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ABSTRACT

Olorunju, P. E., Kuhn, C. W., Demski, J. W., Misari, S. M., and Ansa, O. A. 1992. Inheritance
of resistance in peanut to mixed infections of groundnut rosette virus (GRV) and groundnut
rosette assistor virus and a single infection of GRV. Plant Dis. 76:95-100.

Inheritance of resistance to the green form of groundnut rosette was studied in two ways—
aphid inoculation in the field with a mixed culture of groundnut rosette virus (GRV) (plus
its satellite RNA) and groundnut rosette assistor virus (GRAV) and mechanical inoculation
in the greenhouse with GRV (plus its satellite RNA). Crosses were made with two resistant
and six susceptible genotypes in a diallel test. In most crosses, the resistance was conditioned
by two recessive genes. Furthermore, results were similar both with mixed infections and the
single GRV infection, thus providing direct evidence that genetic control of resistance is to
GRYV and not to GRAV. In the RMP 12 X M1204.78I cross (and its reciprocal), F, progeny
segregated 1:3 susceptible/resistant. Mechanical inoculation with GRV provided an acceptable

and rapid procedure to screen segregating populations for resistance to the virus.

The discovery of sources of resistance
to groundnut rosette by Sauger and
Catharinet (18,19) and de Berchoux (5)
was a major breakthrough for the im-
provement of peanut (Arachis hypogaea
L.). Efficient use of the sources of re-
sistance requires an understanding of the
genetic control of resistance and a knowl-
edge of the amount of genetic variability
available for selection. Two studies on
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inheritance of resistance have been re-
ported. Both de Berchoux (6) and Nigam
and Bock (11) worked with the chlorotic
form of groundnut rosette and found that
resistance was controlled by two reces-
sive genes. In a report to the African
Groundnut Council in 1977, C. Hark-
ness, working with three crosses, found
a similar genetic control for the green
form of groundnut rosette.

General manipulation of the viruses
associated with groundnut rosette has
been difficult because of the follow-
ing complicating factors: 1) two viruses,
groundnut rosette virus (GRV) and
groundnut rosette assistor virus (GRAV),
exist together in diseased plants in nature
(7,13), 2) a GRYV satellite RNA is re-
sponsible for both rosette symptom
production (9,10) and aphid transmis-
sion (8), 3) at least two major forms of
the disease (chlorotic and green) occur

in nature, 4) GRV is dependent on
GRAV for vector transmission (persis-
tent) (7), and 5) there has been erratic
success with mechanical inoculation of
GRYV (17). Improvement in the mechan-
ical inoculation procedure for GRV now
allows 100% infection of plants of sus-
ceptible peanut genotypes (14,15). This
procedure was extremely useful in study-
ing the inheritance pattern of resistance
to a single virus, GRV.

The objectives of this study were to
determine the inheritance of resistance
in peanut to mixed infections of GRV
(green rosette) and GRAV in the field
and to a single viral infection of GRV
through mechanical inoculation in the
greenhouse, to determine the effective-
ness of a field screening procedure, and
to study the feasibility of using mechani-
calinoculation of GRYV as a quick screen-
ing procedure in a breeding program.

On the basis of electrophoresis diag-
nostic tests, we believe all references in
this paper to infections of GRV should
also include its satellite RNA (8-10).

