pooled together. 5 For 13:3 ratio.

Table 5. Reactions to green leafhopper of F3 populations and Fa lines from crosses of resistant cultivars with IR8 (Gih 3).

Reaction of F2 populations Reaction of F3 lines
Cross Total % susc. P value 15:1 No. resis. No. segr. No. susc. P value 7:8:1

IR8 X ARC 6602 938 7.5 0.05-0.10 58 65 9 0.95-0.97
IR8 )< ASD 876 5.2 0.10-0.25 58 58 10 0.10-0.25IR8 X Betong 362 3.0 0.01-0.02 132 0 0
IR8 X DM 77 397 8.3 0.05-0.10 54 68 10 0.50-0.75
IR8 )< DNJ 97 680 5.5 0.25-0.50 130 0 2
IR8 )< DS 869 1.7 <0.005 68 56 8 0.10-0.25
IR8 )< Godalki 329 0.3 <0.005 67 59 6 0.10-0.25IR8 )< H 786 9.4 <0.005 132 0 0
IR8 )< Jhingasail 897 4.6 0.05-0.10 50 72 10 0.25-0.50
IR8 X Khama 49]8 1,418 3.4 <0.005 70 53 9 0.05-0.10
IR8 )< Lien-tsan 50 1,154 4.6 0.02-0.05 50 75 7 0.25-0.50IR8 X Palasithari 601 1,065 2.0 ~-.0.005 62 64 6 0.50-0.75
IR8 )< Ptb 918 17.4 0.25-0.5~" 51 71 10 0.25-0.50

For 13:3 ratio.

Allele Tests. All of the Ft progenies were resistant
from the crosses of test cultivars with Pankhari 203,
IR3275, and IR8. This was expected because Pank-
hari 203, IR3275, and IR8 have dominant genes for
resistance. The segregation data of the F2 populations
from several of these crosses, however, did not diag-
nostically determine the allelic relationships of the re-
sistance genes. Tables 3, 4, and 5 show that susceptible
seedlings were observed in the F2 populations of al-
most all of the cross combinations. In some crosses, the
proportion of susceptible seedlings was greater than
expected on the basis of independent assortment of
the two genes; in other cases, it was considerably low-
er. These discrepancies were obviously caused by the
misclassification of some F2 seedlings in these cross
combinations.

However, the classification of F3 families into re-
sistant, segregating, and susceptible categories was gen-
erally clear cut and diagnostic in determining the al-
lelic relationships of the resistance genes. Although
the percentage of susceptible seedlings recorded in the
F2 of Pankhari 203 X ARC 6602 and Pankhari 203 X
ASD 8 was higher than expected on the basis of inde-
pendent assortment of two dominant genes (Table 3),
yet approximately 1/16 of the F3 families of these two
crosses bred trne for susceptibility (Table 3). The 
data clearly show that the genes that condition resist-
ance in ARC 6602 and ASD 8 segregate independently
of Glh 1. In the F2’s of the crosses Pankhari 203 X
DNJ 97 and Pankhari 203 X H 5, the percentage of
susceptible seedlings was lower than expected on the
basis of independent assortment of two dominant genes
(Table 3) but the F3 data (Table 3) fit excellently

the 7:8:1 ratio (x2 -- 0.29 and 0.01). Therefore, the
resistance genes in DNJ 97 and H 5 are independent
of Glh 1.

The F2 and F~ data (Table 3) from the crosses 
Pankhari 203 with Betong, DM 77, DS 1, Godalki, Kha-
ma 49/8, Lien-tsan 50, and Palasithari 601 fit the ra-
tios expected on the basis of independent assortment
of two dominant genes. Similarly, segregation in the
cross Pankhari 203 X Ptb 8 gave a good fit to 13 re-
sistant:3 susceptible in the F2, and 7 resistant:8 seg-
regating:l susceptible in the F3, thereby showing that
the recessive gene for resistance in Ptb 8 segregates
independently of Glh 1.

In the F2 of Pankhari 203 X Jhingasail, about 8.1%
of the seedlings were classified as susceptible. How-
ever all of the Fa families of this cross bred true for
resistance (Table 3), indicating that the resistance gene
in Jhingasail is probably allelic to Ghl 1.

The analysis of F~ and F3 data from the crosses of
Pankhari 203 with the test cuhivars clearly shows that
only Jhingasail has the resistance gene that is allelic
to Glh I, while the rest have non-allelic genes that
segregate independently of Glh I.

Table 4 shows F2 and Fa data from crosses of IR3275
with test cultivars. In the crosses of IR3275 with Go-
dalki and Lien-tsan 50, no susceptible seedlings were
observed in the F~, and all F3 families bred true for
resistance. In the F2 of IR3275 ~( Palasithari 601, only
four seedlings (0.4%) were classified as susceptible but
all of the F~ families bred true for resistance. The
data indicate that genes for resistance in Godalki, Lien-
tsan 50, and Palasithari 601 are allelic to Glh 2.



20 CROP SCIENCE, VOL. 17, JANUARY-FEBRUARY 1977

Table 6. The green leafhopper resistant cultivars and the
genes possessed by them.

