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SELECTION STUDIES FOR GRAIN YIELD IN CERTAIN
MUTANT POPULATIONS OF BARLEY

% : : i £ &
Metin B. YILDIRIM M.1lhan GAGIRGAN

SIMMARY

An applied micromutation study in barley was planned tn increase the
ywldmg capacity without changing drastically other agronomic traits of the
"Kaya" variety. In accord with this aim, base populations of the variety
irradiated with gamma rays were built up hy selecting normal-appearing single
plants rendomly in the lfl2 generation grouwn at 2 locations in 1985-1986. The cont-
rol populations were also constructed by applying the same procedure., Mass selec-
tion for plant yield was applied ta the base populations and selected individuals
were tested as M, “during the 1986-1987. The population means, ranges and the
heritabilities were estimated. Mutant populations wers compared with their cont-
rols and then a second step selection for grain yield was applied in the all
m3 populations and the expected genetic gains were calculated.

The resulte obtained have shoun that mutant populations, particularly
-those from 15 krad, expressed higher means, ranges, and variation for the plant
yield than those of the control populations, Selection differentials for mutant
populations were also higher than those of the contrel and they were in agreement
with the actual population means of the M. gemeration. After the second step
selection for grain yield in M_, the expeu:t:vad-5 populations means of the Na ‘genera-
tion obtained by adding the génetic gains to the means of the M generation were
considerably higher as compared to the expected means of the contfol populatiors.

It was finally concluded that induced variation in the mutant popula-
tions could be effectively utilized by selection.

A INTRODUCTION

Mutation breedmg has been successfully appl:ed in self-and
cross- pollinating crops. The number of mutant varieties were only
50 in 1964 but this number has exceeded to 1200 in 25 years
(Anonymous, 1989). As a result of the intense basic research conducted
at the beginning, tcdéty the more effective mutagens and the treat-
ment methods are known Unfortunately, there is still no possibility
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of using a mutagen in a specific way. Therefore the selection has
the most irﬁportant task in detecting the desired mutations(Anonymous,
1984). Besides, there is still need in devoloping the selection proce-
dures for the evaluation of the variation as well as in analysing the
characteristics and the amount of the variation found in the mutant
'populations. The further studies to be undertaken in this area will
cause the mutation breeding to be more effective which was indicated
as a iaractical method after the 1960's (Anonymous, 1977).

The purposes of this study were to determine the micro-
mutational variation In the gamma irradiated "Kaya" variety and

also to utilize this variation through the selection.

MATERIALS AND METHODS

The seeds of a homozygous two-rowed barley variety "Kaya"
(Hordeum distichum L.) were irradiated with 15 and 30 krad gamma
rays from the 60 Co source in Ankara, in [984.

The irradiated seeds and untreated seeds as control were
sown in order to obtain the Ml plants. All plots were separately
harvested in bulk and they were grown under the two different loca-
tions (Bornova and Tokat) as the M'z generation during 1985-1986.
The base populations of each dose were built up by selecting rendomly
the normal-looking single plants at the harvest.The number of the
sampled plants were 100 at Bornova and 200 at Tokat. The controls

were also built up by applying the same procedure. -

Following the determination of the yields of the single plants
in these populations, the stmi:le statistics such as mean, range and
coefficient of variation were calculated and the frequency distributions
were drawn. The 25 % highest yielding plants were selected in each
population. The progenies of the selected plants were grown in the
progeny rows arranged in the Randomized Complete Blocks with
2 replications at Tokat in the Spring, 1987 as M3. Each population
was kept in a $eparate experiment. The plots were in | m length
and 30 cm aparts. Twenty seeds were planted in each plot.

At the harvest 2 plants at two sides of each plot were
discarded and the remaining plants were harvested. The plot yields



were recorded, then the single plant yields were calculated. The data
obtained were analysed by Lising the procedures of Randomised Comp-
lete Blocks Design (Stell and Torrie, 1960} and broad-sense herita-
bilities based on variance components (Gordon et al., 1972) were

estimated,

Following the estimation of the parameters given above in
order to start a second stage of selection, a 20 % of selection
pressure for plot yield was applied in each population. The genetic
advance was estimated as proposed by Allard (1960). Expected popu-
lation means for M4 were obtained by adding these estimates to
M3_ means and also the expected gaing were predicted as percent

over the MS mearns.

