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ABSTRACT 
Field screening was carried out to iden* sources of resis- 

tance to three groundnut pests. A total of LOO0 genotypes of 
groundnut were screened for resistance to the jassid (Emgoasca 
kern' Pruthi), 2,700 for resistance to the thrips (Fhnkliniella 
schultzei (Trybom)), and 530 for resistance to pod scarifying 
termites (Odontotermes sp.). Genotypes with multiple resis- 
tance to these pests were identified from the 3 years field screen- 
ing trials and some of them have been used in the breeding 
program at ICRISAT. 
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Groundnut plants in India are attacked by over 70 
species of insects. Those of economic importance include 
the jassid, Empoasca kern; thrips, Frankliniella 
schultzei; and termites, Odontotennes sp. (172,3). Insec- 
ticides are routinely recommended for their control but, 
if genotypes resistant to these insects are found their use 
will reduce the dependence on insecticides. Although 
there are moderate levels of resistance to Empoasca fabae 
Harris and Frankliniella hsca Hinds (5,6,7,9, lo), resis- 
tance to pod sc*ing termites has not been recorded 
so far. However, resistance to southern corn rootworm 
Diabrotica undecimpunctata howardi Barber which dam- 
ages the pods is known (6,7). This paper reports the 
results of field screening for resistance to E. kern', F. 
schultzei and Odontotennes sp. 

Materials and Methods 
The plant material was obtained &om the Genetic Resources Unit 

(GRU) of International Crops Research Institute for the Semi-hid 
Tropics (ICRISAT) which maintains a collection of groundnut 
germplasm from many countries. Most accessions were phenotypically 
uniform, but two accessions, ICRISAT Groundnut Germplasm (ICG) 
number 5043 and 5045 were supplied as mixtures with different testa 
colours. They were separated into tan (T) testa and deep purple (DP) 
testa types. No independent ICG numbers have been allotted to them 
by the GRU of ICRISAT. 
All rainy season trials (June-October) were conducted under rainfed 

conditions. Postrainy season trials (December-April) were conducted 
under irrigation. 

The genotypes were grouped into 3 growth habits - Virginia runner 
(VR), Virginia bunch (VB), and Spanish bunch (SB). Commonly grown 
cultivars - TMV2, Robut 33-1 and M13 were used as checks for the 
SB, VB, and VR genotype groups, respectively. 
Jassid screening: 

One thousand genotypes were screened under moderate to heavy 
jassid infestation during the 1978,1981, and 1982 rainy seasons (June- 
October). In 1978, groundnut germplasm was sown in single 4 m rows 
which were replicated thrice. The accessions selected from the 1978 
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screening were sown in 12 m plotswith 3 replications in 1981 and 1982 
using cowpea plants ( W'a unguiculafa cv Cl52) as an infestor crop. 
Row to row spacing was 0.75 m and plant to plant spacing was 0.15 
m. One row of cowpea was sown alternating every four rows of 
groundnut. They were infested with laboratory-bred jassids, when the 
crop was 2 weeks old. In 1981, we distributed 5,000 jassids and in 
1982, 1O,OO0 jassids, throughout the field. Cowpea stems were cut in 
August and they were distributed evenly throughout the field. Jassids 
quickly infested the groundnut plants and ensured adequate screening. 

Scoring was carried out in September because that is when jassids 
were most numerous. In the 1978 trial, we recorded the number of 
jassid nymphs on three young leaves of the main branch h m  each of 
five plants in a row. In the 1981 and 1982 trials, we also recorded the 
percentage of yellowed foliage in addition to the number of jassid 
nymphs on five plants. 
Thrips screening: 

Infestation by F. schdtzei was high in both rainy and postrainy 
seasons, facilitating the screening of a larger number of germplasm 
lines (approximately 2,700) from 1978 to 1983. 

