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Sorghum midge. Contarmia sorghicola (Coguillet), is 4 most important and widespread pest of grain
sorghum. Over 15 000 germpliasm aceessions and several thousand breeding lines have been sereened for
resistance to sorghum midge under field infestation and no-choice headeage conditions in Indi, Twenty-
seven germplasm aceessions showing resistance across seasons and locations have been identificd, of
which TAM 2566, AF 28, 1DJ 6514, 18 3461, IS 81K, IS 10712008 QU871 and I8 27103 are diverse sources
of resistance to sorghum midge. Substantial progress hias been made in developing improved midge-
resistant breeding lines with reasonable vield and grain quahity. Forty-four lines improved tor plant type
and grain yield have been developed. FOSY 197, 1CSV 745, 1CSV B3, 1CSV 8R013 and TCSV 8RO have
high levels of midge resistance and their yviekd potential is comparable to that of commercial cultivars,
PM 7068, TCSV 690, TCSV 563, and 1CSV IRR have been identificd as non-restorers. 1CSV 503 and PM
7008 have been converted into male-sterile hybrid parents. Sorghum lines with midge resistance are
genetically and morphologically diverse, and can be adapted per se or used in sorghum improvement in
different sorghum-growing regions.

Keywords: Sorghum; Sorghum bicolor; host-plant resistance; mudge;, Contarinia sorghicola.

resistance breeding

The sorghum midge. Contarinia sorghicola (Coquillet)
is one of the most destructive pests of grain sorghums in
Asia, Africa, Australia, Europe and the Americas
(Harris, 1976; Sharma, 1985a, b). Current recom-
mendations for its control by cultural means are only
moderately effective.  Chemical control is not an
cconomic proposition and is usually ineffective because
the larva remains protected inside the glumes, Host-
plant resistance is the most cffective approach for
keeping midge populations below economic threshold
levels, especially under subsistence farming in the semi-
arid tropics.

At the International Crops Rescarch Institute for the
Semi-Arid Tropics (ICRISAT), Patancheru, India,
major emphasis has been placed on developing tech-
niques 1o screen for resistance to sorghum midge, to
sereen germplasm/breeding stocks to identify sources of
resistance, and to transfer midge resistance from
germplasm sources into improved and adapted cultivars.
This paper reports the progress made in screening and
breeding for resistance to sorghum midge between 1980
and 1989,

Materials and methods
Crop management and experimental design
This work was carried out at the ICRISAT Centre and
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its sub-station, Dharwad (Karnataka), India between
1980 and 1989. At the ICRISAT Centre, the crop was
sown on ridges 4 m long (75 em apart). ‘The plants were
thinned to a spacing of 10 cm between the plants 15
days after emergence. Carbofuran 3G (1.2 kg i, ha ')
was incorporated in the soil at sowing to control the
sorghum shoot fly, Atherigona soccata Rondani. In
situations where carbofuran could not protect the
plants from shoot fly damage during the riiny scason,
the seedlings were sprayed once or twice with cyper-
methrin 3D with an Electrodyn sprayer. At Dharwad,
the crop was sown on flat beds in rows 45 cm apart.
Normal agronomic practices were followed for raising
the crop. No insecticide was applicd during the repro-
ductive phase of the crop. .

Inthe preliminary midge-resistance screening nursery,
the entries were sown in an unreplicated trial using an
annotated design. Resistant (1DJ 6514, 'TAM 2566 and
AF 28) and susceptible (CSH 1, CSH 5, CSH Y, CSH 11
and Swarna) checks were planted after every 50 test
entries. Each entry was planted in a two-row plot (4 m
long). Another set of the test entrics was sown 15 days
after the first planting to avoid cescapes. In the
advanced trials, the test entries were sown in a
randomized block design. The plot size was 1.5 X 4 m,
with two replications. Data were recorded on plant
height (cm), days to 50% flowering, grain colour,
panicle type, 1000-grain mass, and midge damage.
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Resistance screening techniques

To improve the cfficiency of selection for midge
resistance, planting dates were adjusted, and 1two
sowings were undertaken at 2-week intervals to syn-
chronize flowering with the peak density of the sorghum
midge during October. Germplasm  accessions and
segregating breeding lines were initially screened by the
infester row technique (Sharma, Vidyasagar and
Leuschner, 19884). Dharwad was used as a *hot spot’
location for initial large-scale screening. Natural midge
infestation was increased by planting infester rows of a
susceptible cultivar (CSH 1) 20 days carlier than the
test material. Four infester rows were planted after
cvery 16 rows of the test material. At the flag leaf stage,
chaffy sorghum panicles (kept moist for 10 days)
carrying diapausing midge larvae were spread between
the infester rows. ‘This practice increased the midge
population three- to fivefold.

