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Components of Resistance to an Indian Source of

Cercospora Arachidicola in Selected Peanut Lines!'
F. Waliyar®, D. McDonald?, P. V. Subba Rao® and P. M. Reddy®

ABSTRACT

Cercuspora arachidicola Hori is one of the most important foliar
pathogens worldwide that limits peanut production in farmers’
fields. Earlier screening trials allowed us to identify lines with field
resistance to early leafspot. In order to determine the components
of resistance of these lines and other lines reported to be resistant
elsewhere, 19 peanut genotypes (Arachis hypogaea 1..) were
evahiated by the detached leaf technique using an isolate of
Cercospora arachidicola from the 1CRISAT Center in India.
Significant differences were observed among genotypes for all
components of resistance inchided in the study. With a few
exceptions, carly leafspot- resistant genotypes (1CG nos. 8298,
6902, 6284, 1703, 10900, 7878, 9989 and 10920) exhibited longer
inenbation periods, reduced sporulation, smaller lesion diancters
and lower infection frequencies than susceptible lines, Genotypes
1CG 8298 and 1CG 6902 were the most resistant, while 1CG nos.
221, 7827 and 6340 were the most susceptible to early leafspot. A
few lines had resistant reactions to some components but
susceptibility to others.

Key Words: Amchis hypogaea, early leafspot, Cercaspora
arachidicola, groundnut, peanut, disease resistance.

Earlyleafspot of peanut caused by Cercosporaarachidicola

Hori (CA). is an economically important foliar disease in
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*Corresponding author.

most countries where peanuts (Arachis hypogaea 1..) are
grown. This disease reduces the green leaf area available for
photosynthesis and stimulates leaflet abscission leading to
extensive defoliation (10). Damage is more serious when the
crop is attacked by both carly and late (Cercosporidium
personatum (Berk. & Curt.) Deighton) leafspot pathogens.
Pod yield losses due to both pathogens l()g('lllwr may range
from 10 to 60% (4,10,18). Although effective chemical -
control methods are available in many areas of the world,
their applications are limited because of high costs and the
p()ssil)}e existence of fungicide-tolerant strains of the patho-
gens in developing countries (2,9). Consequently,develop-
ment of disease resistant cultivars is a high priority in
international programs.

Screening peanut germplasm for resistance to the early
leafspot pathogen is in progress in several arcas of the world
and genotypes with resistance or tolerance have been iden-
tified (1,3,7,10,11). Successful screening for resistance can
partially be attributed to the regular occurrence of epidem-
ics in those regions. Many studies on the components of
resistance to C. arachidicola have been conducted
(3,6,8,12,13,14,), but most of this work concems pathogen
isolates from the USA. Screening trials for resistance to early
leafspotin India (Pantnagar), Nepal and Malawi (Lilongwe),
where early leafspot epidemics occur annually, have shown
that several cultivars and breeding lines reported as resistant
elsewhere had variable reactions in these locations (19,20).
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Foster ef al. (3) reported varving levels of susceptibility in
“resistant” lines in an experiment using spores collected in
the USA. Although components of resistance to both carly
and Tate Teafspots in India have been reported (12), none
of the genotvpes nsed in a detached leaf test by Nevill
(12) were resistant to carly leafspot. Stadies of components
of resistance in Taboratory experiments were undertaken at
ICRISAT, Patapcher, India using sonreés of resistance
to carly leafspat in genotypes that were previously
selected inonr field sereening trials in India (19.20).

Materials and Methods

Nineteen peanut genotvpes were selected for this study ased on their
veaction 1o C. arachidicola in Tndiac (15,19, USA (L7140 nd Malawi
(Walivar wnpublished data). Two local enltivars 160G 221 TMY 2)and 1CG
827 (J1.24), known to be susceptible to early leafspot, were included in the
test. Seedweresownin the glasshonse inamisture of red sandy soil (Alfisol)
ane farmyard minre CEL VA in plastic pots (20 em diameter), Three
seedswere plantedin each potand plants were lter redneed to twoper pot,
Day-time air temperatures in the glasshonse during the experiment ranged
from 25 10 30 C. AWhen plants were 30 davs old, quadrifoliate eaves from
citherthe secomd orthird fully expanded feal on the main stem were excised
throngh the pulvinns and arnged in a andomized block design in plastic
traws containing sterile river sind (17), Fach genotype was replicated 12
times and cach replicate consisted of one leal baving four leaflets, The test
was repeated three times, bt only results from ene test are reported in this
et