Screening was carried out against F. schultzei, and not against Sci- 
rtothrips dorsalis Hood because the former is the major vector of bud 
necrosis disease caused by tomato spotted wilt virus (4,8). Feeding by 
F. schultzei adults and nymphs results in the development of distinct 
scars on the upper s u h  of young leaves. The peak infestations occur 
in August and September in the rainy season and January and February 
in the postrainy season. In the 1981 and 1981-82 postrainy season trials, 
the injury symptoms on the single most damaged leaflet/plant in ten 
randomly selected plants of each accession was rated on a 1-9 scale 
where 1 represents no injury, and 9 represents heavy scarring of the 
leaflet and distortion of margins (10,ll). From 1981 to 1983, the per- 
centage of leaflets showing thrips injury in five plants in a row was 
used as the criterion for measuring susceptibility (7). 
Termites, Odontotemes sp. screening: 

Five hundred and thirty lines was screened against pod scarifying 
termites in the 1981, 1982, and 1983 rainy seasons in a termite infested 
area. The termite infestation was initially uneven in this area, so a 
more uniform and dense infestation was induced by evenly distributing 
large numbers of winged adults collected from light traps duing the 
onset of the monsoon rains. Subsequent cultivations were shallow and 
all operations were carried out in the afternoon to reduce the mortality 
of foraging termites which come above ground in the morning. During 
the hot summer months when food (grasses, weeds, etc.) became scarce, 
sawdust at the rate of 100 sackdha was spread over in the field to 
supplement the termites' food supply. 

In the first week of July, the cultivars were sown in 12 m plots 
replicated thrice. The spacing between rows was 0.6 m and between 
plants 0.15 m. Termite damage (scarification) to the pod was pro- 
nounced on mature pods and severe on pods harvested about one 
month after the normal harvest period in October. Therefore, the crop 
was harvested in November. Pod damage was rated by two methods: 
percentage of shell area scarified, rated on a 1-9 scale where 1 r e p  
resented no scarification, and 9 represented scarification of the entire 
shell and percentage of pads showing termite damage. 

Results and Discussion I 

Jassids 
The data refer only to most resistant cultivars. A com- 

plete list of the accessions screened can be obtained via 
the authors fiom the report of progress of work at IC- 
RISAT. Jassid resistant cultivars (Table 1) can be grouped 
into 4 categories: (1) cu~tivars such as NC Ac 2214, NC 
Ac 2240 (DP) and NC Ac 2230 that showed high resistance 
to jassid infestation, (2) cultivars such as NC Ac 2242, 
NC Ac 2243 (DP), NC Ac 2232, NC Ac 2243 (T), NC Ac 
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489, NC Ac 1705 and NC Ac 2462, M13 and Gujarat 
Narrow Leaf which were moderately jassid infested, 
ranging &om 9-32 nymphs per 5 plants, but showed very 
low percentages of yellowed foliage indicating resistance 
to yellowing symptoms, (3) cultivars such as NC Ac 2666, 
NC Ac 1337, NC Ac 17888 and NC Ac 1741 that had an 
equivalent number of jassid nymphs as in (2) but a higher 
percentage of yellowed foilage, and (4) cultivars such as 
Robut 33-1 and TMV2 which showed susceptible reac- 
tions. Since percentage of yellowed foliage is an impor- 
tant criterion of resistance, only cultivars in the first two 
groups should be used in breeding programs. 

Table 1. Sources of resistance to the jassid Empoasca kerri 

NC Ac 2214 1 
NC Ac 2232 2 
NC Ac 2243 DP 4 
NC Ac 2240 OP 2 
NC Ac 2230 3 
IC Ac 2242 3 
Gujarat Narrow NT 
Leaf Mutant 
Nc Ac 2243T NT 
NC Ac 2144 NT 
Nc Ac 1705 NT 
NC Ac 489 8 
Nc Ac 2666 7  
Hc Ac 343 7 
NC Ac 2142 NT 
Nc Ac 1337 9 
NC Ac 2700 8 
NC Ac 406 7 
Nc Ac 17888 NT 
Nc Ac 1741 NT 
NC Ac 785 NT 
1113 (Rc) 9 
mv2 (SC) 16 
Robut 33-1 (SC) 12 

2 
1 
2 
2 
2 
1 
NT 

1 
10 
6 
5 
9 
3 
9 
9 
8 
12 
6 
FIT 
N l  
9 
20 
14 

0.2 (2.0) 
0.0 (0 .6)  
0.1 (1 .5)  
0.7 (3 .3)  
0.4 (3 .1)  
0.2 (1.3) 
N-r 

0.2 (2.0) 
1.7 (7 .1)  
0.4 (3 .4)  
1.0 (5 .2)  
1.5 (6 .8)  
2.0 (7 .6)  
2.3 ( 8 . 7 )  
2.7 (8 .9)  
4.0 (9 .4)  
1.3 (5 .2)  
3.3 (9 .7)  
NT 
NT 
10.0 (18.0) 
40.0 (39.1) 
35.0 (35.0) 

