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Breeding for Resistance to the Sorghum Shoot Fly'
H. Doggett, K. J. Starks, and S. A. Eberhart?

ABSTRACT

Screening sorghum (Sorghwm bicolor (L.) Moench) va-
rieties for seedling rssistance 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 905, indicating thut there was little worth-
while scedling resistance in the sorghums being tested.
In contrast, good recovery resistance was shown by the
cultivars ‘Screna’ and ‘Namatare, and more than 7055
of the infested plants recovered and yiclded normaily.
Recovery resistance was associated with good yicld from
tillers, and heritability was fairly high. ‘Namatare’ proved
a successful parent, and grain sorghums with a combina-
tion of good shoot fly recovery resistance and yield were
developed frem crosses hetween Namatare and susceptible
sorghums.

Additional key words: Sorghum shoot fly, Recovery re-
sistance.

THE sorghtm shoot fly, probably Atherigona varia
(Meigen), causes serious losses in yield in East
Africa. The pest is most troublesome in delayed plant-
ings, but is sometimes a pest in cavlier plantings when
the preceding dry season has been interrupted by
frequent showers of rain. The behavior of the fly
has been described (6).

Two main types of resistance to shoot fly may be
distinguished. The [irst is scedling resistance, which
is indicated by differences in the number of seedlings
attacked by the pest. The second type of resistance,
termed ‘“recovery resistance” by Doggett and Majisu
(3), is really plant tolerance and involves the ability
of the injured plant to recover successfully from this
primary attack. The incidence of seedling damage
may depend upon the number 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 an attack by the pest — a vyield that
must be produced within about 2 weeks after the
usual time of uninfested plants to be of practical value
in our limited growing season.

Seedling resistance has been reported from India
(4, 3) and from Israel (1). Langham® 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 cultivars ranged from 93 to 99.
However, some of the best Indian -cultivars such as
M 385-1 have proved difficult to grow successfully and
have not been adequately tested at Serere, because

t Contribution fram the East African Agriculture and Forestry
Research Organization, East African Community with the Agri-
cuttural Research Council, British Overseas Development Min-
jary, UL S, Agency for International Development, and Entom-
ology Research Division and Crops Research Division, U. S, De-
partment of Agriculture cooperating. Received Feh. 26, 1970.

2Sorghum Breeder. Serere Research Station, Uganda: Research
Entomologist. U. S. Department of  Agriculture (prc\'cntlsy
Stillwater, Oklahoma 74074); and Rescavch Geneticist, U. S.
Department of Agriculture (presently Amnes, Towa 50010y, re-
spectively.

s Langham, R. M. 1968. Inheritance and nature of shoot [ly
resistance.  M.Sc. Thesis. Ahmadu Bello Univ, Nigeria.
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they are so susceptible to disease. Reconers resistance
was consiclered the main mode of prote.tion availzhle
in East Africa by Doggett and Joweur 2.

Blum (1) reported large differences in umbers of
eggs oviposited on susceptible culiivar “Ta To78" and
on resistant lines which were suzzastive of treferencial
ecgg laving. These differences in” 1963 coull have ac-
counted for all of the difierences in shoo: ! :
he observed. In 1966, a vear of heavier
the number of eggs on Tx 707% averagel A
and for the trial as a whole the averaze was
plant. Our results at Serere haie proved far 100 vari-
able to be of practical usz. Egg counts increase serv
rapidly throughout the season and are grea:ly influ-
enced by rain storms, which wash many ezzs off the
plants. Mean counts have varied from 3.3
eggs ‘plant in trials where shost flv infes:ztion had
been encouraged.

MATERIALS AND METHODs

The main problem encouniered in «reening {:r
to shoot flyv in East Africa is the difficiin in ooz
uniform incidence of the pest because ot lecal

distribution. In earlier tests. shoot !
planting a border of the suscsptible scrghum -
60° (CK 60, about 2 weeks befare the tirst <) w28 ©wn.

However, the need for small pls
the luw incidence of damaze 2

(zticn and

dequate rir.i
o oaTening

AT in

tests made these proceiures inads 2. Therreirre. we msed
the method developed by Stark. w} 0 sirips of (X ) weze
planted throughout the test fild a ht anales 1o 1ne oled

rows. and horders of CK 60. anid ihe sioot fiies w
into the plots by spreading mezi meal Zown the 1ows

(Sorghum bicolor (L) Moench . Averzze incidence
N o . . -
plants with this procedure was alwass over &7

uniformity of infestation was 0 much improveld
design gave no increase in efticienc T
design. Stands were usually counzed early since he shoo
attack can Kkill plants of su~ccptible -arieties,

Recovery resistance was ase<ed by countinz the planu at-
tacked by shoot fly that still produced a satisfaciore el of
grain on tillers. There was 2 subjectire elemer: in astasng
which plants bLelonged in the QUeZrTe, DUt Teenls
were similar between replic: and Letween

P L
e ered

ARG
it proved rather easy 1o disciminate Detween ihe Jimegr of
shoot flies and borers.

