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Abstract: Mass selection jor increased and decreased expression of five agronomic characters using
two selection units was conducted in a heterogeneous population previously mass selected for seed
characteristics - of proso millet (Panicum iniliaceum L.). Mean comparison between the unselected
conirol and mass-selected populations showed asymmetrical response to selection; the shifl in means
and variances in undesirable direction being much greater than in desirable direction. It seemed that
scaling effect and unequ'al gém& frequencies were responsibie for the asymmetry observed in the
population studied. Overall selection was the most promising selection criteria in regarding overall
desirability of the popuiations. - '
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. KUMDARI'DA DIREK VE DOLAYLI TOPLU SELEKSIYONUN BiTKi
KARAKTERLERI UZERINE ETKISI
Ozet: Daha tnce tane ozelikler yoniinde toplu seleksiyona fabi tutulmus heterojen bir- kumdan
(Panicum miliaceum L.) populasyonunda iki seleksiyon birimiyle bes tanmsal dzeilikie azalan ve artan
yonde toplu seleksiyon uygulanmustir. Kontrol populasyon ile toplu seleksiyon uygulanan
populasyonlann mukayesesi, seleksi-yon etkisinin . asimetrik oldugunu gostermistir: ortalama ve
varyansdaki defjisme negatif yonde uygulanan seleksiyonda pozitif seleksiyona nazaran ¢ok daha
belirgindir. Toplu seleksivon ufguianan populasyoniarda goriilen asimetcinin seleksivonia populasyon
ortalamasindaki degismeye bagih olarak varyansin dedismesi ve gen frekansinin esit olmamasindan
kaynaklandif kanisina vanimistir. Populasyonlann bitiin 6zellikier bakimindan arzu edilen yonde
ivilegtiriimesine, onemli 6zelliklerin birlikte dikkate ahnmasinin en yarar seleksiyon kriteri oldugu

belirenmistir.
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Anahtar kelimeler: Kumdan, Panicum miliaceum L. direk-dolayh seleksiyon, toplu seleksiyon,

asimetrik response.

Introduction :
The ultimate interest of the breeder is often the progress to be expected from

selection exerted on economically imporiant traits. Therefore, the time and cost
associated with selection encourage breeders to consider more effective procedures
that will maximize genetic improvement per unit of time with maximum allocation of
available resources (1). Among selection methods available to plant breeders mass
selection in heterdgeneous bulk population is supposed to be the cheapest,
quickest, and presumably oldest method in modifying gene frequencies in desirable
directions (2). : :

The improved techniques and proven results reported by Gardner (3)
increased breeders interest in mass seiection and during the past three decades,
mass selection has been used extensively for the improvement of several traits
including yield in both self- and cross-pollinated species. In seif-pollinated crops,
mass selection is a way of increasing the frequency of favorable genes during the
segregation period of inbreeding (4). Eliminating material showing less fitness and
lower preductivity through mass selection is expected to enhance the chance of
selecting superior recombinants in later generalions {5).

Mass selection may be practiced in two distinct ways; direct mass selection
refers to exposing selection pressure upon the trait for which improvement is sought,
while indirect mass selection implies selei:ting for one trait through the expression of
ancther genetically relaied trait (6). (7). The gain expected from direct mass
s:-electson would be directly proportional to the deqree of reliability of phenolype in
predtctmg genotype of the attribute being selected (2). With the use of indirect mass
selection, however genetic correlations between traits to be selected and traiis to be
improved have to be constdered as well (8) indirect selection is commonty used in,
plant breedmg because the primary characters are often drﬁ;culi or costly fo
- measure dmectw during the selection process (9). The main ilmltatmn to indirect -
selection is finding efficient selection criteria and existence of negatively correlated
responses to selection for some characters. if positive genetic correlations exist,
indirect mass selection may be advantageous and preferable for traits with low
heritabilities, such as yield, or for traits that requsre detasied work and more money,
such as protein or oit content (10).

The success of mass selection, to some extent, would be expected to
correspond with; whether it operates on increased or decreased expression of a
character. Mass selection may be applied from either a positive or negative (or both) .
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approach;, positive if it involves selecting and bulking of desired genotypes, negative
if it involves discarding or culling undesirable genotypes from a population (1). Some
mass selection technigues may be more efficient in eliminating undesirable
genotypes rather than in retaining desirable ones. The resulls published by Rattunde
et al. (11) in peari millet (Pennissetum americanum L) indicated that divergent mass
selection vor narvest index and threshing ratio were effective only for identifying
genetically undesirable plants for these traits.