2 
17 
9 
4 
2 

17 
16 

20 
34 
32 
33 
42 
26 
48 
39 
58 
N-r 
32 
21 
17 
15 

103 
34 

0.0 (0 .6)  
0.1 (2 .0)  
0.7 (4 .4)  
2.0 (8.0) 
0.1 (1 .2)  
0 .2  (2 .5)  
1.3 (4 .8)  

0.0 (0 .6)  
3.5 (10.0) 
3.7 (11.0) 
11.7 (19.3) 
9.0 (16.0) 
7.0 (13.3) 
5.0 (12.5) 
11.7 (19.3) 
16.0 (22.8) 
NT 
8.0 (16.4) 
8.0 (16.0) 
4.0 (10.9) 
8.0 (16.4) 
44.0 (41.2) 
33.3 (34.2) 

R 
R 
R 
R 
R 
R 
R 

R 
HR 
HR 
MR 
HR 
HR 
HR 
MR 
HR 

HR 
HR 
HR 
MR 
S 
S 

Mean 
SE 
cv s 

6.8 6.6 (9.45) 28.5 (14.1) 
g . 9  21.8 k(2 .5)  27.5 i ( 3 . 1 )  
27.7 47.0 (45.7) 45.7 (38.5) 

( 1 - arcsine transformed values. Rc = Resistant Check, SC = Susceptible Check. 

R - Resistant, MR = Moderately resistant. S - Susceptible. Nl - Not tested. 

OP - D w p  purple testa, T - Tan testa.  

ThriPS 
Seven accessions consistently showed a low damage 

rating or a low percentage of damaged foilage by thrips, 
i.e. NC Ac 2242, NC Ac 2214, NC Ac 2243 (T and DP), 
NC Ac 2240 (DP), NC Ac 2232 and NC Ac 2230 had a 
consistently low rating for thrips damage (Table 2). 
Others, i.e. NC Ac 1741, NC Ac 2142, NC Ac 2144, NC 
Ac 343, NC Ac 1705, NC Ac 2154, NC Ac 2462 and NC 
Ac 2460 showed moderate levels of injury. 
Termites 

The most resistant accessions were NC Ac 2243 (T and 
DP), NC Ac 2240 (T and DP), and NC 343 (Table 3). 
Other accessions, i.e. NC Ac 10033, FESR 386, NC Ac 
2142, NC Ac 17888, NC Ac 2242, NC Ac 2230, NC Ac 
1705 and M13 also showed substantially lower damage 
than the standards (i.e. Robut 33-1 and TMV 2). 

Table 4 summarizes the reaction of selected cultivars 
to all three pests, and gives additional data on growth 
habit, days to 50% flowering and yield potential. Even 
though most cultivars with high levels of resistance to 
more than one pest were poor yielders compared to stan- 
dard cultivars, and therefore unsuitable for commercial 
cultivation, they are of potential use in a breeding prog- 
ram. Accessions NC Ac 343, NC Ac 17888, Ml.3, NC Ac 

Table 2. Sources of resistance to thrips, Frankhiella schultzei. 

NC Ac 2242 
K: Ac 2214 
NC Ac 2243 T** 
NC Ac 2243 DP** 
K: Ac 2240 T 
NC Ac 2240 OP 
NC Ac 2232 
NC Ac 2230 
NC Ac 1741 
NC Ac 2142 
K: Ac 2144 
NC Ac 7481 
hC Ac 343 
NC Ac 1705 
Nc Ac 2154 
NC Ac 2462 
NC Ac 2460 
M13 (RC)** 
THY2 (XI** 
Robut 33-1 (SC) 

4.3 (12.0) 3.0 5.5 (13.5) 
5.7 (13.8) 2.1 4.9 (12.8) 
5.4 (13.5) 2.1 4.9 (12.8) 
7 .8  (16.1) 2.2 4 .8  (12.7) 
8 .2  (16.4) 9.0 4 .0  (11.5) 
N-r** 2.0 N-r 
9.0  (17.1) 6 .4  4.4 (12.6) 
7.0 (15.3) 5.3 5.8 (13.9) 
NT N-r 7.5 (15.8) 
8.3 (16.7) 4.8 8 .2  (16.4) 
8.5 (16.8) 7.2 5.8 (13.91 
N-r 9.3 14.0 (21.9) 
9.4 (18.0) 5.6 6.8 (15.1) 
8.3 (16.6) NT 5.4 (13.4) 
NT 4.8 7.8 (16.0) 
9.7 (17.9) 13.4 8.7 ( i 7 . i )  
KT 11.7 10.6 (19.0) 
12.6 (20.6) 18.6 13.1 (21.1) 
26.5 (30.8) 18.8 17.1 (24.2) 
16.7 (24.0) 13.4 11.3 (19.6) 

