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ABSTRACT

Twenty five genotypes of alfalfa were evaluated for forage and dry yields and
protein content at Nubaria Research Station. Planting was carried out at October, 5%
2011, and data were taken during the three years 2012, 2013 and 2014. Data of green
and dry forage yields and protein content were collected for four seasons in each year
during the three years. Results indicated highly significant differences among genotypes
for all traits. Dry forage yield and protein content of the studied genotypes had a highly
significant reliance on years and seasons. The values of genotypic coefficient of variation
(GCV%) and phenotypic coefficient of variation (PCV%) were 6.48 and 6.89% for green
forage yield, 5.72 and 7.53% for dry forage yield and 1.43 and 1.73 % for protein
percentage, respectively. Broad-sense heritability for green forage yield was 88.38%
which was higher than that for dry forage yields and protein content (57.58% and
68.81%), respectively. The average of expected genetic advance value for total green
forage yield, total dry yield and protein content were 8.52, 6.06 and 1.65%, respectively.
The population G.15 showed common superiority over other populations (46.163, 48.163
and 55.939 t/ha, in the first, second and third year, respectively) in the summer season.
In the context, G.5 showed common superiority in the autumn (24.233 and 26.233 t/ha in
the first and the second years, respectively) While, G.3 was the best for previous trait
(35.135 t/ha) in the third year in autumn season. It could be concluded that, the
genotypes G.15, G.3, G.9 and G.14 are promising to improve green and dry forage yield
and protein content and could be used to produce as available a new variety via further
breeding programs.
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content.

INTRODUCTION

Alfalfa is a high quality persistent forage crop sometimes
intercropped with grasses or grown solely for the purpose of green forage
production, hay or silage (Jung et al 1997). Alfalfa is the major forage
legume worldwide and the main forage crop in the semi-arid and arid land
countries (EI-Nakhlawy et al 2012). Alfalfa has specific characteristics due
to its high productivity and persistence (Michaud et al 1988).

In practice, the need for fodder often obliges local alfalfa growers to
frequently harvest alfalfa earlier than recommended for maintaining high
production and stand viability. In Europe, alfalfa is also harvested early to
obtain high-protein, low-fiber forage for industrial or nutritional uses
(Verondeso et al 1986 and Lioveras et al 1998). However, frequent
harvesting of immature alfalfa, increases the number of harvests, reduces
forage yield per harvest (Rammah and Hamza 1980) and accelerates stand,
decline and reduces total yield (Sheafer et al 1988). There were indications
that, in non-dormant alfalfa, survival and production under frequent



harvesting could be improved by selection. Marbel (1989) noted that local
alfalfa ecotypes in the Near East might be more adapted to frequent
harvesting than introduced varieties. In addition, EI-Doss (2001) in Egypt,
pointed out that, non-dormant Hejaz and African alfalfa were adapted to
frequent harvesting which does not seem to affect ability to generate new
stems and recovery after harvest. Differences in regrowth rate under
frequent harvests were also reported among18 alfalfa varieties (Bosca et al
1983).

Variability analysis was found useful for getting information about
the characters that are expected to respond to selection and influence the
yield potential (Bakheit 1988). Besides, Bakheit and El-Nahrawy (1997)
found that, realized gains over the base population were 17.7 and 25.2% in
fresh forage yield, 18.7 and 24.8% in dry forage yield and 18.4 and 25.4%
in protein content in the 1% and 2™ cycle of recurrent selection, respectively.
Abdel- Galil (2007) indicated that the environmental variation of alfalfa
ranged from 2.4 to 30.5% and the genetic advance of selection for the
studied traits ranged from 3.3 to 20.3%.

Progress in breeding programs depends on the magnitude of genetic
variability in the population and the extent of heritability of the desirable
character. Radwan et al (2015) reported low to medium heritability
estimates in Egyptian clover. While, Bakheit (1986) reported high
heritability estimates in Egyptian clover for seasonal fresh and dry yields
(89.0 and 91%) indicating less influence by environment. In addition
Bakheit (1985) reported that effectiveness of mass selection for fresh forage
yield was detected for two generations in Egyptian berseem, where he also
declared that the gain of the 1%t and 2" cycles of mass selection for the fresh
forage yield were 8.4 and 10.7% of the original population. Besides the
realized heritability and expected selection advance for first and second
cycles of mass selection were (0.38 and 0.04) and (31.8 and 3.94%),
respectively. Younis et al (1986) subjected five populations of berseem
clover to three cycles of visual selection. They reported that, visual selection
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was more effective in increasing green and dry yield which were increased
by 17.7 and 23.9%, respectively over their initial populations. In addition,
Abdel-Galil and Hamid (2008) reported that enormous improvement was
achieved through selection in seven Egyptian clover varieties. They added
that heritability in broad-sense was high for seasonal fresh and dry yields
(88.7 and 82.3%). Also, Bakheit and Ali (2013) reported that influences
were detected by 4.94% and 14.38% in fresh forage yield 5.3% and 13.22%
in dry yield as a result of two cycles of selection in berseem clover.

The current investigation was conducted aiming to (i) evaluate
forage yield of promising alfalfa genotypes for three years with four seasons
per year (ii) estimate the heritability for green and dry forage yield and
quality, (iii) study the genetic variability among selection genotypes of
alfalfa (iv) identify the best genotypes (promising populations) to be used
in further breeding programs.

