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ABSTRACT 

One generation of selection based on selfed progeny test, 
selfed family, polycross progeny test, polycross family, and 
individual phenotype was conducted for resistance to 
Uromyces striatus Schroct. var. medicaginis (Pass.) Arth., 
Phoma herbarum West var. medicaghus Fckl., and Stem. 
phyllum botryosum Wallr. in alfalfa (Mvedicago saliva 
L.). Selected individuals from each method whh each 
pathogen were intermated separately. The resulting pop. 
ulations were compared experimentally to evaluate rela. 
tive effectiveness of the selection methods. 

Each method of selection produced a significant in. 
crease in resistance to U. striatus. Selfed progeny test and 
selfed family selection gave similar responses and were 
the most effective methods. Polycross progeny test and 
polycross family selection also g,'ve similar responses, but 
were the least effective methods for U. strialus resistance. 
Response with individual selection was intermediate to 
responses with seifed andlpolycross methods. Each of the 
progeny test and family methods produced similar and 
significant increases in resistance to P. herbarum. In. 
dividual selection for resistance to P. hterbarum was not 
effective. No method of selection produced a significant 
increase in resistance to S. botryosnm. 

Additional index words: Medicago saliva L., Family
selection Mass selection, P test.Progetny 

THEORETICAL study (Hill ard Haag, 1974)
A indicated that selfed progeny test and selfed 
family selection should give equal response and should 
be among the most effective methods of selection in 
autotetraploids. Polycross progeny test selection was 
the next most effective method, and polycross family 
was the least effective method of selection. Response 
with full-sib family and individual selection was al-
ways intermediate between response with polycross 
progeny test I testandolycross family selection. 

Theoretical studies alone have limited practical 
valte to plant breeding without experimental evi-
dence to support the theoretical findings. Polycross 

progeny test and individual selection iiave been used 
extensively in alfalfa (Medicago sativa L.) breeding. 
Selfed progeny test selection hals been used to a mtch 
lesser extent. Family selection has not been used 
extensively, although Graunuann (1952) recomnended 
use of polycross family selection. Most of the com-
parisons of selection methods in tile literature have 
dealt with parent-offspring correlations and rank-

ig theof parents by different methods of progeny 
ings 
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testing. Critical comparisons of the relative effective. 
ness of different methods of selection seem to be lack
ing in most crop species (Sprague, 1966). 

Foliar disease resistance in alfalfa provides an ex
cellent means of conparing selection methods. Re

sistance to a nunber of foliar diseases is needed in 
many alfalfa cultivars. A wide range of heritabilities 
can be found in several alfalfa cultivars (Hill and 
Leath, 1972). Inoculation procedures have been de

veloped that perinit evaluation of a large number of 
plants with relatively little effort. These considera
tions led to a comparison of several methods of selec
tion for resistance to three foliar pathogens of alfalfa. 

MATERIALS AND METHODS 

A random sample of 300 plants of 'Beltsville 2-An4' (Devine 
et al., 1973) was established in pots in tile greenhouse during 
the sutmer of 1970. Slfed and polycross seeds were produced 
on each plant by hand pollination. Pol)cross seeds were 
produced by intercrossing plants using a bulk sample of pollen 

from each plant in the population. The 144 plants that pro.
duced sufficient selfed and polycross seeds were chosen for
further evaluation. Eight plants each of the selfed progenies, 

polycross progenies, and vegetative propagules of tie parents 
were established during the spring of 1971. The plants were 
established in standard gr-eenllouse flats, with 12 rowE of eight 
plants in each flat. Each row contained a single progeny 
type. A bulk sample fron seeds of tile original population was 
planted in 12 flats at the saute titteas the progeny types. The 
four populations, selfed progenies, pol~cross progenies, vegeta
tive propagules, and bulk population, were evaluated as if they 
"re four separate experiments. Each population occupied 
the same amount of space, and required approximately the 
same atlount of labor. 