A evelone spore collector was used to harvest conidia from spornlating
lesionson detachedleaves of the vervsusceptible cultivar TMV2, which wis
inoenlated with an isolate of €, urm‘lm,irulu collected from naturally
infected leaf lesions at TCRISAT Center, India. Leaves were inoenlated at
room temperature and ineubated ina growth chamberat 25C with reltive
humidlity of about 95% and with a 12 he photoperiod. Inoculim was
prepared by snspending conidia in sterile distilled water containing the
surlactant Tween 80 (polvoxyethvlene sorbitan monoleate) at 10 drops 1.
The suspension was acljnsted to i concentration of 50000 conidia ml
applied to Teaves with an atomizer,

Number of lesions on inoculated leaves was recorded at caily intervals
beginning 7 s after inoculation, When the umnber of lesions ceased to
inerease, total leal area was measored with a deal area meter (Hayashi
Denkoh Co, Ltd., Tokyo, Japan), Neerotic area of leaflets e, lesions were
estimated nsing a DeltaT Area Meter (DeltacT Deviees Lid,, Cambridge,
England) cquipped with a vaerow band filter, Lesion: diameter was
estimated by measwring the diameter of 10 rndomly selected lesions,
Intensity of sporulation was estimated nsing a 1-5 scale (where 1= no
sporulation and 5= profuse sporulation) under a stercoscopic microscope,

The followingvariubles were calenlated: inenbation period (12 = wumber
of days to appeares of 50% of the total mamber of lesions); infection
fregquency (11 = wmber of Tesions per en? lealarea); percentage necrotic
leal area; andl leafspot seaction index (the produet of pereent necrotic leal
areaand sporulation intensity ).

Angular transformation was nsed where necessary to achieve nonnality
of dataand homogeneity of error varianee, Analysis of varianer was
performed on all components of resistance inchiding: inenbation period,
infection frequency, intensity of spornfation, leafspot reaction inde, total
lesion area, lesion dinmeter, and leaf aren damage by early leafspot,
compared to susceptible cheeks, Speanman eank correlation coeflicients
were computed between all possible pairs of variables to detect significant
relationships between components of resistance (6) as well as with fiekd
scores (estimated ona 1-9 seale), obtained during the 1957 miny season at
ICRISAT Center. India (19.20). Genotypes were ranked for selected
components inorder of increasing resistance. Dimean’s multiple rangze test
was usedd to detect significant differences between means.,

Results

Discase symptoms began appearing on leaflets of
susceptible cultivars within 7 days-after inoculation (Table
1). Signilicant (P<0.001) genotype differences were found
for all resistance components. Average incubation period
ranged from 11.6daysin ICG 6340to 15.6 daysin [CG 8298,
The genotype 1CG 8298 had the lowest infection frequency

(173 lesion em?), smallest lesions (average diameter of
0.7mm at 15 davs and 1.2 mm at 20 davs after inoculation
(DADY and the Tongest ineubation period. A breeding line
with an overall susceptible reaction, 1CGS 11, had a very
small pereent leafl area damage at 15 days after inoculation
(0.83%) and 2.04% at 20 days after inoculation (Table 1),
Dependingon the componentsof resistanees sated, genotypes
1CG nos 8298, 6902, 7878, 7885, Y989, 1703, 6284, 108000,
10920, 9294, and 8339 were classified as resistant, The
following lines were suseeptible to most o components
measured: 1C6 nos 221, 7827, 6340, 10940, 6330, 2711,
1710, and 1CGS 11, The genotype 1CG 7878 had a short
incubation period (129 days), but the Towest intensity of
sporulation (1.70 on it 1-5 scale). The entry 1CG 10900 Til
arelatively highintensity of sporulation (238 ona -5 seale),
but a longer incubation period (14.8 days), low infection
frequency (2.83 lesion em 2 and lealarea damage (1.37% at
20 DAD, compared to the susceptible genotype, 1CG 6340,
which had 3.07(on a 1-5 seale), 11.6 days, 397 lesions em'*
and 2.79% vespectively, for the same components. Another
line, 1CG 10920 had a vesistant reaction lnsmm-mmlxuu‘nlx
bt susceptibility to others. Infection frequeney for 106
10920 was the lowest (169 Tesion e ), its inenbation peviod
was long (153 davs) and its pereentlealarea damage was low
(0.73%) It its sporukation intensity (3.50 on 1-5 seale) was
high and it hadka targe lesion diameter (2.22 mmat 20 DAL
(Table 1).