Linessclectedas being potentially resistant to sorghum
midge at Dharwad were sown at the ICRISA'T Centre
during the post-rainy scason, and screened using the

infester row technique. After two cycles of screening
under conditions of natural infestation, lines with low
susceptibility to midge were tested under no-choice
conditions using the headeage technique (Sharma.,
Vidyasagar and Lcuschner, 1988b). Five panicles were
screened under the headeage in cach genotype. Each
panicle was infested with 40 midges for 2 consccutive
days at the half-unthesis stage. Sclected lines were
evaluated for a further 5 -8 scasons for midge resistance
under natural and headeage conditions. These lines
were also tested at different locations [Dharwad (rainy
season), Warangul (post-rainy scason), Bhavanisagar
(summer) and ICRISAT Centre (rainy and post-rainy
scasons)| in India to identify lines with stable resistance
across locations,

Damage evaluation

Midge damage was rated visually on a 1-9 scale (1.
< 10% 2, 11-20%: 3, 21-30%: 4, 31-40%: 5. 41-50%4
6, 51-60%: 7, 61-70%: 8, T1-80%: 9. > 80% spikelets

Table 1. Origin and characteristics of sources of resistance in sorghum to sorghum midge, Contarinia sorghicola (ICRISAT Centre,

India)
Plant height — Time to S0% flowering TO00-grain mass

Cultivar Origin (cm) (days) Grain colour’  Panicle type” (g)
1S 3401 Sudan WS n W St 15
1S 7005 Sudan RE) 75 Cw 1. 16
IS 8671 Swaziland IRS 75 1.3 (§ 1]
1S 8571 Tanzania 390 o) W 1. 17
1S 8884 Uganda 275 12 R ¢ 17
IS RBK7 Uganda 290 n2 R C 16
IS 8891 Uganda 320 (1] RB « 16
IS 8918 Uganda 290 11 R ¢ 12
18 Y807 Sudan 3 75 (W I B}
IS 10712 USA 195 ™ [R}} SC 16
IS 15107 Cameroun 260 3] R ¢ kM
IS 18563 Uganda 240 74 R I 21
1S 18566 Uganda 255 82 LB SC 21
IS 186YS USA 75 65 B SC o
1S 18698 USA s p/l] W I. 16
1S 19474 Sudan 305 76 W 1. 15
1S 19476 Swdan Ryt 72 W I [}
IS 21871 USA o) 7 S SC 26
18 21873 USA 95 T S ¢ paj
18 21879 USA 100 (1] R I. 2
IS 21881 USA %) 68 R SC R
IS 21883 USA 110 ol R SC 19
18 22778 Somalia 30 (3] R 1. 2
IS 22806 Sudun 330 71 CwW L. 17
1S 26789 S. Africa 230 (] S ¢ 17
18 27103 Zimbabwe 195 n S ¢ 13
Resistant checks

DJ 6514 India 230 N N C 15

TAM 2566 USA 85 o R SC¢ 3

AlF 28 USA 320 T W 1 15
Susceptible checks

CSH 1 India 155 S8 S S¢C 27

CSH 5 India 20 67 S sC kil

CSH 9 India 210 68 S C 29

CSH 11 India 210 od S SC 30

Swarna India 158 65 Y SC 28
* s.¢. 17.22 244 LOS
Ls.d. at 5% 47.52 6.75 2,91
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with midge damage). In the advanced tests. midge
damage was also recorded trom 500 spikelets sampled
randomly from five panicles sereened under natural or
headeage conditions. The sampling procedure and data
collection have been described by Sharma er al.
(19884).

Breeding procedures

Both pedigree and population breeding methods were
used. A broad-bused population for resistance to
panicle-feeding pests (midge and carhead bugs) was
developed by using mis; and ms- male-sterility genes,
and is being improved further using low to moderate
inseet pressure. The procedures imvolved in making
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crosses, sereemng and selecting for resistance, agro-
nomic traits and grin quality have been outlined by
Agrawal ¢r al. (1986). The first step imvolved the
identification. comversion and strengthening of the
source: material, tollowed by development o agro-
nomically elite cultivars and hybrid parents. Agronom-
ically chite midge-resistant lines were tested widely for
adaptation and  stability of resistance for use by
farmers. or as sources of resistance by national sorghum
improvement programmes in the semi-arid tropices.

Statistical analysis

Standard errors of means were caleulated for midge
damage ratings across seasons and/or locations 1o assess

Table 2. Pedigrees and charactenstics of sorghum breeding hnes resistant to sorghum midge (ICRISAT Centre, India)

