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ABSTRACT

Forage yield and related traits of 169 diverse alfulfa clones and four
check varieties were studied for two years in a replicated spaced clonal row trial
(2001/02). Clones were studied for dry forage yield and per plant number of
shoots, height, yield per shoot (YPS)}, shoot specific weight (SSW) and % leaves
in each season, across seasons and years.

Clones differed widely in forage dry yield and related traits in each
season and over seasons, and the distribution of annual forage yield over
seasons. Range of variation among clones in number of shoots plant’ and
leafiness was greater in winter and spring than summer and fall,
whereas YPS and SSW were more variable in summer than other
seasons. Clones were significantly superior to checks in average
performance per season and over seasons for forage yield and other
traits. Growth season had the greatest effect on variability in yield and
other traits. Genetic coefficient of variation (GCV, %) was highest for vield and
seasonal fractions.

Estimates of broad-sense heritability (H?) based on performance
in one season were generally high for all traits and showed little
variation among seasons. H® estimates were substantially rediced when
performance in one season was averaged over years and were widely
different among seasons and traits. They were higher in winter and
spring than summer and fall for all traits except forage yield.

Forage yield plant’ was positively associated with yield-contributing
traits except % leaves. Plant height, YPS and SSW were negatively associated
with % leaves. Seasonal yield fractions for clones were generally, not correlated
with annual yield, but were negatively correlated between seasons suggesting
that an increase in yield in one season would reduce yield in other seasons.
Seasonal and annual yields of clones were strongly correlated to dry yield of one
harvest in each season. Annual dry yield in first year was positively correlated
with yield of the mid-winter and mid-summer harvests, and second year annual
yield was positively correlated with yield of the mid-fall harvest of first year. But
other traits of these same harvests showed variable associations with annual
yield and its seasonal fractions. Results of simulated selection (10% intensity)
suggest that a scheme of phenotypic selection by independent culling based on



dry yield of first year mid-winter harvest; the yield and number of shoots of the
mid-summer harvest; yield, number of shoots and YPS of the fall harvest
identified clones of higher annual yield in the first and second year with slightly
more balanced production over seasons, than check varieties.

Key words: Alfalfa, Forage yield, Seasonal yield, Heritability, Correlation.
INTRODUCTION |

Alfalfa, a perennial forage legume of high quality, has been a
traditional crop in the desert oases and southern valleys of Egypt because of
its adaptation to high summer temperature and high levels of salinity.
Recently, alfalfa has been included as a pioneer crop in desert reclamation
projects for building soil fertility and improving the structure of virgin soils
and as nutritious feed in dairy farms.

Due to relatively mild winter and long summers, nondormant and
very-nondormant alfalfa types are adapted to Egyptian deserts, and several

ecotypes have evolved through years of continuous alfalfa culture (Marble
1989).

A study of genetic variability between and within populations is a
preliminary step in alfalfa breeding programs targeted to improve crop
performance by phenotypic selection (Elgin ez a/ 1970). Varability in yield
and morphological traits occur between North African and Arabian alfalfa
germplasm sources (Smith ef a/ 1991) and between improved cultivars
{Mousa ef al 1996, Abdelhalim ef a/ 1998 and Oushy ef al 1999), but littie
information in available on variability within nondormant alfalfa
populations (Radwan et al 2003},

Forage yield and yield-related traits of nondormant alfalfa varieties
are influenced by seasonal growing conditions. Growth rate and forage
production usually is lower in winter than fall, and is highest in spring and
summer. (Smith ef a/ 1991, Mousa et a/1996, Abdelhalim ef a/ 1998 and
Oushy er al 1999). Nonhardy alfalfa accessions also differ in seasonal yield
as a fraction of total annual yield {Smith ef a/ 1991).