MATERIALS AND METHODS

Farmer's seed lots of five hundred and twenty five alfalfa
populations were collected from Dakhla, Kharga, Elbhareia and Siwa Oasis
and one French population (non- winter dormant) and planted during the
two years 2009 and 2010. Then, twenty-five populations were selected
(Table 1) which recorded the highest yields of whole seed lots under the
environment of Nubaria region. Seed of the twenty-five selected populations
was planted during three successive years from 2011 to 2014 to evaluate
them for forage and dry yield and protein percentage for four seasons per
year. The experiment was conducted in Nubaria Agricultural Research
Station (North West of Nile delta), Egypt starting from October 5", 2011. A
randomized complete blocks design with four replicates was used. Plot size
was 3.0 x3.0 m with rows 20 cm apart. The seeding rate was 48 kg ha™.
Seeds were inoculated with Rhizobium melolitii prior to seeding. Starter
dose of nitrogen (48 kg N ha) was applied after the full establishment. A
base dose of Super phosphate (15.5% P.Os) at the rate of 360 kg ha-* was
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applied at land preparation. 120 kg ha™of Potassium sulphate (46%K;0)
was applied at three equal doses, yearly.

Table 1. Designation and pedigree of the twenty-five alfalfa populations.

Number of
populations designation selected Pedigree
populations
G 1-G 2-G3-G13 4 Land races farm Dahkla oasis (El Kasr in
New valley)
G 4_G.5-G.14 3 Land races farm Dahkla oasis (Palat in New
valley)
G 6_-G.7- G15 3 Land races farm Dahkla oasis (Moot in New
valley)
G 8_G16-G17 3 Land races farm Kharga oasis (El Farafra in
New valley)
G.9-G.18-G.19 3 Land races farm Kharga oasis
G.10-G.20-G.21 3 Land races farm Siwa oasis (Marsa Matroh)
G.11-G.22-G.23 3 Land races farm Elbharei oasis ( Giza)
G.12-G.24-G.25 3 French populations

Data were recorded for green forage yield (t ha). A representative
sample was taken at each cut to determine dry matter percentage using the
oven drying at 105°C till constant weight. The obtained percentage was used
to estimate dry forage yield (t hat). Crude protein (g/100g dry matter) was
determined using standard methods (A.O.A.C. 1990).

Cutting date was determined when the based shoots reach 4- 5 cm
length. Nine cuts were obtained per growth year. Cuttings covered four
growth seasons as follows: Winter (December, and February cuts), Spring (
April, and may cuts ), Summer ( June, July, and August cuts ) and Autumn
season (September, and November cuts ) as shown in Table (2) and
meteorological data is presented in Fig (1). The obtained results of
2011/2012, 2012/2013, 2013/2014 years of alfalfa growth were used in this
study.
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Table 2. Number and date of cuts at the experimental site.

Season | Cutting | Year Date: of Year Date: of Year Date_ of
Cuttlng Cuttlng Cuttlng
Wi 1 20/12/2011 29/12/2012 28/12/2013
Inter 2 16/2/2012 15/2/2013 17/212014
spring 1 15/3/2012 13/3/2013 18/3/2014
2 Firsp | 1752012 | o [ 145672013 | . [ "16/5/2014
1 vear | 18/6/2012 | " 16/612013 | o 137612014
Summer 2 221712012 20/7/2013 241712014
3 4/8/2012 1/8/2013 5/8/2014
AUt 1 25/9/2012 23/9/2013 20/9/2014
2 20/11/2012 15/11/2013 11/11/2014
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Fig. 1. Meteorological data of Nubaria region in 2011, 2012, 2013 and
2014
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Data were subjected to the analysis of variance according to Steel et
al (1997) using SAS program (2014). The genotypic (c°c) and phenotypic
(c%) variance were calculated according to Al-Jibouri et al (1958).
Heritability in broad sense (h%%) = 6%c/c% x 100, where oG is genotypic
variance and 62 is phenotypic variance.

Genotypic (G.C.V.%) and (P.C.V.%) coefficients of variability were
calculated according to Burton (1952). Genetic advance under selection
(AGS) was estimated using a selection intensity of 20% according to the
formula, GS%=AGS in units/grand mean x100 where AGS is the genetic
advance in units which is calculated as = opn X h%/100 x 1.40 (Flaconer
1981).

RESULTS AND DISCUSSION

Results from ANOVA for the studied traits of the 25 alfalfa
genotypes tested across 12 seasons (three years with four seasons) showed
that 81.04%, 83.59% and 77.99% of the total sum of squares was attributed
to season's effects for green and dry forage yield and protein content
respectively, whereas genotypes and genotypes X seasons interaction effects
explained 2.80% and 3.30%, respectively for green forage yield, 1.86% and
5.31% for dry forage yield and 6.81% and 10.28% for protein content. The
large season's sum of squares indicated that seasons were diverse, with large
differences among season's means causing most of the variation in green
and dry forage yields. The magnitude of the genotypes x seasons interaction
sum of squares was 1.18, 2.85 and 1.51 times larger than genotypes for
green and dry forage yield and protein content respectively, indicating that
there were substantial differences in genotypic response across the 12
seasons (3 years x 4 seasons) (Table 3).