Plant Time to 800 T griun

hergin Hlowering Graon mass
Cultivar Ongin Pedigree {emi tdins) colout ()
108V 197 PN 1344 US B3 X DIEOST)-1-1-1-1-1 28 80 Straw L]
1CSV K6 PM 7032 (LC 67 X DI oSS 100 R] hN Straw s
1SV 387 PM 7397 (FER{OISS PO X DI 6SE) 70111 16N 08 Straw M
1CSV 388 PM K872 CISPYT-1 B/ X I8 25790 X ISPY -1/ 13) 9l o) Straw A
ICSV 38R0 PM 3853 IS 18962 X SPV 303121 -] 126 08 Straw n
1CSV Wi PM 13044 (M 734K X U'S(B-0)-5-2-0-3-1 148 73 Sraw 28
108V 303 PM 13655 A TR X SPV 3S1)- 7412431 156 o0 Staw M
108V 37 PM 14112 (PM 1M X A 0250)-12 210 253 84 Straw N
1CSV 56} PM 706) (15 152 X DI 6513)-8-1-1-1 (B L] Straw I
1CSV Sod PM 74222 (SC 1083 X DI 65EH)-12.1 22 191 o Straw M
[CSV o000 M 6751 (SCHOR-3 X S GIRE-MR-1)-19-1-8-1-1 142 57 Sraw M
1CSV 692 PM 75326 (nallel-50-1-1 ALS 7 X DI OSE)-121 1141 1 “ Sraw 19
1SV 729 PM 71041 (IS 3443 X 18 2879C)- 21 2 11 ™ 0t Straw N
1CSV 730 PM 12632 (PM 7348 X SPV 351)-2-6-1-1 130 X Straw 23
108V 731 PM 12654 (PM 7348 X SPV 351)-4-101-1 140 IN Straw )
1CSV 730 PM 143587 (PM 113343 X SPV 381)-10-1-1-1-7 2w T Straw 0
1SV 737 PM 14370.2 (PM LD X SPV 475)-4-1- 110 JRS Tt Straw "
108V 739 PM 14386-1-0  (PM 11344 X SPV 39d).3-1-1-1-0 2N n Straw I8
TCSV 744 PM 1441424 (PM 11344 X A 06250)-3-2.2 4 D 77 Straw n
1CSV 745 PM RHA-TD (PM T34 X A 6250)-3-1-1-) 218 Ul Sraw |
1CSV 746 PM 14416-3 (PM 13443 X A 6250)-4-2.1 3 RAUJ 7 Straw R
1CSV 748 PM 14431-6 (PM 1134 X A 6250)-R-5.61 279 8l Striw M
108V 732 PM 13670-1 (PM 7348 X SPV 381)-7-1-2:3 | loh 71 Straw 20
1CSV 753 PM 13668 | (PM 734K X SPV 351)-7-1.2-11 147 7 Straw 24
1CSV 757 PM 14383 (PM 11344 X SPV 422)-2-1-1 1) 21 7 Straw M
1CSV 843 PM 15952 (PM 11344 X R 12034)-7.1-1-1-1 R X Straw 28
1CSV SK(N0G PM 15949 (PM 11344 X R 12033)-5-2-1-1 250 0K Straw 27
1CSV 8K013 PM 15936-2 (PM 11344 X SPV 351)-22-11.2 217 il Straw n
TCSV 88014 PM 15926 (PM 1133 X SPV 351)-12-3-1-1 267 (] Straw I8
1CSV 8RO2K PM 15908-3 (PM 11334 X SPV 35111413 149 70 Striw h2}
1CSV RRBO32 PM 15936-1 (PM 11344 X SPV 351)-22-1-1-) 2 0} Straw 28
1CSV 8R035 PM 12095-2 (PM 734K X SPV 351)-9-6-2-1-1.2 kLY (] Straw 21
1CSV RRO36 PM 1590K-4 (PM 11344 X SPV 350)-1-1-1-4 145 Oh Straw 25
1CSV 8RO PM 15929-2 (PM 11344 X SPV 351)-12-3-1-1 123 0Oh Straw T
1CSV 8949 PM 13613 (PM 734K X US/B)-3-1-4-1-1 129 67 Straw KM
1SV 89051 PM 14410-1 (PM 11344 X A 6250)-1-1-1.1.1 02 ¥3 Straw 27
TSV 89052 PM 144103 (PM 11344 X A 6250)-1-1-1-1-3 nn R4 Straw 2K
1CSV 89033 PM 15908-2 (PM 11344 X SPV 3§1)-1-1-1-2 160 74 Straw n
1CSV 89054 PM 15930 (PM 11344 X SPV 351)-18-1-1.) 246 oK Straw 20
1CSV 900 PM 15908-1 (M 11344 X SPV 351)-1-1-1-1 100) 65 Straw 25
1CSV 90002 PM 7017 (18 12573C X PHYR)-19-2-1-1-1-1 165 03 Straw 2
1CSV 90003 PM 14370-1 {PM 11344 X SPV 475)-4-1-1-1-1 155 n Straw 24
TCSV 9NN PM 15933-2 (PM 11344 X SPV 351)-21-2-1-2 20 7 Straw 2
TCSV 90008 PM 13705 (PM 734K X SPV 1351)-8-4-3-2-1 180 65 Straw 9
Resistant check (DJ 6514) 230 7 Straw 15
Susceptible check (CSH 1) 155 58 Straw 27
+5.¢. K.65 107 0.57
Ls.d at 5% 23.89 2.97 1.57
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levels and stability of resistance. Data on percentage
midge damage were subjected o analysis of variance to
compare the least significant difference between variety
means,

Results

Diversity of midge-resistant sources and breeding
lines

More than 15 000 germplasm accessions were sereened
for resistance to sorghum midge under natural and
headeage conditions over several seasons and locations
between the 1980 rainy scason and the 1989/90 post-
rainy scason. Twenty-seven germplasm accessions were
resistant to sorghum midge (Table 1); these originated
from Sudan, Swaziland, South Africa, Uganda, USA,
Camecroun, Somalia, Zimbabwe and India. The sources
of midge resistance are diverse for plant height (75-385
cm), days 10 S0% flowering (65112 days), grain colour
(chalky-white, straw and red), panicle type (loose to
compact) and  HX-grain mass (11-32 g per 1000
grains).