Many derivatives of the Brminda Deer cultiver, "Nz
were wsed in the carlier trials. CK 0 was arnssed 120
and the F, was backaossed o the CX A0 hexaue N
ftself is tall, rather lute maturing. and unsuitabliz z¢ 3 :
type. This backeross is referre:d 1o here 35 "CR-N7 A2
carlv stage of selection for recovery resistance. CRAN was o2
0 a range of the better Serere Research Station Lins. Nu
preceeded by CSF identify the cromses which res.lied iz
sistant derivatives.

The 3DN, 4DXN. and 3DX numbers weie t2hen from iline
selected during the tralitional-tyvpe breeding prozam ior ine
creased vield and are derivatines of crosses made JeRLERS,
These hid been screened for vield cnls, witheut leiiberiie at
tention 1o shoot fiy resistance. Sorzhum entries Lsed in the
breeding program are listed in Tabdle L.

RESULTS

Seedling resistance. One wial of CSF 1 1o 731
the 1965 lirst rains achieved onlv 7.57¢ infestation at

ThLsETN RIS

sStarks, K. J. 1970, Increasing iniestativns of the wizhum
shoot [lv, Atherigona varia. J. Econ. Entomul. In pres
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“Table 1. Parentage of the sorghum lines screened and selected
for resistance to sorghum shoot fly.

Table 2. Summary ol seedling damage of data from shoot fly
trials B and D.

Enatry Origin or parentage D
Namatare A Buganda (Lake Victor! area) Uganda beer sorghum, ftem (121 entries) 1169 entries)
' ' 8 ¢ ony . Mean Incidence of shoot [y damage 32,28 28.7%

Dobhs A Western Kenya cultivar, presumably selected locally, Range, fndividual plots 9.4-05.71 0.0-55.62
‘L 28 A cultivar (rom lango, Uganda, Range, entry muean (adjusicd) 31.1-4%,2% 1%, 4-41.6%
Screna, 'SD63', 'SBTY Straina selected from a cross between ‘P, 127°, & dwarf Currcl:ll?n between seedling attack and mature -

haflr from Swazlland, and Dobbs, plants yloiding grain 0,473 +0.338
Mean damage in Namatare %7 20,1
'SUK 1Y A white graln sclection from a cross between the Congo Mean damage in Serena 23,4 29,7
hegarl wpe 27U, T,, and *Wiru', and todigenous Mean damage in CK 60 30,6 32.1

Tansanlan sorghun, 15D, 03, damage 0,4 u::.

A Serere sclection from antural crosses In Caprock, CV., damaie 20.0% 3,07

‘Comblne Type 2°

Combhinc Kallr 60
(CK 80;, ‘Cuprock’ Developed n Texas, U.S.A,

‘Redlan’ Developd In Oklahoma, U,S, 0\,
‘CSH-1' Hybrid sorghum developed in India
CSF 8210 %0 (CK 60)! « Namatare

CSF 104 to 137 Sercna '« CRIN

CSF 139 to 108 $8 77 > CR!Y

CSF 169 to 193 SB 70 » CKIN

H % 60 CK 60 ¥ SB 77

aDx §7 Serena? v CK 60

4DX 34 SUK 1Y > CK 80

3DX 18 §B 83 x CK'Y

SDX 36 SB 77 ¥ (CK 60~ Serema)
$DX 50 SB 70 x CK 40

§DX 61 and 5DX 63 $B 79 x CK2N

5DX 73 and SDX 76 SUK 1 % CRIN

sDX 87 CK 60 x CKIN

50X 142 Serena « (SB 79 « CRINY
SDX 162 Dobbs® » (CK 63 + SB “9)

5 weeks after planting, and differences in seedling
inlestation were unot significant. A similar trial in
the second rains of that year recorded only 18.5%
mean incidence at the first seedling count, but signif-
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 (376¢) than at the seedling
stage. There was a smoll but signilicant negative as-
sociation between the incidence of seedling attack
and the number of recovered plants which produced
a crop. Selection was therefore hused on ine {requency
of recovered plants. :

In 1966, the selected material from CSF 1 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 scedlings 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
s.;edlings at Serere. The relationship between the clas-
sitication 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% ol plants recovering and Namatare, with
recovery ranging from 59 to 729%, always rated better
than CK 60 at all levels of infestation. Many of the
original crosses did not survive the screening. Among

