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ABSTRACT Five short-medium duration desi (small seeded) and 5 medium-long duration
kabuli (large seeded) chickpea, Cicer arictinum L., genotypes were screened in thc?nbomtory
for antibiosis to Helicoverpa armigera Hitbner. Larvae were reared on either chickpea leaves
or on pods containing frecn seeds. Significant variation among the desi genotypes was found
for pupal weight and larval survival. Pupae resulting from larvae reared on either pods or
leaves of ‘ICCV 7' weighed substantially less than those for larvae reared on the susceptible
controls, "Annigeri’ and ICC 3137, Pupac of larvae reared on leaves of 1CC 506 weighed
substantially less than those reared on ICC 3137. There was no variation in the measured
parameters for larvae reared on the kabuli chickpea genotypes. In general, pupae of larvae
reared on chickpea pods were heavier and developed more quickly than those reared on
chickpea leaves. Seven (3 short-medium desi, 2 long duration desi, and 2 long duration kabuli)
genotypes were screened in the field for ovipositional antixenosis to H. armigera. Fewer eggs
were recorded on ICC 506 than the susceptible controls in both years of the study. These
observations were corroborated in laboratory studies of H. armigera ovipesition behavior.
There was no evidence for resistance to H. armigera in any of the long duration genotypes
and it is concluded that long duration genotypes do not express the same level of resistance
to H. armigera outside the agroecological zone in which they are normally cultivated.
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T.viotic and Antixenotic Resistance to
Helic .. .crpa armigera (Lepidoptera: Noctuidae) in Chickpea

tixenosis

Helicoverpa armigera HOBNER is a major crop pest
in Asia. In India it is the dominant pest of several
legume crops including chickpea Cicer arictinum
L. (Reed et al. 1987), and pigeonpea Cajanus cajan
(L.) Millspaugh (Bhatnagar et '.5). 1982), and can
cause serious losses to sorghum, Sorghum bicolor
L. (Mote and Murthy 1990), and cotton, Gossyp-
ium spr. (Kishor 1992). Its high pest status arises
from the preference of foraging larvae for plant
structures rich in nitrogen (FFitt 1989) such as flow-
ers, pods, and panicles.

Estimates ol1 the avoidable losses caused by H.
armigera in chickpea, the major grain legume crop
in India, range Rrom 14 to 20% (Srivastava and
Srivastava 1990a). Options for the management of
H. armigera include manipulation of sowing and
harvesting time, intercropping, and pesticides. As
a result of cxtensive use of pyrethroids, cyclodi-
enes, and organophosphates, insecticide resistance
is ubiquitous in H. armigera populations in the In-
dian subcontinent, resulting in field failures and
economic losses (Armes et al. 1995). Consequently,
there is increased impetus for the development of
integrated pest management strategies for chick-
pea. Resistant host plants have an important role
in such strategies.

Screening of chickpea germplasm accessions has
shown that chickpea genotypes vary in their sus-

ceptibility to H. armigera (Singh and Sharma 1970,
Dias ct al. 1983, Lateef 1985). Rembold (198])
examined the biochemical basis of this variation
and found a correlation between the malic acid
content of chickpea leaf exudate and reduced pod
borer dumage. However, the mechanisms respon-
sible for the reduced susceptibility to attack have
not been elucidated. Srivastava and Srivastava
(1989) suggested oviposition nonpreference as the
cause of observed differences in pod dnmnf;c
among 8 chickpea genotypes. Studtes of the rela-
tive performance of H. arnigera larvace reared on
different chickpea genotypes indicate that antibi-
osis also has a role in Helicoverpa resistance in
some genotypes. Srivastava and Srivastava (1990b)
fed larvae on a combination of chickpea leaves,
flowers, and pods, and they recorded significant
differences in larval survival, larval weight, pupal
weight, and pupal period among genotypes. Larvae
reared on less susceptible genotypes were lighter
and took longer to (ievelop than those reared on
more susceptible genotypes.

In the current study a range of chickpea geno-
types, for which the mechanisms of resistance to
H. armigera had not previously been elucidated,
were examined for antibiotic and antixenotic resis-
tance to this pest. Larval growth and survival and
adult ovipositional preference were used as criteria
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to determine the presence of resistance. The re-
lationship between the intensity of H. armigera at-
tack and pod damage was also examined.

Materials and Methods

All experiments were carried out at the Interma-
tional Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) Asia Center (IAC), Patancheru,
AP, India. . armigera adults and larvae used in
the laboratory experiments were from a culture
maintained at IAC that was established from and
regularly supplemented with eggs collected at IAC.

Antibiosis. Neonate F. armigera larvae were
reared in individual glass tubes with cotton stop-
pers. The tubes were stored in an incubator main-
tained at 26 = 1°C, 65 * 5% RH, and a photo-
period of 12:12 (L:D) h. Larvae were provided
with an excess of chickpea material until pupation.
The plant material comprised cither leaves or pods
containing green seeds. It was replaced daily with
freshly collected material from field plots at TAC.
The experimental design was a randomized com-
plete block design with 3 replicates of each treat-
ment (genotype. In the 1985 postrainy season,
cach replicate was composed of 7 larvae; in the
1987 postrainy season, cach replicate was com-
posed of 10 larvae. Larval weight was recorded 10
d after hatching, and pupal weight was recorded 1
d after pupation.

Ten genotypes were evaluated (or antibiotic of-
fects. The genotypes varied according to their de-
velopmental duration and seed size: ICC 506, “An-
nigeri’, 'ICCV 7', ICC 3137 (desi short to medium
duration); ICC 4935-E-2793 (desi long duration),
ICC 8835, ICC 10870 (kabuli medium duration);
ICC 5264-E10, ICCX 73024417-2-2H and L550
(kabuli long duration). ‘Annigeri’, 1CC 3137 and
L550 were used as Helicoverpa susceptible con-
trols. The remainin gcnotyrcs had been identified
as having reduced levels of susceptibility to Heli-
coverpa damage in screening triaE at Patanchern
(short-medium duration genotypes) or at All India
Coordinated Pulse Improvement Program (AIC-
PIP) Centers in northern India (long duration ge-
notypes) (Latcef and Sachan 1990).

Because of the time required to replace the
chickpea material it was not possible to run anti-
biosis experiments on all 10 genotypes concur-
rently. Therefore, the genotypes were divided into
2 groups according to their seed size. Experiments
with kabuli material began 15 d after the start of
experiments with desi material.

In the 1985 postrainy season, antibiosis experi-
ments began on 12 December using leaves col-
lected from field plots sown on 8 October. A 2nd
experiment using green pods containing sceds be-
gan on 21 January 1986. In the 1987 postrainy sea-
son, experiments began on 11 November using
leaves collected from field plots sown on 24 Oc-
tober. An experiment using pods collected from
the same plots began on lf]nnuary 1988.
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Data for the 2 seasons were pooled for analysis.
Data for the 2 groups were analyzed separately
with SYSTAT nested ANOVA (Wilkinson 1990)
with chickpea genotype nested within plant part.
Meuns were separated at the 5% level using the
Tukey honestly signficant difference (HSD) test
(Wilkinson 1990). Becausc of poor plant growth,
data on larval growth on chickpea leaves in 2 sea-
sons are not available for ICC 4935-E-2793. Data
for this genotype werc therefore not included in
the analysis.

Ovipositional Antixenosis: Laboratory Stud-
ics. Three-day-old femalc and 1-d-old male H. ar-
migera were Kept in pairs at 26 = 1°C in cylindri-
cal, transparent plastic cages, and supplied with
10% sucrose solution. Aduﬁs were paired together
for 48 h before the start of the experiment. During
the experiment, each pair was supplied with 2
chickpea plants having leaves and pods. The plants,
1 resistant and 1 susceptible genotype, were paired
in the following combinations: ICC 506 and An-
nigeri; ICC 506 and ICCX 730266-3-4-1P; ICCV
7 and Annigeri; ICCV 7 and ICCX 730266-3-4-1P.
It was not Fossiblc to compare all 4 combinations
concurrently. Oviposition in each combination was
observed on a minimum of 4 occasions during the
period November 1985 to February 1986. There
were 5 cages (pairs) of 1 susceptible-resistant com-
bination on each occasion. The number of eggs
laid on cach genotype after 24 h was recorded in
cach cage. Analyses were performed on the mean
number of eggs per plant for cach date. The ob-
served number o} cggs on susceptible and resistant
senotypes was compared with an expected ratio
50:50) using a replicated G test (Sokal and Rohlf
1981).