Breeding lines developed by using some of the

germplasm sources of resistance also showed consider-
able diversity for plant height (74-392 cm), days to 50%
flowering (62-84) and 1(00-grain mass (15-32 g per
1000 grains) (Table 2). Breeding lines have a straw-
coloured grain, which is most acceptable for food
preparation.

Resistance to sorghum midge

The midge damage rating of the resistant sources was
< 4.3 compared with 7.4-8.4 for the susceptible checks
CSH 1, CSH 5, CSH 9, CSH 11 and Swarna (Table 3).
Under headeage conditions, the damage rating of
resistant sources was 1.4-5.0, compared with 7.2-9.0
for the susceptible checks. 1S 3461, 1S 7005, 1S 8751, 1S
8RR, IS 88K, 1S 891K, 1S 9807, 1S 10712, 1S 1869K. 1S
19474, 18 19476, 1S 21871, 1S 22806, 1S 27103, DJ 6514
and AF 28 showed high levels of midge resistance
(damage rating < 3) under natural infestation and
headeage conditions: these lines had < 30% spikelets
with midge damage (except 18 10712 and 1§ 21871),
compared with > 90% damage in the susceptible check,
CSH 1.

Table 3. Midge damage ratings of sources of resistance to sorghum midge under natural and headcage conditions (ICRISAT Centre, India)

_ l)l mi

e rating”

Midge damage (%)

Cultivar Natural infestation Headeage condi ral infestation  Headeage conditions
IS 3ol 2.0 4 015 2.0 £ 0,00 21 19
IS 7005 2310008 240 0.4 2 I8
1S 8671 2.6 1 0.00 4.0+ 0.00 24 )
1S 8751 24 4 016 28 0037 2 n
IS BRR4 204024 2.6 4 0.37 18 26
IS K887 2410020 264024 20 B
IS 8R91 1.7 40,10 4.0 1 0.50 24 1
IS R9I8 2.0 ¢ 0.00 2.0 4 0.00 26 I8
1S 9807 250007 2.6 0.4 hA] 20
1S 10712 25043 L0030 ]| 3
IS 15107 304022 3400040 RX] R,
IS 18563 3303 2.5 +0.50 23 2R
1S 186YS Lot 0.26 341051 18 14
IS 18698 22403 28 048 20 2
IS 19474 1.9+ 0.29 1.9+ 0.82 2 24
1S 19476 234013 2.0 + 0.0 16 15
18 21871 2.0 0028 | IR | I 26 40
IS 21873 4.3 4 0.4 5.0 4000 2 4K
1S 21879 25004 I8 0I5 21 21
IS 21881 043 29+ 0,70 28 28
IS 21883 104026 4.0 4076 25 27
IS 22806 1.9 + 0,26 1.6+ 029 13 12
IS 26789 294022 204 kD] 23
18 27103 Lo £ 021 1.6 + 037 2 17
Resistant cheeks
DJ 6514 1.3+ 0.4 L84 043 21 20
TAM 2566 2.2 4040 331 0.63 22 17
AF 28 1.7 4029 14 £ 0.00 25 18
Susceptible checks
CSH 1 8.4 4+ 0.28 9.0 £ 0.16 92 9N
CSH 5 8.3 4 0.25 8.8+ 103 77 82
CSH v 7.4 L 058 8.5 £ 0.0 72 &S
CSH 11 6.3 %102 7.2 LU 84 89
Swarna 8.2+ 0.40 8.2+ 1.01 88 95
1 s 6.68 4.7
L.s.d. at 5% 18.43 13.22

1, < 10% midge damage: 9. > 80% midge damage
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Midge damage ratings were 1.4 4.8 in the breeding
lines, compared with 8.4 9.0 in the suseeptible controls
(Tuble 4). 1CSV 197 1CSV 386, 1CSV 387, 1CSV 388,
TCSV 970 1CSV 563, 1CSV 6020 1CSV 730, 10SV 745,
TCSV 746, TCSV 753, TCSV 757, 1CSV 88036, 1CSV
NSU4T and TCSV 89052 showed high Tevels of midge
resistance (diamage rating < 3. and < 31 spikelets
with midge damige (eacept ICSV 563 and ICSV 753),

Multilocation testing

»
Midge duamage ratings of the resistant germpliasm
aceessions were <05 across locations (except 1S 26789 at
Bhavanisagar). compared with a damage rating of 7 9

Resistance to sorghum midge in India: H. C. Sharma et al.

for the susceptible controls. Sinteen lines showed a
damage rating of < 3 across locations (Tuble 5). 1CSV
197, 1CSV 7370 108V 840, TOSV ROOSL, and 1CSV
Y03 showed high levels of midge resistance (damage
rating ~ 3 compared with 8 9 m the suseeptible
controls) across locations (Fuble 6). 1CSV 302, 1CSV
2 1CSY 736, 1CSV 746, 1CSV 737, and 1CSV 88036
suftered moderate damage (damage ratmg 2 6) at some
test locations,

TCSV 3RS, TOSV 690, TCSY 5603 and PM 7008 have
beenidentificd as non-restorers andare being comverted
into male steriles for the production of midge-resistant
hybrids, ICSV S03A and PM 7008A are being tested for
their habrid potential.