Mean squares due to seasons were highly significant for the three
studied traits, indicating that the twelve seasons were different in their
climatic conditions. Highly significant differences among genotypes were
detected for green and dry forage yields and protein content.
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Table 3. sum of squares, % from total sum of squares and mean squares of
green and dry Forage yields and protein content of twenty
five alfalfa genotypes under twelve seasons.

Protein content

: 1 : -1
Green forage yield (t ha™) Dry forage yield(t ha) (/100g dry matter)
o) [0) 0,
SOV of Sum of % Mean Sum of % Mean Sum of % Mean
squares from squares squares from squares squares from squares
q total q q total q q total q
S(esizosn)s 11 | 141692.1 |81.04|12881.10**| 13025.98 | 83.59 |1184.18**| 989219 |77.99 |89.929%*

Rep/seasons | 36 | 4529.484 | 2.59 | 125.819 | 234.144 | 150 6.504 32.184 | 2.54 | 0.894
G?ggrt]y)pe 24 | 4889.16 | 2.80 | 203.715%* | 290.328 | 1.86 | 12.007** | 86.328 | 6.81 | 3.597**
Gen. x Seas | 264 | 5765.76 | 3.30 | 2184 | 827.112 | 531 | 3.133** | 130.416 | 10.28 | 0.494**
Pooled error | 864 | 17962.56 |10.27| 20.79 | 1206.144| 7.74 | 1.396 | 3024 | 2.38 | 0.035

Total 1199 | 174839.06 15583.708 1268.387

**Significant at p<0.01.

Highly significant mean squares due to genotypes X seasons
interactions were detected for dry forage yield and protein content which
indicated that genotypes performed differently at different seasons and it is
worthwhile to evaluate genotypes at a wide range of different seasons in
different years, especially for dry forage yield and protein content which
could be considered as the most important traits.

These results agree with those reported by Mousa et al (1996), who
evaluated six alfalfa varieties and found significant differences for total
fresh and dry forage yields with individual cuttings in the first and second
year. Also, all studied traits were significantly affected by seasonal growth
in both years. Oushy et al (1999) studied the seasonal variation in
performance of alfalfa genotypes under sandy soil conditions. Abdel-Galil et
al (2000) studied the productivity of dry yield for five alfalfa cultivars
from Egypt and two varieties from U.S.A. at Ismailia and New Valley
locations. The productivity of alfalfa was significantly different between and
within seasons in Ismailia location and vice versa in the New Valley
location. Oushy et al (2007) studied the variability of forage yield and
quality in three exotic alfalfa cultivars imported from U.S.A and two local
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cultivars, Ismailia and Siwa, at two different environmental conditions,
Ismailia and New Valley Agric. Res. Stations. Results showed that the local
cultivars (Ismailia-1 and Siwa) were superior in yielding capacity at the two
locations. Abdel-Galil and Hamed (2008) evaluated nine cultivars of alfalfa
under New Valley environment. Significant differences were reported
among the cultivars and between years for fresh and dry forage yield traits.
Moreover, Avci et al (2010) reported that significant differences were found
among alfalfa lines and cultivars in dry matter yield, plant height and quality
traits in three respective years.

Mean performance

Green forage yield

The full data of the 12 seasons for alfalfa (green and dry forage yield
and protein content) are presented in Tables (4, 5 and 6). Pooled data of
each year for each studied trait are presented in Table 7.

Total green forage vyield for alfalfa genotypes under different
environments are presented in Table (4). G.4 in the first year, G.20 in the
second year and G.10 in the third year recorded the highest green forage
yield in winter environments (16.208, 19.223 and 22.711 t/ha, respectively).
In spring, G.14, recorded the highest green forage yield (32.163 and 34.058
t/ha) in the first and the second year, respectively. In the third year, G.15
and G.20 gave the highest green forage yield (53.533 and 53.532 t/ha,
respectively). In the first, second and third year, G.15 gave the highest green
forage (46.163, 48.163 and 55.939 t/ha, respectively) in the summer season.
Thus, the population G.15 showed common superiority over other
populations in the summer season. In the context, G.5 showed common
superiority in the autumn (24.233 and 26.233 t/ha in the first and the second
years, respectively) While, G.3 was the best for previous trait (35.135 t/ha)
in the third year in autumn season.

In general, the highest green forage yield was in summer seasons
followed by spring seasons, while winter seasons gave the lowest
productivity.
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Table 4. Means of green forage yield (t ha') of alfalfa genotypes
across three years and 12 seasons.

