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Breeding for Resistance to the Sorghum Shoot Flyt 

H. Doggett, K. J. Starks, and S. A. Eberhart2 

ABSTRACT 

Screening sorghnm (Sorghun bicolor (L.) Moench) va-
riecties for seedling re!sistance to the sorghum shoot fly 
(Atherigona varia, Melgen) gave inconsistent results, and 
"recovery resistance" (tolerance) proved a better charac-
ter. When levels of pest attack were high, infestation 
levels exceeded 90%, indicating that there was little worth-
while seedling resistance in the sorghunis being tested, 
In contrast, good recovery resistance was shown by the 
cultivars 'Serena' and 'Namatare,' and more than 7056 
of the infested plants recovered and yielded normally. 
Recover' resistance was associated with good yield from 
tillers, and heritability was fairly high. 'Namalare' proved 
a successful parent, and grain sorghums with a Lombina-
tion of good shoot fly recovery resistance and )1ield were 
developed from crosses between Namatare and susceptible 

____encedsorghnms, 
Additional key words: Sorghum shoot fly, Recovery re. 

sistance. 

T HE sorghtun shoot fly, prob:tbly Atherigona varia 
(Meigen), causes serious losses in yield in East 

Africa. The pest is mOst troublesointe in delayed plant-

ings, but is sornetintes a pest in earlier plantings when 
tile preceding dry season has been interrupted by 
frequent showers of rain. The behavior of tie fly 

has been described (6). 
Two nain types of resistance to shoot fly may be 

distinguished. The first is seedling resistance, which 
is indicated by differences in the numnber of seedlings 
attacked ry the pest. Tie second type of resistance, 
termed "recovery resistane" by ]otggett and Majisu 
(3), is really plant tolerance ai involves the ability 
of the injured plant to recover successfullv ,front this 

attack. The incidence of seedling damage
primary anifancit 
nay depend upon the ntunber of adult flies present, 
their egg-laying preferences, and larval survival and 
feeding activity; however, recovery resistance depends 

upon the ability of the plant to produce a good yield 
of grain after all attack by the pest - a yield that 
nust be produced within ab1olt 2 weeks after the 

tsual time of uninfested plants to be of )actical value
-atclvlein our limited growing season. 

Seedling resistance has been reported from India 

(4, 5) and from Israel (1). Langham t in Nigeria re-
ported that the resistant Indian cultivar 'M .35.1' had 

percentages of shoot fly attack ranging from 78 to 89; 
those of susceptible cttltivars ranged from 93 to 99. 
However, sorneN Iof3 -the1preceededbest Indian cultivars such as 

MI 35-I have proved difficttlt to gt'ow successfully and 
beenadeuatly atSeree, ecaisetstehave not been adequatelT tested Serere, because 

Contrihution from the East African Agriculture and Forestry 

Research Organization, East African Connnnity with the Agri-
cultural Research Council, British Overseas Development Min-
iqtry. I. S. Agency for International Development, and Enton-
ologv Research Division and Crops Research Division, U. S. De
partment of Agriculture cooperating. Received Feb. 26. 1970. 
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Langliam. R. M. 1968. Inheritance and nature of shoot fly 
resistance. M.Sc. Thesis. Ahniadu Bello Univ., Nigeria. 

they are so susceptible to di-ea~e. Reo'e:- .:-nce 
was considered the ntain moc e of prote, to:'. - ,
in East Africa by Doggett and JoWett 2 

Blun (1) reported large difference- ii: .-,teri of 
eggs oviposited on stusceptible c .:var "Tx 7'7,'"22d 

oil resistant lines which were ;u :.ztivc . r 
egg laying. These differences in 1963" cu. e ac
counted for all of tile differences in shoo" l at:-k 
he observed. Ill 1966. :1 ,-a of heavier :..::o,. 
the nunber of eggs on Tx 7:7 " " " : 

I 
and for tile trial as a whole the avera '.9a' i3 -,.s 
plant. Otr results at Serere ha'.- oroe2.ar too v'a