Table 4. Midge damage ratings of sorghum breeding hnes resistant to sorghum mudge under natural mfestation and headcage

conditions (ICRISAT Centre, India)

Damage tahing”

Midge damape (“o)

Cultivar Orgin Nataral mtestation  Headeage sercemng Natutal imfestanion Headoage sacecemng
1CSV 197 PM 13 [N [IR I U L) I~ IN
1CSV 380 M 7032 2000030 NV AN 20
1CSV 387 PM 7307 AL TR RN RN AR] AN
1CSV 388 M S7N7 AR RUNTIEY LN s 1? 0}
1CSV 389 PM 13353 . 2000 2007 W A1}
1ICSV 1 PM 13644 . 37 0030 NGO I8 s
1CSV 303 PM 13655 o0 I8t 0un o k1]
1CSV 37 PM LD RXURIIRT] 20000 N M
1CSV 363 PM 7001 MUK TIAR] YA A LN
1CSV 564 P 7422-2 340000 o047 10 »n
1CSV 69 PM 6751 IR T ARV AY B] 2R
1CSV 92 PM 7820 20040 270000 M IX
108V 729 PM 710441 230030 A 043 M| 1o
1CSV 730 PPM 120652 30046 LI R I8 Is
1CSV 70 PM 12654 RN B LR R A3 00 AN 7
1CSV 730 PN 143587 3900047 330001 I8 R
1CSV 737 PPM 14370-2 280033 RIGEEEN N{X] M )
1CSV 739 PM 14386-1-0 20 00N DA 0.00 )0 N
1CSV 744 PM 14410 2 4 IN V052 AEARRIR TR} »n N
1CSV 745 [ MERIRNN | 2.0 40050 250000 I8 )
ICSV 46 PM 13H6-3 240020 2000 17 I
ICSV 748 PM 14431 6 28008 00000 N 15
1CSV 752 PM 13008-1 3 0R) 3.5 0050 20 ]
1CSV 753 PM 13670-1 dY 052 2.5 1 0.50 30 3
1CSV 757 PM 14383 25 4 05 306G 16 9
1CSV 843 PM 153952 400 10 350000 14 28
TCSV 88006 PM 15949 RIS B 25 ¢ 00 14 kN
1CSV 8X013 PM 159362 414069 AR 0 2 15
1CSV 88014 PN 15026 340037 354 0.0 17 10
TOSV 88028 PM 1590K8-3 1400482 30 o8 1
1CSV 88032 PM 15936-1 A4 076 210003 14 12
TCSV RRO3S PM 12645 2 0403 18 ¢ 125 10 k]
1CSV 88036 PM 15908-4 290 041 260024 17 R
1CSV 8RIHI PM 15929.2 26049 234 043 1% 1
1CSV 8U4Y PM 13613 3.0 4 058 A0Sl 16 1]
1CSV 89051 PM 14410-1 31+ 038 27 ¢+ 030 17 I
1CSV 89052 PM 14410-3 2.5 ¢ 0.38 2.7+ 0.30 22 X
1CSV RY053 PM 1590K-2 3039 3.0 ¢ 029 20 28
1CSV 89054 PM 15930 3023 3.5 ¢ 0.50 19 I8
1CSV 9001 PM 1590K-1 30+ 0.6) 38 - 0.5 21 17
1CSV 902 PM 7017 3.0 ¢ 0.50 3.3+ 080 14 32
1CSV 9003 PM 14370-1 35 £ 061 341 058 24 27
TCSV 9004 PM 159332 331031 39 ¢ 1.20 19 I8
1CSV 908 PM 13705 2.5 +0.32 34+ 098 22 27
Resistant check (121 6514) 1.3+ 0014 1.8+ 043 I8 20
Susceptible cheek (CSH 1) R4 £ 0.28 9.0 ¢ 0.16 9 94
L WU 6.68 7.54
Ls.d. at 8% 18.43 20100

"I 10% midge damage: 9, > 81" midge damage
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Table 5. Midge damage ratings* of sources of resistance to sorghum midge at five locations in India

Patancheru Patancheru

Cultivar Dharwid (riny scason) (Post-rainy scason) Hhas anisagar Wirangal — Average * se.
IS 3461 2 2 2 2 2 20 0.00
1S 7008 2 2 2 2 2 200 ¢ 00
IS 8671 2 2 3 2 ki 250 ¢ 02N
IS 8571 . 2 2 2 2 2N 000
IS B8K4 2 2 3 . 1 [RE U T
IS K&K7 2 2 2 ’ 1 140 030
IS 8K91 2 ) 2 : 2 1.6+ 030
IS 8918 2 2 2 ’ 2 160+ 040
1S 9807 2 2 2 3 2 2200147
IS 15107 2.5 k) 3 3 3 290 ¢ 00K
IS 18563 1.5 3 3 5 4 37004033
1S 18698 2 | 2 2 3 200 ¢ 028
IS 18698 3 2 3 4 | 200 ¢ 045
1S 19474 3 2 2 2 2 220 ¢ 017
IS 19476 3 2 2 2 | 200 0N
IS 2IK7I 2 R) 28 2 3 250 4 0.20
IS 21873 2 2 2.8 2 3 230 007
IS 21879 2 | 2 3 4 200 0 04
1S 21881 3 ) ki 5 k) 320 ¢+ 043
IS 21883 2 2 3 3 3 2.60 ¢+ 0.21
1S 22800 2 | 2 3 N 200 0 028
1S 26789 3 k) k) 3 N 100+ 0,56
18 27103 3 2 1 5 | 240 ¢ 066
Resistant checks