Alfalfa forage yield is generally positively associated with yield-
related traits, except leaf/stem ratio (LSR). This is true for plant height,
shoots plant™, yield shoot™*(YPS), and shoot specific weight (SSW) (Frakes
et al 1961, Liang and Riedl 1964, Volenec, 1985 and Volenec ef a/ 1987).
Volenec et al (1987) indicated that alfalfa yield is affected by number of
shoots plant™ and YPS, but YPS is always an important component of
forage yield plant'] especially at high plant density. The generally negative
association between forage yield and LSR differs in strength between
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harvests (Julier ef al 2000) and is affected by stage of maturity (Sheaffer ez
al 2000).

Reported estimates of heritability for alfalfa traits differed according
to reference population and method of estimation. Dudley er a/ (1969)
reported broad-sense heritability value of 0.73 among alfalfa clones for total
forage vyield, 0.77 for spring growth and 0.72 for fall growth.

The objectives of this study were to assess the extent of variability
and estimate heritability and the degree of association between forage yield
and yield-related traits of nondormant alfalfa clones.

MATERIALS AND METHODS

The study was carried out at the Research and Agricultural
Experiments Station, Faculty of Agriculture, Cairo University, Giza, from
1999 through 2002, on a population of 221 plants derived from Egyptian
and introduced germplasm sources from U.S.A and Australia. The plants
were cloned under mist during the fall of 1999 in a plastic greenhouse.
Fifty-two plants were recalcitrant to clone and study was limited to the 169
successfully propagated clones.

Clonal propagules and seedling plants of similar age from four check
cultivars (Midia and Marina from France; Ismaelia-94 and Siwa-1, local
cultivars) were transplanted in the field in Sept 2000 in a RCB design with
two replications in clay-loam, typic torrifluvents soil. Plots were single
ridges 3 m long, 50 cm wide with plants spaced 35cm apart. At planting,
P,0s, K2SO4 and (NHz); SO4 were applied at the rate of 167, 356 and 74kg
ha”, respectively. The trial was first harvested on 30 Jan. 2001(147 d from
transplanting) and 10 harvests yr' were taken by hand-clipping to 7-cm
stubble. Harvests of each year were assigned to four production seasons;
two winter (15 Jan— 20 Mar.) harvests, three spring (16 Apr.— 25 June)
harvests, three summer (17 July- 28 Sept.) harvests, and two fall (18 Oct -7
Nov.) harvests. Interval between harvest were about 31, 33 and 30 in
spring, summer and fall, respectively, and an average of 55 d in winter.
Three supplemental fertilizer doses were applied after the fourth, tenth and
sixteenth harvests each at the rate of 111,178 and 122 kg ha” of the NP K
fertilizers.

Data were recorded at each harvest on five guarded plants plot™ for:
plant height, number of shoots plant”, fresh forage yield (%dry matter in
fresh samples was determined by drying fresh forage at 70°c to a constant
weight), and % leafiness (leaf weight x 100/ (leaf + stem) dry weight,
estimated from a random sub- sample of stems. Estimated dry forage yield,



was used to compute yield shoot(plant dry weight/number of shoots), shoot
specific weight (yield shoot/plant height) and seasonal yield fractions {the
percentage contribution of forage production in each season to annual
production = season total yield x 100 / annual yield.

Statistical analysis

Analysis of variance for traits other than forage yield was made on
plot means over harvests in each season; for yield, totals of plot means
summed over harvests in each season were analezed. Lack of normality
required log transformation for data of shoots plant, yield shoot™and shoot
specific weight, and (x-4)”* transformation for yield data.

Analysis of variance for each trait and covariance analysis for pairs
of traits were carried out on data of each season, each season over two
years, over seasons in each year and over seasons and years, in the forms
given in Table 1, using the computer program PLABSTAT (Statistical
Analysis of Plant Breeding Experiments, Utz, 2004). In the combined
analyses, replications were considered as fixed, and clone, seasons and years
random effects.

Variation among clones was assessed by comparing trait means,
ranges and genotypic coefficients of variation (GCV), calculated as (8%)" x
100 / x, where x is the general mean of clones. Trait inter-relationships
were assessed by the phenotypic (r;) and genotypic (ry) correlation
cocfficients, respectively estimated from the phenotypic (8pp) and genotypic
(Bgg) covariances of two traits and their respective phenotypic (8%) and
genotypic (8%g) variances.

