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ABSTRACT
The inheritance of resistance to whitebacked plant-

hopper, Sogatella furcifera (Horvath), in 12 resistant
rice Oryza saliva L. cultivars was studied. This study
was undertaken to identify additional genes for resis-
tance and to determine the allelic relationships of
newly identified genes and Wbph. The bulk seedling
test was utilized for testing the hybrid materials for
resistance to the insect. The reactions of F,, Ft, and Fs
populations from the crosses of resistant cultivars with
'TN1' revealed that resistance in 'P580,' 'Sathra 267,'
'Sonpattar 45,' 'Sufaida 172,' 'ARC 10239,' 'Jhinuwa,'
'N32,' and 'Latighawar' is controlled by a single domi-
nant gene. Resistance of 'IR2035-117-3' is governed by
two independent dominant genes. Similarly, resistance
of 'Colombo,' '368,' and 'WC 1240' is conferred by one
dominant and one recessive gene that segregate inde-
pendently of each other.

P580, Sathra 267, Sonpattar 45, Sufaida 172,
Jhinuwa, N32, and Latighawar have the Wbph gene
for resistance. This gene was redesignated as Wbph 1.
ARC 10239 has a single dominant gene which segre-
gates independently of Wbph 1. It is designated as
Wbph 2. IR2035-117-3 is homozygous for Wbph 1 and
Wbph 2 whereas Colombo has Wbph 2 and another
recessive gene. Wbph 1 and a recessive gene confer
resistance in WC 1240 and 368.

Table 1. Whitebacked planthopper resistant rice cultivars used
in the study.

Additional index words: Sogatella furcifera (Hor-
vath), Oryza saliva L., Monogenic, Digenic, Dominant,
Recessive, Allelic genes.

INCORPORATION of resistance to whitebacked
planthopper, Sogatella furcifera (Horvath), is one of

the major objectives of the rice, Oryza sativa L., improve-

Cultivar name
IR2035-117-3
P580
Sathra 267
Sonpattar 45
Sufaida 172
368
ARC 10239
Colombo
N32
WC 1240
Jhinuwa
Latighawar

IRRI Ace. no.

28,098
28,237
28,285
28,298
28,451
20,803
6,662
3,717

13,742
28,910
23,964

Country of origin
Philippines
Pakistan
Pakistan
Pakistan
Pakistan
Pakistan
India
India
India
India
Nepal
Nepal

ment program at the International Rice Research Insti-
tute (IRRI) (Khush, 1978). Several hundred rice cultivars
from the IRRI germplasm bank were screened for resis-
tance to this insect and donors for resistance were identi-
fied (Pathak, 1972). Inheritance of resistance to white-
backed planthopper was investigated in 'N22.' A single
dominant gene Wbph confers resistance in this cultivar
(Sidhu et al., 1979). This gene has been incorporated into
the improved breeding lines and resistant materials are
now in advanced stages of testing. However, dependence
on a single source of resistance can be risky. Therefore,
this study was undertaken to identify additional genes for
resistance to whitebacked planthopper.
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Table 2. Reaction to whitebacked planthopper of F~, F~, and Fs populations from the crosses of resistant rice cultivars with TN1.

F~ reactionT Fs reaction

No. of seedlings X~ No. of Lines
F~ Percent

Cross reaction Res. Susc. susc. 3:1 15:1 13:3 Res. Seg. Susc. 1:2:1 7:8:1

TN1/IR2035-117-3 Res. 742 58 7.30 134.40 0.40 69 73 12 42.61 0.83
67 74 13 38.10 1.30

TN1/P580 Res. 639 199 23.74 0.70 38 83 29 2.83
40 77 33 0.78

TN1/Sathra 267 Res. 556 194 25.86 0.30 40 80 28 2.91
39 76 35 0.24

TNl/Sonpattar 45 Res. 416 150 26.50 0.68 37 77 34 0.36
35 77 38 0.22

TNl/Sufaida 172 Res. 678 240 26.14 0.64 39 77 34 0.44
38 68 29 1.20

TN1/368 Res. 847 222 20.77 10.21 2.84 63 79 12 33.88 0.92
67 74 13 38.10 1.30

TNI/ARC 10239 Res. 521 180 25.67 0.17 39 80 35 0.44
39 85 30 2.71

TNl/Colombo Res. 855 187 17.94 27.65 0.44 69 73 11 44.29 0.44
68 77 9 45.20 0.04

TN1/N32 Res. 509 199 28.10 3.64 40 78 36 0.23
37 80 36 0.33

TN1/WC 1240 Res. 1,194 266 18.21 35.80 0.87 82 80 14 54.00 1.87
77 67 10 60.89 2.68

TN1/Jhinuwa Res. 847 273 24.37 0.23 39 76 38 0.02
38 79 37 0.11

TN1/Latighawar Res. 828 294 26.20 0.86 36 76 41 0.33
36 77 37 0.12

~f Res. = Resistant; Seg. = Segregating;, Susc. = Susceptible.