DI oS4 2 | 1.5 2 | 1.50 + 0.20

TAM 2506 3 | 2 3 ? 22004 0.33

Al 28 ) | 2 2 2 200 028
Susceptible checks

CSH 1 9 8 v 8 8 NA0 1021

CSH & Y 9 7 8 K20 ¢ 0.33

CSH 9 8 ] 8 7 7 7.60 + 0.24

CSH 1! X Y 7 7 7.80 + 0,33

Swarna 9 8 Y 7 N 820 0 0.33
Lse 0.44 0.43 0.4 0.39 0.3
La.d. at 8% .14 1.20 1.23 1.07 (X))

“los 0% e damage, 9, R0% nudge damape

Discussion

Sources of resistance o sorghum midge are diverse in
origin, and show considerable variation in plant height,
days 10 50% flowering, grain colour and 1000-grain
mass. Genotypes with an appropriate combination of
plant characteristics can be selected for use in the crop
improvement  programmes in different regions. 18
18695, 1S 21873, 18 21871, 18 21879, 1S 21883 and TAM
2566 flower in 65-71 days and are dwarf (< 150 ¢m),
with red or straw-coloured grain. These lines may be
uscful in South-East Asia, Auctralia, USA and other
regions growing dwarf and carly-flowering genotypes
for animal feed. 18 3461, 18 7005, 1S 18563, 18 22778, 18
22806, 1S 26789 and IS 27103 arc medium tall and
flower in < 75 days: they may be uscful for regions
where both grain and fodder are important (c.g. India
and Africa).

Of the breeding lines, ICSV 388, ICSV 389, ICSV
563, ICSV 729, ICSV 88028, 1CSV 88036. ICSV 88041,
ICSV 88049, ICSV 90001 and 1CSV 90002 arc dwarf
(< 150 ¢m), and flower in < 70 days during the rainy
scason at the ICRISAT Centre. ICSV 197, 1ICSV 397,
ICSV 737, ICSV 744, ICSV 746, ICSV 748, ICSV 752,
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ICSV 843, ICSV 88014, 1CSV 89041 and 1CSV 89052
are tall (> 250 em): 1CSV 197, 1CSV 748 and ICSV 843
combine high levels of midge resistance with a grain
vicld potential comparable 1o that of commercial
cultivars. These lines can be useful in several regions of
Asia, Africa and Latin America as dual-purposc
medium-maturity cultivars,

Most of the breeding lines derived from DJ 6514 or
its progeny PM 11344 (ICSV 197) have a smaller grain
size (15-20 g per 1000 grains). However, ICSV 729,
ICSV 731, 1CSV 745, 1CSV 746, ICSV 88006, 1ICSV
88049, ICSV 88051, ICSV 88052 and 1CSV 9002 have
bold grain (> 25 g per 1000 grains). and compare
favourably with commercially released varicties and
hybrids in India.

Although several sources of resistance were used in
the midge-resistance breeding programme, the majority
of the midge-resistant lines were derived from crosses
involving DJ 6514 or its progeny PM 11344 (D1 6514 X
IS 3443). Some resistant lines were also identified in the
crosses involving PM 7348 (IS 12573C X IS 12666C). IS
2579C, 1S 18962, SGIRL-MR 1 and IS 12573C. Major
progress was made by using ICSV 197 as a midge-
resistance donor. Transfer of midge resistance from DJ
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Table 6. Midge damage ratings of midge-resistant breeding lines at five locations i India

