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ABSTRACT

Sharma, S. B. 1995. Resistance to Rotylenchulus reniformis, Heterodera cajani, and Meloi-
dogyne javanica in accessions of Cajanus platycarpus. Plant Dis. 79:1033-1035.

Rotylenchulus reniformis, Heterodera cajani, and Meloidogyne javanica are important nema-
tode pathogens of pigeonpea (Cajanus cajan), a legume crop cultivated widely in the semiarid
tropics. Accessions of Cajanus platycarpus, a wild relative of pigeonpea, were evaluated in the
greenhouse for resistance to R. reniformis race A, H. cajani, and M. javanica races 1 and 3.
Two accessions, ICPWs 60 and 62, were resistant to R. reniformis race A. ICPWs 62, 69, and
70 were resistant to H. cajani. All the accessions were susceptible to M. javanica races. Race 1
produced bigger galls than those produced by race 3. ICPW 64 had lower damage indices (7.7
for race 1, and 5.4 for race 3) than other accessions. ICPW 62 was the only accession with re-
sistance to two nematode species, H. cajani and R. reniformis. Seed of ICPWs 62, 69, and 70
with high levels of resistance to H. cajani were collected and multiplied. These lines will be
useful in breeding programs as well as in research to obtain an understanding of the mechanism

of resistance.

Additional keyword: multiple resistance

Wild relatives of cultivated plant species
have contributed useful genes for resistance
to pests and diseases (19). Nematode-re-
sistant accessions of wild relatives of potato,
tobacco, and tomato have been successfully
used as sources of genes for resistance to
cyst and root-knot nematodes (2). Pigeon-
pea (Cajanus cajan (L.) Millsp.) is a princi-
pal legume crop of subsistence farming
systems in many parts of the semiarid trop-
ics and is a host of a large number of plant-
parasitic nematode species (6). Although
nematodes have been reported associated
with pigeonpea in more than 24 countries,
only a few species are recognized as impor-
tant pathogens (17). The reniform nema-
tode, Rotylenchulus reniformis Linford &
Oliveira, the cyst nematode, Heterodera
cajani Koshy, and the root-knot nematode,
Meloidogyne javanica (Treub) Chitwood
are among the pathogens of pigeonpea; they
adversely affect pigeonpea growth and re-
duce plant biomass and grain yield in many
pigeonpea-growing regions (12,14,17). No
pigeonpea cultivars with resistance to any of
these nematode species have been devel-
oped. Researchers at the International Crops
Research Institute for the Semi-Arid Tropics
(ICRISAT), Asia Center, Andhra Pradesh,
India, are screening the pigeonpea genebank
to identify sources of resistance. Accessions
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of wild relatives of pigeonpea are reservoirs
of useful genes (5,7,8,9). Genes for resis-
tance to H. cajani, R. reniformis, and M.
Javanica are available in accessions of wild
relatives of pigeonpea (15,16).

Cajanus platycarpus (Benth) van der
Maesen, a wild relative of pigeonpea, has
some useful genes not present in the pi-
geonpea gene pool, with attributes that
include early flowering and maturity, pho-
toperiod insensitivity, profuse flowering
and pod setting, high harvest index, an-
nuality, and quick seedling growth (3,7,8,
20). Thirteen accessions of this species,
collected from a wide eco-geographical
range, are in the gene bank at ICRISAT.
Some of these accessions are sources of
resistance to Phytophthora blight (8). Be-
cause resistance to important nematode
species is an attribute that should be con-
sidered when selecting accessions of C.
platycarpus for hybridization with pi-
geonpea, the objective of this project was
to probe the available accessions for resis-
tance to R. reniformis, H. cajani, and M.
Jjavanica.

MATERIALS AND METHODS

Seeds of 13 accessions of C. platycar-
pus were obtained from the Genetic Re-
sources Division of ICRISAT. Pigeonpea
genotype ICPW (ICRISAT germ plasm
number) 237 was the susceptible check for
M. javanica, and ICPL 87 for R. reni-
formis and H. cajani (10,11,15,16). The
following conditions were common to all
tests: all seeds were mechanically scarified
to promote germination; evaluations were
conducted in a greenhouse (maximum tem-
perature between 25 and 32°C and mini-