MATERIALS AND METHODS

Twelve rice cultivars that have shown a high level of resistance
to whitebacked planthopper (Pablo, 1977; IRRI, 1977) were
used in this study (Table 1). All 12 cultivars were crossed with
’Taichung Native 1’ (TN1); which is highly susceptible to this in-
sect. The F,, F,, and F3 progenies of these crosses were evaluated
for their reaction to the insect to determine the mode of inheri-
tance of resistance.

All the 12 cultivars were also crossed with N22 which is
homozygous for Wbph. Crosses were also made between
IR2035-117-3, an improved plant type resistant line and 11
other cultivars. The F~, F,, and F3 progenies of these crosses
were studied to determine allelic relationships of the cultivars’
resistance genes.

All the crosses were made in the greenhouse. TN1, N22, and
IR2035-117-3 were used as female parents and other cultivars
were used as male parents. Ten plants of each cross were grown
to maturity in a concrete bed. A random sample of F2 seeds
from two to three F, plants was used for studying the reaction to
the insect. The remaining seeds from the F, plants were used for
growing F2 populations in the field. A minimum of 150 plants
were harvested at random from each F~ population to determine
the reaction of F3 progenies.

The bulk seedling test (Athwal et. al., 1971) was utilized for
testing the hybrid materials as well as parents for resistance to
whitebacked planthopper. The method consists of planting the
test materials in wooden flats 60 × 45 × 10 cm filled with soil to
a depth of 6 cm. Each flat can accommodate 13 rows 45 cm long
subdivided into 26 sub-rows about 20 cm long. Of these, 22 rows
were planted to the test materials and remaining 4 sub-rows
were planted to the resistant and susceptible checks. The flats
were kept in the greenhouse throughout the duration of the test.
Seedlings (about 7 days old) were uniformly infested with
second- to third-instar nymphs of whitebacked planthopper that
had been reared on TN1. The insects belonged to a colony
which has been maintained in the greenhouse at IRRI for the
last 11 years. It was originally started from insects collected from
rice fields in the Philippines. Seedlings were infested by evenly
distributing the insects throughout the seedbox at the rate of
five to six insects per seedling.

The reaction was recorded when susceptible checks were
dead. The reaction of FI and Fs lines was scored either as resis-
tant or susceptible on the row basis while the F, was scored on
the seedling basis. Fs lines were classified either as homozygous
resistant, segregating, or homozygous susceptible. A line was
classified as homozygous resistant if all the seedlings survived the
infestation or only an occasional seedling was killed. If more
than 20% of the seedlings were killed the line was classified as
segregating. In the susceptible rows all the seedlings were killed.

RESULTS

Inheritance of Resistance. The F~ seedlings from the
crosses of TN1 with resistant cultivars were resistant
(Table 2) indicating that resistance in all the cultivars 
under dominant gene control. The F2 populations from
the crosses of TN1 with ’P580,’ ’Sathra 267,’ ’Sonpattar
45,’ ’Sufaida 172,’ ’ARC 10239,’ ’N32,’ ’Jhinuwa,’ and
’Latighawar’ segregated in a ratio of three resistant to one
susceptible (Table 2) thereby showing that resistance 
these cultivars is governed by a dominant gene. The F2
segregation of the crosses TN1/IR2035-117-3, TN1/’368,’
TN1/’Colombo,’ and TN1/’WC 1240’ did not fit the 3:1
ratio because of the low percentage of susceptible seed-
lings. A good fit to 15 resistant:l susceptible ratio was
obtained in the cross TN1/IR2035-117-3, indicating that
resistance of IR2035-117-3 is controlled by two dominant
genes. The F2 populations from the crosses TN1/368,
TN1/Colombo, and TN1/WC 1240 on the other hand,
segregated in the ratio of 13 resistant:3 susceptible, thus
indicating that the resistance of WC 1240, 368, and
Colombo is controlled by one dominant and one recessive
gene.

The data on the reactions of F3 families obtained from
two different F, populations of each cross are also
presented in Table 2. F~ lines of the crosses involving
P580, Sathra 267, Sonpattar 45, Sufaida 172, ARC
10239, N32, Jhinuwa, and Latighawar segregated in a 1
resistant:2 segregating:l susceptible ratio and thus con-
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Table 3. Reaction to whitebacked planthopper of Fz, Fz, and F~ populations from the crosses of resistant rice cultivars with N22.