2012 2013 2014
Genotype

Winter|{Spring|Summer/Autumn|Winter|Spring[Summer/Autumn|(Winter|Spring[Summerl/Autumn|
G.1 11.742|30.626| 34.081 | 17.992 |17.753|31.126| 36.081 | 19.492 |27.159|47.533| 41.879 | 26.847
G.2 13.313|26.603| 34.838 | 18.477 |16.298(28.603| 37.088 | 20.477 |28.877|44.946| 52.946 | 29.772
G.3 |15.014(32.122| 43.142 | 21.089 |14.846|34.058| 47.640 | 23.089 [29.880|48.572| 51.384 | 35.135
G.4 |16.208(31.850| 41.357 | 22.238 |18.014|33.850| 43.357 | 24.238 [22.711|50.867| 52.959 | 28.411
G.5 |15.985|26.219| 40.103 | 24.223 |19.017|28.219| 42.103 | 26.223 |31.593|53.276| 55.001 | 31.855
G.6 |13.492(24.328| 37.178 | 20.671 |16.925|26.328| 39.178 | 22.671 |27.934|46.745| 49.883 | 30.709
G.7 9.701 [21.745| 35.745 | 14.850 [12.567|23.745| 37.567 | 16.850 {23.943|35.735| 41.395 | 22.223
G.8 |13.343[29.655| 44.066 | 20.984 |18.178|31.655| 46.066 | 22.984 |26.095|48.315| 52.804 | 30.757
G.9 15.137(30.491| 43.446 | 22.551 |18.701|32.491| 45.446 | 24.551 |29.247|48.657| 53.539 | 31.073
G.10 [14.283|26.103| 44.334 | 18.790 (17.029(28.103| 46.334 | 20.790 |30.023|46.739| 54.270 | 28.130
G.11 |15.029(28.402| 39.849 | 20.462 |17.447(30.402| 40.849 | 22.462 |27.408|48.052| 46.172 | 31.073
G.12 |11.880(28.405| 37.636 | 17.934 |15.447(30.406| 39.386 | 19.954 |27.933|38.124| 42.008 | 27.474
G.13  |12.790|29.529| 36.223 | 18.342 |15.880(31.029| 38.223 | 20.342 |25.959|40.476| 43.187 | 28.202
G.14 |16.014(32.163| 44.386 | 21.925 (17.96934.163| 46.386 | 23.925 |26.996 (46.219| 51.779 | 32.796
G.15 |14.074|28.297| 46.163 | 20.984 |17.759(30.297| 48.163 | 22.984 |29.503|53.533| 55.939 | 31.587
G.16 |14.193(29.687| 38.223 | 17.223 (17.55931.656| 40.223 | 19.224 |26.214|44.918| 47.321 | 27.993
G.17 |10.223|24.577| 38.118 | 16.596 |14.731|26.327| 39.941 | 18.596 |26.476|33.791| 43.252 | 25.116
G.18 8.745 [22.999| 29.581 | 14.639 [14.372(24.999| 30.581 | 16.641 {27.292|35.124| 36.675 | 24.157
G.19 |16.447|28.055| 38.640 | 20.358 18.074|32.805| 40.467 | 22.358 |26.948|43.702| 48.362 | 25.116
G.20 |13.596(26.835| 42.297 | 22.321 {19.223|28.835| 44.297 | 23.820 |29.247|53.532| 54.894 | 33.217
G.21 |14.328|29.447| 38.223 | 18.540 (17.343|31.447| 40.224 | 20.790 |27.941|42.040| 50.698 | 25.897
G.22 |13.745(27.335| 38.333 | 18.245 (17.96928.835| 40.154 | 19.745 |27.157(39.169| 47.437 | 26.476
G.23  |13.179|26.312| 39.059 | 17.044 |16.193|28.312| 41.059 | 19.044 |29.503|41.676| 47.206 | 27.578
G.24 |12.746|28.779| 41.670 | 19.522 |15.671|30.529| 43.670 | 21.522 |25.844|42.309| 41.784 | 30.137
G.25 |12.787(28.611| 37.909 | 20.044 (17.552|30.611| 39.909 | 22.044 |28.597 |47.507| 46.728 | 30.028
Mean |13.519(27.967| 39.384 | 19.441 |16.901|29.953| 41.375 | 21.392 [27.619|44.862| 48.380 | 28.870

L.S.D(G*S)

P=0.05 1.369
P=0.01 1.808

639




Concerning green forage yield t/ha (Table 7), data showed that, yield
of genotypes across environments ranged from 42.931 (G.5/2014) to 18.991
t/ha (G.18/2012).In 2014 vyear, the highest yielding genotypes were, G.5
(42.931 t/ha), G.20 (42.722 t/ha), G.15 (42.64 t/ha), G.3 (41.242 t/ha), G.9
(40.629 t/ha) and G.14 (39.447 t/ha).

Dry forage yield

Total dry forage yield for of alfalfa genotypes across the three years
(four seasons per year) are presented in Table (5). The population G.14 in
the first and the second year and G.23 in the third year recorded the highest
dry forage yield in winter seasons (3.856, 5.757 and 8.007 t/ha,
respectively). In spring, G.14 in the first and the second year and G.5 in the
third year recorded the highest dry forage yield (9.112, 9.732 and 15.906
t/ha, respectively). In addition, the genotype G.15 achieved the highest dry
forage yield in the first year, but in the second and third year, the genotype
G.14 gave the highest dry forage (11.262, 13.194 and 16.981 t/ha,
respectively) in the summer season. While, in the autumn, G.5 in the first
year gave the highest dry forage yield (5.669 t/ha). This changed in the
second and the third years, where G.14 gave the highest dry forage yield
(6.654 and 9.825 t/ha, respectively). In general high forage dry yield was
obtained in the summer season in the three years followed by spring season,
while winter season gave the lowest productivity.