Dharwad Patancheruy Patancheru

Cultivar Ornigin (rny season) (runy season) (post-rainy season) - Bhavmsagar - Warangal - Average ¢ e
1OSV 197 PM 1134 2 | 2 2 N LSO 07
1CSV 380 PM 7032 2 K] 2 A 4 AR U R )]
1CSV 3R7 PM 7307 N R) K) 4 4 0000
TCSV 3SR PM 878722 1 4 3 2 4 R (UG TR
1CSV 389 PA 13552 K] 3 K Ll 4 340 0021
1SV 9 PM 13644 As K K s Ll 170 0N
1CSV W2 PM 13654 2 R 2 [} 4 RIE RN
1CSY 393 PM 13655 28 1 ) ) 4 IS0 0.0
ICSV 07 PM 1440122 3 3 R i 4 LINTIKININ )
1CSV 563 v OPM 7061 2 2 4 bl R RN [N
1CSV 504 PM 7422-2 4 K] R ¢ 2 0 0e?
1CSV 00 PM 6751 4 4 s 4 ki 17000017
1SV 692 PM 7520 K 38 2 h D 31000 Dl
1CSV 729 PM 7104-1 2 25 2 3 4 27000 03
1SV 730 PM 12652 2 2 M A S 320 0 008
108V 731 PM 12054 R 4 K] S S 4.0 ¢ 040
108V 736 PM 143587 R} R kK D 4 AN 082
108V 737 PM 14370-2 2 3 ! 1 3 240 0 038
1CSV 739 PM 14386. 1.0 1 2.8 | 3 4 20 0082
1CSV 744 PM 14410-2-4 3 K] R 1 S RN U R R
1CSV 745 PM 14415111 2 1 1.5 S 3 280t 063
SV 740 PM 14416-3 4 2.8 28 [ S A0 ¢ 0.6
1CSV 782 PM 13608-1 2 4 K] N i YR L0
JCSV 753 PM 13070-1 25 s A b 4 R LRV B
108V 757 PM 14383 2.8 h 25 S 0 4.20 ¢ 0.4
1CSV 758 PM 14403-1-1 2 2 2 h 4 LN TR TR
1CSV R43 IPM 15952 Al 3 s 3 4 70+ 0,33
TCSV BRIKK PM 15949 i 25 2.8 * * RIRX I N1
1SV BR013 PM 159362 4 25 2.5 R} 3 L0 0
1CSV 88014 PM 15920 5 R] k) 5 b 4.20 4 043
1CSV BRO2K PM 1590K-3 5 K R ‘ h 400 ¢ 09
1CSV 88032 PM 13936-1 s 2 2 3 K] 270 0 020
1CSV RRO3S PM 12605.2 4 4 L 3 3 LS00 000
1CSV 8RO3G PM 1590K-4 5 245 28 4 0 ENL US|
1CSV BR(M PM 159291 s 28 2.5 3 3 320000
1SV 8HHY PM 13613 2 3 2 A R) 260 4021
1CSV 89051 PM 14410-1 2 3 3 3 2 260 4 021
1CSY 89052 PM 14410-3 2 2 K] S 4 3204 082
1CSV 89083 PM 1390K.2 b 2.8 28 * 3 Y0
1CSV 89054 PM 15930 3s 2 R ‘ b 350 4 084
TCSV 9001 PM 15908-1 s ! 2 4 4 320 4 008
1CSV 9002 PM 7017 is ki 2.8 2 3 2RO 02
1CSV 90003 PM 1437041 2 K} 2 3 bl 2804 0.33
1CSV 90004 PM 15933.2 4 3 Rl § S 4.00 4 0.40
HCSV 90005 PM 13705 3 3 1 k! 3 260 4 038
Resistant check (11 6514) 2 ] 1.5 2 | 1,80 ¢ 0.20
Susceptible cheek (CSH 1) 9 ] Y9 ] X K404 021
LELWH 0.208 0.164 0,178 0.210 0.183

La.d. at 8% 0.574 0.453 0.491 0,580 0.508

‘o 10% midge damage: 9. 5 80% midge damage

6514 10 1CSV 197 was the most significant development
in the midge-resistance breeding programme. ICSV 197
is highly resistant to sorghum midge, and yields 54%
higher than the resistant parent, DJ 6514 (Agrawal,
Sharma and Leuschner, 1987). It also has larger secds
than the resistant parent (19 g compared with 15 g per
1000 grains in DJ 6514). The yield potential of ICSV
197 is on a par with that of the commercially released
varieties in India (Agrawal et al., 1987). ICSV 745,
ICSV 843, ICSV 88013 and ICSV 88032 show consider-
able improvement over ICSV 197 in grain yield, plant
height and sced size. Of thesc, ICSV 745 and ICSV
88013 have an optimum combination of plant height

(215-217 em), time to flowering (70-71 days) and sced
size (22-31 g per 1000 grains compared with 29 g per
1000 grains for the commercial hybrid. CSH §). These
are also displaying good performance, adaptation and
acceptance by farmers in the midge-cndemic arcas in
Karnataka, India (unpublished data).

Several sources of resistance to sorghum midge have
been reported previously (Bowden and Neve, 1953;
Pradhan, 1971; Johnson, Rosenow and Teetes, 1973,
Wiseman, McMillian and Widstrom, 1973; Rossetto et
al., 1975; Shyamsunder et al., 1975; Jotwani, 1978,
Faris, Lira and Viega Leo, 1979; Sharma, 1985b).
Many of these sources were also tested in the studics
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described here. Resistance to sorghum midge in TAM
2566, DJ 6514, AF 28, IS 2579C and IS 12666C was
confirmed under natural infestation and headcage tests.
However, not all sources of resistance identificd under
natural infestation maintained their level of resistance
under no-choice conditions in the headeage (Sharma et
al., 1988b); nevertheless, such lines were relatively less
suseeptible than the susceptible controls. This may be
attributed to a non-preference mechanism of resistance,
which does not function under no-choice headeage
conditions (Harris, 1961; Sharma ez al.. 1988b). Levels
of midge resistance were unstable or inadequate in
ICSV 392, 1CSV 692, ICSV 736, 1CSV 746, 1CSV 757
and ICSV 88036 at some locations. This may be
attributed to environmental effects on host-plant resist-
ancee to inscets (Faris et al., 1979; Sharma et al., 1988b).