MATERIALS AND METHODS
Genotypes. The field reaction of eight
peanut genotypes to GRV and GRAV
has been described (16). Two of the geno-
types, RMP 12 and RG 1, have a high
level of resistance to groundnut rosette.
The other six genotypes (55-437, ICGS-
56(E), JL 24, M1204.781, MK 374, and
RRB) are susceptible to rosette.
Hybridization. Hybridizations were
made in Athens, GA, in 1987. F, full-
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and half-sib families were produced by
crossing all eight parents in the green-
house. Crosses were made following the
method of Norden (12). Pollinated
flowers and pegs that developed were
marked with a waterproof paint. F,
plants were also backcrossed to both re-
sistant and susceptible parents. Seeds for
F, plants were produced, harvested, and
taken to Samaru, Nigeria, for field evalu-
ation under local seasonal conditions.
Field experiments in 1988. Virus in-
oculum from green rosetted plants grow-
ing near Samaru, Nigeria, consisting of
a mixture of GRV and GRAV, was es-
tabished by aphid inoculation as de-
scribed previously (14,16). The parental
lines, F,, F,, and backcross populations
were planted on research land of the
Institute for Agricultural Research Sam-
aru, Ahmadu Bello University at Zaria,
Nigeria, on 17 July 1988 in a randomized
complete block design with four repli-
cations. Seeds were treated with thiram
for protection against fungi. Each plot
consisted of 17 rows 3.6 m long. Four
rows were planted with F, plants, two
had parental plants, and another two had
a mixed population of F;, backcrosses,
reciprocals, and parents. The remaining
nine rows were used as infector rows and
planted with susceptible genotype F
452.4, which was planted in alternate
rows with the test material. Spacing
between plants was 20 cm with 16 plants
per row and rows were spaced 75 cm
apart. Nine days after the experimental
material was planted, peanut seedlings
infected with GRV and GRAYV, produced
in the greenhouse and heavily infested
with viruliferous aphids, were trans-

planted at a 1.5 m spacing at three plants
per infector row.

Beginning 13 days after the rosetted
plants were transplanted to the infector
rows, disease evaluations were made at
weekly intervals during the first 4 wk and
every 2 wk thereafter. Individual plants
with symptoms were identified at each
evaluation date. At 45 days after inocu-
lum was introduced, a disease rating sys-
tem, described previously (16), was used
to assign a specific number of 1-5 (1 =
symptomless and 5 = severely diseased)
to each test plant.

Field experiments in 1989. The general
field design with alternate rows of test
and infector plants in 1989 was similar
to that of 1988. The experiment consisted
of plots that had three rows of F, plants,
two rows of parental plants, and six rows
of F 452.4 infector plants (one row
between each test row) planted in a com-
plete block design with three replications.
Planting was on 6 June and seedlings
infected with groundnut rosette viruses
were transplanted (1.5-m spacing) into
infector rows 15 days later.

Disease observations began 8 days
after exposure to inoculum. The 1988 dis-
ease rating system (16) was modified
slightly to take into account the large
number of resistant plants that developed
symptoms. Rating 3 was separated into
3a and 3b whereby 3a = rosette leaf
symptoms appearing between 27 and 42
days after exposure to inoculum, and 3b
= rosette leaf symptoms appearing at
least 27 days after exposure to inoculum.
Plants rated 3a were slightly stunted and
those rated 3b were markedly stunted.
Index values were determined as de-
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Fig. 1. Disease progress curves of rosette resistant and susceptible peanut crosses grown in
the field at Samaru, Nigeria, in 1988. Inoculum originated from viruliferous aphids and infected
plants transplanted into infector rows (every other row of plot) of susceptible F 452.4. S X
S = susceptible X susceptible, R X S = resistant X susceptible (also includes susceptible X
resistant), R X M = RMP 12 X M1204.781, and R X R = resistant X resistant. Data points
represent the average percentage of diseased plants (disease ratings of 2-5) of four replications

of F, populations.
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scribed previously (16) but with a slightly
different weighting system, e.g., (4 + 2B
+2.7C + 3.3D + 4E + 5F)/the number
of plants per plot where 4, B, C, D, E,
and F equal the number of plants with
ratings of 1, 2, 3a, 3b, 4, and 5, respec-
tively.