Ovipositional Antixcnosis: Ficld Studies. The
density of H. armigera eg%s and larvae on 7 chick-
pea genotypes in ficld plots was studied in the
1981 and 1982 postrainy seasons. The genotypes
were sown in a randomized complete block design
with 3 replications of each genotype. The geno-
?'pes were composed of 3 short-medium duration
desi genotypes (ICC 506, Annigeri and ICC 3137),
2 long duration desi genotypes (ICCX 730200-11-
1-1H-B and G130) and 2 kabuli long duration ge-
notypes (ICC 5264-E10 and L550). Each replicate
was composed of 2 rows each 9 m in length, with
60 cm of spacing between rows and between plants
within rows. Five randomly sclected plants were
tagged in each replicate. The tagged plants were
visually examined at weekly intervals and the num-
ber of H. armigera eggs and larvae per plant was
recorded. In 1981 sampling began on 26 Novem-
ber 1981 and finished on 7 January 1982. In 1982
sampling began on 24 November and finished on
6 January 1983. In both years the sampling period
covered the period from Howering to pod maturity.

The logyg(n + 1) transformed mean number of
eggs per plant and the mean number of larvae per
plant were analyzed using SYSTAT repeated mea-
sures ANOVA (Wilkinson 1990). Data for the 2 yr
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Table 1. Mean weight (milligrams) £ SEM of 1-d-old pupac and mean pupal developmental duration for H, ar.
migera larvac rcared on chickpea leaves or pods containing seeds

Pupal wt, mg

Pupal period, d

Genotype
Leaves Pods Leaves Pods
Desi chickpea
ICC 506 1463 * 4.1b 3147+ 6.6a 9.9 2 03a 1302 0.1a
Annigeri 1674 £ 9.3ab 3054 = 6.3a 093 % 0.4a 126 = 1.l
ICCV 7 1174 = 6.3¢ 2293 = 6.0¢ 9.4 203
ICC 3137 209.1 £ 22.7a 2756 = 6.7b 84%0.1a 124 = L.1a
ICC 4935-E-2793 - - 2556 = 6.0+ - = 78203+
Kabuli chickpea
1CC 10870 169.7 = 6.5a 279.4 = 15.54 106 * 0.1 124 * 06a
ICC 8435 178.9 * 10.9a 264.9 = 15.1a 108 = 0.2a 112+ 13
ICC 32641-E10 220.4 = 33.04 2703 £ 10.7a 99 % 0.4a 120 = 0.54
ICCX 730244-17-2-2H 2223 + 17.8a 2059 * 9da 108 * 04a 109 = 1.0a
L 550 221.0 = 17.1a 266.6 * 12.6a 112 £ 04n 1.1 = Lla

Means caleulated from data for 6 replicates. Means within a column followed by the same letter are not significantly different at the
5% level (Tukey test). Desi and kabuli genotypes were analyzed separately. +, Not included in avalysis.

were analyzed separately. Because of the low num-
ber of eggs during the latter sampling periods in
both 1981 and 1982 data for the 6th and 7th sam-
pling dates were excluded from the analysis.

Pod Damage Asscssment. At harvest all the
pods were removed from the tagged Ylants in each
replicate and placed individually into labeled gaper
bags. The pods were subsequently examined and
the number of undamaged, damaged (H. armigera
damage), and undeveloped pods was recorded.
Data for the weekly counts oF H. armigera larvae
were used to calculate the mean cumulative num-
ber of larval days per genotype. Angular trans-
formed percentage of pod damage was regressed
on the mean cumulative number of larval days.
The slope and elevation of the regression lines
were compared using ¢-tests (Zar 1984).