Broad-sense heritability on plot basis was computed as the ratto of
total genotypic variance (8%) to total phenotypic variance (8%, among
clones. The phenotypic variance of plot means comprised &% + 8% for
data of one season, 8% +8%+ 52.,-,- + &, one season in two years, &%, + 8t

5% + 8% seasons in one year, and 8% + 8%yt 8oyt 8s +87ey + 8% for plot
means combined over seasons and years. Components of variance were
‘obtained by equating the linear functions of mean squares from Table 1 with
their expectations and solving for the proper component.

Seasonal means over clones were separated by the Duncan’s
multiple-range test at the 5% probability level, and differences between
general means of checks and clones were tested by the appropriate LSD test
(Steel and Torrie, 1980).



Table 1. Analysis of variance and expectations of mean squares for single and

combined analyses.

Saurce of variance d.f | Expectation of mean square
One season
Replications (r)
Clones ((c) 1 &, +rd,
Replications x Clones 168 &,
One season over years/ 168
Seasons in one year #
Replications (r) L
Clones ((c) 168 8o+ r8 + ¥ 8\ (r-1)+ry &,
Replications x Clones 168 & +y & ((r/e-1)
Years (y) . 8%+ rd%y . rc 8y
Years x Clones 168 & +rd,
Years x Replications / Clones 168 8%,
Over seasons and years
Replications 1
Clones (C) 168 8+ 1 80y + 1y 8ot § 8yt 18 8%y« 15y &
Error (2) 168 8%+ 8 8'rcy + sy 8% (1/r-1))
Years (Y) | |Ferrdlay sy +s¥ s Fy . res &
CxY (68 | Vet T8 ayt St st
Error (b) 136 &, + s 8rey
Seasons (§) 3 & +r Szuy +ry 8,4 re 52,,+ rey &,
SxC 504 5%, +r 52.,,-+ ry 8.,
504 |8 +rdla,
Error(e) 11 |8

r, ¢, s andy denote replications, clones, scasons and years, respectively; 8%, 8%, 5’,,, b 52.,,
and &% denote component of variance for clones, clones I seasons, seasons X years, ciones x

years, clones X seasons x years and error, respectively. Corresponding estimates of covariances
were obtained from covariance analyses for pairs of traits.

# These two analyses are similar; but in seasons in one year; seasons, clones x seasons, & Z and
&%, replace years, clones x years, &% and 37, respectively.




Simple correlation coefficients were computed between forage yield
of each harvest with total yield of the season to which the harvest belongs
and to annual yield to determine the harvest most- correlated to yield in each
season and annual yield performance. Phenotypic and genotypic correlations
were also computed between annual forage yield and its seasonal fractions
in first and second year, and between forage yield and related traits of the
mid-winter and mid-summer, and mid-fall harvests in the first year with
annual yield performance in first and second year.

RESULTS AND DISCUSSION

Variation among clones

The 169 clones differed widely in dry forage yield and related
traits in each season and across seasons (Table 2). Genetic
variability, measured by GCV over seasons and years, was expressed
more in winter and spring than fall for all traits except forage yield.
The lowest expression of genetic variation was observed during
summer for all traits except % leafiness (Table 2). Clonal variability in
seasonal growth and forage production are likely to result from differential
response of clones to natural seasonal changes in temperature, photoperiod
and light intensity (Cowett and Sprague 1962). Growth of some clones was
decreased less by the decrease in temperature, photoperiod and light
intensity in fall and winter, whereas other ciones were more responsive to
the gradual increase in the level of these factors in spring and summer.

Seasonal differences among clones in the expression of variability is
graphically shown for forage yield, plant height and seasonal yield fractions
(Figs 1 and 2). Tt is clear from Table (2) and Fig (land 2) that clones
exhibited wider range of variation in forage vield in spring and summer than
winter and fall. In contrast, clones showed similar variation in plant height
in all seasons suggesting that seasonal yield variation is less affected by
plant height. The range of variation among clones in number of shoots
plant-1 and leafiness was greater in winter and spring than summer and fall,
whereas YPS and SSW were more variable in summer than other seasons.
These observations suggest that seasonal yield variation among clones is
more related to the number of shoots and yield shoot-1 than plant height.