Mean values of dry forage yield of genotypes (Table7) ranged from
12.328 t/ha (G.14/2014) to 3.860 t/ha (G.7/2012). Dry forage yield/ha
responded to the years in a similar pattern to green forage yield, where the
highest green forage yielding genotypes were the highest dry forage
yielding.

The performance of dry forage yield of the alfalfa is different due to
the different seasons and years depending on the cutting time. Results in our
study are similar to previous reports of Abdel-Galil and Hamed (2008),
Avci et al (2010), EI-Nakhlawy et al (2012), Nascimento et al (2013) and
Seiam and Farag (2019).
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Table 5. Means of dry forage yield (t ha!) of alfalfa genotypes across
three years and 12 seasons.

2012 2013 2014
Genotype
\Winter| Spring [SummerlAutumn\Winter{SpringiSummerlAutumn\Winter|SpringSummer|/Autumn

G.1 2277 7.929 | 8.286 | 4.013 | 3.850(8.711| 7.902 | 4.314 |6.135|14.389| 13.123 | 5.838
G.2 2374 | 5935 | 7.424 | 3.841 | 4.288 |6.727| 8.809 | 4.368 | 6.544 |12.719| 13.572 | 6.380
G.3 2.836 | 7.680 | 9.685 | 4.121 |3.334 |8.579| 12.024 | 4.463 | 6.666 |11.705| 14.148 | 6.908
G. 4 3.148 | 7.042 | 9.363 | 4.872 | 5411 (8.388| 9.456 | 5.212 |5.864 (14.741| 15.240 | 7.295
G.5 3.320 | 6.722 | 9.619 | 5.669 |5.671|7.639| 9.844 | 5.625 | 7.838 (15.906| 15.628 | 8.659
G.6 2.648 | 4.654 | 7.436 | 4.041 |4.780|5.611| 9.461 | 5.009 |6.797 |11.684| 14.063 | 7.928
G.7 1.353| 4392 | 7.152 | 2.545 |3.563 |5.412| 9.397 | 3.486 |5.429|8.806| 12.104 | 5.810
G.8 2072 | 6.919 | 9.852 | 4.499 |4.362|8.018 | 12.413 | 4.558 | 6.065 |13.218| 13.699 | 6.323
G.9 3.219 | 6.312 | 8.641 | 4.274 | 4.105|7.170| 10.653 | 5.397 | 6.597 ({10.508| 15.835 | 7.024
G.10 3.031 | 6.588 | 10.782 | 3.799 |5.200 | 7.987 | 10.844 | 4.540 | 6.523 [15.487| 14.043 | 6.936
G. 1 2.703 | 6.314 | 8.767 | 4.060 |4.110 |6.170| 10.095 | 5.343 | 6.011 |11.610| 12.043 | 7.671
G. 12 2.864 | 4.829 | 6.569 | 2.411 [ 3.553|4.934| 8.336 | 3.251 | 4.678|7.792| 11.692 | 5.415
G.13 2413 | 7447 | 8.828 | 4.085 |4.077|8.986| 10.192 | 4.190 | 6.285 |10.455| 12.179 | 6.804
G.14 3.856 | 9.112 | 11.049 | 5.304 |5.757 [9.732| 13.194 | 6.654 | 7.274 (15.235| 16.981 | 9.825
G.15 3.680 | 7.667 | 11.262 | 5.123 | 4.864 |8.695| 12.372 | 5.903 | 8.312 (15.187| 16.594 | 7.967
G.16 3.019 | 7.122 | 8.153 | 3.386 |4.612 [8.213| 11.153 | 5.009 |5.782 [12.348| 14.560 | 7.812
G.17 2.194 | 5.633 | 9.305 | 3.117 |3.835|7.157| 10.789 | 3.789 | 6.449 |10.542| 13.155 | 6.690
G.18 1.689 | 5.547 | 6.106 | 2.337 |3.731 |5.714| 9.077 | 3.309 | 6.980|8.582 | 11.198 | 6.467
G.19 2711 | 6.679 | 7.983 | 3.730 |5.136 |8.425| 11.871 | 4.562 | 5.159 |12.646| 13.827 | 6.509
G.20 2.674| 6.087 | 9.775 | 4.282 |4.426 |7.516| 10.242 | 4.836 | 6.651 |14.718| 16.384 | 7.017
G.21 2.827 | 7.247 | 8.495 | 3.645 |4.572 |7.940| 10.144 | 4.256 | 6.990 |11.975| 14.386 | 6.446
G.22 3.655 | 6.287 | 7.674 | 4.123 | 4.740 | 7.662 | 11.213 | 4.643 | 5.651 [9.896 | 14.421 | 7.316
G.23 3.220 | 6.394 | 7.851 | 3.281 | 4.489 |6.453| 11.020 | 4.412 | 8.007 (14.292| 13.754 | 7.380
G.24 3.433| 5989 | 8.984 | 3.418 |3.672(6.544| 11.325 | 5.344 |6.192 [12.652| 12.049 | 7.101
G.25 3.129 | 6.420 | 8.886 | 4.057 |4.613 [8.805| 9.775 | 4.959 |6.750 (12.170| 12.733 | 7.674
Mean 2.813 | 6.517 | 8.717 | 3.921 |4.430 |7.487| 10.464 | 4.697 | 6.465 |12.370| 13.896 | 7.087
L.S.D

(G*S)

P=0.05 1.628

P=0.01 2.150
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Protein content

Means of protein content of alfalfa genotypes under three years and
four seasons each year are presented in Table (6). The population G.15
recorded the highest protein content in the winter season and the second
year. Populations G.14, G.16 and G.18 in winter season gave the highest
protein content. In the spring, G.14, G.16 and G.18 in the first and the
second years and G.16, G.12 and G.16 in the third year recorded the highest
protein content.