Genotype rankings for selected components of resistance
are presented in Table 2. Resistant: genotypes, 1CG nos
8298, G902, 6284, 1703, 10900, 7878, 9989, and 10920
consistently ocenr in the bottom half of the rankings. Fight
suseeptible genotypes, 1CG nos 221, 7827, 6340, 10940,
63302711 1710, and 1CGS T were fonnd in the top hall
of the rankings. The three genotypes 1CG nos 221, 7827 and
6340 were determined to be the most suseeptible; 166G 8298
and 1CG 6902 were helieved to be the most resistant, and
consistently rank among the five hest genotypes for all
resistance components (Table 2). Three other genotypes,
1CG nos 7885, 8339 and 9294, had moderate resistance and
varied in their rankings depending on the component of
resistance. measured. Genotype rankings for incubation
period were not coreelated with other components: of
resistance (Table 3). Genotype rankings for field score
rankings were significantly correlated with all resistance
components except incubation periad. Angular
transformations made little difference in the results and are
therefore not included in the table.

Discussion

Peannt genotypes showed significant differences (P<0.001)
{or all components of resistance measured in the laboratory
using the (L'mclwd leaf technique. With a few exceptions,
genotypes classified as resistant to CA exhibited longer
incubation periods, lower intensities of sporulation, and
smaller lesion size than susceptible genotypes. This is in
accordimee with the hypothesis of partial resistance proposed
hy Parlevliet (13) who stated that several components of
resistance contribute tothe reduction in the rate of epidemic
progress. Savary and Zadoks (15) reported that for peanut
rust disease, infection efficiency, latent period duration and
sporulation were significantly correlated with the areaunder
the disease progress curve. Exceptions to this pattern,
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(Table 1. Components of resistance to Cercospora arachidicola in 19 peanut genotypes in detached leaf studies®.