Table 2. Mean, range and genotypic coefficient of variation (G.C.V.) over two Years of
dry forage yield and related traits of 169 alfalfa clones compared to four

check cultivars.
Winter Spring Summer Fall Annual
Yield, Mg ha”
Mean 5.04d% 10.61b 12.30a 5.41c 33.36
Range 2.395 4.2-17.6 5.9-20.8 2.1-16,2 15.8-56.3
G.C.V.% 12.03 11.05 9.83 13.55 11.28
Check mean 3.45* 8.79% 9.68* R W 25.09*
Plant height, cm
Mean 69.3¢ 84.0a 86.7a 77.9b 79.5
Range 51.0-892.0 63.40-107.0 70.0-102.0  60.0-96,0 63.0-98.0
G.C.V.% 8.27 8.56 5.62 6.89 7.3
Check mean 56.0* 69.6* 73.1* 63.2* 65.6*
Shoots ]glant'1
Mean 50.8a 46.2¢ 42.1d 49.0b 47.0
Range 27.0-94.0 279-71.0 26.0-66,0 28.0-76.0  28.0-75.0
G.C.V.% 5.05 4.45 3.78 3.79 427
Check mean 44.7* 41.6* 39.2% 41.9* 41.9*
Yicld shoot .2,
Mean ¢.89d 1.37h 1.73a 1.00¢ 1.25
Range 0.41-1.60 0.67-2.43 0.95-2,93 0.44-1.90 0.71-
G.CV.% 2.03
Check mean 2.44 2.44 1.52 2.08 212
0.69* 1.25* 147* 0.68* 1.2%
Mean Shoot specific weight, mg
Range 13.0¢ 16.3b 20.0a 12.94 15.6
G.CV.% 7.1-24.8 8.4-29.6 12.5-36.0 6.8-27.6 9.8-
Check mean 26.1
5.67 5.68 2.70 3.17 4.3
Mean 12.6 18.1* 20,2 10.8 15.4
Range Leafiness, %o
G.C.V.% 48.2a 43.3b 42.6b 48.2a 45.6
Check mean 38.4-58.0 35.9-55.6 34.4-50.5 39.1-55.4 39.3-
53.9
Mean 6.25 6.10 3.79 280 4,73
Range 50.4* 434 43.7 50.5* 47.0%
G.C.V.% Seasonal fractions, %
Check mean 15.1d 31.8b 36.9a 16.2¢
10.0-25.0 27.0-37.0 31.0-44.0 11.0-24.0
7.52 2,26 0.58 3.88
13.8 35.0* 38, 7* 12.5%

@ Means in row followed by same letter are not significantly different at the 0.05

probabitity level according to Duncan's MRT.
* Indicate significant difference between general means of clones and checks at 0.03
probability.
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Fig{ 2 } : Frequency distribution of 2-yr average sessonal plant height of 169 alfalfa clones

compared to means of check varieties.
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Clones were significantly superior to checks in average
performance per season and over seasons for forage vyield, plant
beight, number of shoots plant”!, YPS and the fall fraction of annual
yield (Table 2).

Seasonal variation in forage production

Over all clones, forage production was almost twice as much
in spring and summer as in winter and fall. On average, forage
production accounted for 31.8 and 36.9% of annual yield during
spring and summer and 151 and 16.2% in winter and fall,
respectively. However, the clones were widely variable in their
seasonal contribution to annual yield (seasonal fractions) in each
production year and over years (Table 2, Fig.3). Non-dormant North
African and Arabian alfalfa germplasms were also reported to show wide
variation of seasonal fractions (Smith ef al, 1991)

The seasonal fraction of annual yield of 87, 73, 78 and 71% of
clones in winter, fall, spring and summer, respectively, were around
the seasonal average. Only 13% of clones in winter and 18% in fall
showed above average growth contributing 23 to 26% of annual
yield, and only 9% of clones in spring and 2% in summer contributed
stightly higher (32, 35%, respectively) than average to annual yield.