"erv 
rapidly throughout the sea.on and are ,-rea'ldv ii:rlu

by rain storns, which wash man' e of t 
plants. Mean counts have varied fromt.3 to '".3. 

eggs plant in trials where ,hoot fly infe.:artion had 

been encouraged. 

able to be of plractical use. E...: counts Nirea.e 

MATERIALS AND .METHODS 
The main problem encunercd in -crenirz :: ' 

i, t-e inc'"as n -zh 
uniform inrcidence of the pe-t h cat,, of Ical - a:c*.-, 
liitribtion. In earlier tests. ,h+ojt ' w ere .-

to slot f1%in Eat Africa -" i a 

. a'-' b' 
planting a border of the ict:e hrrm c-ne .K_-r 
60' (CK 60, about 2 week, i-.tf',re -.-e first . a5 'n. 
However, the need for small p',:; w: . -dequate rt. c:t 'n a.-d 

the luw incidence of danaze .:c- ti-n. u0%, 1 ,. '.c-c-

tests made these proceduri- inad.'xe T'.-_e' e -d 
the nethod deseloped by Stark.- 1hein strip. v; CK ,'. 
planted throtghout the te-t f-Y a: aht'- :, t.r 
rows. and horders of CK 0). an,: zt.e O,,ot ili !-t - ed 
into the plots by spreading ine:.z ..2.'. n ':. 

iL.) \h(encn . . inc!r-.ce'. .d,-e%!(Sorghum bicolor ah'.4 --,%er ,* .e~'.h-e with tiii procedure~~plants wa: 
ntsowith thisto sa .. i t :a.. :e 

Ofinettn i' n.ctnosI:ta 
design gaie no increase in e!lci-c: :%er a r -'nzed ,.k 
design. Stands were tsuall' cour.:et earl% ,lat :: *no.*t fiv 
attack can kill plants of s.u'cptilwe .arietie. 

Recoserv resistance was as e,ei b' counnin : e v1an: t
tacked by shoot ,till t:ati-,flv that .:'d.ce- sie- of 
grain on* tillers. There %%as a' 5ubj :e el,-T,,: in an. 
which plants belonged in the , -- r'r- . 
iwere similar between replic.-t.-. n ,-, tw n.. 
it provetl rather easy to ' '"'~'re"-'shoot flies and bo'er. 

Many derivatikes of tie Bi:za. , r c 'i . 
were need in the earlier triil,. CK .' ;a ro-d, 
and the F: was backcro,scd :-r te CK' tN-l,'cae 
itself is tall, rather late n'aitir . and un~ttir:ab'h . ,.1 
type. This backcro', is referre t.6, h as C - t "-2 
early stage of selection for reco~er' - -- tance. CK- .', ' 

range of the better Serere Rea:c- tatu\l . N.rs .to a hv CSF idenfii% t .he cro ,e : w h ch re. ;!:t-d ".n-e 

-. 

-o 

N.:---. 

S a 

sprncererbyStide i tw' 
sistant clerisatises.it 4DX. and 3DX weic t(kc. :eTle 3DX, numbe:s 
selettedt dtring tile tra!irional-t'pe breeding pr. .: 
creased yield and are deri\ati'.4 (4 (rO,'o lace "I, 
"hese id been screened for %;el.!cn1%. withot.' 

tention to shoot r'ietanre. 5o:zhtm entries -c-d 
I)retding program are lited in Tab!Ye 1. 

RESULTS 

S'.'dling rii.slan. Ote trial of CSF I to 

:'-r.e 
z n. 

' 
at. 

ii 1'-t e 

' in 
the 1965 first rains achieved only 7.5. infestation at 

'Starks, K. J. 1970. Increasing inietatiun, of .,zhumCthe 
shoot Ily, Atherigonai varia. J. Eton. Entomul. In pres: 
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DOGGETT ET AL.: RESISTANCE 

Table I. Parentage of the sorghum lines screened and selected 
for resistance to sorghum shoot fly. 

Entry Orligio or parcntage 
Ugandabeer sorghum. 