In the first and third year, G. 18 and in the second year, G.9 gave the
highest protein content in the summer season. While in the autumn season,
G. 16 in the first year gave the highest protein content. G.18 in the second
year and the G. 20 in the third year gave the highest protein content.

High protein contents were obtained under winter season conditions
in the three years followed by the autumn seasons in the first and the second
years while the summer seasons gave the lowest protein content in the three
years. Protein content results revealed a negative relationship with forage
yield. Protein content of alfalfa during the studied seasons ranged from
22.262 (g/100g) for G.8/2013 to 14.036 (g/100g) for G. 4/2012. The highest
protein content overall the three years was 20.647 (g/100g) for G.17
genotype that produced 26.478 t/ha green forage yield and 6.887 t/ha dry
forage yield (Table 7). The protein content of alfalfa was different according
to the cutting time due to different seasons and years.

In the first year of the experiment (Table 7) a lower protein content
was obtained compared to the second year for the different harvest stages.
Similar conclusion was reported by Decruyenaere et al (2008), Stanacev et
al (2010) and Seiam and Farag (2019). According to the harvest stage, it
was observed a reduction in crude protein (CP) and an increase in crude
fiber (CF) in the latest harvest which could be explained by the evolution of
stems and leaves containing more CP and less CF than stems.
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Table 6. Means of protein content (g/100 g) of alfalfa genotypes across
three years and 12 seasons.

2012 2013 2014

Genotype
\Winter|Spring|Summer|{Autumn|Winter|Spring{Summer|Autumn|{Winter|Spring|Summer|Autumn

G.1 |17.895(17.502| 15.545 | 16.747 |19.770(18.575| 18.155 | 19.367 [17.362|18.205| 16.062 | 17.280
G.2 |16.470{16.410| 14.940 | 15.335 |17.987|17.372| 17.177 | 17.792 |16.387|16.282| 15.547 | 16.295

G.3 |[19.595|19.252| 18.190 | 17.152 |19.810(20.285| 18.722 | 20.315 |19.470|19.707| 18.297 | 19.870
G.4 |14.035(13.840( 13.990 | 14.280 (17.055|16.130| 16.717 | 16.430 [15.507|15.307| 14.407 | 15.390
G.5 |17.550|17.465| 16.325 | 16.237 |19.130(18.340| 18.137 | 18.515 |17.777|17.555| 16.707 | 17.610
G.6 |[17.500|17.355| 16.405 | 16.515 |18.070(17.235| 17.195 | 17.502 |16.485|16.405| 15.517 | 16.500
G.7 |16.605|16.422| 15.377 | 15.392 |18.085(17.265| 17.217 | 17.427 {16.500|16.597| 15.437 | 16.685
G.8 |18.672|18.532| 17.505 | 17.605 |20.335(19.490( 19.322 | 19.902 {18.407|18.347| 17.702 | 18.482
G.9 [19.040|18.922| 17.595 | 17.177 |20.512{20.152| 19.662 | 20.095 |18.432|18.552| 17.917 | 18.582
G.10 |19.405(19.197| 17.635 | 17.262 |20.700|20.215| 19.420 | 20.472 |18.445(18.320| 18.007 | 18.317
G.11 |17.597(17.467| 16.345 | 16.495 |19.265|18.442| 18.065 | 18.512 |17.465(16.720| 16.527 | 17.680
G.12 |19.045(18.737| 17.307 | 17.122 |20.790|20.000| 19.502 | 20.327 |18.747(18.617| 17.107 | 18.590
G.13 [17.455|17.467| 16.312 | 16.482 |19.125|18.447| 18.015 | 18.417 {17.532|17.630| 16.537 | 17.700
G.14 [19.665|19.250| 17.165 | 17.285 |20.790(20.367| 18.755 | 20.325 |{18.602|18.520| 17.107 | 18.490
G.15 |[18.747|18.572| 17.305 | 17.522 |21.300(19.517| 19.122 | 19.655 |{18.280|18.527| 17.597 | 18.540
G.16 [14.747|14.552| 13.767 | 14.387 |17.260(15.317| 16.232 | 15.687 |14.492|14.515| 13.600 | 14.710
G.17 [19.287|18.752| 17.592 | 17.160 |20.635(19.590| 19.425 | 19.770 {19.572|18.435| 18.045 | 18.872
G.18 [19.560|19.310| 18.222 | 17.542 |20.090(20.297| 19.085 | 20.505 {18.705|18.435| 18.482 | 18.520
G.19 |[17.085|16.690| 15.277 | 15.292 |17.922|17.107| 16.750 | 17.290 {16.682|16.092| 15.280 | 16.340
G.20 [18.945|18.405| 17.625 | 17.747 |20.415|19.595| 19.347 | 19.752 |18.565|18.595| 17.830 | 18.690
G.21 [18.802|18.355| 17.427 | 17.542 |20.360(19.445| 19.147 | 19.612 {18.370|18.547| 17.707 | 18.600
G.22 |18.852|18.482| 17.535 | 17.297 |20.730(19.547| 19.262 | 19.785 [18.690|18.605| 18.005 | 18.760
G.23 [16.507|16.255| 15.445 | 15.660 |18.235(17.127| 16.740 | 17.515 [16.415|16.395| 15.617 | 16.340
G.24 [14.592|14.320| 13.675 | 14.060 |17.357(16.217| 16.110 | 16.170 {15.355|14.677| 13.957 | 15.120
G.25 |[16.620|16.180| 13.535 | 14.225 |16.745|16.475| 16.485 | 16.795 |15.052|14.610| 13.507 | 14.760