Mechanical inoculation of GRYV. Ten
of the F, crosses from the rosette
hybridization program were used in this
study. Genotype F 452.4 was used as a
susceptible check, whereas F, plants of
RMP 12 X RG 1 (resistant X resistant
[R X R]) were the resistant check.
Resistant X susceptible (R X S) crosses
were RMP 12 X JL 24 and RMP 12
X RRB; S X R crosses were 55-437 X
RMP 12, M1204.781 X RMP 12, and
ICGS-56(E) X RMP 12. Susceptible X
susceptible (S X S) crosses were
M1204.781 X JL 24, RRB X JL 24, MK
374 X JL 24, and RRB X ICGS-56(E).
Because of seed shortage, unequal num-
bers of plants per cross were tested, and
none of the RG 1 crosses could be tested.

GRYV was isolated from peanut plants
infected with both GRV (green rosette)
and GRAV. Serial transfers of GRV, in-
cluding its satellite RNA, by mechanical
inoculation were made to and from sus-
ceptible F 452.4 plants until 100% in-
fection of the plants routinely occurred
(about four transfers). Thereafter, F
452.4 plants served as the source of in-
oculum that was maintained by inocu-
lating new seedlings each week. Peanut
seeds were planted into 10-cm-diameter
pots and then maintained in a greenhouse
treated weekly to control aphids. Five-
to seven-day-old peanut seedlings, in the
two-leaf stage, were kept in the dark for
24 hr before inoculation. Seedlings were
then removed from the dark and kept
for at least 1 hr before inoculation to
enable closed leaflets to open. Inoculum
preparation and inoculation procedure
were reported previously (14,15).

Inoculated plants were observed daily
for first symptom appearance, which was
recorded for each plant. Plants that did
not show symptoms 12 days after inocu-
lation were reinoculated. Plants were
rated on a scale of 1-5 where 1 = no
symptoms, 2 = leaf symptoms with no
stunt, 3 = leaf symptoms with stunt rang-
ing from slightly discernible to about
15%, 4 = leaf symptoms with stunt of
about 15-50%, and 5 = leaf symptoms
with stunt greater than 50%. Disease
index values were determined according
to the procedure described earlier.

Diagnostic tests. Leaf samples for both
nucleic acid and serological tests were
taken in 1989 from field plants rated 1-2
from all crosses. The leaf samples were
dried over calcium chloride in a desicca-
tor and transported to Georgia for diag-
nostic tests: electrophoresis for GRV
satellite RNA (3) and enzyme-linked im-
munosorbent assay (ELISA) (potato
leafroll virus antiserum provided by R.
Casper, Institute for Plant Virus Dis-



eases, Braunschweig, Germany) for
GRAV (4). Specific procedures for use
with peanut tissue have been described
previously (14,16). Samples were han-
dled in compliance with a shipping per-
mit issued by the Georgia Department
of Agriculture and the Animal and Plant
Health Inspection Service, U. S. Depart-
ment of Agriculture.

RESULTS

Field experiments in 1988. Rosette dis-
ease conditions were moderate to severe
in 1988. In S X S crosses, the final disease
incidence was 889 (Fig. 1), similar to
susceptible parents (3,455 of 3,924 plants
diseased), and the disease severity index
was a moderate 3.2 (scale of 1-5). About
10% of the plants of resistant parents had
very mild leaf symptoms. Disease inci-
dence was lower for R X S and S X
R crosses than for S X S crosses (Fig.
1). Also, the disease severity index was
less for R X S and S X R crosses (2.9
* 0.1) than for S X S crosses (3.2 £
0.1). One R X S cross (RMP 12 X
M1204.781) (labeled R X M in Fig. 1)
was distinctly different from all other R
X S crosses (Fig. 1). Disease incidence
was only 13%, compared with an average
of 729% (range of 53.5-90.3%) for the
other R X S and S X R crosses, and
the disease severity index was only 2.0
(£ 0.2). Segregation occurred in all R
X S and S X R crosses and no diseased
plants were observed in the R X R cross.

