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Abstract

This investigation was carried out to study the effect of temperature result-
ing from different planting dates during the stage of vegetative growth and the
effect of genotypes x environment interaction on forage yield and its components
in some varieties of berseem clover (7rifolium alexandrinum L.). A set of six va-
rieties (Serw-1, Gemmeiza-1, Giza-6, Sakha-4, Helally and Local variety) were
sown on four planting dates (September 15", October 15", November 15" and
December 15™) in randomized complete block design with four replicates in ex-
perimental farm of Assiut University during 2014/2015 and 2015/2016 seasons.
Three cuts were taken after 70, 110, 145 days from sowing. The results showed
that the planting dates and varieties had a significant differences for plant height
leaf/stem ratio, seasonal fresh and dry forage yields in both seasons and over the
two seasons. Also, the tallest plant height was obtained from the plants sown on
15™ October in both seasons. Serw-1 variety significantly gave the tallest plant
height over planting dates. Moreover, the highest leaf/stem ratio was obtained
from the planting date at September 15™ in both seasons. Otherwise, leaf/stem
ratio decreased gradually and reached to the minimum value at the December
15™ in both seasons. Local variety gave the highest leaf/stem ratio.

The seasonal fresh forage yield significant decreased as planting date was
delayed. Helally variety produced the highest seasonal fresh forage yield over the
two seasons. Meanwhile, the seasonal dry forage yield increased as planting date
was delayed. No significant differences were noticed in seasonal dry forage yield
among commercial varieties (Serw-1, Gemmeiza-1, Giza-6, Sakha-4 and He-
lally). In the same the trend, the environments, varieties and their interaction
were significant for plant height, leaf/stem ratio and seasonal dry forage yield.

Finally, the stability analysis revealed that the average stability region in-
volved Gemmeiza-1, Giza-6, Local variety and Serw-1 varieties for plant height,
Gemmeiza-1, Local variety and Serw-1 varieties for leaf/stem ratio and Gem-
meiza-1 and Helally varieties for seasonal dry forage yield.

Keywords: Egyptian clover, Trifolium alexandrinum L., planting dates, stability, geno-
type x environment interaction, forage yield.

Introduction

Egyptian clover or berseem, 77i-
folium alexandrinum L. 1s the main
and oldest cultivated winter forage
leguminous crop in Egypt. It is basic
for realizing a sustainable cropping
system in Egypt. It occupies about
one fourth of the cultivated area with
average of 1.63 million feddan
(B.A.S., 2014/2015). Also, it is well

adapted to semi-arid condition and
grown in India, Pakistan, Turkey and
Mediterranean region. Egyptian clo-
ver is high nutritional quality for
animal feed also contributes to soil
fertility and improved physical and
chemical characteristics (Graves et
al., 1996). Thereby it is called king of
forages in Egypt.
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Current changes in the climatic
conditions towards warming espe-
cially in Egypt are expected to pro-
long the spring and summer seasons
and shortens the winter season and
extended in temperature during which
Egyptian clover in grown. Thus, it
was throught desirable to change the
planting date of Egyptian clover to
avoid the high or low temperature ef-
fects at the beginning of the full sea-
son, a practice which was studied by
some workers.

Forage yield and its components
is often influenced by weather condi-
tion at the reproductive period.
Ramadan et al. (1994) reported that
the first ten days of October are the
best period for sowing all cultivars
for forage yield. Usmani-Khalil et al.
(2001) found sowing berseem clover
on the 15" November gaves more
fresh forage yield. El-Zanaty (2005)
revealed that the highest fresh and
dry forage yields were significantly
obtained by planting on the first of
November. Also, Kandil and Sharief
(2016) stated that early planting on
Mid-September maximize forage
production per unit area and enhanc-
ing forage quality.