Proso millet is extenéive!y cultivated in India, China, Russia, and also in the
Middle East including Iran, Iraq, Syria, Turkey, Afghanistan, and Romania (12).
Proso millet has been found to have the highest conversion of limited water supply
into grain of any domestic crop known (13). Proso has a nutritive value comparable
to that of other cereals. It is somewhat higher in protein than rice (Oryzea safiva L)),
maize (Zea mays L.), sorghum (Sorghum bicolor L. Moench), and oat (Avena saftiva
L.) crops (14), (15), (16). In spite of its immense potential in poor, hot, and moisture-
limited areas of the World, little attention has been paid in the past towards genetic
improvement of proso millet. So far no information is available regarding the
- feasibility of mass selection techniques in proso millet breeding. Therefore, any
contribution to our limited knowledge in formulating an effective breeding procedure
for proso millet is of value. The present study was carried out to evaluate the
effectiveness and practical utility of direct and indirect mass selection in advancing

heterogeneous bulk populations of proso miltet.

Materiai and Methods
The material used to initiate this study was a heterogeneous population of

Dawn proso millet which is a white seeded proso with a compact panicle and short
stature (17). A mass selection scheme based upon seed characteristics, such as
seed size, seed density, and color was imposed upon a heterogeneous population of
Dawn. Sample seed from Dawn was stratified into different fractions using various
sieve screening, gravity table separation, and seed blower separation. The sample
seed was divided into two sub-samples, largest 37% and largest 50%, using
appropriate round holed sieves. With the gravity table, the sample seed was sorted
into the largest 1%, 13%, 33%, 51%, and 72%. The South Dakota Seed Blower
produced three classes, the largest 15%, largest 35%, and largest 50%. Separations
obtained from the seed blower and gravity table were made through repeated
sampling and readjustment. In addition, visual white seed separation was made by
hand. An unsorted sample was used as a control. The same seed source was used
for all the experiments to avoid sampling differences.
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Sorted and unsorted populations (12 entries) were planted in pots in the
greenhouse in a randomized complete biock design with five replications in early
spring in 1991. On the average, 20 plants per treatment per rep were grown in five
pots each having four plants, resulting in 100 plants per entry. Data were collected
on these individual plants (approximatey a total of 1200 individual plants) for days to
flowering, pamcle type, piant height, pamcle exertion, and seed ‘weight (each plant
was mdw:dually harvested).

in the summer of 1991, individual plants from the greenhouse experiment
were subjected to a second cycle of selection and field evaluation. The field
experiment compared the -effect of the criterion of selection (the traits), the units of
selection (individual vs line), and the direction of sefection (desirable vs undesirabie)
as weill upon the efficiency of mass selection in proso millet. Piants and/or lines with
compact panicle, short stature, short panicle exertion, early in flowering, and high
 seed weight were designated as "desirable selections” (DS). Conversely, selections
which appeared markedly deficient for the attributes listed were termed "undesirabie
selection” (US). Individual plants and lines were selected separately for several
agronomic traits as well as overall expression in both desirable and unaesirable
directions. Among 12 entries evaluated in the greenhouse experiment, designated
as lines, desirable and undesirable four fines in the expression of each iraif wers
selected, 13 plants from each. Harvested seeds from these selected plants of each
line were bulked to form fine selections. A total of 12 lines were obtained for six
selection criterion, two lines of each, desirabie line selection (DLS) and undesirable
line selection (ULS). At the same time, 52 individual plants from the whole population
were selected for each selection criterion in both directions, desirable individual
selection (DIS) and undesirable ndividual selection (UIS). Thus, selected proportion
was about 4% in both cases, 52 individual plants were selected out of 1200 for each
treatment. Individual plant selection was made equally from each replication, 10- 11
plants from each, to avoid block effect. Equal number of seeds were taken from each
selecied plant at random and mixed fo give equal representation of selected plants
in the next cycle. Selections for overall expression were obtained by selecting
sequentlally tor panicle type, plant height, days {o flowering, seed weight and panicie
exertion in both directions. An unsorted sample of seed from the original source
population was used as a check (CK). _