Field experiments in 1989. Discase
incidence in plants (3,846) of susceptible
parents and infector genotype F452.4 in
the field in 1989 reached 100% and dis-
ease severity was very high (Fig. 2, Tables
1 and 2). Symptoms appeared as early
as 8 days (no observations were made
before this date) after infector plants
were transplanted into the field, and
100% infection of some S X S crosses
was observed 22 days later. Disease inci-
dence increased rapidly for the R X S
(and S X R) and S X S crosses with
50-60% infection by the first observation
date. Even though incidence and disease
severity were high, the R X S and S X
R crosses had a lower disease incidence
than S X 'S crosses from day 8 to days
40-65 when resistant plants in R X S
and S X R crosses began to show mottle
but not stunting symptoms (Fig. 2).

In sharp contrast to 1988, most plants
of the resistant parents (85%) and R X
R crosses (70%) developed rosette leaf
symptoms (Fig. 2 and Table 1). Symp-
toms on these plants were mild and
appeared only on young leaves of a few
branches. Stunting was observed on only
6-7% of resistant plants. Although these
few plants had a susceptible disease rat-
ing (3b-5) (Table 1), we believe they
are genetically like the other resistant
plants and develop severe symptoms only
because of early infection and a long
incubation period. Disease incidence
gradually increased to 67% by 65 days

(Fig. 2). Again in 1989, the RMP 12 X
M1204.781 cross was intermediate be-
tween the R X R and the R X S and
S X R crosses but closer to the R X
R cross except on the last evaluation date
(Fig. 2). Despite the high incidence of
rosette in the field, the F, population of
the R X' S and S X R group of crosses
(excluding RMP 12 X M1204.781) had
arange of 6-269% of their plants showing
resistance (Table 1). The cross RMP 12
X ICGS-56(E) had more resistant plants
than the other R X S crosses. Also, re-
sistant plants were observed in the
S X'S cross ICGS-56(E) X JL 24, where
8% of the plants developed symptoms
late and were rated resistant (Table 1).

Disease severity was higher in 1989
(Table 1) than in 1988. Populations of
the R X R and RMP 12 X M1204.781
crosses had index values similar to those
of resistant parents and different from
the rest of the crosses.

Because of the 100% disease incidence
in the susceptible genotypes in 1989, field
results of the inheritance pattern of F,
populations were more meaningful than
those of 1988 (Table 2). Chi-square an-
alysis of the breeding data showed that
F, plants in four of the eight R X S
crosses segregated at a 15:1 S/R ratio
(Table 2). Two crosses (RRB X RMP
12 and RG 1 X M1204.781) segregated
13:3 S/R, and one (RMP 12 X ICGS-
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Fig. 2. Disease progress curves of rosette resistant and susceptible peanut crosses grown in
the field at Samaru, Nigeria, in 1989. Inoculum originated from viruliferous aphids and infected
plants transplanted into infector rows (every other row of plot) of susceptible F 452.4. S X
S = susceptible X susceptible, R X S = resistant X susceptible (also includes susceptible X
resistant), R X M = RMP 12 X M1204.781, and R X R = resistant X resistant. Data points
represent the average percentage of diseased plants of three replications of F, populations.

Table 1. Groundnut rosette disease rating number frequency and disease index of F, plants
from 11 peanut crosses in field tests at Samaru, Nigeria, in 1989

Plants (%) in each rating no.”

3 " Disease

Resistant Susceptible index
Genotype Phenotype® 1 2 3a 3b 4-5 value
RMP 12 R 17 67 10 4 2 2.0+£0.13
RG 1 R 12 67 14 2 5 2.1t+0.11
RMP 12X RG 1 R XR 30 52 11 S 2 1.91+0.18
RMP 12 X M1204.781 RXS 5 58 6 11 11 2.5+ 0.07
RMP 12 X RRB R XS 0 2 4 25 70 3.7+0.10
RMP 12 X ICGS-56(E) RXS 0 17 9 3 71 3.7+0.12
RMP 12 X 55-437 R XS 0 5 3 43 49 35£0.10
RMP 12 X MK 374 RXS 0 7 0 8 85 4.0 +0.05
RRB 12 X RMP 12 SXR 0 13 6 20 61 37+0.18
RG 1 X RRB RXS 0 8 3 18 71 3.9+ 0.21
RG 1 X M1204.781 RXS 0 10 3 6 81 3.8 £0.09
RRB X 55-437 SXS 0 0 0 27 73 3.8+ 0.07
ICGS-56(E) X JL 24 SXS 0 0 8 18 74 3.81+0.09