Results

Antibiosis. There was no significant variation in
the weight of 10-d-old H. armigera larvae, larval

Table 2. Mean percentage = SEM of larval survival of
H. armigera larvac rearcd on chickpea pods containing
sccds or lcaves

Larval survival, %

Genot
enoyre Leaves Pods
Desi chickpea
ICC 506 26.67 £+ 8.4 7371 £ 9.8a
Annigeri 48.33 * 12.8ab 7381 = 79a
ICCv 7 1365 = 4.6¢ 19.05 * 10.2¢
ICC 3137 7333 % 6.7a 57.38 = 11.9ab
ICC 4935.E-2793 44.13* 69+
Kabuli chickpea

ICCX 732244-17-2-2H 4452 99a 7810 = 5.1a
1CC 8835 3643 = 53a 7643 = 644
1CC 5264-E10 4048 = 11.1a 7500 = 7.2a
1CC 10870 36.67 = 6.7a 70.00 = 9.7a
L 550 58.33 = 11.2a 7714 % 62a

Means calculated from data for 6 replicates; untransformed
data. Means within a column followed by the same letter are not
significantly different at the 5% level (Tukey test). .

developmental duration, or pupal developmental
duration among larvae reared on the desi geno-
types (ICC 506, Annigeri, ICCV 7, and ICC 3137).
However, pupae of larvae reared on leaves or pods
of the desi genotype ICCV 7 were significantly
lighter than those reared on the 2 susceptible con-
trols, ICC 3137 and Annigeri (Table 1; F = 15.83
df = 6, 28; P < 0.001). Pupae of larvae reared o
leaves of ICC 506 were significantly lighter than
larvae reared on leaves of ICC 3137.

The survival of larvae reared on leaves or poxls
of ICCV 7 was significantly reduced comparec
with that of larvae reared on leaves or pods o} ICC
3137 or Annigeri (Table 2; F = 5.49; df = 1, 40
P < 0.001). The survival of larvae reared on leaves
of ICC 506 was significantly reduced compared tc
larvae reared on leaves of JCC 3137.

There was significant variation in the weight ol
1-d-old pupae and lpupal developmental duration
among larvae raised on leaves versus pods of the
desi genotypes. Pupae of larvae reared on leaves
were significantly lighter (Table 1;.F = 378.14; dI
= 1, 28; P < 0.001) and had shorter pupal devel-
opment times (Table 1; F = 11.2); df = 1, 19; P
< 0.005) than larvae reared on pods.

There was no evidence for significant genotypic
variation in the suitability for H. armigera growth
or larval survival among the kabuli genolyﬁ)es stud-
ied. There was significant variation in the mea-
surgd parameters, except pupal development time.
among larvae reared on pmrs versus leaves of k-
buli genotypes. Larvae reared on pods were heavi-
er (F = 4.54; df = 1, 47; P < 0.05), had shorter
larval development times (F = 7.04; df = 8, 46; I
< 0.001) and heavier pupae (Table 1; F = 46.33;
df = 1, 45; P < 0.001) than larvae rcared on leaves.
Survival of larvae reared on leaves was significantly
reduced compared to larvae reared on kabuli pods
(Table 2; F = 23.27; df = 1, 47; P < 0.001).

Ovipositional Antixenosis: Laboratory Stud-
ies. The distribution of H. armigera eggs between
resistant and susceptible genotypes deviated sig:
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Table 3. G statistics for the distribution of H. armi-
gera cggs in laboratory choice tests

Genotypes G statistic df G value

ICC 506" and Annigeri*  Pooled 1 519]1%*
Heterogeneity 12 150.16°*°

' Total 13 202.07°*°
1CC 506" and Pooled 1 40.04**°
ICCX 730266 3 4 1P*  Heterogeneity 5 57.48°¢*
Total 6 T1.50°%*

ICCV 7" and Pooled 1 0.99NS
ICCX 730266 34 1P*  Heterogencity 3 8159
Total 4 BL58*

ICCV 7" and Annigeri*  Pooled 1 2.65NS
Heterogeneity 3 6.08NS

Total 4 8.73NS

Expected distribution based on a 50:50 ratio of eggs between
susceptible (*) and resistant () genotypes. NS, not significant; *,
P < 0.05; **, P < 001; ***, P < 0.001.