'Dobbs' AWestern Kenya cultlvar. presumably selected locally. 

amatare A Iuganda (Lake Victori area) 

'L 29' A cultivar frontLango,iganda. 

Serena, 'S 65',' 1 77' Stralt ssetccted from a eros s between'1'. 127', a dwar 


kaflrfrom 5watlid, andDobbs, 


from a cross betweenthe Congo'SUK 11 A white grain sieletion 
hotri type 27U.T., and '\\iru', andIndlgenous 
lanzanlansorghan. 

'Combine Type'2' A Screre selection from antural cronses In Caprock. 

Combine Kaflr 60
 
(CK60,'Caprock' Developed InTcxas, V.S.. 

'Iredlan' Declol-d InOklihoma, U.S.A. 
In
Ilybrid sorghum developedIni.CSII-I' 


CSF 62 to 70 (CKGO) • N.amatare 

2
 

CSF Ill to 157 Serena', CK y 

CSF 134 to 10S Ir 77 CKIN 

CSF 1610193 61670 CK:N 

Sx60 CK 60 M 7 


3DX 57 Ser.nal - Ct Go 

4DX 31 $t'K1' CK do 

3DX 18 Ill 65 CK:" 

5DX 36 SB 77 - (CKGO0, 

SDX so SB 79-.03CKt0 

5DX 61 ad 5DX 63 SB 79 CK2N 

5DX73andODX 0 SURI x WN 


5DX 07 CK 60 x CFI 

5DK 112 Serena - (SH "79,CK'n 

5DX 162 Dobbi' 5 ---9-

5 weeks after planting, and differences in seedling
c!I.SO0 

infestation were not significant. A similar trial in 

the second rains of that year recorded only 13.5%"o 
m ea n in c i de n ce a t the f ir s t seed l i ng co u nt,b u t s ign if 

icant differences between entries were obtained. More 
precise differences were obtained from counts of re
covered plants, and the mean incidence of damage 
was also higher at this stage (57%) than at the seedling 
stage. There was a small but significant negative as-
sociation between the incidence of seedling attack 
and the number of recovered plaits which produced 
a crop. Selection was therefore based on ihe frequency 
of recovered plants. 

In 1966, the selected material from CSF I to 79 was 
screened in two 112 balanced lattice trials (A and B). 
Two similar 132 trials (C and D) were used for selected 
material of CSF 80 to 248, which had received some 
preliminary screening in unreplicated bulks. Shoot 
fly incidence on s~edlings was again too low in the 

first rains but was satisfactory in the second rains 
trials. Data from the second rains trials, B and D, 
have been summarized in Table 2. The data illustrate
the problems of working with shoot fly damage on 

:edlings at Serere. The relationship between the clas-
sification on seedling incidence and the number of 
plants which later contributed to grain yield, though
significant, was low, so seedling screening was of little 

value in selecting for yield. Adjacent trials in the 
same field planted at the same time gave a completely 

different picture of the relationship between Nama-
tare and Serena. 

Recovery resistance. The sorghum lines shown in 
Table 3 were screened for recovery resistance in a 
series of trials. Among the varieties, Serena with about 
68 to 79% of plants recovering and Natnatare, with 
recovery ranging from 59 to 72%, always rated better 
than CK 60 at all levels of infestation. Many of the 
original crosses did not survive the screening. Among 
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Table 2. Sunmtary of seedling damage of data from shoot fly 
trials B and D. 

B D
 
Item 1121 entries$ 1169entries)
 

3en Incidence of shoot flydanage 3..21 29.71
 
Range, Individual plots 9..7t 0.0-54.6-

Range, entry muan(adjusted) 91.4•- 6
 
Correlation
betweenseedling attack and mature

plants yielding grain .0.47S .0.333
 
Mean damiagein 1amataro 3 1.1" 20.1 

damageInSerenaitean ,4.4 29.7 
Meandamage InCK 60 30.4 32.1
 
51D .05, damage 0.at1iU2.
 