Cultivar

Pankhari 203
ASD?
IRS
Ptbl8
Jhingasail
Godalki
Lien-tsan 50
Palasithari 601
Belong
DNJ97
H 5
Ptb 8
ASD 8

Resistance gene

Glh 1
Clh 2
Glh 3
Glh 1 + ?f
Glh I
Glh 2
Glh 2
Glh 2
Glh 3
Glh 3
Clh 3
glhH
Glh 5

Reference

Athwal et al. (1971)
Athwal et al. (1971)
Athwal et al. (1971)
Athwal and Pathak (1972)
This study
This study
This study
This study
This study
This study
This study
This study
This study

t Ptb 18 has two genes for resistance. One of them is allelic to Glh 1 but the
allelic relationships of the second are not known.

The proportion of susceptible seedlings in the F2
populations of crosses of IR3275 with ARC 6602, DM
77, DNJ 97, and Khama 49/8 was lower than expected
on the basis of independent assortment of two domi-
nant genes (Table 4), although the F3 data in Table
4 show that two independent genes are segregating
in these crosses. The F2 and F3 data from crosses of
IR3275 with ASD 8, Belong, DS 1, H 5, Jhingasail, and
Ptb 8 fit the ratios expected on the basis of indepen-
dent assortment of two genes.

Table 5 shows F2 and F3 data from the crosses of
IRS with test cultivars. In the Fa populations of crosses
of IRS with Belong, H 5, and DNJ 97, 3.0%, 9.5%
and 5.5% seedlings, respectively, were classified as
susceplible. However, ihe F3 families of ihese crosses
bred irue for resisiance, ihereby showing lhal genes for
resislance in Belong, H 5, and DNJ 97 are allelic lo
Glh 3. In the cross IRS X DNJ 97, iwo families were
classified as homozygous susceptible. Since the other
130 families were homozygous resistanl, ihe Iwo sus-
ceplible families musl have been conlaminants. The
proporiion of susceplible seedlings in ihe F2 popula-
tions of ihe crosses of IRS wilh DS 1, Godalki, Khama
49/8, and Palasithari was lower lhan expecled on ihe
basis of independenl assorlmenl of iwo dominanl genes
(Table 5), but ihe F3 data (Table 5) showed an ex-
cellent fit to ihe segregalion ralio of 7 resistanl:8 seg-
regaling: 1 susceplible. Consequenlly, ihe genes for re-
sislance in Godalki, Khama 49/8, and Palasithari are
non-allelic lo Glh 3. The F2 and F3 dala from ihe
crosses of IRS wilh ARC 6602, ASD 8, DM 77, Jhinga-
sail, Lien-lsan 50, and Ptb 8 fit the ratios expected
on the basis of independent assortmenl of iwo genes.

DISCUSSION
The resulls of ihis study show thai of ihe 13 resislanl

cultivars analyzed, only Ptb 8 has a single recessive
gene for resislance lhal segregates independently of
Glh 1, Glh 2, and Glh 3. In the remaining 12 culti-
vars, the resislance is conferred by single dominanl
genes. The dominanl gene for resistance in Jhingasail

is allelic lo Glh 1, and segregates independently of
Glh 2 and Glh 3. The dominant genes in Godalki,
Lien-lsan 50, and Palasithari 601 are allelic lo Glh 2,
and segregale independenily of Glh 1 and Glh 3. The
dominant genes for resislance in Belong, H 5, and
DNJ 97 are allelic to Glh 3 and segregate indepen-
dently of Glh 1 and Glh 2. The dominant genes in
ARC 6602, ASD 8, DM 77, DS 1, and Khama 49/8 are
independent of Glh 1, Glh 2, and Glh 3.

In accordance with ihe standard procedure for gene
nomenclature (3), the recessive gene lhat conveys re-
sistance to the green leafhopper in Plb 8 is designated
glh 4. Similarly, the dominanl gene for resistance lo
ihe green leafhopper in ASD 8 is designated Glh 5.
The allelic relationships of dominant genes that con-
vey resistance in ARC 6602, DM 77, DS 1, and Khama
49/8 lo Glh 5 should be invesligated.

So far, five differenl genes have been idenlified for
resislance lo the green leafhopper (Table 6). Glh 1,
Glh 2, and Glh 3 have been incorporaied into rices
of improved plani lype. Several green leafhopper-re-
sisianl cultivars have been released by IRRI and by
national rice improvemenl programs, and mosl are
homozygous for Glh 3. This gene is present also in a
large proporiion of IRRI's advanced generalion breed-
ing materials. A somewhal smaller proportion of ma-
terials possess Glh 1 and Glh 2, but efforts are under
way to increase ihe proporiion. The new genes for
resistance, glh 4 and Glh 5 are also being incorporaied
inlo backgrounds of improved planl type and mulli-
ple disease and inseci resistance.

Other rice breeding programs should incorporate
diverse genes for green leafhopper resistance into fu-
ture rice cultivars to protect against the sudden break-
down of resistance conditioned by specific genes. Thus,
if cultivars wilh Glh 3 become susceplible, new culti-
vars that are homozygous for either of the other re-
sistance genes would be available.
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