LD (mm) LAD (%)
ICG Identity P IF Sp TLA (%) LSRI I1SD 20D ISD 20D
No.
6340 P1 350680 11.6¢ 397ab  3.07ce  9.22-¢ 2840c-f  1.27c¢d  2.07b-c 143a  2.79ab
221 TMV 2 11.8¢ 3.76ab 4.33a 12.80bc  52.39ab 1.81a 273 1.44a  2.83ab
6330 PI 270806 119de 4982  272d-g 10.03b-e  29.19d-g 1.38bc 2.0lb-e 1.54a  3.02ab
2711 NCS R3de 3.89ab  2.57c-g 10.38b-d  28.5le-g  1.22c¢  2.00b-¢ 1.31a 243be
7827 JL24 128ce 3.78ab 4.33a 14.29ab  63.54a 1.6dab  2.98a 1.30a  3.08ab
10940  PI 476176 128¢ce¢  3.19b¢c 296df 17.82a 51.57ab 1.36bc  2.33b 1.56a  3.16a
7878 NC Ac 10811A  129ce 2.85b-d 1.70i 12.43bc 19.98¢-g  0.98d-h  1.53f-i 0.63¢  1.50d-f
- ICGS 11 129ce 3.71ab 3.85ab  10.96b-d  42.85bc 1.30cd  2.29bc 0.83bc  2.04cd
9294 58-295 13.0c¢  2.72b-d 290d-f 9.50c-e 2541d-g  1.23ce  1.84d-h 1.22ab  2.46bc
1710 NCAc 17135 13.1c  3.13bc  294d-f 10.65b-d  30.50d-f  1.ldc-f  1.93¢-f 1.19ab  2.52a<
6284 NC Ac 17500 13.2b-e  2.61b-d 227gh  7.13de 1520gh  090c-h  1.39i 0.63c  1.22¢f
.1703 NC Ac 17127 13.5bc  1.84cd  2.50fg  7.64de 20.16e-g  0.98d-h  1.45h-i 0.65c  1.19¢f
9989 US 403 Red 13.5b-d 3.84ab 1.79hi  10.13b-e  19.6le-g  0.82f-h  1.55f-i 0.75¢  1.40d-f
7885 PI 381622 14.0ac 2.74b-d 294d-f 8.88c-e 24.14c-f  1.09c-g  18le-h 0.78¢  1.76de
8339 NC Ac 18091 142ac  3.04b-d 3.14cd  9.86c-¢ 3340c-e  1.10c-g 1.88d-g 0.67c  1.39d-f
10900  PI 476033 14.8ab  2.83b-d 2.38g 8.82c-¢ 2343d-g  099d-h  1.57f- 0.76c  1.37d-f
6902 NC Ac 17894 15.2a 22lcd  227gh  6.45de 15.00fg  0.80gh  1.48g-i 0.52c  1.03f
10920  PI 476152 15.3a 1.69d  3.50bc  10.41b-d  37.27b-d  1.13cf 2.22bd 0.73¢  1.38d-f
8298 NC Ac 18045 15.6a 173d  181hi 575 11.04g 0.6%h 1.18i 0.39c  0.80f
SEx 0.51 0.41 0.15 1.29 0.10 0.12 0.13 0.22
CV% 13.1 46.6 18.6 498 439 29.9 22,6 479 38.0
DF 189 198 162 155 186 198 198 198 198

* Mean of 12 replications; means followed by same letters are not significantly different at = 0.05 level according to Duncan’s
Multiple Range Test. IP = Incubation period (days); IF = Infection frequency (lesion cm'®); SP = Intensity of sporulation;
TLA=Total lesion area; LSRI - Leaf spot reaction index (TLA % x SP); LD = Lesion diameter; LAD = Leaf arca damage by early

leaf spot.

however, were observed - e.g. 1CG 7878 had the lowest
jntensity of sporulation, but its incubation period was short
12.9 days).
Ranking genotypes for number of lesions was inconsistent
across repeated tests and does not form a reliable method of

Table 2. Ranking of 19 peanut genotypes for incubation period (1P),
intensity of sporulation (SP), infection frequency (IF), lesion
diameter (LD) at 20 DAL, leaf arca damaged (LAD) at 20 DAL

K6 P 4] K6 KG D0 KO  LAD
No ()  No No (mm) Mo L)
60 116 n 4y e S0 Wy 30 owo 32
2 s M 43 M0 40 2 27 mr M
60X N9 KGSIl 38 270 39 KGSH 23 8% 30
P TIPS 10920 38 21 38 loMo 23 M0 28
0 128 a0 3 nno s 0 22 o 28
ns s "y 3 ®9 33 60 2l mo 28
none NS 30 WGl 31 20 20 [ YT
[ T ] 1oM0 30 00 32 &% 20 m 4
KGSH 10 mo 29 mo 31 e a9 KusH 20
[T oH 29 BR300 B 19 s s
oM 12 00 27 MM 29 ms nm s
s o 1090 28 99 (8 [ Y]
13 25 ms 27 1. T T
s 140 10900 24 9% 21 1800 16 10900 14
By 42 M 23 e 26 1N 1S 1020 14
10900 148 @ 23 em 22 @2 13 2
150 [ T (L TR ) T oM 02
10920 154 w9 18 BW 17 e 14 w2 10
o 187 oo 0920 17 898 12 o o8
SEs 081 ois 02 on
cov®) 1 m nse 10
OF LY} [ 19
* Nanber of wiseing values

detecting the resistant genotypes using the detached Jeaf
technique(12). Although the effect of resistance on lesion
number is difficult to measure due to inconsistencies from
one experiment to another, it may still be important for
disease progress. Similarly, infection frequency and percent
leaf arca damaged were correlated (as expected), but were
inconsistentacross repeated tests (Waliyaret al., unpublished
data).