CV. damage 20.07 34.0 

Table 3. Pecentage of plants showing recovery resistance. in 
screening trials. 

Trials-

CaF no. A B C D £ F G i I i
 

63/1- 83 74--0 ... 67
 
63/3oo T9 87 0 -- 63
 
63/3.' 77 01 . 4 63 80 93 3
* 
68/3 - 86 8. . . . 81 83
 
68/0-s 86 71 90 ------ -.
 
73/1'0 71 03 81 - 93 79 a1
 

73/2* 8 80 7060 53 57 - 77
 

123" .82 79 89 - 94 78 78 70
 
126' -- - 78 46 -- 89 40 - - so
 
31'* .. .. 60 73 76 - 86 -- 76
 

I50-4 .. T4 61 80 79 73 75 64
 

163*f .. .. 62 71 - 65 
 - -- so as
 

174/ 3 4- G0 67 54 s0 - 64 - 79
 
174/6" - 55 -- 69 -- 74 

l7 07 73
g. T 7 6 SO - **-
193 - - 884 101070 --4 94-$ so -- + 7
 

1 4' * 10 80 74 04 53 7 79
 
£(KSB 77 -* 593
 

1924: 

1-
SB 79alr -2 

Namatare 72(2) 50 59(2) 64 -- .2
Serena 714(2) 68(6) 79 -.9 73o 6) T(4) -.713 34). 15) ' -l.5
 

CK 03(2) 47 07(2) 34 2515)3413136(6) 430) 3211) 34
 
10. 10 19 21 23 29 2-1 2-1 29 12


No. of'R4. 6 6 7 7 2 2 2 2 2 1.
 

' Ws. 28 35 37 59 92 
 02 92 02 92 91
 
o lh ,, a,e e .u of tim , ,t a p ed t a r1p.4e3a2e 2
Vru b r In parC th b .r ,e 

more than one,'. ,.These ootrics haveCK2 to t.eir parectae. 

derivatives of CK2 N hybrids, crosses to SUK 1, to CK
 
60, and to SB 65 were completely eliminated. The
 
most successful of the crosses were SB 79 X CK2N
 
(17.-19.4) and 'Serena' X CK2N (123.157). Single
 
crosses between CK60 and either Serena or SB 79, and
 
the backcross (CK 60)1 X Serena provided no resistant
 
lines. The heritability of recovery resistance is evi
dently quite high. For example, the estimated values
 
of environmental and genetic variances for percentage

recovered plants were o0Q = 85.0, ~g,= 35.5. 

Other sources of resistance. Some visual screening 
was (lone with a part of the world collection, and 
this was followed in 1967 by a shoot fly test in a 132
 

simple lattice. The tral was made up from a total of 
130 varieties from the world collection, 14 entries 
chosen from CK 2N derivatives (Table 3), and 25 con
trol entries. Some of the results are shown in Table -. 

The data show useful shoot fly resistance in sor
ghum from the Lake Victoria area, the Chad area of 
Africa, and also in India. The tests did not include 
sufficient entries to locate other sources of recovery 

resistance and did not indicate resistance levels supe
ror to that of Serena. 

Certain of the entries from the trial reported in 
Table 4were intercrossed, and the F, was assessed for 
recovery resistance. Results are shown in Table 5. 
Although the trial was not very accurate, owing to 
difficulties in establisikment, there was no indication 
of superior recovery reskstan:e levels in the F, genera
tions. Recovery resistancc i-crosses and the influence 
of hybrid vigor are more thoroughly discussed in a 
separate paper (7). 
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Table 4. Percent recovered plants in entries from the world 
collection and control varieties. 