mum temperature between 20 and 23°C);
pots were arranged in a completely random-
ized design; and plants were irrigated daily
with tap water and weekly with quarter-
strength Arnon’s nutrient solution (1).
Nematode populations. Isolates of R.
reniformis race A, which reproduces on
castor, cowpea, and cotton, and H. cajani
were increased on pigeonpea cultivar ICPL
87. Meloidogyne javanica races 1 and 3
(18) were increased on tomato (Lyco-
persicon esculentum) cultivar Rutgers.
Screening for resistance to R. reni-
formis. Four seeds of each accession of C.
platycarpus were sown in each of five 15-
cm-diameter pots filled with 1,700 cm®
autoclaved sandy clay loam soil (60%
sand, 7% silt, 33% clay; pH 5.9) infested
with 10 to 15 vermiform stages of R.
reniformis per cm’ soil. Within 5 to 6
weeks of seedling emergence, plants were
gently removed from the pots, and the
roots were dipped for 3 min in 0.25% try-
pan blue and washed with tap water to re-
move excess stain (10). All the egg masses
were colored blue, and roots were not
stained. Egg masses per root were counted
and an egg mass index (EI) was assigned
based on a 1 (highly resistant) to 9 (highly
susceptible) scale, as follows: 1 = no egg
masses; 2 =1 to 5 egg masses; 3 =6 to 10
egg masses; 4 = 11 to 15 egg masses; 5 =
16 to 20 egg masses; 6 = 21 to 30 egg
masses; 7 = 31 to 40 egg masses; 8 =41 to
50 egg masses; and 9 = >50 egg masses.
Screening for resistance to H. cajani.
An autoclaved sand + vertisol (silty clay
loam, 39% sand, 20% silt and 41% clay;
pH 8.0) mixture (3:1, vol/vol) infested
with 12 eggs and juveniles of H. cajani per
cm® soil was added to 15-cm-diameter
plastic pots. For each C. platycarpus ac-
cession, there were four pots each sown
with four seeds. Thirty-five days after
seedling emergence, roots were gently
washed with tap water and the number of
white females of H. cajani on the roots
were counted (11). Plants were evaluated
on a 1 (highly resistant), <3 (resistant), <5
(moderately resistant), <7 (susceptible)
and <9 (highly susceptible) female index
(FI) on the basis of the number of females
on each root as follows: 1 = no females; 3
=1t05;5=6t010;7=11t030;and 9 =
>30 females (11). Reactions of all acces-
sions were confirmed in a repeat test.
Screening for resistance to Meloi-
dogyne javanica. In separate greenhouse
experiments, eggs of races 1 and 3 were
extracted with NaOCl (4) from 8-week-old
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cultures maintained on tomato. For each C. seeds. Five thousand nematode eggs in
platycarpus accession, there were five 15- water suspension were placed in the same
cm-diameter pots, filled with autoclaved depressions in which seeds were sown.
sandy loam soil, each sown with three Eight weeks after seedling emergence,

Table 1. Host suitability of Cajanus platycarpus accessions for Heterodera cajani and Rotylenchulus
reniformis race A

R. reniformis H. cajani
No. of plants No. of plants
ICPW numbers® screened EI® SE screened FI°¢ SE
60 61 2.7 0.28 26 7.2 0.26
61 34 54 0.44 25 7.2 0.13
62 57 1.3 0.07 24 2.2 0.20
63 57 4.1 0.18 28 8.3 0.18
64 32 4.6 0.24 29 75 0.26
65 32 6.6 0.24 26 6.2 0.20
67 32 6.6 0.24 27 7.7 0.28
68 58 54 0.37 24 7.7 0.26
69 32 55 0.31 28 1.8 0.21
70 32 7.0 0.26 31 2.5 0.26
71 32 6.1 0.25 26 77 0.25
72 57 34 0.20 28 6.2 0.50
ICPL 87 47 8.5 0.19 24 9.0 0.00

* ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) germ plasm accession
number.

® EI (egg mass index): 1 =no egg masses; 2=1t05;3=61t010;4=11to 15;5 =16 t0 20; 6 = 21 to
30; 7 =31 to 40; 8 = 41 to 50; and 9 = >50 egg masses.

¢ FI (female index): 1 = no female; 3=1t05;5=6to 10; 7 = 11 to 30; and 9 = >30 females.

Table 2. Reaction of Cajanus platycarpus accessions to Meloidogyne javanica races 1 and 3

Galled Damage Egg mass
ICPW  No. of plants Gallindex?  Gall size® aread index® indexf
nos.* screened Mean SE Mean SE Mean SE Mean SE Mean SE
M. javanica race 1
60 13 90 000 64 027 90 000 81 009 9.0 0.00
61 13 87 021 59 029 88 0.17 78 0.17 88 017
62 13 90 000 62 028 84 027 78 017 9.0 0.0
63 13 90 000 65 024 78 028 78 013 9.0 0.00
64 13 89 000 64 027 79 029 77 014 90 0.0
65 13 90 000 85 024 90 000 88 008 9.0 0.0
66 13 90 000 84 027 90 000 88 009 9.0 000
67 13 90 000 62 028 90 000 81 009 90 0.00
68 13 90 000 64 027 90 000 81 009 9.0 0.00
69 13 90 000 76 027 90 000 85 009 9.0 0.00
70 13 90 000 90 000 90 000 90 009 9.0 000
71 13 90 000 78 028 90 000 86 009 9.0 000
72 13 90 000 65 024 85 024 80 016 9.0 0.00
237 13 90 000 85 024 90 000 88 011 9.0 000
M. javanica race 3
60 20 76 024 59 027 68 035 68 021 82 030
61 22 74 022 53 024 70 033 66 022 88 0.38
62 23 76 021 64 036 69 041 70 029 85 0.16
63 26 83 018 65 034 81 028 76 019 89 0.5
64 21 66 026 50 024 46 032 54 023 173 0.31
65 20 82 025 55 021 81 036 73 019 89 0.8
66 20 82 022 58 022 58 027 66 016 82 032
67 15 76 022 57 022 60 027 64 016 90 0.00
68 23 75 025 56 031 60 037 65 027 90 0.0
69 26 86 012 57 020 59 045 67 025 9.0 0.0
70 22 83 026 57 019 77 034 72 018 87 0.18
71 28 73 024 49 017 75 038 66 021 90 0.00
72 20 72 025 48 027 62 046 6.1 027 90 000
237 12 87 013 67 019 83 024 79 014 90 0.00

* ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) germ plasm accession
number.