Sigmificunt differences (P<0.001) among genotypes were
observed in these tests for sporulation intensity. Genotypic
differences (P<0.001) were also found for necrotic leaf area.

Table 3. Spearman runk correlation coeficients among components
of resistance in 19 peanut ontries to C, arachidicola measured
in a detached leaf test.

PSP LSRE TLA IDIS  1D20 LAY LADDY 1S

P 100 015 04 041 02 oI 02 0.19 0 0w
IF 100 064 060 067 0% 073 04 082 063
SP 190 082 061 0% 09 [ ] 083 o8
LSRI 100 085 053 oON 046 067 0387
A 100 050 065 046 o6k 047
DS 100 095 09 092 09
L0220 1.00 091 09 092
LADIS 100 090X
LAD20 100 085
14 (X

‘IP = Incubation period (days), IF = Infection frequency: SP = Intemsity of sporslation; |.SRI =
Lesf spot reaction indes (TLA% & SP); TLA = Total lesion area; LD » Lesion diametor st 1S or
20 days sher imocuiation (DAI); LAD = Leaf area damage by carly leaf spot at 15 o 20 DAS:
F3 = Field score on 8 [-9 scale.
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However, Spearman rank correlation coefficients for
intensity of sporulation and percent necrotic leaf area were
not significant. Therefore, differences in intensity of
sporulation are concluded, herein, to be due to genuine
genotypic influence rather than differences in necrotic leaf
area. As previously reported (5,6), the intensity of sporulation
is a reliable disease component for detecting resistant
genotypes. Given the relatively high importance of this
component to initiation and development of epidemics, the
range of sporulation intensity across genotypes (from 1.7 to
4.3 on a 1-5 scale) is sufficient to differentiate between
resistantand suscreestible genotypes. Because the intensity of
sporulation was reduced by 2.5 times in resistant genotypes
amcomparedtosuscvrtibleones.thiscouldresultine(luivalent
reduction in inoculum levels and lead to a substantial
reduction in epidemic progress.

Variations oEserved in lesion diameter (1.2t0 3.0 mm) are
rerlmps more important when translated to an expression of
esion area (1.1 to 7.1 mm?). Necrotic leaf area damaged
reflects and the potential area available for inoculum
production. Our results indicated that lesion diameter was
consistent across repeated tests and correlated significantly
with all other components of resistance except incubation
period. Because lesion area has a direct influence on
frorulation, and because there were significant genotypic

ifferences for lesion size, this component has importance
when testing for early leafspot resistance. It is noteworthy
that Ricker et al. (14) did not find significant differences in
lesion diameter estimated on 20 peanut genotypes during
their investigations.

Although significant differences among genotypes were
observed for percent defoliation and time of leaflet loss,
consistency of results was lacking in detached leaf tests
(Waliyar et al., unpublished data). Because of this
inconsistency, we did not include leaflet defoliation results
in this report. Nevertheless, percent defoliation in the plant
is too important to be neglected in resistance breeding
because it affects the remaining green leaf area available for
photosynthesis. For a reliable conclusion as to its relative
importance, this component should be studied in the field
rather than with detached leaf techniques.

Lines PI 350680 (ICG 6340) and NC 5 (ICG 2711) have
been reported to be resistant to early leafspot in the USA
(8,11,14). Laboratory studies of components of resistance
showed that PI 350680 was susceptible and NC 5 was
moderately susceptible, when usinga CA isolate from India.
Variable reactions oflines may be due tovariation in pathogen
virulence or, possibly, physiological races in different
locations. In the case of late leafspot (CP), however, Shew
et al. (16) reported stable resistance to CP when comparing
CPisolates from the USA and Thailand. In the case of early
leafspot, the breeding strategies should take into
consideration potential virulence factors of the pathogen
and geographical (climatic) environments.

Because components of peanut leafspot interaction were
not fully complimentary, the utilization of resistance sources
in individual breeding programs requires detailed study. It
should be possible, however, to develop a breeding strategy
in which diverse types of disease reactions are combined to

enhance the levels of resistance in the cultivated species.
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