The entries were grown at the High Plains Agricultural Laboratory of the
University of Nebraska under dryland conditions in 1991 The experimental design
was a split-plot with four replications. The six selection criterion (days to flowering,
panicle type, plant height, panicle exertion, seed weight, and overall expression)
were allotted to main plots and the five selection procedures (individual and line
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selections in both directions, and the control) were allotted to subplots. The seed
material was space drilled in one-row plots, each 6 m long, spaced 75 cm. apart. 100
individual plants were sampled at random from each éntry. The following ‘attributes
were evaluated on each individual plant; days to flowering: number of days from
sowing to the day when the spike on the main culm was fully exerted from the flag
leaf sheath; plant height: length in cm from the base of the culm to the tip of the
spike of the tallest culm after heading; panicle type: visually graded as 0 for compact
(dense panicle with short branches), 10 for open (dropping panicie with iong
branches), and 5 for semi-open; panicle exertion: length in cm from the flag leaf tp
the base of the panicie; seed weight: weight in grams of fifty seeds from each
individual plant.

Statistical analyses were computed using the Statistical Analysis System
(SAS), version 6.03. The analyses of vanance were calculated and comparisons
among treatment means were made through planned contrasts using the general
linear models procedure (Proc GLM) in SAS. Changes in means and variances of
the attributes in the selected populations were determined to evaluate the

effectiveness of the selection procedures.

Resuits
The results of anaiysis of variance for various plant characienstlcs indicated

the presence of highly significant variability in the populations (Table 1). There were
no significant differences in terms .of selection criteria for all of the traits. The test,
however, indicaied that the effect of the unit and direction of selection was'high!y
significant for all of the traits studied, except panicle type. The interaction of
selection criteria with unit and direction of selection was also highiy significant for
days to flowering, plant height, and seed weight indicating that the effect of selection
criterion was not uniform across selection unit and direction.

The effect of the criterion of selection may be diminished or neutralized by
selecting in two opposite directions with two different selection units. A selection
criterion can be effective in changing the mean when selecting for desirable
expression of that trait. But it may not exert any shift on the mean when selection is
for undesirable expression of the trait. Therefore, the data were reanalyzed
considering selection only in one direction at a time to eliminale the effect of two
directional selection on the effect of selection criteria. The results, however, were in
agreement with that of the overall analysis when selection was applied in the
desirable direction. The test showed significant differences for the unit and the
direction of selection, but no differences with regard to the selection criteria. On the
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contrary, corresponding analysis for undesirable selection indicated significant effect
_ of selection criteria for days to flowering and piant height.

Table 1. Analysis of vaniance of the traits studied in direct and indirect
mass selection in twa directions. >

Characters

Panicle Daysto  Panicle Plant = Seed
“type flowering  exertion height weight
Source of . : : !
variation Mean sguares
Blocks 0.9 323.4% 2028 17721.1* 0,043
Criterion{C) 89 91.1 12.1 862.9 0.007
Error(a) 6.1 318 242 566.8 0.009
Units(U) 2.8 580.6™ 102.9** 7580.5™  0.046™
CKvs DS 2.4 111.2 125.4* 5500  0.001
CKvsUS = 05 1667.5™ = 240.5* 9999 4™  (.052*
DLS vs DIS 7.3 13.0 13.9 405.7 0.007
ULS vs UIS 0.4 214.6™  157.0~ 20842  (.065*
CxU 2.3 3 R 12.7 8321  0.008%
Emor(n) | 2.8 14,6 212 . 2068  0.003

" and ™ F values exceed the 5 and 1% level of probabilities.

The mean of the selected popuiations averaged across selection criteria and
“units were mgmﬁcantly different than that of the control population for all of the traits,
excepl panicle type, when selecting in undesirable direction. Com—*snunqu planned
contrasts for desirable selection, however, indicated that mass-selected populations
significantly differed from the control only for panicle exerion. interestingly, similar
results were obtained from the comparison of selection units {(individual plants or line
selection) in both directions. There was no response to desirable seilection
irrespective of whether the selection unit was individual plant or line. With regard to
undesirable selection, however, there was significant discrepancy between
individual-plant and line selection for all of the traits evaluated.