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

Trialse
CSF no, A B [+ D E 4 G H 1 J
63/1%° 83 T4 - o= e e 0 .- - 67
63/20¢ 9 87 s  ee o= B0 <o .- ~ &
83/3¢¢ M 981 .- -- 80 54 85 0 83 &
68/3%¢ 88 86 e« == e s = 82 81 &8
88/00¢ 8 T e == Tes 80 ee e e— 32
73/1%¢ M 035 e« == 81 -~ 85 83 79 61
73/2¢ 87 80 - - T3 80 583 57 - 37
123¢% - == B2 73 89 — 84 7 LI |
128 e == 8 48 -- 89 0 -~ - %0
1310 - .- 60 173 7 —~ §3 8 - 75
150°%¢ R 61 80 T3 T3 3 -~ 6
163% = e 62 TI =~ 68 s = 86 6
174/30¢ - -- 80 67 & 80 — M - T
174/60 e e ee 55 = BD .= e= e 4
150%¢ - .- W8 81 % 4 90 M - 3
193¢+ - e B 70 es e 80 e .. 3
194%¢ - e= 100 & 4 M S8 8 -
S8 77 B L= T L TR S - 8
Sp 19 R T R
Namatare 722 50 59(2) B4 ee  ee e ee .- T2
Serena T4(2) 68(6) T 70 T3EY TE(S) TTIS) THI) TEI5) TH
CK 00 38(2) 47 56(2) 39 23(3) M3 36:6) N5) 3u3) 34
15D ,03 %19 19 21 23 29 2 2 29 12
No, of Rep, (] 6 7 72 2 2 2 2 v
F Infen, 24 35 3T 33 92 92 82 2 2 9
cv 19 2 23 36 19 20 ¥ 20 2 2

* Numbers In parcathesls ave the nuinber of time eatries apoeared 13 a replicate 12
more than once, ** These entries have CKIN {n thelr parentaze,

derivatives of CK2N 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 CKN
(174-194) and ‘Serena’ X CK3N (123-137). Single
crosses between CKG0 and either Serena or SB 79, and
the backcross (CK 60)? X Serena provided no resistant
lines. The heritability of recovery resistance is evi-
dently quite high. Tor example, the estimated values
of environmental and genetic variances for percentage
recovered plants were ¢, = 85.0, o% = 35.5.

Other sources of resistance. Some visual screening
was done with a part of the world collection, and
this was followed in 1967 by a shoot fly test in a 15°
simple lattice. The tral was made up from a total of
130 varieties from the world collection, 1+ entries
chosen from CK2N derivatives (Table 3), and 25 con-
trol entries. Some of the results are shown in Table 1.

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-
rior to that of Serena.

Certain of the entries from the trial reported in
Table 4 were 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 establisbment, there was no indication
of superior recovery resistanze levels in the F, genera-
tions. Recovery resistance in crosses and the influence
of hybrid vigor are more thoroughly discussed in a
separate paper (7).
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Table 4. Percent rccovered plants in entries from the world
collection and control varieties.

Entrles b

Coctrol T

Serere rame IS number Orizin recovery entries recovery
L3 8621 Uganda 93 Sercna (5) $0
Framida 87d3 Chad 81
Ma 713 2470 ? 81 CKIN Uaws (14) 63
E1l 83y Uganda 80
Maldandt 35-1 103¢ India 75 L23(3) 43
P 231372 2119 ? ki:}
E 3517 8352 W, Kenya Kt CK 690 (7) 24
E 33+ 8969 W, Kenya v
L1 8613 Uganda 73 Namatare 73
G113 8517 W, Kenya ki Dobbs 62
129 861 Uganda 1 B 63 57
E 520 6853 W, Kenya 69 Combine Type 2 44

5219 Indiz 87 Caprock 13
STTg 3/16 9259 W, Keaya 67 Redlan ]
§ e 718 Ve R T

’ O 65 15D .03

STRS/6 8720 W, Kenva & Grigatation o

* Two replications - numbers In parenthests are the cumber of Ymes entry appeared in
a replicate If more than once, and the mean recov ery value {s ziven,

Table 5. Recovery resistance estimates for parents aad inter-
crosses of some lines listed in Tables 3 and 4.

Retovery resiammncs
of purents 11557

Recovery

Parent lines restsazce of F

P, < Py P, Py 2ybrids (1943)
E %34 ¥ CSF 102 7.2 54.3 63,3
L33 < 1S 2149 92,9 5,0 62,0
CKIN 3372 ¥ STR 5,5 30,0 60, ” 60,9
CSF 10 ¢ E 139 69,0 39,7 39,8
CSF 150 v CK2N 63/3 69,0 83,6 39,3
E 133 v STR 3/7 18,7 50,9 33,3
CSF 192 v CSF 194 34,3 62,3 54,3
Sereza » CSF 131 70,6 53,7 59,8
Sereza 79,8 : 7.1
cs 39 24,2 3
LD .08 34,3 4.3 HR