Entries % ControlSerere r~me IS number OrIn recovery entries recovery 
L 23 	 862I Uganda 93 Serena(3)Framlda 8780 Chad 6t so 
Mn 71 2470 ? 81 CKIN lin.4 114p aOX r 1 8344 Uganda so
.M dandi 3$-1 	 1031 India 75 L 2S(5) 4 
PI 221572 2119 ? 75 
£ 317 8552 W. Kenya 75 CK 60 (7) 24DX 
E 334 8969 W. Kenya 73 
L 1' 8619 Uganda 73 Sanatare 73G Ii 8577 W. Kenya 72 Dobbs 62
L 2) 8613 Uganda 71 SO 6 57 

E 320 	 SW5 W. Kenya 69 Combine Type 2 44 
5210 India 67 Caprkoc 13SR 3/16 	 9230 Ws. 07Kenya 6 

5Th 5.2 8718 W. 67 LSD.05 34 
0 . Ka I4r.,ST 82 W.Kna frttion ST 

* To r,-pllcatlwt number. In are t.. r 31tsis 
a replicate if more than once, and t0e meanr.....eory , is iv.e.rI 

Table 5. Recovery resistance estimates for parents aad inter-
crosses of some lines listed in Tables 3 and -L 


ec---e..= --
Parent li n e s of p; rt n : 9 1I',.; 7 1 R c!e ry-e 
Pnfia=er of F,

4, , 73.2192 	 54d,,I563C .534 " COT 102 73.2 3-4.5 03.3 
L33 ";IS 2149 02.9 -s.0 62.0 

CKN ,53/2 v STR 3/5 30.0 60. " 60.9
Csr IM4 E139 00.0 3.7 0.01C.. 140 - K 63/3 69.0 '.o 30.3 
1: 1.15 ST.O5/7 10.7 10. 38.3csr 1921CSF 14 54.3 62.? 54.3
Sertc= CSF 131 70.6 8..7 30an 
se,.n 	 79.6 .. 
LsD.05 	 34.3 .4.3 

Table 6. Grain yields and shoot fly recovery ratings on sorgliumI
varieties - randomized block, 12 replications. 

Sh.,t fly. ; W.aco re Yie I3 
Varietyrecovered 10P:t. t(Uu 

$r.".'73.0 1M 25.6Namitare 72.9 150 19.3SDX17,'1 63.3 111 27.0 

3DK B82 02.3
SX 182 	 Its5.2 17S 29.12.3.173 
39 	 7.5 147 26.0 
L.25 57.5 14 24.9
Dobb, 7.3 159 2S.8 

4K .'4 355.0 139 0.2
4DX .1"-t4A51.7 	 134 22.4SDX5 '4'5 50.0 124 10.0
SOK 142'A 50.0 121 16.SOX.n/1!2 49.5 132 21.3

h v 00.7/2 47.5 61 
 2.2 
SDX$I ','2 45.5 112 16.
 
sit 7- 44.2 
 8 13.6 
Combine Type2 42.5 08 10.9reor;Rn,~o~':' 40.s Tos 12.3n. 
8t'K! 29.2 07 11.4

CKe.) 25.0 51 7.8
Caprock 16.0 37 s.I 

LFD .03 0.5 23 3.2
 .	 2.1. 27.0 32.1 

Yield. The relationship between yield and recovery
resistance to the shoot fly is not always easy to estab-
lish because of the influence of other pests, especially
stein borers. A small combined survey was therefore 
made of some of the best lines from the yield breeding 
program. The trial was conducted with an induced 
heavy shoot fly attack which gave about 90% infesta-
tion, and every plant was also infested with an egg 
mass of a spotted stemi borer, Chilo partellus (Swin-
hoe). No attempt was made to discourage any addi-
tional natural stem borer infestation that occurred. 
Results are shown in Table 6. (The borer data will 
ie published elsewhere.) 

The data in Table 6 show a genetic correlation 
between yield and shoot fly recovery resistance of .831, 
and there is a tendency for good yield to be associated 

Table 7. Recovery resistance eitimates on material of Namatare 
parentage selected for yield but not subjected to deliberate 
selection for shoot fly resistance. 