Selecting plants with short stature (direct selection) and selection for overall
desirability resulted in shorter plants compared to the others (Tabie 2). On the other
hand, the tallest population was obtained from light-seeded plants. The highest
response to selection to improve seed weight was observed from retaining late
flowering plants. Interestingly, selecting light-seeded plants produced late flowering
- population, which was in conflict with the indirect effect of days to flowering on seed
weight. The shift in mean of panicle exertion was in desirable direction; mass
selection usually reduced panicle exertion irrespective whether it operated in

negative or positive direction. i%a



Tabie 2. Means of characters recorded following direct and indirect
mass selection in two direction.

Characters
Panicle Daysto  Plant Panicle Seed
Unit type flowering height exertion weight

Criterion (days) (cm) ~ (cmy) {Q)
Panicle DIS 0.48 27.9 53.0 83 0.340
exertion DLS 0.24 28.8 524 10.4 0.350
uis 028 + 313 622 9.8 0.317
ULS 0.17 30.1 56.0 10.2 0.335
Days to pIs 0.27 28.7 54 4 10.4 . 0.337
flowering DLS 0.35 28.0 52.5 10.4 0.343
uis 0.36 288 50.5 9.3 0.343
ULS 0.38 28.5 52.0 a5 0.359
Plani s 0.44 28.8 493 02 0.343
height DLS 0.31 280 506 9.6 0.345
uis 011 35 55.9 2.0 0.345
L LS 0.28 28.7 62.4 98 0.311
Overall B2is 0.07 287 50.1 100 .341
expression DLS 0.35 28T Al 82 - 0346
: s 0.28 3.2 59.0 B5 0314
ULS 0.53 30.1 589 10.4 0.346
Panicle RIS 0.34 28.6 514 9.4 0.347
type DLS 0.43 280 . 510 10.2 0.356
LIS 1.02 309 812 92 0.331
uLs 0.74 20.4 54 4 96" 0.341
Seed e 0.38 294 543 9.7 0.3449
weight DLS 0.13 28.9 50.1 9.3 0.341
IS - 0.95 314 54.6 82 0.318
: LS 0.54 311 609 G2 0.326
Control{CK} (.49 250 525 103 D.246

The results from the analysis of treatment variances were given in Table 3.
The effect of selection criteria on variances of the populations was significant only
for days to flowering. The effect of unit. and direction of selection, however, was
significant for all the plant characteristics, except for panicle type. The results in
Table 3 showed asymmetrical response to mass selection as evidenced by variance
comparison of desirable and undesirable selection with the control population. Mass
selection in desirable direction did not indicate a significant change in variance of
any trait. On the contrary, mass selection in undesirable direction exposed
significant differences for the variance of days to flowering, plant height, and panicle
exertion. Significant interaction of selection criteria with the unit and direction of
selection was also observed for all the attributes (Table 3).

Treatment variances for the traits evaluated in unselected control and mass-
selected populations are given in Table 4. In general, the lowest variances for most
of the attributes were recorded in overall expression in desirable direction.
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Table 3. Mean squares from the analysis of treatment variances,

Characters
Panicle Days to Plant Panicie Seed
type flowering heigit exertion weight
Source of : ; :
variation Mean squares
Blocks 2.2 11.5 1841 .1 225 0.55
Criteria(C) 17 21.3™ 71242 983 : 028
Error (a) 8.9 - B85 30779 23.7 0.22
Units(U) 3.8 188.1** 54389.4™ 1457 0.43*
CK vs DS 4.1 Pon 6066.7 20.1 0.87
CK vs US 0.1,  2004* 81008.5™ 275.8™ 1.03
Cxl 74 19 4* 94749 8% 40.7* 0.20™
Error (b) 40 9.3 1955.4 206 0.07

*and ™ F values exceed the 5 and 1% levels of probability.

Discussion : :
Response to selection was somewhat asymmetrical, the change in
undesirable direction being much greater than in desirable direction. Asymmetrical
responses to selection have also been observed in comn (18), and in sorghum (19).
Ten cycles of divergent mass selection for ear length in maize showed asymmetrical
response (18). Realized gain for decreased ear iength was twice as great as for
increased ear length. Demonstraﬁng identical results for grain protein in sorghum,
Ross et al. (19) concluded that breeding sorghum grain for iow protein percentage is
more tenable than breeding for high protein which is more likely to be the objective.
Falconer (7) discusses the following as some of the possible causes of
asymmetrical response io selection in two-way se_ﬁ'ection experiments: . 1) scaling
effect; 2) unequal gene frequencies: 3) differences in genetic and environmental
variation. :
In the present study, the same degree of selection pressure was applied to
the same selection criteria in both directions of selection. It is more likely that scaling
effect and unequal gene frequencies in the initial population played major roles on
the asymmetry of response. The most common cause of scaling effect is that the
variance may change as a result of the change of mean, which is in agreement with
the result of this study. Consequently, selection differential will differ between the
upward and downward selected plants or lines: so does the response to selection.
Unequal gene frequencies in the initial population mass-selected may also be
a cause for the asymmetry of response. The initial population was previously mass-
selected through three methods of mechanical mass selection for seed size and