Heritability

Estimates of components of variance from the combined
ANOVA over seasons and years (Table 3} indicated that for most
traits the component of variance among seasons (%) was
considerably large compared to that of clones (c’.) especially for
forage yield. The components of variance for years (c%)), seasons x
years (o), clones x years (6%,) and clones x seasons (6°) for ali
traits except leafiness and SSW were considerably small relative to
o2¢. These estimates suggest that unbiased estimates of genotypic
variance among clones for most traits may be obtained from
evaluations over seasons in one year Or one season over two years,

Estimates of broad-sense heritability based on performance in
one season were generally high for all traits and showed little
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— & —Winter (134%
= 3~ - Spring {380%)
|~ Summer (36.5%) |
| = & — Fall (142%) 74J

Freguency,%

Year 2002

Frequency,%

Fig-{ 3 ): Frequency distribution of average contribution of seasonat to

annual yield in first and second year for 163 alfaifa ¢iones .
i Average of ciones,

( ) Average of checks.
W = Winter, S = Spring , Su = Summer, F = Fall
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Table 3. Components of variance from combined ANOVA over seasons and years for forage yield and related traits of 169 alfaifa

clones.

Trait 2: @ 2"; 2; 2:, _zrr.y I. 25, 1:; 2:.,, 2.
Total dry yield, g plant” 1.7%* 0.047** 0,137 0.417%*  0.013** 7.392** (0.130** 0.052 0.863**  0.083
Plant height, cm 34.1**  6.298**  (.854 2.406**  1.118** 54.990* 7.989** 2563** 12.969** 12.108
Shoot plant" 0.005**  0.0002%* 0.0005** 0,0005%* 0.0001 @.001** 0.0000 0.9015** 0,002 0,0012
Yield shoot, mg 0.004**  0.0002** -0.0001 0.034** 0,0003 0.0178** 0,0005%* 0.0009** 0.0066 0.901
Shoot specific weight, mg | 0.0025** 0.0003** -0.0001 0.0035%* 0.0004 0.0086* 0.001%* 0.0011** 0.0067 0.0014
Leafiness, % 4.66** 0,366** 2199 6.617** -0.0517 4.944 8.927 0.824*  4.641** 5092

*,** [ndicate variance component associated with a significant mean square at the 0.05 and 0.01 probability level F test, respectively,

(@ component designation as per Table 1.
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variation among seasons. These estimates were obviously biased upward
because the genotypic component of variance among clones was inflated by
interactions of genotypes with seasons or years or both seasons and years
(Allard, 1960). However, H® estimates were substantially reduced
when performance in one season was averaged over years and were
widely different among seasons and traits. They were higher in
winter (from 0.33 to 0.63) and spring (from 0.33 to 0.73) than
summer (0.13 to 0.59) and fall (0.10 to 0.50) for all traits except
forage yield. Considerably greater clone x year interactions were observed
for these traits in summer and fall than winter and spring. H* estimates for
yield, plant height and shoots plant” were generally similar from
evaluations over seasons in one Yyear or one season over years and
not much different from estimates based on both seasons and years.
The lowest H’ estimates were obtained for YPS, SSW and leafiness
especially in summer and fall (data not shown).

Trait inter-relationships

In both study years, forage yield of one or more harvests in
each season was strongly positively correlated to the total season
yield (r=0.88 to 0.98) as well as annual yield (r=0.76 to 0.94), but
the closest correlations were obtained for the summer harvests in
each year.