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

Shoot fiy, = Heacs per Yicld ia

Varfety recovered 109 plaats /ha
Sereny 3.0 134 23,6
Namatare 72,9 159 13,3
10N 571 63,3 132 2.0
3DN 14,2 63,3 141 23,3
DX 132 1 62,3 173 20,1
SDX 4121 §9,2 148 23,5
88 79 57,5 Wy 26,0
L2 57.5 143 24,3
Dobbs 57,3 153 25,8
SDX 142/4 55,9 139 30.2
DX M1 51,7 1 22,4
3DX 50741 50,0 124 19,0
3DX 1429 50,0 121 16,3
3DX 28/1/2 49,8 132 21,3
h ¥ 30/%/2 i7.5 83 13,2
5DX 3178,2 45,8 12 16.3
SB T H.2 83 13,6
Combine Type 2 42,58 68 10,9
Redlan 40,8 78 12,3
SUK ¢ 29,2 24 16
CK &) 25,0 51 7.8
Caprock 18,0 a7 5.1
LSD ,n3 9.5 23 3.2
[ Y4 23,1 27,0 22,1

Yield. The relationship between yield and recovery
resistance to the shoot fly is not always casy to estab-
lish because of the influence of other pests, especially
stem 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 cvery plant was also infested with an egg
mass of a spotted stem 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
be 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 estimates on material of Namatare
parentage selected for yield but not subjected to deliberate
selection for shoot fly resistance.

;

Line recovered Line recavered
I ERE 3.0 SDX a7/2/141 3,
DX 61 2 2.2 DX 74/2/13 ;n.g
DX 61714 7.8 csit ) 2.0
30X 6318/3 61,0 30X Th/2/2 37,0
3DX 616213 2.9 Serena 76.3
DX 631 54,0 Namatare 7.8
ADX 7. 2717 18,3 CK #0 20,2
DN 6176. 219 1.4 18D , 08 10,6
DX 733 19,2 b 16.6
DX 74732 H.9 T tafestatton .6
DX T6/2/73 .3

with good recovery resistance, though Namatare is
analomous in this respect.

In 1969 a group of lines from the yield breeding
program 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 that
certain of the lines selected for yield also possess good
shoot fly resistance, but this is not always the case.
Thus, a line of 5DX 61/2 showed good recovery; 5DX
61/6 did not. However, there is a tendency for 5DX 61
and 5DX 63 derivatives — both SB 79 % CK2 crosses —
to be superior to 5DX 76 and 5DX 87, which are cross-
es of CK2N 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, ¢*; = 176.8.

DISCUSSION

Improved techniques for devzloping high levels of
shoot fly attack have demonstrated that there is no
worthwhile seedling resistance in the sorghum types
available at Serere since infestation levels of 909% and
above can be easily obtained. Langham?® found a sim-
ilar situation in Nigeria where seedling infestation
of the most resistant variety tested, the Indian variety,
M 35-1, reached 89%. The range of material surveyed
at Serere has certainly not been wide enough to dem-
onstrate that good levels of seedling resistance 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
11 out of 12 trials; in the 12th trial, the level was 68%5.
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 709 recovery level. Tt 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 (CK*N,
Table 8). In contrast, none of the Serena crosses has
vielded 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 casy to identify and appears to be
associated with recovery resistance. Crosses between
CK2N and Serena or CK*N and SB 79 gave rise to lines



possessing good recovery resistance (Table 3), and
5B 79 tended to be a better parent than Serena in such
crosses though the indications are that Serena is the
more resistant cultivar, (Tables 3 and 6). A very
limited screening of a small part of the world collec-
tion did not show anything superior in recovery re-
sistance to Serena or Namatare although a few intro-
ductions, such as M 83-1 had good resistance.

Selection for recovery resistance involves selection
for high yield since a plant that does not produce
well after shoot fly infestation is not regarded as hav-
ing recovered well. Any sorghum types possessing seed-
ling resistance would also be favored by such selection
procedures. Recovery resistance is partly related to
tillering as the primary shoot is usually killed. How-
ever, many cultivars, such as CK-60, produce several
tillers but these in turn do not produce large, grain-
filled heads.

The data from Table 7 confirm that selection for
yield without deliberate selection under heavy shoot
tly attack can be effective but is not very rapid. Thus,
Serena is a sucessful product of this system, but many
of the entries in Table 7 have an unacceptable level
of shoot fly resistance when thev are subjected to heavy
attack though all have yielded well in numerous trials.
Those which do show a reasonable level of shoot fly
resistance have Namatare or Serena in their parentage,
with but one exception (5DX 162). Presumably these
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would emerge as the best in due course, once enough
screening trials had coincided with seasons in which
the incidence of shoot flies was high.

Heritability of recovery resistance is apparently high,
and there is a high genetic correlation between re-
covered plants and yield. The population breeding
method now being developed at Serere should prove
adequate for the development of enhanced levels of
resistance to the sorghum shoot fly.
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