*R = resistant; S = susceptible.

®Rating scale: 1 = no symptoms; 2 = leaf symptoms, no stunt; 3 = symptoms plus stunt
(general plant size) ranging from slightly discernible to about 30%; 4 = symptoms plus stunt
of about 30-70%; 5 = symptoms plus stunt greater than 70%. Ratings 3a and 3b were
distinguished by time of first symptom appearance and degree of stunting.
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Table 2. Reaction to groundnut rosette in parents and F, populations and segregation ratios of F, populations in field tests (mixed infections

of groundnut rosette virus and groundnut rosette assistor virus) at Samaru, Nigeria, in 1989

Susceptible reaction (%)

Total no. Best fitting
Genotype Phenotype* of plants Observed Expected model (S/R) x? Probability
Infector plants S 3,366 100.0 100.00
Susceptible parents N 480 100.0 100.00
Resistant parents R 432 5.0 0.00
RMP 12 X RG 1 R XR 130 6.9 0.00 0:1 0.6231 0.500-0.250
RRB X 55-437 S XS 77 100.0 100.00 1:0 0.0000
ICGS-56(E) X JL 24 S XS 125 93.6 100.00 15:1 0.0048 0.980-0.950
RMP 12 X RRB R XS 114 94.7 93.75 15:1 0.1894 0.750-0.500
RMP 12 X 55-437 R XS 128 91.4 93.75 15:1 1.2000 0.500-0.250
RMP 12 X MK 374 R XS 119 93.3 93.75 15:1 0.0454 0.900-0.750
RG 1 X RRB R XS 109 89.9 93.75 15:1 2.7456 0.100-0.050
RRB X RMP 12 SXR 122 81.1 93.75 13:3 0.0008 0.990-0.970
RG 1 X M1204.781 R XS 109 87.2 93.75 13:3 2.4956 0.250-0.100
RMP 12 X ICGS-56(E) R XS 92 75.0 93.75 3:1 0.0000
RMP 12 X M1204.781 R XS 109 229 93.75 1:3 0.2477 0.750-0.500
*R = resistant; S = susceptible.
A A A\

) 100 A/A"ﬂ—"“ ‘-‘/. 56(E)) segregated at a 3:1 S/R ratio.
L A/ .,.7 RMP 12 X M1204.781 had a ratio of
n [ / o A 1:3 S/R plants. All chi-square values
ﬁ 80 A ./ /7 were within the acceptable probability
2 JAN A limit for the models tested (Table 2).
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Fig. 3. Disease progress curves of rosette resistant and susceptible peanut crosses grown in
the greenhouse and mechanically inoculated with groundnut rosette virus. S X' S = susceptible
X susceptible, R X S = resistant X susceptible (also includes susceptible X resistant), R X M
= RMP 12 X MI1204.781, and R X R = resistant X resistant cross. Data points represent
the average percentage of diseased plants of F, populations.

Table 3. Groundnut rosette disease rating number frequency and disease index of plants in
parental and F, populations mechanically inoculated with groundnut rosette virus (green strain)
in the greenhouse

Plants (%) in each rating no.”