In both study years, associations among seasonal fractions were
negative and significant except for the summer-fall association in the
first year and a significant positive spring-summer association in
second year. Simple correlations between seasonal fractions computed
from data of six non-dormant alfalfa varieties (Abdelhalim et al, 1998) were
also generally negative. These negative associations indicate that increased
contribution to annual forage yield from enhanced growth in one season
likely would take place at the cost of decreased growth in other seasons.
However, seasonal fractions of annual yield in years one and two
were not generally correlated to annual yield except for the fall and
summer fractions (Table 4). In both years, the fall fraction exhibited
positive but weak correlation with annual yield. Only, in the second
year, the summer fraction was negatively associated with annual
yield (Table 4), suggesting that greater second year summer fraction
is shown for clones having lower annual yield in second year.
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Phenotypic and genotypic correlations between traits were generally
similar in sign and magnitude. Dry forage yield was more strongly
positively correlated with YPS and number of shoots plant™ than

Table 4. Phenotypic (above) and genotypic (below) correlation coefficients between
annual forage vield and seasonal yield fractions for alfalfa clones in year 1

(above diagonal) and year 2 (below diagonal).

Annual yield fraction Annual yield fraction Annual
Winter Spring Summer  Fall yield
Winter -0.40** -0.41** . 44** -0.09
-0.41% -0.40% -0.44% -0.09
Spring -(.39%+ -0.29** -0,34** -0.02
-0.38% -0.30% -0.341 -0.02
Summer -0.63** 0.34** -0.08 -0.04
u -0.63% 0.36% -0.07 -0.03
Fall ). 24%* H.58** 0,42** 0.17**
-0.24% -0.59% -0.43% 0.17%
Annual yield 0.07 -0.08 £0.32%* 0,25+
0.07 -0.07 4.32% .25%

*and ** significant phenotypic corrclation at 0.05 and 0.01 levels of probability,
respectively.

T genotypic correlation coefficient exceeding {wice its standard deviation.

plant height. Yield was also more strongly correlated with YPS than
SSW (Table 5) The weaker association between dry yield and SSW
than YPS suggests that YPS and SSW my influence yield in
different ways. Volenec ef al (1987) stressed the importance of YPS
as a selection criterion for forage yield. However, in this study, shoots
plant’ was not correlated with YPS on annual basis and was negatively
associated with SSW. In contrast, plant height was positively correlated
with forage yield, shoots plant” and SSW. Thus it may be deduced that the
positive relationships between forage yield and shoots plant'l, YPS and
SSW is conditioned by their association with plant height. Path-coefficient
analysis would reveal more of these relationships.

Forage vyield showed weak but significant, negative
phenotypic and genotypic correlations with leafiness only in winter,
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Table 5. Phenotypic® correlations between traits of 169 alfalfa clones, averaged over

two years
Trait Winter Spring  Summer  Fal Annual
Forage yield vs,
Plant height, cm, 0.39%* 0.42** 0.55%* 0.55%* 0.56**
Shaots phlnt'1 . 0.58** 0.48%* 0.59** 0.54%* 0.63+%*
Leafiness, % -0.19* 0.03 0.08 0.04 -0.04
Yield shoot,g. 0.60%* 0.68**  0.68%* 0.76** 0.70%*
Shoot specific weight, mg cm™  0.46** 0.54** 0,.51** 0,65** 0.53%*
Seasonal fraction, % 0.50%* 0.31%* 0,01 0.64** _
Plant height vs,
Shoots plant™ . 0.12 0.19* 0,38%* 0,29%* 0.28**
Leafiness, % 0,294+ 0.08 -0.05 -0.20** .23%*
Yield shoot™, e 0.35%* 0.30+ 0.32%* (.45%* 0.48**
Seasonal fraction, % -0.08 -0.01 -0.14 0.29+%+* _
Shoot plant™ vs,
Yield shoot g, —031**  -0.30** -0.18* -0.13 -0.11
Shoot specific weight, mg cm™  -0.38** -0.40** -0.34** {).24** | -(,25**
Leafiness, % -0.10 .07 0.13 0.05 .01
Seasonal fraction, % 0.32** -0.06 -0,23%* 0.14 _
Yield shoot ' vs.
Shoot specific weight, mg cm™  0.92%+ 0.92%* 0.93** 0.95%* 0.92%x
Leafiness, % -0.07 -0.03 0,02 0.04 -0.05
Seasonal fraction, % 0.31%* 0.29** 0.17* 0.64** _
Shoot specific weight vs.
Seasonal fraction, % 0,35 0.30%* 0.23** (.59**

(@ genotypic correlation are not presenfed because they were generally similar in sign

and magnitude to the phenotypic correlations.