L.S.D
(G*9)

P=0.05 0.265
P=0.01 0.350
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Table 7. Means of alfalfa genotypes for green forage yield (t ha), dry
forage yield (t hal) and protein content (g /100 g) across three

years.
Genotype Green forage yield (t ha?) Dry forage yield (t ha?) Protein content (g/100 g)
2012 | 2013 | 2014 | Mean | 2012 | 2013 | 2014 |Mean| 2012 | 2013 | 2014 |Mean

G.1 23.610 | 26.113 | 35.854 | 28.525 | 5.626 | 6.219 | 9.757 |7.200| 16.922 | 18.966 |17.227(17.705
G.2 23.307 | 25.616 | 39.135|29.352 | 4.893 | 6.048 | 9.803 |6.914| 15.788 | 17.582 |16.127(16.491
G.3 27.84129.908 | 41.242 | 32.997 | 6.080 | 7.100 | 9.856 |7.678|18.547 | 19.783 (19.336|19.222
G.4 27.913 | 29.864 | 38.737 | 32.171 | 6.106 | 7.116 |10.785|8.002| 14.036 | 16.583 |15.152(15.257
G.5 26.632 | 28.890 | 42.931 | 32.817 | 6.345 | 7.194 |11.894 |8.477|16.894 | 18.530 |17.412(17.612
G.6 23.917 | 26.275 | 38.817 | 29.669 | 4.694 | 6.215 | 10.109 |7.006| 16.943 | 17.500 (16.226|16.889
G.7 20.510 | 22.682 | 30.824 | 24.672 | 3.860 | 5.464 | 7.622 |7.982| 15.949 | 17.498 |16.304(16.583
G.8 27.012 | 29.720 | 39.492 | 31.074 | 5.835 | 7.337 | 9.826 |7.666| 18.078 | 22.262 |18.234(19.524
G.9 27.906 | 30.297 | 40.629 | 32.944 | 5.611 | 6.831 | 12.267 [8.903| 18.183 | 20.107 (18.370|18.886
G. 10 25.877 | 28.064 | 39.790 | 31.243 | 6.050 | 7.142 |10.747|7.979| 18.374 | 20.198 |18.272(18.948
G. 1 25.935 | 27.790 | 38.176 | 30.633 | 5.461 | 6.429 | 9.333 |7.074| 16.976 | 18.571 |17.098(19.014
G.12 23.963 | 26.297 | 33.884 | 28.048 | 3.668 | 5.018 | 7.394 [5.360| 18.052 | 20.154 (18.265|18.823
G.13 24.221 | 26.368 | 34.456 | 28.348 | 5.693 | 6.861 | 8.930 |7.161| 16.929 | 18.501 |17.349(17.593
G.14 28.622 | 30.610 | 39.447 | 32.893 | 7.330 | 8.834 |12.328|9.497| 18.341 | 20.059 |18.179(18.859
G.15 27.379 | 29.800 | 42.640 | 33.273 | 6.933 | 7.958 | 12.015 |8.968| 18.036 | 19.898 (18.236|18.723
G.16 24.834 | 27.165 | 36.611 | 29.536 | 5.420 | 7.246 |10.125|7.597| 14.363 | 16.124 |14.329(14.938
G.17 22.378 | 24.898 | 32.158 | 26.478 | 5.062 | 6.392 | 9.209 |6.887| 19.497 | 22.313 |19.931(20.580
G.18 18.991 | 21.648 | 37.635 | 26.091 | 3.919 | 5.457 | 8.306 |5.894|18.658 | 19.994 (18.535|19.062
G.19 25.875 | 28.426 | 36.032 | 30.111 | 5.275 | 7.498 | 9.535 |7.375| 16.086 | 17.267 |16.098(16.483
G.20 26.262 | 29.043 | 42.722 | 32.675 | 5.704 | 6.755 |11.192 |7.883| 18.180 | 19.777 | 18.42 (18.792
G.21 25.134 | 27.450 | 36.644 | 29.742 | 5553 | 6.728 | 9.949 |7.410| 18.031 | 19.641 (18.306|18.659
G.22 24.413 | 26.675 | 35.059 | 28.715 | 5.434 | 7.064 | 9.321 |7.273| 18.041 | 19.831 |18.515(18.765
G.23 23.898 | 26.152 | 36.490 | 28.846 | 5.186 | 6.593 | 10.858 |7.545| 15.966 | 17.404 (16.191(16.520
G.24 25.679 | 27.848 | 35.018 | 29.515 | 5.456 | 6.721 | 9.498 |7.225| 14.161 | 16.463 [14.777|15.133
G.25 24.837 | 27.529 | 38.215| 30.193 | 5.623 | 7.038 | 9.831 |7.497| 15.140 | 16.625 |14.482(15.415
Mean 25.077 | 27.405 | 37.705 | 30.022 | 5.472 | 6.770 |10.019 |7.538| 17.003 | 18.609 |17.266(17.626