4.0 2.2 
2.9 2.3 
2.9 1.9 
2.1 2.1 
5.4 2.4 
NT Nl 
3.6 2.8 
3.6 2.3 
4.1 NT 
3.1 3.2 
3.0 2.9 
2.1 NT 
3.5 2.8 
5.5 2.4 
6.2 3.0 
6.2 NT 
7.2  3.6 
6.2 6.0 
7.8 5.8 
6.2 6 .0  

R 
R 
R 
R 
HR 
R 
R 
R 
HR 
HR 
MR 
HR 
MR 
HR 
HR 
MR 
MR 
S 
S 
S 

Mean 
SE 
cv x 

(17.7) 
+( 1.64 ) 

(16.02) 

(15.9) 3.1 
+(1.21) 20.41 
(13.16) 24.02 

----- - - ~ I _  

( I - arcsihe transformed values 

= non replicated t r i a l s  with 12 m plots 

** = As in  tab le  1. 

*** - In jury  ra t ing  on 1-9 scale. 1 = no in jury  and 9 = dis tor t ion  of lea f le ts .  

R - Resistant; MR = Moderately resistant;  S = Susceptible 

Table 3. Sources of resistance to termites Odontotermes sp. causing 
pod scarifcation. 

Season 
Cul t ivar  1981 1982 1983 ------------------ --I--------------- ------------------ 

Scarif ied In jury  Scarif ied In jury  Scarif ied In jury  Level 
pods ( X I  ra t ing  pods ( L )  rating pals ( X I  rating o f  

( 1-9 ( 1-9 (1-9 resis- 
scale)** scale) scale) tance 

NC Ac 2243 T* 
NC Ac 2243 DP* 
NC Ac 2240 DP 
NC Ac 224OT 
NC Ac 2242 
NC Ac 10033 
FESR 386 
IC Ac 343 
WP 40 
Hc Ac 2142 
NC Ac 17888 
IC Ac 2230 
NC Ac 1705 
M13 (RC)* 
Rebut 33-1(SC)* 
luv2 (sc) 
Mean 
SE 
cv X 

2.4  (8 .2)  
3.1 (10.0) 
KT* 
4.9  (12.6) 
17.7 (24.4) 
2.7 ( 9 . 1 )  
5.7 (13.6) 
3 .1  (9.7) 
5.0 (12.4) 
13.0 (20.7) 
9.7 (17.9) 
8.8 (17.2) 
12.9 (20.2) 
8.1 (16.3) 
29.5 (32.8) 
32.6 (34.7) 

(17.3) 
(2.77) 
(27.42) 

2.8 
2.3 
Nr. 
4.7 
8.9 
5 .8  
6.3 
6 .9  
7 .0  
7 .8  
8.0 
7 . 8  
8.0 
8.8 
8.4 
9 .0  

6.7 
0.68 
17.42 

0.5 (3 .4)  
4.5 (10.8) 
5.7 (12.8) 
0.6 (3.3) 
3.1 (8.7) 
9.3 (17.6) 
7 .9  (16.0) 
7.7 (15.2) 
19.5 (25.2) 
w 
13.1 (20.1) 
15.6 (22.6) 
13.3 (21.1) 
18.9 (24.4) 
44.4 (43.2) 
25.1 (29.8) 

(18.1) 
i ( 4 . 3 1 )  

(41.01) 

4.7 
5.6 
5 .8  
4.1 
4 .9  
6.6 
7.6 
6.6 
7.1 
N-r 
7.7 
6.2 
6.9 
7.6 
6 .9  
7.0 