- " Disease

Resistant Susceptible index
Genotype Phenotype* 1 2 3 4 5 value
RMP 12 R 33 67 0 0 0 1.7
RG 1 R 17 75 0 8 0 1.9
RMP 12X RG 1 R X R 88 8 4 0 0 1.2
M1204.781 X RMP 12 SXR 0 59 15 26 0 2.7
RMP 12 X RRB R XS 7 0 0 31 62 3.7
RMP 12 X JL 24 R XS 0 4 0 26 70 38
ICGS-56(E) X RMP 12 SXR 0 7 0 49 44 34
55-437 X RMP 12 S X R 0 6 0 12 82 3.8
M1204.781 X JL 24 SXS 0 0 0 15 85 4.1
JL 24 X RRB SXS 0 0 0 6 94 4.9
RRB X ICGS-56(E) S XS 0 0 0 8 92 4.4
JL 24 X MK 374 S XS 0 0 0 6 94 4.5

*R = resistant; S = susceptible.

®Rating scale: 1 = no symptoms; 2 = leaf symptoms, no stunt; 3 = symptoms plus stunt
(general plant size) ranging from slightly discernible to about 15%; 4 = symptoms plus stunt
of about 15-50%; 5 = symptoms plus stunt greater than 50%.
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tested by mechanical inoculation with
GRYV. Even after four repeated inocu-
lations, all 115 and 253 progeny from
plants rated 1 and 2, respectively, were
symptomless (resistant). F 452.4, the sus-
ceptible control, had 48 of 48 plants with
a susceptible reaction (one inoculation
only).

Mechanical inoculation. When peanut
plants were mechanically inoculated with
GRYV in the greenhouse, patterns of dis-
ease incidence developed that were simi-
lar to those observed in the field in 1989
where plants were infected with both
GRYV and GRAV (Fig. 3). First symp-
toms appeared as early as 3 days after
inoculation on the susceptible crosses
and as late as 10 days for the R X R
cross (Fig. 3). When 100% infection was
observed on plants of all S X S crosses
12 days after inoculation, only 6, 76, and
90% of the R X R, RMP 12X M1204.781,
and R X S and S X R crosses, respec-
tively, were infected. As in the 1988 and
1989 field experiments, four rather dis-
tinct disease progress curves were ob-
served in GRV-infected plants (Fig. 3).
However, the RMP 12 X M1204.781
curve was much closer to the R X S curve
than the R X R curve, which was differ-
ent from the field studies.



Most plants (average of 75%) of the
resistant parents developed leaf symp-
toms when inoculated with GRV, but
they could be distinguished from suscep-
tible plants by their degree of stunting
(disease rating) (Table 3). Only 12% of
the F, plants of the R X R cross de-
veloped symptoms.

In the R X S and S X R crosses, 74%
of the M1204.781 X RMP 12 cross were
resistant (based on disease ratings),
whereas the other four crosses had an
average of 6% plants showing resistance
(Table 3). All plants from the four S X S
crosses were susceptible with stunting
greater than 30%. The resistant parents,
the R X R cross, and M1204.781 X RMP
12 had low disease indices, whereas
indices of the other R X S and S X R
crosses were almost twice those of re-
sistant parents. The S X S crosses had
disease index values greater than 4.0.

Populations of four of five R X S and
S X R crosses mechanically inoculated
with GRV segregated at a ratio of 15:1
S/R (Table 4). The fifth one, M1204.781
X RMP 12 (reciprocal of the cross used
in field studies), was again an exception
with a ratio of 1:3 S/R. All plants of
four S X S were susceptible, and 96%
of the plants of the R X R cross were
resistant.

Diagnostic tests. No 900-bp dsRNA
was found in six of six plants from vari-
ous crosses with a disease rating of 1.
However, dsRNA was found in two of
six plants rated 2 and 10 of 10 plants
rated 5. Therefore, the dSRNA associated
with GRV could be detected in some
plants with mild leaf symptoms.

GRAV antigen was detected by ELISA
in 11 of 15 symptomless plants (disease
rating of 1) of the R X R and RMP
12 X M1204.781 crosses. It was also
found in seven of eight plants, from
R X S crosses, with a disease rating of 2.

