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RECURRENT SELECTION IN SORGHUM' 

H. Dogettand S. A. Eberhart' 

ABSTRACT 

Genetic male sterility is an Important tool that permits
the recurrent selection methods developed and used so 
successfullv for maize to be applied to other crops. A 
breeding sistem utilizing recurrent selection has been initi-
ated at Serere for sorghum (Sorghum bicolor L.Moench.)
using Coe male sterility (nis-). A detailed description of 
this breeding system is given including the compositing of 
the two breeing populations, the recurrent selection meth
od used, and the suhsequent detelopment hshrid varie-"of 

ties using the cytoplasmic male-steriliti and res.torers. 

TOWETT il, 2) used cvtoplasinic male-sterility toJ apply recurrent selection to sorghumti (Sorghtrin
bicolor (Linn.) Moench.) and Gilmore (4) suggested 
methods of utilising botl cytoplasmic and genetic 
male-sterility for this purpose. Webster (Webster 0. 
J., 1966 peronal communication) did three cycles of 
recurrent selection in a bulk population tising cyto-
plasmic male-sterility, and he also set tip a further 
bulk population using tile Coes genetic male-sterile, 
Ms3 (8). 

Male-sterility is an importatnt to1 that penits the 
recurrent selection breeding methods, developed and 
used so successfully for ,taize, to be applied to sorglhum 
breeding. Hanesting only imale-sterile heads ensures 
that all seed from these heads is cro.s-pollinated so 
that laborious hand crossing is not required to obtain 
recombination. 

Since hybrid are now the normal commercial prod-
uct in sorghum, the application of the comprehensive 
breeding system outlined by Ebeilhart et al. 3 should 
increase the efficiency of sorghuni breeding progriams. 
The system also produces better varieties that can be 
used in countries where hybrids are not vet feasible 
because of seed production problems. The production 
of commercial sorghum hybrids utilizes the cytoplasmic 
sterilit v-restorer system. Two divergent sorghum pop-
ulations should be formed, as with maize. Population 
I should be homozygous for the genetic restorer factors 
for cvtoplasmic sterility. Population II should con-
sist of nonrestorers, homozygotis for the male-sterility 
gene ins,, but in fertile cytoplasm. Both populations 
may be obtained either by initial choice of the ma-
terial to be composited, or by tctig and selection 
once the%have been formed.• Once the system has been 
established, elite lines selected from population II can 
be used as B lines and the cytoplasimic-sterile A line 
counterparts can be developed from them. Elite lines 
selected from population I are immediately usable 
as restorer lines in hybrid combination with cytoplas-, 
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mic sterile lines because they are already homozvgous 
restorers.
A simple recessive male-sterile genetic factor such 
as Coes (ms3) has two characteristics which makes it a 
more desirable tool to obtain recombinattion in the 
recurrent selection cycles within populations I and Ii 
than the cytoplasmic sterility system. Firstly

"a . , , • . o,the ratio
 
of fertiles to male-steriles (fS3-:H1nS3nS1,) is 3:1 with 
no modifying factors. A check at Serere on 1,1-15 F. 
plants from 16 crosses chosen at randoni showed 19.3' c 
sterile plants, which is a low estimate because at the 

peak flowering period soiiIC of the inale-sterih-, did 
not get tagged. Partial steriles are few, and such par
tial sterility is usually confined to the upper part of 
the panicue. By contrast, the proportion of complete
ly male-sterile plants from cytoplasmic male-sterilitv 
in hererozygous populations formed from divergent
material may be extremely low (at Serere as few as 
5% o." the plants are fuill' sterile in certain popula
tions) %fanypartial steriles are also present ('Miller 
and 1.ett, 6). Secondly, the genetic male-sterility 
(msa) i,.naffected by type of cytoplasm so that it can 
be us- in both populations whereas the cytoplasmic 
sterili';. in population II would make the extraction 
of maintainer (B) lines very difficult. If Coes sterilit 
is used in population I to obtain recombinationi, the 
entire population can be hontozygouts for tile cvto
plasmic restorer genes so that any lines extracttd are 
immetliately homozygous restorer lines. But if cyto
plasmic sterility is used to obtain recombination, popu
lation I must be heterozygous for the restorer factors. 
and all lines extracted muist be tested and selected for 
honiozygosity before they can be used in hybrid pro. 
duction. 
Two basic breeding populations have therefore been 

set up at Serere. Population I was made tip from 121 
restorer lines of good yielding ability, crossed and 
backce sed to genetic male-sterile stocks (,s.i). Popu
lation 71 B was similarly produced from 101 good 
mainr::iter lines or sterile producers, i.e., those which 
contain genes of the ms, type, but in fertile cytoplasm. 