* and ** significant phenotypic carrelation at 0.05 and 0,01 Jevels of probability,

respectively.
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but both traits were not correlated in other seasons or over seasons
(Table 5 ). Plant height generally exhibited significant positive
association with YPS and weak to moderate positive associations
with number of shoots plant™. Leafiness and plant height were not
associated in spring and summer but were weakly negatively
associated in winter and fall and over seasons. Leafiness also showed
very weak significant negative genotypic correlation with number of
shoots plant’ in winter and positive correlation in summer (Table 5).
Shoots plant™ was moderately negatively associated with SSW in all
seasons and with YPS in winter and spring and to a lesser degree in
summer. Shoots plant” exhibited significant positive and negative
associations, respectively, with both winter and summer yield
fractions and annual forage yield, whereas the fall yield fraction was
associated positively with fall plant height. In contrast, YPS and
SSW were generally positively associated significantly with ail
seasonal fractions but, relatively more strongly, with the fall yield
fraction.

Association between seasonal performance and seasonal yield fractions

If has been shown earlier that forage yield of one particular harvest
in each season showed a very strong correlations with both yield in that
season and annual yield. As the alfalfa breeder may not usually have the
resources to evaluate performance of his material in all seasons, it was
desirable to study the associations of yield and yield- related traits measured
at one harvest in one season with annual yield and its distribution over
seasons. In addition, information on how measurements made at one season
in first year are related to annual yield and its seasonal fractions in the
second year was also needed because of observed differences among clones
in performance in first and second year.

Heritability values and trait associations suggest that selection for
yield or its components during each season 1s expected to enhance the
season’s forage production, but how selection in one season would impact
performance in other seasons, as well as annual yield, is not clear. More
insight of the direct and indirect effects of selection in each season is gained
from correlation coefficients between traits of the harvest most-related to
annual yield in each season with yield performance in the same and other
seasons. :

Phenotypic and genotypic correlations were computed between
forage yield and yield- related traits of the first year winter and summer
harvests most correlated with annual yield, with annual yield and its
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fractions in the first year. The same was done for traits of the first year fall
harvest with second year annual yield and its fractions. (Table 6).

Forage yield and all yield-related traits, except leafiness, of the first
year mid-winter and mid-summer harvests were positively correlated with
first year annual forage yield. The same was true also for the associations of
traits of the first year fall harvest with second year annual yield and its
seasonal fractions (Table 6). These relationships are consistent with the
associations between these traits as shown in Tables 4 and 5. But the
relationship between the yield-related traits and seasonal fractions differed
widely for the winter, summer and fall harvests.

Forage yield and number of shoots plant” in the first winter harvest
were significantly positively associated with the first winter yield fraction
and negatively with the spring and summer fractions. Plant height in winter
was only significantly correlated negatively with the first summer fraction.
YPS was positively correlated with the winter fraction and negatively with
the fall fraction. SSW exhibited no significant association with any seasonal
fraction, whereas leafiness % showed a significant negative correlation with
the first year winter fraction.

At the mid-summer harvest of first year, forage yield showed a
negative significant association with the winter fraction and a positive
association with the summer fraction. Plant height and shoots plant were
negatively associated with the winter fraction and positively with the fall
fraction. In contrast, YPS was positively associated only with the summer
fraction, whereas SSW was also positively associated with the summer
fraction but negatively associated with the fall fraction. Leafiness in summer
was negatively related to the first year winter fraction (Table 6).

At the first year fall harvest, forage yield showed a negative
correlation with the second year summer fraction, whereas plant height and
leafiness showed no significant associations with any seasonal fraction.
Shoots plant” was negatively associated with the second year summer
fraction and positively with the fall fraction. YPS showed positive and
negative associations, respectively, with the winter and summer fractions,
but SSW was only positively associated with the winter fraction.