6.4 
0.96 
26.02 

0.0 (0.0) 1.0 
0.0 (0.0) 1.0 
0.0 (0.0) 1.0 
2.3 (7 .2)  1.7 
2.0 (4.7) 1.5 
2.9 (9 .0)  2.2 
0.7 (2 .8)  1 .1  
4.5 (11.3) 4.6 
0.8 (4 .2)  2.3 
5.1 (10.2) 2.6 
2.0 (7.7) 1.9 
3.6 (8 .8)  2.1 
7.3 (12.9) 2.1 
5.5 (13.4) 6.9 
19.3(24.2) 7.1 
36.0(36.6) 7.4 

(9.6) 2.9 
k(3.80) 
(68.87) 

R 
R 
R 
R 
MR 
MR 
HR 
MR 
MR 
HR 
MR 
MR 
HR 
HR 
S 
S 

0,67 
4.01 

( 1 = arcsine transformed valuer 

4 A5 I n  tab le  1. 

** 1 = No injury. 9 - c m p l e t e  scar i f ica t ion  o f  pod 

R - Resistant; #1 - Moderately r e s t s t ~ n t j  S - Suscaptlble 

10033, NC Ac 1113, and NC Ac 2462 were good yielders 
and had a moderate level of resistance to one or all pests. 
These could be suitable for commercial cultivation after 
further testing. The cultivar NC Ac 343 is unique in 
being resistant to thrips, jassids, pod scarrfjlng termites, 
southern corn root worm, Heliothis zea Bodie and mites 
Tetranychus urticae Kock (7,8). It is also field-resistant 
to bud necrosis disease (ICRISAT Annual Report, 1984, 
p. 204) and has a high yield potential. 
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Table 4. Growth habit, days to flowering and pod yield potential of 
some selected insect resistant lines. 

Cultlvar ICG 
No. 

Resistance '4 t o  

Jasslds Thrlps Termlte 

Growth Days t o  
h a l t  5Cn 

f lower1 ng 

NC Ac 2214 5040 
NC Ac 2230 5041 
NC Ac 2232 5042 
NC Ac 22430P 5045 
NC Ac 2243T 5045 
Nc Ac 224M)P 5043 
NC Ac 224OT 5043 
Nc k 2242 5044 
NC Ac 2144 2307 
NC Ac 1705 6764 
NC k 489 273 
NC Ac 2666 1660 
NC k 343 2271 
NC Ac 2142 2306 
NC AC u37 398 
Nc Ac 2700 318 
NC Ac 406 
NC AC i788e 6317 
NC'Ac 1741 5036 
Gularat 2741 

R 
R 
R 
R 
R 
R 
R 
R 
HR 
MR 
MR 
MR 
MR 
MR 
s 
WR 
MR 
m 
MR 
R 

R 
R 
R 
R 
R 
R 

R 
MR 
MR 
S 
s 
MR 
MR 
S 
s 
S 
S 
MR 
MR 

m 

S 
MR 
S 
R 
R 
R 
R 
MR 
s 
m 
s 
S 
MR 
MR 
S 
S 
s 
WR 
S 
S 

VR 31 
VR 29 
VR 29 
VR 31 
VR 31 
VR 31 
VR 31 
VR 31 
ve 31 
v0 28 
se 26 
SB 21 
VR 30 
VB 30 
SB 21 
SB 21 
SB 21 
SB 29 
SB 30 
se 29 

Pod Yield 
kg/ha* 

1981 1982 
._-- -- 

252 NT 
415 359 

83 252 
133 339 
217 93 
h l  243 
452 233 
270 450 

819 224 
519 241 
1407 1150 
211 502 
659 176 
748 320 
833 NT 
1156 583 
348 617 
163 191 

215 287 

548 363 

N~;IVW Leaf 
M 13 156 MR s MR VR 30 748 e4e 
NC Ac 10033 5071 S s MR SB 31 913 476 

27 659 644 NC Ac 2462 2320 5 m S S B  
NC Ac 1113 5629 S s MR SB 26 1041 1156 

2158.7 2148.8 
28.5 33.6 

SE 
cv x 

-- 
a Row spacing 0.60 m, plant spaclng 0.15 10. i n  low f e r t l l l t y  area 
r l thout  funglctdal or lnsectlcldal protaction and irr<gation. 

** Resistance t o  jassld - S yellowed foliage, t o  thrtps - X damaged lea f le ts  
and t o  t s m l t e  - 1 scarif led pods 

VR - v l rg ln ia  runner, VE - vt rg ln la  bunch, SB = spanlsh bunch 

R - Resistantj  MR - Woderately resistant; S - Suaceptlble 
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