density. Populations selected for high density seed were more skewed in
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undesirable direction than that for seed size. It seems that mechanical mass
selection may result in a change in the gene frequencies away from symmetrical
values. Thus, in a two-way selection experiment in that kind of population, gene
frequencies may move tc:;wam a symmetrical value in one direction, but move away
from symmetrical in another direction of selection (7).

Table 4. Treatment variances far plant attributes in unselected and selected
populations for several traits in two directions,

‘Characters

Days to Panicle Plant Panicle Seed

Criterion Unit flowering type height exertion  weight
Panicle DiS 6.4 3.7 142 8 15.0 0.0009
exertion DLS 4.2 0.9 65.6 8.3 - 0.0005
uis 11.5 1.4 188.6 186 0.0011

UuLs 12.8 0.9 136.1 141 0.0010

Days o DIS 10.6 1.3 99.8 19.0 0.0007
flowering DLS 4.8 16 61.1 11.4 0.0004
LIS 7.0 1.6 79.3 2.7 0.0008

- ULs 58 2.8 561 a7 0.00056

Plant Dis - 8.7 2.7 73.0 9.1 0.0003
height DLS 6.8 1.8 1028 ' 93 0.0006
LIS 14.6 06 188 3 18.8 .0009

uLs 11.9 12 147 4 10.6 0.0012

Overall Dis 3.5 0.3 83.9 10.0 0.0003
expression LS 39 1.9 67 4 8.1 0.0004
LIS 3.4 09 1872 14,3 0.0012

ULS 96 35 245.0 10.1 0.0011

Panicle DIS 8.7 1.6 74.5 104 0.0065
type pLS 49 20 64.4 10.3 0.0004
s 12.9 6.3 185 1 17.3 0.0611

ULS g2 3.1 140.0 19.5 0.0007

Seed Dis 10.1 4.0 603 - 205 0.0004
weight DLE S e T 882 12.9 D 0005
: uis 2.1 2.1 250.5 15.2 0.0012

ULS i1.7 35 252.9 21.4 0.0014

Controi 7.5 2.4 101.9 11.1 0.0007

Another possible explanation is that due to genotype by environment
interaction, the genetic and environmenial variation may be skewed in opposite
directions. in the present study, mass selection was performed in a population grown
in a greenhouse which was an adverse environment. The resulting set of
populations, however, were evaluated in field conditions, a more favorable
environment. Different sets of 'genes may be effective in different selecting and
testing environments; some desirable genes even wouid be either neutral or
negative in their effects in a poor environment. if selected plants are grown in a more

142



favorable environment, the skewness in genetic and environmental variation may be
a possible source of asymmetry of response. :

There was no appreciable effect of the selection unit on any trait in desirable
selection. In the case of selection in undesirable direction, selecting individual plants
alone moved the means and variances to a more undesirable direction. The line
selection makes use of both the family mean and the within-family deviation and
thus, it may be considered as a combined selection. It is expected that within-line
selection would eliminate a large component of environmental variance from the
variation on which selection was operated. However, individual plant selection was
greatly effected by environmental variation and thus, produced more outlier plants
for each character. ' ' |

The result of the present two-way selection experiments suggest that mass
selection, either direct or indirect, would be more effective usually for identifving
inferior plants in their phenotypic expression. Consequently, mass' selection, as
tested in this study, looks like & feasible and practical aproach in purifying
contaminated commercial varieties of proso millet. _ ‘

Overall selection was the most promising selection criteria in regarding overall
. desirability of the populations. Overall selection is the process of selection of each
trait in turn.and independently in a given population at the same time. in this aspect,
it looks like independent culling levels, but differs from it as retaining best and worst
plants instead of rejecting all individuais that are below a cerfain value for each
character. Since overall selection operates on several traits simultaneously, it may
reduce undesirable correlated responses and give the most rapid improvement, but
it is @ more complex system than single trait selection. '
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