RESULTS
First Stage Selection

The mean, range and the coefficient of the variation for
single plant }'ield_ in the base (Mz) populations were given in Table
I. It can be seen in Table 1 that the mutant populations, except
the 30 krad Tokat population, had the higher mean and the C.V.
than their control populations. The ranges of the mutant populations
were wider than those of the controls, At two locations the 15 krad
populations had the highest variation for single plant yield, '

The results of -the selection applied for single plant yield
in the base population (ME) are shown in Table 2.

The méans of . the groups selected by applying the 25 %
selection pressur'e_have considerably increased. For instance the means
of the 15 krad Tokat and Bornova populations were increased from
1.6] g and 12,43 g to 23.39 g and 22.42 g respectively. So the selec-
tiion differentials were the highest such 1.78 g and 9.99 g for two

selected groups.

The mean, 'range, F-raito and the heritability values pertinent
to plot yield in the groneny {Ma) generation of the selected single

plants are given in Table 3.
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Table 1. MEan; range. and coefficient of variation for single plant yield (g) in
the base (Nz) populations.

; No.of | ¥
Population plants Mean : Range C.V.(%%)
Control. Tokat 200 9.64 + 0.4 2.15 - 32.57 59.44
15 krad. Tokat 250 11.64 + 0,48 _ 1.30 - 49.49 64.86
30 krad. Tokat 200: . /9,07 0,37 1.02 - 28.28 56.89
‘Control. Bornova 100 9.88 + 0.42 2,77 - 29.01 44,02
15 krad. Bornova 100° 12,43 £ 0.76 . 1.28 - 47.14 60.74

+ 0.65 . 0.70 - 42.85 54.39

30 krad. Bornova 100 14.43

Table 2, The mean, selected proportion, selection differential and bhenutypic
standart deviation for single plant yield (g) in the base (sz popu-

lation. [

¥ - Proportion Selection Pherictypic
Fopuasin Brge ¢ Seiected (P) differential St. deviat.
Control. Tokat ~ 9.64 17.50  0.25  7.86 5.73
15 krad. Tokat 11.61 23.39 0.00, 5 S T L78 7.53
30 krad, Tokat  9.07 16.09 0.25 7.02 5.18
Control. Bornova 9.88 15.53 0.26 5,65 4.25
15 krad. Bornova 12.43 22.42 0.25 . . -9.99 7.55
30 krad. Bornova 14.43 22,82 0.25 8.38 6.55

The progeny populations, excluding the 30 krad Tokat popula-
tion, had higher mean than the control. Howéver there were maximum
valued individuals exceeding the maximum valued individuals of the
controls in general. The F-ratios indicated' that the 15 and 30 krad
populations from Bornova had significant variation P u(},Ol}; The
estimated heritabilities were 0.66 and 0.49 for these two populations.

The single plants yilelds in M3 were calculated by dividing
the plot yields to the number of plants in each plot in order to
obtain the realized genetic gains for single plant' yield are Shown
in/Table 4, - =



Table 3. The mean, range, F-ratio and broad-sense heritability values
pertinent to plot vield {g) in the prugeny (ﬁ ) generations
of the selected single plants.

No. of F-

Populatmn p rogenies Megn Range A I—leritabtlit?r
Control. Tokat 50 131.6+18.1 81.0-166.5 NS 0.0l
15 krad. Tokat 50 137.2+16.4 100.5-178.5 NS 0.09
30 krad. Tokat 50  120.9+19.7 80.5-182.5 NS  0.12

Control. Bornova - 25 102.0-1-11.8 77.0-130..5 NS 0.25
15 krad. Bornova 25 126.2+16.8 46.0-188.0 XX 0.66
30 krad. Bornova 25 107.0+11.3 40.5-136.5 XX 0.49

XX : Significant at the 0.01 level

Table 4. Selection differentials, means of M, and Iﬂ generations and
realized genetic gains after select ion Fcr single plant
yield (9) in the base (Nz) populations®*

Selection - Mean - * Realized

Population differential Vi Vi genetic
L 3 2 gain

Control._ Tokat 7.86 (2) 8.20 (2) 9.64 (2) - 1.44
15 krad. Tokat 11.78 (1) 8.40 (1) 11.61 (1) - 3.21
30 krad. Tokat 7.02 (3) 7.60 (3) 9.07 (3) - 1.47
Control. Bornova 5.65 (3) 6.40 (3) 9.88 (3) - 3.48
15 krad. Bornova 9.99 (1) 10.50 (1) 12.43 (2) - 1.93 .
30 krad. Bornova 8.39 (2) 6.80 (2) 14.43 (1) - 7.63

*The values in brackets show the order in each site.