DISCUSSION

Genetic variability for resistance to the
green form of groundnut rosette in pea-
nut was found among all F, populations
of R X S and S X R crosses in this study.

It is at this generation that maximum
expression of genetic makeup is observed
in progeny produced from homozygous
parents. Three independent experiments,
each providing different types of infor-
mation, led us to conclude that one
specific type of resistance in RMP 12 and
RG 1 is controlled qualitatively by two
recessive genes. In the first experiment
conducted in the field in 1988, crosses
were tested against a mixed natural in-
fection of GRV and GRAV. Under mod-
erate to severe disease conditions, all F,
plants of the R X R cross remained dis-
ease-free, indicating a high level of re-
sistance. Segregation patterns of R X' S
and S X R F, populations were largely
ignored because not all plants of suscep-
tible parents became infected. In the
second field experiment in 1989, disease
conditions were extremely severe and
four R X S crosses segregated at a 15:1
S/R ratio. In the third experiment con-
ducted with plants mechanically inocu-
lated with GRYV, results were consistent
for a 15:1 S/R ratio for four of five
crosses of resistant and susceptible par-
ents.

In all three experiments, the R X R
cross did not show segregation in the F,
generation. In the 1988 field experiments,
none of the F, plants from this cross
developed symptoms, whereas in 1989,
when extreme disease conditions occur-
red, many plants developed mild leaf
symptoms. However, only a very few
were stunted, indicating an excellent type
of resistance in the parents. In the mech-
anical inoculation experiment, mild leaf
symptoms were observed on about 12%
of the F, progeny of the R X R cross.

In the 1989 field test, one S X S cross
(ICGS-56(E) X JL 24) and three crosses
of resistant and susceptible parents (RRB
X RMP 12, RG 1 X M1204.781, and
RMP 12 X ICGS-56(E)) had more re-
sistant plants in their F, populations than
was expected for control of resistance by
double recessive genes, even though
100% of 3,800 susceptible plants (parents
and infector rows) developed a suscep-
tible reaction. An obvious explanation

is that a few susceptible plants escaped
infection or developed symptoms more
than 27 days after exposure to inoculum.
In fact, the reciprocal of the RMP 12
X ICGS-56(E) cross had the expected
15:1 S/R ratio in the mechanical inoc-
ulation test. It should be noted, however,
that all four crosses have either one or
both parents of RMP 12 and ICGS-
56(E).

An unexpected F, segregation pat-
tern was observed for the RMP 12 X
M1204.781 cross (and its reciprocal) in
which ratios were 1:5, 1:3, and 1:3
S/R in the 1988 field test, the 1989 field
test, and the mechanical inoculation test,
respectively. As a parent, M1204.78I re-
acted similarly to other susceptible par-
ents (16), and the predominance of
resistant plants was not observed when
M1204.781 was crossed with resistant RG
1. Impure breeding lines could explain
the phenomenon. However, selection of
the parental lines was done carefully,
there was no evidence of heterogeneity
with regard to disease reaction in the
parents (14,16), and the same phenotypic
responses occurred with seeds from a
second cross, M1204.781 X RMP 12. Ad-
ditional studies are required to confirm
and understand these results.

Although qualitative inheritance stud-
ies are often complicated by cytoplasmic
and/or maternal effects (20), no such
factors were observed in these studies.
F, populations of three R X S crosses
segregated like the reciprocal crosses. A
fourth reciprocal cross, RRB X RMP
12, segregated 13:3 instead of 15:1 S/R;
the 13:3 ratio could have been affected
by a low population number of a few
susceptible plants not becoming infected
under field conditions.