nificantly from the ¢xpected 50:50 ratio in the tests
comparing ICC 506 and Annigeri, ICC 506 and
ICCX 730266-3-4-1P, ICCV 7 and ICCX 730266-
3-4-1P (Table 3). The significant pooled G for the
comparison of the distribution of eggs between
1CC 506 and Annigeri and ICC 506 and ICCX
730266-3-4-1P indicates that a consistently greater
number of eggs were laid on the susccptigle ge-
notype than on the resistant genotype. The signif-
icant heterogeneity G indicates that the deviations
were not uniform in magnitude. In the test com-
paring oviposition on ICCV 7 and 1CCX 730266-
3-4-1P there was significant deviation from the ex-
pected 50:50 ratio, but the deviation was not
uniform in direction indicating that females did
not consistently select one genotype in preference
to the other. There was no significant deviation
from the expected 50:50 ratio in the tests compar-
ing oviposition on ICCV 7 and Annigeri.
Ovipositional Antixenosis: Field Studies.
There was significant variation in egg density
among the short-medium duration desi genotypes
(ICC 506, Annigeri and ICC 3137) in the 1981
postrainy season. Significantly fewer eggs were re-
corded on ICC 506 (Table 4; F = 5.69; df = 2, 40;
P < 0.01) than on ICC 3137 and Annigeri. In the
1982 post-rainy season there was no significant
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variation in egg densi:{ among the seven geno-
types, nor among the desi genotypes when these
were analyzed separately.

Larval Density and Pod Damage. In both sea-
sons there was significant variation in larval density
among chickpea genotypes (1981: F = 10.86; df =
6, 14; P < 0.001. 1982: F = 30.46; df = 6, 84; P
< 0.001), and a significant effect of sampling date
(1981: F = 74.76; df = 6, 84; P < 0.001. 1982: F
= 6.933; df = 6, 14; P < 0.005) but no sampling
date X genotype interaction. In 1981 significantly
fewer larvae were recorded on 1CC 506 than on
ICC 3137. In 1982 there were significantly fewer
larvae recorded on 1CC 506 than on G130, ICC
3137 and the long duration kabuli genotypes, ICC
5264-E10 and L550.

Figure 1 shows the relationship between mean
cumulative larval days and percentage of pod dam-
age for 4 susceptible controls and 3 resistant ge-
notypes, paired according to seed size and devel-
opmental duration. There was no significant
difference in the regression coeflicients for ICC
5264-E10 and the susceptible check L550. How-
ever, there was a significant difference in the cle-
vation of the 2 lines (Fig. 1A; ¢ = 6,50, df = 7, P
< 0.05) indicating that, after taking into account
differences in the intensity of insect attack the
transformed pod damage was not the same in the
2 genotypes.

The regression coefficient for ICC 506 was sig-
nificantly §realer than that for Annigeri (Fig. 1B;
t = 237, df = 7, P < 0.001). There was no signif-
icant difference in the regression coefficient or the
elevation of the lines for the susceptible ICC 3137
and ICC 506. The regression coeflicient for ICCX
730020-11-1H-B was significantly greater than that
for G130, the long duration desi, susceptible con-
trol (¢ = 2.82, df = 7, P < 0.05); at >200 cumu-
lative larval days, ICCX 7300020-11-1H-B suffered
more pod damage than G130. '

Discussion .

Pupal weight and larval survival were both re-
duced in larvae reared on leaves and pods of ICCV
7 indicating appreciable levels of antibiosis in this

Table 4. Mean number = SEM of H. armigera cggs and lurvae recorded on 5 plants of each genotype during the

1981 and 1982 post rainy scason

c 1981 . 1982
enotype Eggs Larvae Eggs Larvae
ICC 506 1.26 = 0.3b 5.96 * 1.0b 1.09 £ 0.3a 141 = 0.2¢
Annigeri 2.20 £ 0.da 801 = 1.0ab 1.83 = 0.5 2.57 £ 0.4be
ICC 3137 3.76 = 0.9a 1056 * 1.3a 219 £ 0.5 5.22 + 0.6a
ICCX 730020-11-1H-B 1.55 = 0.3ab 6.86 = 0.8ab 1.00 £ 0.2a 2.82 = 0.4be
G130 2.09 + 0.5ab 785 = Llab 119 2022 3.17 £ 0.5bc
ICC 5264-E10 2.22 £ 0.6ab 1008 = 1.2a 1432032 341 = 0.4ab
L 550 2.32 = 0.5ab 9.87 = 1.2b 178 £ 0.4 3.82 = 0.6ab

Means calculated from data for 3 replicates on 5 (
letter are not significantly different at the 5% level (Tu

test).