It can be seen from Table 4 that the genetic gains were
negative in all populations. Besides, populations with large selection

differential gave the higher progeny means at two locations.
Second Stage Selection

: The results of the selection applied with a p=0.20 selection
pressure for plot yield in the progeny (MS) populatlons are shown
in Table 5.



Table 5. Selection differential, expected genetic gain, expected mean in
M and percent of gain after selection for plot yield in progeny
{I"'l3) populations.

: ; Selection Expected Mean Expected . Gain
=opulanion differential genetic gain (M) mean in M, (%)
Control. Tokat 24.9 . 0.36 131.6  132.0 0.3
15 krad. Tokat 26.0 3.07 1372 140, 3 2.5
30 krad. Tokat 29.6 5.01 120.9 [2550% « = i)
Control. Bornova - 21.7 - 6.72 102.0  108.7 6.6
15 krad. Bornova 44.5 37.47 126,2 160.7 27.3
30 krad. Bornova 19.6 1538 107.9 © 123.3 14.3

It could be seen from Table 5 that the 15 and 30 krad Tokat
and the 15 krad Bornova populations had the-higher" selection differen-
tials than those of the controls. The genetic gains expected were
higher in all mutant populations as compared to controls. The highest
value was 37.47 g for 15 krad Bornova population. .

The expected progeny (&14) means were 160.7 g and 140.3 g
for 15 krad Bornova and 15 krad Tokat populations respectively. The
highest gain expected over the I\,'I3 was 27.3 % for the 15 krad Bornova

population, -

DISCUSSION

The amount of variation for grain yield following the mutagenic
treatment is a very impbrta’nt base for the usage of micromutation
te.chnique in the -breeding., Although this trait has a low heritability,
the breeding studies aiming high yield have consentrated on the grain
. yiteld (Gaul, 1964-1965-1966; ‘Gaul et al., 1969: Yildirim et al., 1987).
The aim of a breeding program is always to increase the mean when
the yield is diréctiy considered. Therefore the right side of the normal
- distribution has been important and only those individuals or families
which will give genotypes having extreme values than the mother

variety could be interesting {Aastveit, 1977).



Some workers have reported that the means of the populations
treated with mutagens had a tendency of decreasing or they stayed
unchanged as parallel to variation type. The decreases in the means
were explained by the high frequencies of the harmfull mutations
as compared to the profitable ones (Aastveit, 1968; Bhatia and
Swaminathan, 1962; Borojevic, 1965-1966; Brock, 1965; Gaul, 1964-1965;
Scassiroli, 1965-1966-1967; Yildirim, 1980; Yildirnm et al., 1987). Scossiroli
(1966) has indicated that if a selection for high fertility was applied
in the irradiated populations the méan should not be dropped. In this
study, since the base populations were constructed following a strong
single plant selection for the macro mutant types in the mutant
populations, the means have not decreased but the variation have
increased especially in the 15 krad populations. The selection differen-
tials obtained as a result of the single plant selection in these popula-
tions were considerably highér than those of controls so high means
for single plant yields should be expected in the progenies. However
the selection differential calculated in the base population could not
be an estimate of the genetic advance. The genetic gain or advance
is a function of phenotypic standard deviation, selection intensity and
the ' heritability value. Here the genetic gain could not be estimated

due to absence of a heritability estimate.

The realized genetic gains were found to be negative. The
aim of the selection is to increase the population mean in order to
'obtaiﬁ a genetic gain. Since the progeny means of the -selected plants
were behind the means of the base populations, the negative genetic
gains have resulted in. This implied that the selection applied for
single plant yield was unsuccessful. On the other hand the positive
relationships between the high selection differantials and the high
progeny means in the resulting populations could be. interpreted as
the transfer of the potential to the progenies. In other vkordé, selection
could be successful in the determination high yielding plants. Infact,
when the mutation technique has applied the actual mean increase
realized over the control in the progeny could be considered as gain
(Gaul, 1966; Gaul et al., 1969; Gustafsson et al., 1968; Hansel et al.,
1972). Such a gain could only be realized as the result of the micro-
mutations affecting the yield positively, in case of homozygous parent



materials, The high occurences of - poligenic mutations as compared
to the macro mutations wfo'llcm«'ing the treatments with mutagens have
been reported and their suitability to breeding aims have also been
proposed (Borojevic, 1965; Gaul, 1964-1965; Gill et al., 1974: Hansel
et al., 1972; Scossiroli, 1965). In this study the best selected individuals
appeared to be in the 15 krad populations at two location. The inferior
progeny mean obsefved in the 30 krad Tokat population could be
explained by the negative effect of the micro mutations due to the
high dosage. These results were also supported by the estimates of
the second stage selection for plot yield in MS'. '

Considering the selection procedure ‘employed in the study
and the magnitude of the changes obtained it can be postulated that
improved selections  resulted from micromutations. Hadjichristodolou
et al. (1984) reached the same conclusion. One difficulty in working
with micromutations is that environmental variation masks small
di_fferences in grain yield or other quantitative characters, so bio-
metrical anaysis Is necessary to detect the genetic change_s' as also
emphasized by Gaul (1965). However micromutans 'rﬁight have better

chance of direct use than macro mutants.

OZET

ARPA MUTANT POPULASYONLARINDA DANE VERIMI fGiN SELEKSIYON CALISMALARI

Mikromutasyon ydintemi uwyarinca Kaya arpa ¢esidinin verim kapasitesini
arttirmay: amaglayan bu caligma 1985-1987 yillari arasinda Bornoua ve Tokat'ta
yurlitiilmigtir, Gama 1sanlarinin 15 ve 30 krad dozlari uygulanarak elde edilen M
mutant populasyonlarinda, makro mutapt tipler siki bir sekilde segildikten sonra,
her iki ySrede tarlalarda kalan normal gdriinUsli bitkiler arasindan tesadiifi trnek-
leme ile baglangig populasyonlari olugturulmustur. Daha sonra bu populasyonlardan
% 25 oraninda yiksek verimli bitkiler segilmistir. Secilen bitkiler iki tekerriirli
tesadlif bloklari deneme deseninde I'l3 generasyonu olarak sonraki yil dol testine
alinmglardir. Her populasyon ayri denemeye yerlestirilmis, dane verimi icin popu-
lasyon ortalamasi, de@iisim aralify ve kelitim derecesi tshminleri elde sdilmigtir.
Mutant populasyonlar ile kontrollari arasindaki karsilastirmalar bu istatistikler
kullanilarak yapilmigtir. Bu deferlendirmelerden sonra tim populasyonlarinda
dane verimi igin ikinci bir seleksiyon uygulanmis ve beklenmen genetik kazang ve
N& dbl ortalamalar: tabminlenmistir. Elde edilen sonuglar, dzellikle 15 krad dozun-
dan gelen mutant populasyonlarin tek bitki verimi bakamindan kontroldan daha yiiksek
ortalama, degisim aralify ve varyasyon katsayisina sahip pldugunu gistermistir.
Ayrica tahmin edilen seleksiyon diferensiyalleri ile diil (N]) artalamalari arasinda
siki bir uyum bulunmustur. Parsel verimi igin yapilan seleksiyondan sonra mutant
populasyonlarda yliksek genetik kazanglar tahmin edilmistir. Genetik kazanglary
I'!:5 ortalamalarina ekleyersl hesaplanan beklsnen Mh ortalamalary @zellikle 15 krad



populasyonlarinda belirgin olarak ylksek olmustur. E£lde edilen sonuglar, Kaya mutant
populasyonlarinda dare verimi icin kalitsal varyasyen bulunduliunu ve bu varyasyondan
seleksiyon yoluyla yararlanmanin méimkiin nldugum_l gostermistdr.
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