Second year’s annual forage yield was positively associated with all
traits of the first year’s fall harvest (Table 6). Correlations with seasonal
fractions suggest that selection for increased first year fall plant height
would have no effect on second year annual yield distribution over seasons.
In contrast, selection for more shoots in fall would decrease next winter
yield fraction and increase next fall fraction. Increasing first fall YPS would
increase second winter yield fraction and decrease its summer fraction,
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Table 6. Phenotypic correlation cocfficients between forage vield and related traits

of first year winter (W1) harvest (15 Mar,) and summer (81) harvest (15

Aug,) on first year seasonal yickd fractions and annual forage yield for 169

alfalfa clones and between first year fall (F1) harvest with seasonal fraction

and annual yield in second year.

[ Trait

Yield Plant helght Shoot plant”

wi 1 F1 wi $1 F1 Wi Ss1 F1
Annual yield fractions
Winter 0.47* 022>+ 612 010  020** 0.05 045  027% 005
Spring 0.19* 007 008 010 603 002  -025* 003  -0.07
Summer 027#% 0347= 025+ .020** 0.03 810 027+ 0.04 -0.16*
Fall 814 003 015 005 019 004 005  0.26*% 023+
Annual forage yield 0.74% Q.86  0.62%* 0.26** 039* 035+ Q.51**  034** 044+
Table (6): Continued.
Tralt Yield shoot! Shoot specific weight Leafiness

wi s1 F1 wi st F1 Wi | Fi
Annual yield fractions
Winter 022+  0.02 017+ 013 008 015+ 018  .0.16* 006
Spring 001 012 —-001 -0.08 013 000 014 013 -0.06
Summer 011 025 015 0.04  0.23* 013 .0.02 .03 -0.05
Fall -0.16* 012 003 011 016 -005 001 6.08  0.03
Annual forage yield  (.50*= 058+ 039+~ 030+* 0.48+ 032 (.03 087 007

* and ** significant phenotypic correlation at 0.05 and 0.01 levels of probability,

respectively.

whereas increased fall SSW would only enhance the second year winter

fraction.

The above relationships suggest that in winter of the first year,
forage yield, is the most favorable selection criterion for increasing the
winter fraction and annual yield, though at the cost of reducing first year
spring and summer yields. Selection in first year summer would favor yield,
shoot plant” and YPS because of the positive associations these traits have
with summer and fall yield fractions, respectively. In fall of first year,
selection for greater yield, shoots plant” and YPS would produce desirable
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effect on second year annual yield and its fall and winter fractions and
slightly negative effects on the summer fraction.

The six traits, identified above were used to simulate selection
among clones by independent culling levels at 10% selection intensity
(selection of 0.681 of clones at each level). Selection identified 17 clones
whose performance is shown in Table (7). The selected clones averaged
3342 and 19.3% more total yield in year 1 and 2, respectively, over the 169
clonal population, and exhibited better yield distribution over seasons to the
169 clonal population. These result suggest that restricting the selection to
three harvests in the first year would realize the objective of identifying
suitable clones for recurrent phenotypic selection program for improving
forage yield and its seasonal distribution during first and second year.
Independent culling would also entail greater saving in resources for field
evaluation, and enable testing for disease and insect tolerance on fewer
plants in first year.

Table 7. Mean seasonal and annual forage yields for 17 clones selected by

independent culling levels compared to original population and checks.

Forage yield, Mg ha’ Seasonal yield fractions
Year (Y) Winfer Spring Summer Fall Annual Winter Spring Summer Fall

Selected

Y1 628 1286 1527 770 4210 1491 3055 3626 18.28

¥2 654 1334 1526 680 41.94 1560 3181 3637 1622

Population

Y1 4.82 99 1142 543 31.57 3528 3135 3638 1720

Y2 525 11.32 1318 539 3515 14.95 3222 3749 1534

Checks

Y1 .50 941 9.54 3713 26.17 13.36 3594 3646 1424

Y2 3.40 817 9.382 2.62 24.00 1415 3402 4892 169
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