) or 7 (larvae) sampling dates. Means within a column followed by the same
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genotype. The results for larvae reared on ICC 506
suggest that an antibiotic factor is present in the
leaves of this genotype. Pupal weight has been
shown to be correlated with tecundity in Lepidop-
tera (Bessin and Reagan 1990). Thercfore, our re-
sults suggest that larvac reared on leaves or pods
of ICCV 7 or leaves of ICC 506, would have rc-
duced survival and result in females that produce
fewer eggs than larvae reared on susceptible ge-
notypes. Field and laboratory studies indicated
that ovipositional antixenosis was also present in
ICC 506.

Chickpea secretes an acidic exudate on its leafl
surface, stem and pod wall (Khanna-Chopra and
Sinha 1987). Differences in the biochemical con-
stituents of the exudate among the genotyﬁes may
have had a role in determining the suitability of
chickpea tissue for H. armigera in the current
study. Analyses of the acid components of chickpea
leaf exudate have suggested that differences in the
relative concentration of malic acid (Rembold
1981) or oxalic acid (Yoshida et al. 1995) are im-
portant in resistance to H. armigera.

The current study has shown significant varia-
tion in growth and survival of H. armigera reared
on chickpea leaves and pods. This observation is
consistent with that of Sison and Shanower (1994)
who showed that H, armigera larvae reared on
leaves and flowers of pigeonpea had lower larval
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weights and longer development times than thase
rearcd on pods. Differences in the availability of
nutrients among plant (s)z\rts may effect the differ-
ences in the growth and survival of H. armigera on
chickpea. However, differences in the amount of
acidic exudate consumed by 1st to 3rd instars may
also be important. In the current study, small lar-
vae reared on chickpea pods containing seed were
ohserved to renctrate the pod wall and commence
feeding on the green seed, which does not secrete
exudate. Larger larvae would consume the whole
pod and sco(ﬁ. In comparison, the larvae that were
reared on leaves ingested plant material with sur.
face exudate throughout t[\cir development. Fur-
ther experiments are required to quantify the con-
tribution of the 2 factors to the observed
differences in growth among larvae reared on the
2 plant parts.

The regression of pod damage on mean cumu-
lative larval days provides an ingicntion that differ-
ences in tolerance to H. armigera occur among
chickpea genotypes. Further experiments are also
required to evaluate genotypes for this resistance
mechanism.

The current study has identified antibiosis and
ovipositional antixenosis as resistance mechanisins
in the short-medium duration desi chickpea ge-
notypes. However, none of the longer duration ge-
notypes (desi and kabuli) which had previously
been shown to have reduced susceptibility to H.
armigera in screening trials in northern India
showed any evidence of antibiotic or antixenotic
resistance to H. armigera. One explanation for the
poor performance of these genotypes is that envi-
ronmental conditions prevailing at Patancheru
(south India) altered their susceptibility to the
pest. H. armigera population pressure in the south
is also typically much higher than that in north
India (Lal et al. 1986).

Comparison of data from 10 years multilocation-
al testing of selected chickpea genotypes (Latcel
and Sncﬁnn 1990), including ICC 5264-E10 and
ICCX 730244-17-2-2H, shows that the relative re-
sistance rating of chickpea geiotypes frequently
varies according to location. This may in part be
caused by different perceptions of damage by re-
searchers in the different locations; it may also re-
flect real difference in the susceptibility to H. ar-
migera between locations. These observations
highlight the need to screen genotypes in the en-
vironments in which they are intended to be
grown, to avoid overlooking important sources of
resistance to H. annigera.
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