F~ reaction]" Fs reaction

No. of seedlings X~ No. of lines
FI Percent

Cross reaction Res. Susc. susc. 15:1 61:3 Res. Seg. Susc. 15:1 7:8:1 37:26:1

X2

N22/IR2035-117-3 Res. 923 0 0.0 154 0 0
154 0 0

N22/P580 Res. 945 0 0.0 154 0 0
154 0 0

N22/Sathra 267 Res. 1,039 9 0.86 154 0 0
154 0 0

N22/Sonpattar 45 Res. 964 2 0.20 154 0 0
154 0 0

N22/Sufaida 172 Res. 788 3 0.37 154 0 0
154 0 0

N22/368 Res. 1,136 7 0.61 154 0 0
154 0 0

N22/ARC 10239 Res. 1,187 67 5.34 1.76 80 68 6 1.45
75 7O 9 0.04

N22/Colornbo Res. 1,419 75 5.02 3.85 0.36 121 74 5
98 54 2

N22/N32 Res. 816 0 0.0 154 0 0
154 0 0

N22/WC 1240 Res. 883 0 0.0 " 154 0 0
154 0 0

N22/Jhinuwa Res. 1,013 1 0.0 154 0 0
154 0 0

N22/Latighawar Res. 831 0 0.0 154 0 0
154 0 0

4.77
1.54

2.02
2.16

~ Res. = Resistant; Seg. = Segregating;, Susc. = Susceptible.

firmed that a single dominant gene governs resistance
in each of these cultivars. The F3 segregation data from
the crosses involving IR2035-117-3, 368, Colombo, and
WC 1240 on the other hand showed a close fit to 7 resis-
tant:8 segregating: 1 susceptible ratio and confirmed that
resistance in these four cultivars is governed by two inde-
pendent genes.

The segregating F3 families of the crosses of Colombo,
368, and WC 1240 were further examined to determine
the nature of resistance genes in these cultivars. Some of
the segregating families had an excess of susceptible
seedlings approximating 1 resistant:3 susceptible. These
observations verified the conclusion that one of the two
genes for resistance is recessive in these cultivars.

Allele Tests. The data on the reaction of F~, F2, and Fs
populations from the crosses of N22 with resistant culti-
vars are presented in Table 3. As expected, all the F~
populations were resistant. The F2 progenies from the
crosses of N22 with IR2035-117-3, P580, Sathra 267, Son-
pattar 45, Sufaida 172, 368, N32, WC 1240, Jhinuwa,
and Latighawar essentially showed no segregation for
susceptibility. A few susceptible seedlings were observed
in the F~ populations involving Sathra 267, Sonpattar 45,
Sufaida 172, 368, and Jhinuwa but the number was so
small that genetic segregation for susceptibility was con-
sidered unlikely. A small number of seedlings of resistant
checks were similarly killed in our tests. The death of
these otherwise resistant seedlings may be attributed to
either injury caused by an unusually high population of
insects or attack of pathogens such as soil-borne fungi.
Similarly, all the Fs families of these crosses were resistant
(Table 3). These data showed that the dominant resis-
tance gene of 368 and WC 1240; one of the dominant
genes of IR2035-117-3; and the single dominant gene of
P580, Sathra 267, Sonpattar 45, Sufaida 172, N32,
Jhinuwa, and Latighawar are the same as Wbph of N22.

The F~ populations from the crosses N22/ARC 10239 and
’ N22/Colombo showed segregation for susceptibility: The
resistant and susceptible seedlings occurred in a ratio of
15:1 in the cross N22/ARC 10239; in the cross N22/
Colombo, the segregation ratio was 61 resistant to 3 sus-
ceptible. These data indicated that the single dominant
gene of ARC 10239 and the two resistance genes of
Colombo are non-allelic to and independent of Wbph.
These conclusions were verified from the reactions of Fs
populations of these crosses (Table 3). The proportion 
resistant, segregating, and susceptible families from the
crosses N22/ARC 10239 and N22/Colombo was 7:8:1
and 37:26:1 respectively.

The data on the reactions of F~, F2 and Fs populations
from the crosses of IR2035-117-3 with resistant cultivars
are presented in Table 4. All the F~ progenies were resis-
tant as expected. Similarly, no segregation for suscep-
tibility occurred in the F~ populations of these crosses. A
few susceptible seedlings were observed in the F~ popula-
tions involving ARC 10239, N32, and Jhinuwa but the
number was so small that genetic segregation for suscep-
tibility was considered unlikely. A small proportion of
seedlings of resistant checks were similarly killed in our
tests. All the Fs families from the crosses of IR 2035-117-3
and resistant cultivars were resistant (Table 4).