® GI (gall index): 1 =no galls; 2=1t0 5;3=6to 10; 4 = 11 to 20; 5 = 21 to 30; 6 = 31 to 50,7 =51
to 70; 8 = 71 to 100; and 9 = >100 galls

¢ GS (gall size): 1 = no galls; 3 = very small; 5 = small; 7 = medium; and 9 = large galls.

4 GA (galled area): 1 = no galls; 3 = 1 to 10% root area galled; 5 = 11 to 30%; 7 = 31 to 50%; and 9
=>50% root area galled

¢ DI (damage index): (GI + GS + GA)/3.

T EI (egg mass index): 1 = no egg masses; and 9 = >100 egg masses (same as for GI).
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roots were carefully washed with tap water
and evaluated as follows: gall index (GI)
was rated on 1 to 9 scale with 1 = no galls,
2=1to5galls,3=61t010,4=11t020, 5
=211t030,6=311t050,7=51t070,8=
71 to 100, and 9 = >100. Gall size (GS)
was evaluated on a 1 to 9 scale as follows:
1 =no galls; 3 = very small, approximately
10% larger in diameter than nongalled
normal root; 5 = small galls, 30% larger; 7
= medium, 31 to 50% larger; and 9 = big
galls, 51 to 100% larger. Percent galled
area (GA) was rated on a 1 to 9 scale as
follows: 1 = no galls; 3 = 1 to 10% root
area galled; 5 = 11 to 30%; 7 = 31 to 50%;
and 9 = >50% (16). GI, GS, and GA are
intrinsic components of damage by the
root-knot nematodes and these were given
equal weight in assessing the damage
caused by the nematode (16). A damage
index (DI) was calculated as (GI + GS +
GA)/3. Accessions with DI = 1 were con-
sidered highly resistant; DI = 2 to 3 were
resistant; DI = 4 to 5, moderately resistant;
DI = 6 to 7, susceptible; and DI = 8 to 9,
highly susceptible. Nematode reproduction
was measured as the number of egg
masses. Roots were treated with 0.25%
trypan blue to stain the egg masses blue
(13). An egg mass index (EI) was assigned
based on the same 1 to 9 scale used for
gall number (1= no egg masses, 9 = >100
egg masses). Accessions with EI = 1 were
considered highly resistant to nematode
reproduction whereas those with EI = 9
were highly susceptible.

Selection of H. cajani-resistant acces-
sions. After the roots for H. cajani females
were examined, plants of accessions that
had none were selected and transplanted
into 30-cm-diameter pots containing ne-
matode-free soil (same type as used for
screening) for seed multiplication. The
collected seeds were tested again as de-
scribed for screening of accessions for re-
sistance to H. cajani, and plants with no
females were transplanted to nematode-
free soil for seed production. This testing
was followed for four cycles of selection.

RESULTS AND DISCUSSION

ICPW 62, an accession collected from
Uttar Pradesh in northern India, was
highly resistant, ICPW 60 was resistant,
and ICPW 72 was moderately resistant to
R. reniformis race A (Table 1). ICPWs 62,
69, and 70 were resistant to H. cajani. All
the plants of ICPW 62 were resistant to R.
reniformis. EI is a good indicator of
nematode reproduction, and higher EIs are
usually associated with greater root dam-
age (10).

All the accessions were susceptible to
M. javanica populations (Table 2). Race 1
produced bigger galls than those produced
by race 3. Race 3 showed greater variabil-
ity in galled area of root and gall size at-
tributes. DI and EI of all the accessions
were generally higher for race 1 than for
race 3. ICPW 64 had lower damage indi-



ces (7.7 for race 1, and 5.4 for race 3) than
other accessions.

ICPW 62 was identified as a promising
source of multiple resistance to R. reni-
formis race A and H. cajani. Cajanus
platycarpus, unlike C. scarabaeoides, ap-
parently does not have genes for resistance
to M. javanica (16). Because of consider-
able plant to plant variation, most probably
due to genetic heterogeneity, it will be
necessary to purify the promising acces-
sions with resistance to H. cajani and R.
reniformis by selecting plants with low FI
and EI before using them in the breeding
programs. The selected plants of ICPWs
62, 69, and 70 did not have cysts on their
roots and they will be useful in breeding
programs as well as in research to eluci-
date the mechanisms of resistance to H.
cajani.
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