'
 ine reovreI ine recovered 

loX 43 1 2 73.0 SOKh7/3/ I 35.7 
.' 25 '2.2 so 3q.-,FDX 0.1/"% I ,71.0 K 7/3/ .1.03M 6311 '53 ,1.0 SrX N/312 37.0•3DX 61!'r,'2 '1.1 A2.9 SerenaIDX 43 1 1 54.0 Nomaltn, 76.5;7.8

' -72 '3 I4.03 CK 60 20.2 
"DX A11 2 'I I7.8 IsD.03 10.c' 
.DX 73.43 19.2 CV, 1. 16.6DX W1'3'2 14.0 '7Ifle.totlon ".6
DX 7413,'3 43. 

with 
analomous in this respect. 

w0113 good recovery resistance, though Namatare is 

In 1969 a group of lines from the yield breedingprogram having the variety Namatare in their parent
age was chosen and tested for recovery resistance. The 
results are shown in Table 7. The data indicate thatcertain of the lines selected for yield also possess good
shoot fly resistance, but this is not always the case. o d e o v r;'D
Thus, a line of 5DX 61/2 showed good recovery; 5DX61/6 did not. However, there is a tendency for 5DX 61 
and 5DX 63 derivatives - both SB 79 X CK 2 crosses 
to be superior to 5DX 76 and 5DX 87, which are crosses of CK"N with SUK 1 and CK 60, respectively. The 
Indian hybrid CSH 1 had poor recovery. 

The estimated values of environmental and genetic
variance for percentage recovered plants were - 
85.0, o - 176.8. 

DISCUSSION 
Improved techniques for developing high levels of

shoot fly attack have demonstrated that there is no 
worthwhile seedling resistance in !ie sorghum typesavailable at Serere since infestation levels of 90% and 
1dzueat3rrabove can le easily obtained.~ Langhan 3a found a sim
lar situation in Nigeria wnere seedling infestation 
of the most resistant variety tested, the Indian variety,
Man-1, reached 89%. The range of material surveyedhat Serere has certainly not been wide enough to dem
onstrate that good levels of seedling rresistance do not 
occur. 

The data reported here demonstrate the existence 
of good levels of recovery resistance. The variety
Serena showed more than 70% recovered plan!s in 

raa6tw11 out of 12 trials; in the 12th trial, the level wis 68%. 
In contrast, CK 60 did not produce more than 43% 
recovered plants with high infestations and has pro
duced as low as 6%. The CK 60 data indicate that 
in this variety, percentage recovery declines with in
creasing infestation. Namatare has not been as con
sistent as Serena in the trials though it has often ex
ceesed the 701% recovery level. It is tall, late in ma
turing, and has small, bitter grains surrounded by
tight glumes. However, Namature has proved a satis
factory parent, and types with a good level of recovery
resistance have been bred from the susceptible CK 60 
crossed to Namatare and backcrossed to CK 60 (CK2 N, 
Table 3). In contrast, none of the Serena crosses has 
yielded resistant lines other than those which also in
volved Namatare in their parentage. This may be 
a reflection of the selection techniques since the Nama
tare phenotype is easy to identify and appears to be 
associated with recovery resistance. Crosses between 
CK2N and Serena or CK 2N and SB 79 gave rise to lines 
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possessing good recovery resistance (Table 3), and would emerge as the best in (lue course, once enough

SB 79 tended to be a better parent than Serena in such screening trials had coincided with seasons in which
 
crosses though the indications are that Serena is the the incidence of shoot flies was high.
 
more resistant cultivar, (Tables 3 and 6). A very Heritability of recovery resistance is apparently high,

limited screening of a small part of the world collec- and there is a high genetic correlation between re
tion did not show anything superior in recovery re- covered plants and yield. The population breeding

sistance to Serena or Namatare although a few intro- method now being developed at Serere should prove

ductions, such as M 35-1 had good resistance, adequate for the development of enhanced levels of
 

Selection for recovery resistance involves selection resistance to the sorghum shoot fly.
for high yield since a plant that does not produce
well after shoot fly infestation isnot regarded as hav
ing recovered well. Any sorghum types possessing seed- LITERATURE CITED 
ling resistance would also be favored by such selection 1.Blum, A. 1967. Varietal resistance of sorghum to the sorghum
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