The populations were inoculated with Phiwmia herbaruin West 
var. Ynedicaginis Fckl., Sternpivlinm botryosumn Walir., and 
Urmooiyces striatus Schroet. var. oicdicaginii (Pass.) Arth. during 
tie spring and sunimner of 1971. lnoculation procedures were 
the saie as those tsed1by Hill and Leath (1972). Plants were 
inoculated with the pathogens in the order given above. The 
plants were cut, and residual plant material was removed from 
the flats with a vacutinn cleater between caci inoculation. 
A visual scale of I to ,4based on lesion size, with one repre
senting resistance-type flecks and four representing large fruit. 
ing lesions, was used inrating the plants. 

•A total of 21 populations was formed from plants selected 
for reaction to each of the three pathogens as follows: 

1. All plants inl tie niost resistant six pol'cross families. 

2. All plants in tile most resistant six selfed families. 

3.The parents of tile imost resistant six polycross families. 
4. The parents of the most resistant six selfed families. 
5. The parents of the most resistant 48 polycross families. 
6. The parents of the most resistant .18selfed families. 
7. The niost resistant .18 individuals front the bulk population. 

Each of the selected groups of plants usas intercrossed by hand 
with a bulk sample of pollen fron allplants within tle group 
diritng the fall and winter of 1971-72. Selections for resistance 
to atily one patluigeil were Ii ade inldependent of tle reaction 
to tle remaining two. Thus, sonie clones or families were rep
resented i inore than iie of tie selected groups. 

The 21 sclccted popultations pls lleltssille 2.A.I, 'MSA-C1,' 
an d 'MS B.Cl' (Iln 1969) estailished illgreenhouseI soi, t 
flatsin the spring of 1172. A totalI replicationsof 2.1 was used, 
each consisting (iftwo IIaits itlh 12 roucs ot eight seedlings per 
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Fig. 1. Response to selection for resistance to the indicated 

pathogen with various methods of selection. Response is ex. 

pressed as deviation from the mean of an unselected sample 
of Beltsville 2-An4 (U. striatus = 8.67, P. herbarum = 8.47, 
and S. botryosum = 3.78). 

flat. Each row in a flat contained a single entry. The same 
and score scaleinoculation,methods of

order of inoculation, 
that were used in the selection phase of the experiment were 
used in the evaluation of the improved populations. 

RESULTS 


A significant increase in resistance to U. striatus 
was obtained with each of the selection methods 
based on six families and with individual selection 
(Fig. ]A). Selfed progeny test selection was the most 
effective method, but it was only slightly more effec-
tive than selfed family selection. Responses with poly-

cross progeny test and polycross family selection were 

almost identical, and these were the least effective 

methods of selection for resistance to U. striatus. 

Response with individual selection was intermediate 
between that of the selfed and polycross methods. In-
dividutal selection was significantly less effective than 
selIed progeny test selection, but differences between 
individual and the remaining methods of selection 
were not significant. 

Polycross progeny test and polycross family selec. 
to U. striatus resulted in a signifi-tion for resistance 

cant increase in resistance to P.,hcrbarnim (Fig. IB). 

in restance to P. herbaruvm accompaniedA decrease 
selfed family and selfed progeny test selection for re-

sistance to U. sriaus, but the differences were not 
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Fig. 2. Effect of the proportion of the population selected 

with selfed and polycross progeny test selection for resistance 
to three foliar pathogens of alfalfa. 

significant. Almost no change was ob

served in mean scores for reaction to P. herbarun 
individual selection for resistance to U. striatus. 

Selection for resistance to U. striatus with each of 

the methods of selection resulted in a decrease in re

sistance to S. botryosumi (Fig. IC). The only signifi
cant decrease in resistance to S. botryosum was with 

polycross progeny test selection, however. 

P. herbarumin resistance toA significant increase 
each of the selection methods exobtained with 

(Fig. I E). Differences among
cept individual selection 
the progeny test and family methods of selection were 
not significant. 

Selfed progeny test selection for resistance to P. 
herbarum resulted in a significant increase in resis
tance to U. siriatus (Fig. ID). Although not signifi

cant, resistance to U. striatus increased with selection 
the otherfor resistance to P. herbariom by each of 

Decreases in resistance to S. botryselection methods. 

osilm accompanied selection for resistance to P.
 

herbarun with each method, but the differences were
 

not significant (Fig. IF). 