DISCUSSION

The results of this study clearly showed that in the
cultivars P580, Sathra 267, Sonpattar 45, Sufaida 172,
N32, Jhinuwa, Latighawar, and ARC 10239, resistance
to whitebacked planthopper is conferred by a single
dominant gene. Tests for allelism with N22 revealed that
single dominant genes in P580, Sathra 267, Sonpattar 45,
Sufaida, 172, N32, Jhinuwa, and Latighawar are the
same as Wbph: However, the single dominant gene of
ARC 10239 is different from Wbph. In accordance with
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Table 4. Reaction to whitebacked planthopper of Fi, Fi, and Fs populations from the crosses of resistant rice cultivars with IR2035-117-3.
Fj reaction!

No. of seedlings
Cross
IR2035-117-3/P580
IR2035-117-3/Sathra 267
IR2035-117-3/Sonpattar 45
IR2035-117-3/Sufaidal72
IR2035-1 17-3/368
IR2035-117-3/ARC 10239
IR2035-117-3/Colombo
IR2034-117-3/N32
IR2035-117-3/WC 1240
IR2035-117-3/Jhinuwa
IR2035-117-3/Latighawar

F, reaction
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.
Res.

Res.

1,025
909
848
791
833

1,056
826

1,640
629

1,031
785

Susc.
0
0
0
1
0

15
1

10
0
2
0

SUSC.

0.0
0.0
0.0
0.12
0.0
1.40
0.12
0.60
0.0
0.18
0.0

Res.

154
154
154
154
154
154
154
154
154
154
154

Fj reaction
No. of lines

Seg.

0
0
0
0
0
0
0
0
0
0
0

Susc.
0
0
0
0
0
0
0
0
0
0
0

t Res. = Resistant; Seg. = Segregating; Susc. = Susceptible.

Table 5. Summary of information on the mode of inheritance of
resistance and probable allelic relationships of the genes for
resistance in twelve cultivars of rice.

Cultivars
IR2035-117-3
P580
Sathra 267
Sonpattar 45
Sufaida 172
ARC 10239
Colombo

368

WC 1240

Jhinuwa
N32
Latighawar

Nature of resistance
Digenic (two dominant)
Monogenic (one dominant)
Monogenic (one dominant)
Monogenic (one dominant)
Monogenic (one dominant)
Monogenic (one dominant)
Digenic (one dominant and

one recessive)
Digenic (one dominant and

one recessive)
Digenic (one dominant and

one recessive)
Monogenic (one dominant)
Monogenic (one dominant)
Monogenic (one dominant)

Genets) for resistance
Wbphl
Wbphl
Wbphl
Wbphl
Wbphl

Wbphl

Wbphl

Wbphl
Wbphl
Wbphl

Wbph2

Wbph2
Wbph2 + recessive

+ recessive

+ recessive

the international rules for gene nomenclature (IRC,
1959) the dominant gene of ARC 10239 is designated
Wbph 2 and the dominant gene of N22 is now redesig-
nated as Wbph 1. Wbph 1 and Wbph 2 segregated inde-
pendently of each other.

Since IR2035-117-3 has two dominant genes for resis-
tance and no segregation for susceptibility was observed
in its crosses with N22 and ARC 10239, it is obvious that
its two genes are Wbph 1 and Wbph 2.

Segregation for susceptibility was observed in the cross
N22/Colombo but not in the cross IR2035-117-3/
Colombo. Since Colombo has one dominant and one
recessive gene, it appeared that the dominant gene may
be allelic to Wbph 2. Similarly, 368 and WC 1240 each has
one dominant and one recessive gene. Their crosses with
N22 and IR2035-117-3 did not segregate for susceptibil-
ity. Apparently the dominant gene of 368 as well as of
WC 1240 is the same as Wbph 1.

A summary of the allelic relationship of the resistance
genes of different cultivars is presented in Table 5. In

addition to the two dominant genes, at least one recessive
gene for resistance is present in some cultivars. The tests
for allelism between the recessive genes of Colombo, 368,
and WC 1240 need to be made.

The identification of these genes should allow for
systematic incorporation of them into improved plant
type germplasm. At IRRI, many crosses already have
been made between N22 and IR2035-117-3 and several
improved cultivars and breeding lines (Khush, 1977). Im-
proved plant type lines with resistance to whitebacked
planthopper and other insects and major diseases have
been developed. These materials are being made avail-
able for evaluation in areas where whitebacked plant-
hopper is a serious pest.
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