Several methods of rectirrent selection may be used 
for population improvement once the populations are 
formed (7). Because there is no evidence that over
dominance or over-dominant types of epistasis are 
important in sorghuni, the extra work required to 
obtain the testcross seed for reciprocal recurrent selec
tion is not justified. 
,Mass seoaselection anti Lornquistso modifiedo ear-to-row 

procedure (5)may be relatively efficient when only
 
ocre (a be reae enthe n only 
advantageously when staff 'and funds are limited. If 
advataes whena a intensive breedingitdpfacilities permit more ndfns are programf 
t m a g , aito be used, S, testing perse has many advantages. Vari
ation among lines is increased to give higher herita
bilities so that progress from selection should be great
er (7 More plants can be handled so that selection 
e

for desirable agronomic traits prior to the yield tests 
each cycle can be more effective. Furthermore, in sor
ghum the amount of outcrossing is low enough for 
op.sa pollinated fertile heads to be treated as selfed
 

o plat fertl heasty be taed as stifed 
heads so that S, seed can easily be obtained for testing.
By contrast, a large amount of skilled labour is re
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quired to produce the testcross sced for reciprocal 
recurrent selection or for recurrent selection for gen-
eral combining ability, 

The number of seasons per year determines the 
years required per cycle. Rainfall at Serere is divided 
into two seasons: most of the sorghum is grown in the
second rains because of good drying weather at the 
end of these rains andi freedom from bird damage. 
The drv season following the second rains is long 
enough to pernit a crop of sorghum to be grown under 
irrigation. Hence, a cycle per year can be obtained at 
Serere in which phenotypic selection for agronomic 
traits is conibineT with head-to-row selection and S,
testing per se for vield in the following system. 

First rains. A large head-to-row trial containing Pu80or more 
entries is grown at ont 'ocation with only one replicatio,. These 
entries are male sterile h'eads (msrns.) from the parental popu-
lation which hate 1'een pollinated b% Mij- plints. To reduce 
environmental variation thes-, entrie- are assi-ned to blocks of 
20 to 40 entries. A head rom the most agronomicallv desirable 
fertile plant I.Nfs-ms-j is selected within each of the higher 
'ielding 30.507, of these head rows, which are segregating
.Msms, and msmi. Because of the low amount of natural Out-
crossing these selected fertile heads will be treated as selfedheads. 

Second rains. Replicated trials of 400 or more S: entries are 
grown at as man' locations as possible. iHeritabilities will usu-
ally be larger if the numbe: of replications i a minimum .2 or 
3, and the number of locations i6 a maximum). Remnant seed 
of each S. head must be retained and c1n be incIeaed in the 
nurserv if necessary. From th,.e results ot the S, tel;! trials. the 
highest yielding 16-20-, of the entti- will be ,ehcted. 

Dr" season iz'ith irri,atioP;). T1he remnant seed oF the selected 
S. lines MSl..m,: is mnixed :and grown as a bulk in i'ola:ion to 
form the impo~ed erirton of the ,ariet%. Male ,ttrile heads 
-about 2- C, ot the popilmtion) are identified. Only the motI 
agronomicallv dusirable pl:nts are ta.,ged and tndesirable male 
fertile plants' can he removed before pollen is 4ied. Additional 
selection among tagged plants can be done at harvest if a large 
ennugh population is groun. 

At Serere, population 1111 will be crossed and ba k-
c4ale-sterile,.crossed each cycle to a c~toplasnlic thus 

developing the male-sterile counterpart of IIB, to be 
designated population IIA. This population IIA may 
be pollinated by population I to give a variety cross 
hybrid, which might be considered for immediate re-
lease to growers in areas where a non-uniform hybrid 
is acceptable. During seed increase, population IIA 
will be multiplied by crossing with the nio:r recently

u BPress.developed population lIB bo that the hybrid will be 
very similar to (population IIB X population I). It 

is also probable that the development of A and B 
lines from selections out of population IIB will be 
hastened by crossing with suitably dosen sterile plants 
from population IIA. 

The selected S1 lines from each cycle of recurrent 
selection will be selfed to homozygositv and evaluated.
The cgenetic male sterile gene (msj,) will be eliminated 
during the selfing phase. Superior lines can be released 
as improved pure line sorghum-varieties. Population 
I will be use as the tester to evaluate lines and sub
lines from population II using the genetically male
sterile heads (,ilS 3 sj) in population I to simplify cross
ing. The lines from population I can easily be crossed 

e t g ( b • 

to tle iale-sterilc population IA for the evalation 

of testcrosses. Convent;onal hybrids will be formed 
0ront the selected sublines for the final evaluation. 

Hence. the recurre:nt selection program provides elite 
line.s with early generation testing and reduces the 

o 
work load of an inlreedlingivbridization program. 
The resulting hybrids from each cycle should be sU
perior to previous material in such a systematic breed. 
in- program.The f b o c y se n

The flexibility of such a system shouldl be evident. 

The method of recurrent selection can be varied de
pending on facilities and personnel available. The 
commercial product can be a single cross hybrid, a 
variety cross hybrid or a pure line variety. Nex ia

terial can be added at any time by niiig with the 
selected bulked S, seed prior to recombination. 
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