No method gave significant response'The fact thatto selectiona (Fig. 11).for resistance to S. botryosutn 

for resistance to S. I5olryosiozall responses to selection 
were negative indicates that the results are not entire

ly determined by chance variation. All 	 comparisons 
in Fig. I are expressed as deviations from 	the mean of 

or some un-Beltsville 2-An4. Sampling variation 
known environmental factor may have caused the S. 
botryosuin score mean for Belsville 2-An't to be lower 
than the true value. If this were true, the S. botryo
sum results ma be interpreted as random deviations 

y 
from zero, because the mean of Beltsville 2-An4 was 

lower than it should have been. 

A significant increase in resistance to P. herbarum 

accompanied individual selection for resistance to S. 

botryosum (Fig. IH). The remaining correlated re

sponses in reaction to P. herbarum were generally 
small and not significant. All correlated responses in 
resistance to U. striatuswith selection for resistance to 
S. botryosum were small and not significant. 

Increasing the proportion of the parents selected
 

with progeny test selection from 1/2,4 to 	1/3 (6 to '18 
the responseparents, respectively) drastically reduced 

to selection (Fig. 8). The only significant response 
with the lax progeny test selection was with selfed pro

geny test selection for resistince to U. sPiat s. 
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DISCUSSION selection. We have no explanation for this discrepan
that of poly.results indicate, however, use 

A range of heritabilities was found for reaction to cy. Our 
family selection not be discounted by al

the three pathogens of this study in Saranac' alfalfa, cross should 
wich isth iretlyoelate tois syin aana Hita-la falfa breeders, at least nntil additional information is 
which is directly related to Belsville 2-An4. Herita- gathered that supports the theoretical findings.
bility for resistance to U. striatus was high, and those The comparison of two selection intensities illus
for resistance to P. herbarll and S. boryosm were trated one of the dilemnas associated with progeny test
low (Hill and Leath, 1972). selection. None of our experinental populations was 

The responses obtained with selection for resistance highly resistant to disease, a result indicating that no 
to U. striatus agreedcharacterreasonablywithwellrelativelywith theoreticalhigh heri- method fslciniselection is likely to achieve the desiredmto of ieyt civ h eie
expectations for a 
exetations fo a cHaracr with. relatiely hrghen t level of resistance in one generation of selection. If a 
tability (Hill and Haag, 1974). Selfed progeny test large enough number of parents is selected with pro
and selfed family selection gave approximately equal geny test selection to preserve the genetic variability 
response and were the most effective methods; re- of the population, response to selection is practically 
sponse with individual selection was intermediate; and eliminated. Out results indicate that family selection 
response with polycross family selection was among is pr~bably a better method than progeny test selec
the least effective methods. The only disagreement tion when heritability is low and where two important 
with theoretical expectations was that response with criteria are selection response and preservation of 
polycross family selection was about the same as that genetic variability for yield and other agronomic 
of polycross progeny test selection, not one-half as ex- traits. Progeny tc.-: selection may le desirable in the 
pected. later stages of a breeding program, when preservation 

On first inspection, response to selection for resist- of genetic variability is less important. 
ance to P. herbarum does not appear to agree with the The results with correlated responses to selection in 
theoretical expectations for a character with low heri- this study were inconchlsive. The only significant neg
tability. Were resistance not recessively inherited and ative correlated response was with S. botryosum, when 
gene frequency low, theory indicates that differences polycross progeny test selection was conducted for re
among the family and progeny test inethods would be sistance to U. strialus. The correlated responses with 
small (Hill and Haag, 1974). Selfed methods should progeny test selection were subject to sampling errors, 
be superior to polycross methods when resistance is because only six parents were selected with each pro. 
recessively inherited. If, in addition, heritability was geny test method. Most of the correlated responses 
extremely small, family and progeny test methods of with family or individual selection were positive or 
selection would have an advantage over individual se- very small, and few of them were significant. 
lection. Thus, experimental results with selection for 
resistance to P. herbarum do not strongly disagree with REFERENCES
theoretical expectations.
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