LoD 6 3503 0.815 0.286

Ig_éibl? i 1.823 0.471 0.385

L.S.D (.05

genotypes x 6.260 1.596 0.292
years
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Moreover, Heinriches (1970) and Babinec et al (2001) pointed out
that losses of leaves are important because the protein concentration was
higher in leaves than in stems. The crude protein content and the crude fiber
contents vary between very wide limits depending largely on the
development stage of alfalfa (Dale 2011). Protein content varied in response
to the growing season. Winter and autumn growth showed higher protein
content than spring and summer (Abd El-Halim et al 1992 and Seiam and
Farag 2019).

Genetic parameters

The variances in terms of genotypic (6°c) and phenotypic (6%n) as
well as, genotypic (G.C.V.) and phenotypic (P.C.V.) coefficient of
variability, heritability in broad sense (h%), and genetic advance under
selection using 20% selection intensity are presented in Table (8). A wide
range of variability was observed for fresh forage yield and dry forage yield
traits. The maximum range of variation indicated that genotypes vary in
productivity as a consequence of genetic variability (Bakheit 1986). Data
showed that the years and seasons effect was limited, while the genotypic
variance relative to phenotypic variance for all traits, indicated that the
environmental effect was limited. The phenotypic coefficient of variance
(P.C.V.%) varied from 1.73 % for protein content to 6.89% for fresh forage
yield. On the other hand, genotypic coefficient of variation (G.C.V. %)
varied from 1.43 % for protein content to 6.48% for fresh forage yield. The
highest values of P.C.V. % and G.C.V. % for fresh forage yield are evidence
for possibility of improving it by phenotypic selection for the development
of new populations.

Narrow differences were obtained between (P.C.V.%) and
(G.C.V.%) for all traits, suggesting limited effects of environments on these
traits due to its confounding by the genotypes x years interaction. Also, this
was reflected in higher estimates of heritability in broad-sense.
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Table 8. Mean, range, genetic variance (6°c), environmental variance
(6%e), and genetic x Environment variance (6°ce), phenotypic
variance (o?rh), heritability estimates (h?%), expected genetic
advance (AGs), and percent of advance to the mean (Gs%) for

studied characters across 12 seasons( 4 seasons for 3 years).

Genetic Greer_l forage Dry forage yield | Protein content
parameter yield
Range 33.974-23.817 9.497-5.360 19.222-14.938
Mean 30.022 7.538 17.626
6’ 3.789 0.186 0.064
o’ 20.790 1.396 0.035
o’ce 0.262 0.434 0.114
6%ph 4.287 0.323 0.093
GCV% 6.48 5.72 1.43
PCV% 6.89 7.53 1.73
h%% 88.38 57.58 68.81
AGs 2.56 0.457 0.292
Gs% 8.52 6.06 1.65

o’e. environment variance, o’c: genotypic variance. o’cxe genotypic X
environment variance, o%n: phenotypic variance, P.C.V.: phenotypic
coefficient of variability, G.C.V.: genotypic coefficient of variability.

h%, heritability estimates, AGs: expected genetic advance and Gs%o: percent of
advance to the mean.

These results are in agreement with Hill and Baylor (1983), Bakheit
(1986 and 1989), Badawy (2013 and 2017), Abd EL-Galil (2007), Abd EL-
Naby et al (2015), Abo El- Goud et al (2015) and Badawy et al (2018).

Heritability in broad sense ranged from 88.38% for fresh forage
yield to 57.58% for dry forage yield. These results indicated that these traits
were less influenced by the environment. These results are in agreement
with those reported by Abo El- Goud et al (2015), Radwan et al (2015) and
Badawy et al (2018).

646



The expected genetic advance (AGs) for total green forage yield,
total dry yield, and protein content was 8.52, 6.06 and 1.65% respectively.
The success of selection programs for forage yield and its components
depend mainly on large genetic variability that has been found for
morphological traits along with forage yield. The heritability of the selected
traits, the nature of correlations between different characters and the
intensity of selection applied are also important for the success of selection
(Abdel Galil 2007, Veronesi et al 2010, Bakheit et al 2011, Hamd Alla et al
2012, Annicchiarico 2015 and Badawy 2017). The results are in harmony
with those of Martiniello and lannucci (1998), Abo El- Goud et al (2015)
and Badawy (2017).

Thus, from the previous results, it could be concluded that, selection
in this populations is good to improve these traits and also the genotypes
G.15, G.3, G.9 and G.14 available a new promising to produce as a variety
and their use in further breeding programs
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