Confirmation of genetic patterns for
most traits normally depends on the
disease reaction of plants of backcrosses
and/ or F; families. Unfortunately, in our
study there were few seeds from the
backcrosses, and all were used in the 1988
field study when genetic analysis was not
possible because too many susceptible
plants did not become infected. In

Table 4. Reaction to groundnut rosette in parental and F, populations mechanically inoculated with groundnut rosette virus (green strain)

in the greenhouse

Susceptible reaction (%)

Total no. Best fitting
Genotype Phenotype® of plants Observed Expected model (S/R) x? Probability
F 452.4 S 60 100.0 100.00
Resistant parents R 33 3.0 0.00
RMP 12X RG 1 R XR 48 42 0.00 0:1 0.0833 0.80-0.70
M 1204.781 X JL 24 SXS 47 100.0 100.00 1:0 0.0000
JL 24 X RRB SXS 111 100.0 100.00 1:0 0.0000
RRB X ICGS-56(E) SXS 104 100.0 100.00 1:0 0.0000
JL 24 X MK 374 SXS 95 100.0 100.00 1:0 0.0000
RMP 12 X RRB R XS 39 92.3 93.75 15:1 0.1385 0.80-0.70
RMP 12 X JL 24 RXS 74 94.6 93.75 15:1 0.0901 0.80-0.70
ICGS-56(E) X RMP 12 S X R 113 929 93.75 15:1 0.1327 0.80-0.70
55-437 X RMP 12 SXR 52 94.2 93.75 15:1 0.0205 0.95-0.90
M1204.781 X RMP 12 SXR 102 26.5 93.75 1:3 0.1176 0.80-0.70

*R = resistant, S = susceptible.
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1988, there were 781 symptomless F,
plants of both R X S (and S X R) and
S X'S crosses, and the task would have
been too burdensome to try to deter-
mine which families were segregating and
which were not, especially with the un-
certainty of achieving 100% infection. In
1989, susceptible plants of all crosses
were severely diseased and too few seeds
produced per F, plant for segregation
tests of F; families. However, adequate
seed numbers were available for F, plants
that were rated resistant, and no segre-
gation was observed in these families
after mechanical inoculation with GRYV,
thus confirming resistance in the selec-
tions. Their behavior under mixed in-
fections (GRV and GRAV) has not been
tested, but we believe it should be similar
to that of GRV alone. The complete re-
sistance of families from these F, plants
also supports the validity of the rating
system as a means to separate susceptible
and resistant plants in segregating popu-
lations.

Previous studies of inheritance of re-
sistance to groundnut rosette have been
reported by de Berchoux (6) and Nigam
and Bock (11). They worked with chloro-
tic rosette and found that resistance was
controlled by two recessive genes, similar
to our studies with green rosette. There-
fore, it appears that the two recessive
genes control both forms of groundnut
rosette. Neither previous report indicated
any deviation from the F, phenotypic
ratio of 15:1 S/R, such as the unexpected
ratios with the RMP 12 X M1204.781
cross and crosses involving ICGS-56(E).
However, our studies used more parents,
which could have represented a larger
gene pool, including genes that interact
differently with the GRV strain causing
green rosette than with the GRV strain
causing chlorotic rosette.

This is the first attempt to evaluate
patterns of inheritance of resistance to
a single infection of GRV. It has been
known since the studies of Hull and
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Adams (7) that GRV infection (plus its
satellite RNA) is primarily responsible
for the rosette symptoms. GRAV can
infect both susceptible and resistant
genotypes (2,14,16), but it causes no
symptoms in either. However, GRAV
does appear to play some role in rosette
disease development because in a mixed
infection, symptoms can be intensified
(10) and stunting and yield reduction (1)
are greater than with a single infection
of GRYV (plus satellite RNA). The mech-
anical inoculation procedure (15) proved
to be highly effective in separating re-
sistant and susceptible plants, whereas
optimal field conditions for screening are
difficult to control. F, segregation pat-
terns were similar to and less equivocal
than those in field studies with a mixed
infection of GRV and GRAV. Further-
more, avoiding the complications of
mixed infections with GRV and GRAV
seems highly appropriate for breeding
programs.
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