Sources of resistance to sorghum midge are diverse
(Sharma et al., 1988b). AF 28, DJ 6514, TAM 2566 and
IS 15107 have different combinations of the factors
associated with resistance to sorghum midge (Sharma,
Vidyasagar and Lcuschner, 1990a, b) and there is a
possibility of increasing the levels and diversity of
resistance 1o this insect. Sources of resistance Lo
sorghum midge are available for different purposes.
Midge resistance has been transferred to an array of
breeding lines differing in plant height, days to flower,
panicle type and grain size. These lines can be adapted
per se or used in sorghum resistance-breeding pro-
grammes in sorghum-growing regions.

Notes and acknowledgements

The authors are grateful 1o the stall of the Cereals
Entomology and Sorghum Breeding Units, ICRISATT,
for their help in ficld studies, Mr K. E. Prasada Rao
for supplying the sced of germplasm  accessions,
J. W. Stenhouse and Dr J. M. J. de Wet for their
critical comments, and Mr 1. Krishna Murthy for
typing the manuscript.
Approved JA no. 1173 by ICRISAT.

References

Agrawal, B. L., Sharma, H. C. and Leuschner, K. (1987) Registra-
tion of 1CSV 197 midge resistant sorghum cultivar, Crop Sci. 27,
132-1313

350 Crop Protection 1993 Volume 12 Number 5§

Agrawal, B. L., Sharma, H. C., Abraham, (. V. and Vidyasagar, P,
(1986) Screening and breeding sorghum for midge resistance. In:
Proc. Ist Aust. Sorghum Conf. 36 Feb. 1986, Gatton, Queensland.
Awstralia (1d. by R. G. Henzell and M. AL Foale) pp. 7.1-79,
Organizers of  the  Australian Sorghum  Conference. Galton,
Queensland, Australia

Bowden, J. and Neve, R. A. (1953) Smpghum midge and resistant
varicties in the Gold Coast. Nature 174, 551

Faris, M. A., Lira, A. M. and Viega Leo, A, F. de 8. (1979) Stabilits
of sorghum mudge resistance. Crop S, 19, 577-580

Harris, K. M. (1961) The sorghum midge. Contarinia sorghicola
(Cog.) in Nigeria, Bull. Entomol. Res. 43, 363-366

Harris, K. M. (1976) The sorghum midge. Ann. Appl. Biol. 84, 114~
118

Johnson, J. W, Rosenow, D, T, and Teetes, (. L. (1973) Rosistance
to the sorghum midge in converted exotic sorghum cultivars, Crop
Sei. 13, 753-755

Jotwani, M. G. (1978) Investigations on Insect Pests of Sorghunm and
Millets with Special Reference o Host Plamt Resistance.  Final
Technical Report (1972-1977). Division of  Entomology — Indian
Agricultural Rescarch Institute, New Dethi, India

Pradhan, S. (1971) Investigations on Insect Pests of Sorghum and
Millets, Final Technical Report (1965-1970). Division of Entomology.
Indian Agricultural Rescarch Institute, New Delhi, India

Rossetto, G. J., Banzatto, N. V., Lara, J. F. M. and Overman, J. I..
(1978) AF 2R, A Sorghum bicolor varicty resistant to sorghum midge,
Contarinia sorghicola. Sorghum Newslen, 18, S

Sharma, H. (. (19854) Future strategics for pest control in sorghum
in India. Trop. Pest Mgmt 31, 167-185

Sharma, H. C. (1985b) Screening for midge (Contarinia sorghicola
Cog.) resistance and resistance mechanisms. In: Proc. Int. Sorghum
Entomol. Workshop, 15=21 July 1984, Tevas A & M University,
College Station, Texas, USA (Ed. by K. Leuschner) pp. 275-291,
International Crops Rescarch Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru, A. P, India

Sharma, H. (., Vidyasagar, P. and Leuschner, K. (19881) Ficld
sereening sorghums for resistance to sorghum midge  (Diptera:
Cecidomyiidae). J. Feon. Entomaol. 81, 327-334

Sharma, H. (., Vidyasagar, P. and Leuschner, K. (1988b) No-choice
cage technigue to sereen for resistance to sorghum midge (Diptera:
Cecidomyiidae). J. Econ. Entomol. 81, 315122

Sharma, H. C., Vidyasagar, P. and Leuschner, K. (19%0a) Com-

ponents of resistance to sorghum midge ., Contarinia sorghicola. Ann.
Appl. Biol. 116, 327 333

Sharma, H. (.. Vidyasagar, P. and Leuschner, K. (1990b) Com-
ponental analysis of the factors influencing resistance to sorghum
midge. Contarinia sorghicola Coy. Insect Sci. Appl. 11, RRY9-R9R
Shyamsunder, J., Parameshwarappa, R., Nagaraja. H. K. and
Kajjuri. N. B, (1975) A new genotype in sorghum resistant to
sorghum midge (Contarinia sorghicola). Sorghum Newslew. 18, 33

Wiseman, B. R., McMillian, W. W. and Widstrom, N. W. (1973)
Registration of SGIRL-MR 1 sorghum germplasm. Crop Sei. 13, 398

Received 5 November 1992
Revised 27 January 1993
Aceepted 29 January 1993



	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif

