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Abstract

In order to determine genetic gain for some quantitative traits in alfalfa ecotypes an experiment was conducted during cropping
seasons of 2001-2007 at East Azarbaijan Agricultural and Natural Resources Research Center, Tabriz, Iran. Twenty nine native ecotypes
collected from northwest of Iran and an improved variety were used in a polycross nursery. A randomized complete block design was
used with 12 replications to ensure the random mating in the polycross nursery. The 30 half-sib families resulted from polycross nursery
were planted individually in pots and 30 day old seedlings transplanted in the field and various traits were measured for three cropping
seasons in a polycross test. The results of data analysis showed large variations among ecotypes for the traits studied. This indicates that
successful selection for desired traits among their progenies is possible. Based on general combining ability, especially for fresh and dry
yield, several ecotypes, including ‘Satellou; ‘Gara-yonje, ‘Almard, ‘Legan) ‘Baftan] ‘Khaje, ‘Sivan; Tlan jouj, ‘Dizaj Safar Alf, ‘Khosrovang’
and ‘Garababa’ were selected as promising parents for developing synthetic variety. The narrow—sense heritability values for fresh yield,
dry macter, plant heighe, fresh leaf to stem and dry leaf to stem ratios were about 60%, 59%, 50%, 11% and 19%, respectively. Using

selection intensity of 30%, an increase in fresh yield and dry matter yields were estimated to be 3.2 and 1.58 t/ha, respectively.
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Introduction

Alfalfa (Medicago sativa L.) is a widely grown peren-
nial forage legume in the world. It produces forage of high
nutritional quality, has positive influences on soil fertility
and may be used in a number of different forms (Tucak ez
al., 2008). It is an autotetraploid, open-pollinated species
characterized by tetrasomic inheritance with multiple al-
lelism and is apt to pronounced to inbreeding depression
(Barcaccia et al., 1999).

Alfalfa is the most important perennial forage crop
plant in Iran. Presently, it is grown on more than 616,000
ha of arable land, mainly in west and northwestern of the
country. Ecotypes and landraces of alfalfa are still widely
found in different regions of its provinces.

Crop improvement, through plant breeding, is greatly
depended upon their genetic variation. Familiarity with
the type of gene action, the extent of variation and the
heritability of its traits are essential for choosing appropri-
ate breeding strategies. Such knowledge may also suggest
the ways to use germplasm to create new varieties (Bow-
ley and Christie, 1981). The general objective in breed-
ing of cross-pollinated perennial forage has so far been
to develop improved synthetic populations (Aastveit and
Aastveit, 1990; Nguyen and Sleper, 1983). The characters
of greatest interest for improvement are in most cases for-
age yield and quality, persistency, seed yield, and stability
over the years and locations. These characters are all quan-
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titative showing continuous variation in genetically het-
erogencous populations and being highly influenced by
different environmental factors. In order to plan an effec-
tive program, information on the extent and nature of the
genetic variation and co-variation of the various characters
within the base population is necessary. Thus, progeny
testing is used to separate the additive and non-additive
genetic variations (Aastveit and Aastveit, 1990; Bolanos-
Aguilar ez 4l., 2000).

The most common systems of mating and progeny test-
ing of perennial forage are open-polination, polycross, pair
matings, and top-crossing (Aastveit and Aastveit, 1990).
Half-sib (HS) matings are commonly used in forage breed-
ing to: a) evaluate general combining abilities of parents
for synthetic cultivar development; b) recombine selected
entries in recurrent selection programs, and ¢) estimate ge-
netic variability, heritability, and genetic advance in quan-
titative genetic studies (Nguyen and Sleper, 1983).

There have been a number of studies on general com-
bining ability and using polycross in alfalfa. Goplen and
Gossen (1994) used polycross to register AC Nordica al-
falfa which was intended as a special-purpose cultivar for
high snowfall areas of Canada. Dukic (1992) studied the
seed production of 17 alfalfa genotypes in a polycross sys-
tem. The progenies of some genotypes were significantly
superior in seed yield and yield stability. They are assumed
to have appropriate combining ability. Smolikova ez /.
(1991) evaluated a collection of alfalfa for 43 qualitative
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and quantitative traits, and some 12 of these genotypes
were selected for a polycross. Polycross progeny test were
performed to GCA and select components for synthesis.
Halagic ez al. (1992) concluded that production of syn-
thetic forage like ‘Marina’ and ‘Posavina’ varieties can be
accomplished by the use of polycross technique. ‘Prista3’
and ‘Prista4, the Bulgarian varieties, were also produced
by the polycross method. The former exceeds the standard
Nadezhda 2 in dry matter yield by 18.7% and in seed yield
by 15.4%, while the latter exceeds it by, 13.7% and 19.2%
respectively and is highly suitable for seed production.
Gasancko and Filatova (1980) obtained a synthetic popu-
lation by the polycross method using individual biotypes
of F2 and F3 inter-specific and inter-varietals hybrid dur-
ing 1976-1978. The synthetic populations gave high yields
of green matter.

This study was undertaken to estimate the genetic vari-
ation for some quantitative traits in several alfalfa ecotypes
of Azarbaijan, Iran and determine their expected genetic
gain.

Materials and methods

This study was carried out during growing seasons of
2001-2007 at the East Azarbaijan Agriculture and Natural
Resources Research Center (AZARAN), Iran. Twenty-
nine alfalfa native ecotypes from north west of Iran and
one improved cultivar were used to establish the base pop-
ulation in 2002(Tab. 1). Ecotypes 1 to 29 were collected in
2001 from local farmers that had been planting their seed
for at least 30 years. They were planted at AZARAN in
polycross nursery on 2002. Complete isolation, 12 repli-
cation and honeybees used in polycross nursery. Polycross
seeds were harvested from maternal rows.

The resulting half-sib (HS) progenies were planted in a
green house at AZARAN on 15 March 2004, in individ-
ual pots containing a mixture of sandy-loam soil, peat and
sand with 2:1:1 ratios. From each HS family, 135 plants
were transplanted into the field at the AZARAN in 2004.
In each plot, 45 HS plants were transplanted in 3-row plot
(15 plants in each row) 0.5 m apart and 3 m long.

The trial was established in a randomized block design
with three replications. First year was considered for uni-
formity. During the next three-year plant height (PH),
number of shoot (NS), plant fresh weight (PFW), plant
dry weight (PDW), leaf fresh and dry weight to stem
fresh and dry weight, (LFW/SFW) and (LDW/SDW)
ratios were measured. PFW was obtained by hand cut-
ting of plants at approximately 5 cm above the ground
and weighing by electronic balance. To determine PDW,
fresh samples of randomly chosen plants were taken from
each plot and placed into paper bags. The samples were
then weighed and dried at 105°C for 24 h to assess aver-
age dry matter content (DMC). PDW were calculated by
DMCxPFW/100 formula. Total yearly PEW and PDW

for each plant were determined by summing up the bio-
mass yield from each cut during each year. NS of individu-
al plants was recorded directly following cuttings. Prior to
cuttings, PH was measured from the ground to the top of
the inflorescence. The mean of PH, NS, (LFW/SFW) and
(LDW/SDW), and the sum of PFW and PDW for each

year were used for analysis.
Statistical analysis

Statistical analyses were carried out using procedures
from the SAS program (1995). About 2000 individual
plants were used to calculate Pearson’s correlation coeffi-
cients among traits.

Data were subjected to analysis of variance using the
model:

X, =;4+B,+HS.+(BHS).,+Y +(HSY)A +(BY), +e,,

Where i=1..., 7; j=1..., f; k=1..., 33 X = = observed phe-
notypic value of half-sib family j in year k for block 7;

w=grand mean; B=the i* block effect; HS the j family
eEect (BHS ) = block x halfssib family effect; Y= the
k™ year effect; (HSY ) half-sib family x year 1nteract10n
effect; (BY) = block X year interaction effect and £ 1 the
is the variation among n individual plants within plots or
residual. Variance components estimated by computing
appropriate linear functions of the mean squares as deter-
mined from the mean square expectations (Tab. 2).

With non-inbred parents from a random mating pop-
ulation, the genetic variance among HS families is equal
to covariance of HS and one-forth of the additive genetic
variance, assuming there are no additivexadditive types
of epistatic variance; i.e., o°,=Cov(HS)=1/45>, (Nguyen
and Sleper, 1983). With corresponding the familyx year
interaction variances are equal to one-forth of the additive
genetic xyear (Martzinger and Kemp Thorne, 1956).

Narrow-sense heritability on a phenotypic mean basis
averaging over replications and years estimated as (Nguyen

and Sleper, 1983):

P i
PEM — 2 2 2

_.|_

y +(Vf/f-la y

The expected response to selection per cycle is given by
R=kh*=h"S, where k is the selection intensity, /” the heri-
tability value, o the square root of phenotypic variance, §
the mean phenotypic value of selected plants (Falconer,
1983). According to Nguyen and Sleper (1983), the ex-
pected response to selection among half-sib families pre-

dicted.
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Results and discussion

The ANOVA for the 30 half- sib families of alfalfa is
shown in Tab. 3. It showed a highly significant half-sib
family effect (P<0.01) on all the traits evaluated. The year
effect was also highly significant for all traits, except for
plant fresh and dry weight (P<0.01).

Since only a wide genetic base gives the opportunity to
select genotypes with a trait of interest, it is essential to un-
derstand the extent and distribution of genetic variation.
This information is particularly important in alfalfa which

Tab. 1. Origins and local names of the alfalfa ecotypes under
study to determine expected genetic gain
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is an allogamous and self-incompatible species susceptible
to severe inbreeding depression. Decreased hetrozygosity
and hetrogenicity of populations will decrease vigor and
productivity.

The year x half-sib family interaction effect was found
to be highly significant (P<0.01) for all traits. However,
the half-sib family effect for these traits remained signifi-
cant when tested against the interaction.

Phenotypic correlation coeflicients for evaluated traits
are presented in Tab. 4. PFW showed strong and positive
correlations with PDW. The correlation coefficient of
PFW with PH was 0.624 and Annicchiarico (2006) in his

Tab. 3. ANOVA of the different sources of variation in 30 half-

Ecotype Origin Name sib families of alfalfa
1. Jolfa ‘Marzad’
2. Kaleibar ‘Gran-chay’ . Half-sib Half-sib
Trait . Year .
3. Ahar ‘Leghan’ family family x year
4. Marand ‘Zonorag’ Plant Fresh Weight - ns =
5. Marand ‘Sivan’ Plant Dry Weight ** ns -
6. Oskou ‘Khor-khor’ Plant Height = = o
7. Tabriz ‘Satellow’ Leaf Fresh Weight/ " " -
8. Malekan ‘Smail-abad’ Stem Fresh Weight
9. Maragheh ‘Koul-tapa’ Leaf Dry Weight/ ok sk s
10. Ajab-shir ‘Almalou’ Stem Dry Weighe
11. Maraghch ‘Kordadeh’ df 29 2 58
12. Tabriz ‘Sefidkhan’ Ns, *: not significant and significant at the 0.01 level, respectively; d.f: degrees
13. Bostan-abad ‘Gara-baba’ offrecdom
14. Hasht-roud ‘Zolbin’ , . . -
aseron . © ,u,l Tab. 4. Pearson’s correlation coefficients between plant traits in
15. Hasht-roud Zavie Afalfa
16. Hasht-roud ‘Seviar’
17. Hashe-roud ‘Akram-abad’ Trait® PDW PH LEFW/SEW LDW/SDW
18. Mianch Balsin’ PFW 0969 0.624"  0.161" 0.230"
19. Bostan-abad ‘Bash-kand’ PDW 0.627* 0.164™ 0.235™
20. Bostan-abad ‘Ein-aldin’ PH 0314 0.164™
21. Sarab ‘Baftan’ LEW/SFW 0.938"
22. Sarab ‘Tlan-jough’ A ] ] _
) P : PFW= Plant Fresh Weight, PDW= Plant Dry Weight, PH= Plant Height,
23. Heris Khaje LFW/SFW= Leaf Fresh Weight / Stem Fresh Weight, LDW/SDW= Leaf Dry
24. Heris ‘Goravan’ Weight/Stem Dry Weigh; **: Significanc ac P<0.01.
25. Varzegan ‘Dizaj-safarali
26. Ah ‘Kordlow
o . oreon , Tab. 5. Narrow -sense heritability values and expected
27. Varzegan Khosrovanagh ) )
. . responses to selection (i=0.30% and k=1.16) and percentage
28. Varzegan Chalnab . . .
” . increases of traits compared with the mean of the whole
29. Varzegan ‘Almard . .
> . . population for each trait
30. Tabriz Gara-yonjch
Heritabilit P.L*
Tab. 2. Analysis of variance based on plot mean Trait critabrity RA
(%) (%)
Source d.f. Expected mean squares Plant Fresh Yield (t/ha) S1 3.20 18.0
Replications (R) (1) Plant Dry Yield (¢/ha) 50 1.58 17.5
Families (F) (F1) o2 4f o +rf/ f-Da S +ryZF/(f-1) Plant Height (cm) 46 3.86 5.0
RxF (~1)(F1) o 4f oy Leaf Fresh Weight/ 11 0.0033 0.68
Year (Y) (-1) c4fo v fo? Stem Fresh Weight
FxY (F(-1) o2 /f Ve Leaf Dry Weighe/ 19 00063 14
RxY (-1)(3-1) c24f7 Stem Dry Weight
Error (R-FY) (V -1 ) (f: 1 ) (7' 1) 7’ A ER. = Expected Response, * PI. = Percentage Increase
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study on alfalfa reported similar results. LEW/SFW and
LDW/SDW, as an indicator of forage quality, were posi-
tively and significantly correlated with PFW and PDW
but correlations weren’t that high. The negative correla-
tion found between plant height and quality traits (LFW/
SFW and LDW/SDW). These types of correlations were
also observed by Monirifar ez 4/. (2000) in alfalfa.

General combining ability for plant fresh and dry
weight , plant height and leaf dry weight to stem dry
weight showed that the parent of ‘Satellou’ (7), ‘Gara-
ounjeh’ (30). ‘Almard’ (24), ‘Leghan’ (3), ‘Baftan’ (21),
‘Khaje’ (23), ‘Sivan’ (5), ‘Tlan-jough’ (22), ‘Dizaj-safarali’
(25), Khosrovang’ (27) and ‘Garababa’ (13) half-sib fami-
lies had the best combining abilities with others. Dudley
(1963) using partial diallel showed that general combin-
ing ability for yield and relation traits are significant.

Dudley and Moll (1969) studied genetic variance in
Cherokee alfalfa and showed specific combining ability for
none of traits were significant. Hill (1983) reported that
additive variance was significant for forage yield in alfalfa.
Rooney ez al. (1997) showed general combining ability for
quality traits of alfalfa are significant and specific combin-
ing ability weren’t significant for all traits except one.

The narrow sense heritability values based on a family
mean basis and expected response to selection are given in
Tab. 5.

The selection gain anticipated from recombining best
parents based on half sib families was found to be 18%,
17.5%, 5%, 0.68% and 1.4% for, leaf fresh weight/ stem
fresh weight and leaf dry weight/stem dry weight, respec-
tively. This indicates there are good potentials for improv-
ing plant fresh yield, plant dry yield and plant height.

Plant fresh yield and LFW/SFW as compared with
rest of traits had the highest and lowest heritability, re-
spectively. The order of heritability values among traits was
PFY >PDY >PH >(LDF/SDW) >(LEW/SFW). LEW/
SEFW and LDW/SDW had low narrow-sense heritability,
therefore showed less gains.

Conclusions

Results of this investigation indicated that correlation
coeflicient among alfalfa main traits were significant. The
ANOVA indicated highly significant half-sib family effect
on all the traits evaluated. Thus, there is a good potential
to improve this populations. The progenies of ecotypes
like ‘Satellou] ‘Gara-yonje’h, ‘Almard, ‘Leghan] ‘Baftan
‘Khaje’, ‘Sivan’, Tlan-jough;, ‘Dizaj-safarali’, ‘Khosrovanagh’
and ‘Gara-baba’ were significantly superior in yield and re-
lated traits and they can be recommended to have higher
for combining abilities. This research will be continued
with combining 11 selected ecotypes to improve some
synthetic varieties.
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