Variation in weather conditions
at various stages of plant develop-
ment may affect the differential re-
sponse of genotypes to environments.
Identification of weather variables
associated with the genotype x envi-
ronment interaction is thus important
in understanding the nature and pat-
terns of these interactions (Saeed and
Francis, 1984). It is important to de-
termine how the temperature affects
forage yield components and define
the nature of their associations with
forage yield in Egyptian clover. Such
information may be used to plan effi-
cient breeding programs to develop
more productive varieties or to im-
prove crop management which might
favour forage production as an eco-
nomically competitive enterprise.
Under the changes in climatic condi-
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tions, it is important issue to deter-
mine the stability of the Egyptian
clover varieties. The genotypic stabil-
ity as estimated by Tai (1971) is a fit
analysis to propose the stability of
these varieties performance.

The objective of this study was
undertaken to determine the influence
of temperature conditions resulting
from different sowing dates on the
forage yield and its components, as
well as study the stability of forage
yield of berseem varieties when
tested under different environments
(planting dates x seasons).

Materials and Methods

The present study was carried
out at the Agricultural Experimental
Farm, Assiut University, Egypt, dur-
ing two successive growing seasons
of 2014/2015 and 2015/2016 to study
the effect of temperature conditions
resulting from different sowing dates
on forage yield and its components of
six berseem varieties. The some
physical and chemical properties of
the experimental soil are sand (26%),
silt (24%), clay (50.0%), soil pH
(7.8), organic matter (1.6%), total N
(0.1%) and CaCOj; (1.2%).

The genetic materials for this
study included five varieties obtained
from the Forage Crop Department,
ARC, Ministry of Agriculture, Giza,
Egypt, beside the local variety from
Assiut farmers. The names of these
varieties are Serw-1, Gemmeiza-1,
Giza-6, Sakha-4, Helally and Local
variety.

Four sowmg dates of 15™ Sep-
ternber 15™ October, 15™ November
and 15" December were used for the
six berseem varieties in randomized
complete block design with four rep-
lications for each planting date m
both seasons. Plot size was 10.5 m’.
Berseem seed were sqwn by hand at
the rate of 6.0 g/m’* (25 kg/fed.).
Phosphorus was applied at the level
of 37.5 g P,Os/plot in the form of cal-
cium super phosphate (P,Os 15.5%)
before seeding. All cultural practices
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were maintained at optimum level for
maximum  berseem  productivity.
Three cuts were taken from each
planting date at 70, 110 and 145 days
after sowing at 70, 40 and 35 days
intervals, respectively.

Data recorded:

The following traits were re-
corded at the time of each cut for
each planting date.

1- Plant height (cm) determined
from soil surface until the upper tip of
plant. The average of five measure-
ments for each plot at each cut, then
average of three cuts were calculated.

2- Leaves/stems ratio (fresh
weight). A sample of fresh forage in
each plot (about 200 g) was hand
separated to leaves and stems. Each
component was weighed immediately
to estimate the ratio, then mean of
three cuts were taken.

3- Fresh forage yield (kg/plot)
determined by hand clipping of each
plot and total of three cuts were taken
for each planting date.

4- Dry forage yield (kg/plot) es-
timated by using, green forage yield
of each plot x mean dry matter per-
centage, where dry matter percentage
was determined from random sam-
ples of 150 g from each plot at each
cut, after drying in an oven at 70°C
until weight constancy. The total of
three cuts were taken.

Climatic data during the study
period including maximum and
minimum daily temperature measured
from planting date to the third cut in
each season and planting date are
presented in Table 1.

Table 1. Summary of the daily temperature during the period of berseem clover
growth in 2014/2015 and 2015/2016 seasons.

Average temperature Relative humidi .
Month Maximurgn II)VIinimum Maximum Miniltnyum Photoperiod
2014/2015(2015/2016 |2014/2015| 2015/2016 [2014/2015(2015/2016 |2014/2015|2015/2016 2014/2015 2015/2016
15-30 September 38.1 394 | 21.5 21.3 545 | 56.4 | 16.21 | 16.4 | 12:09:28 pm | 12:09:52 pm
1-15 October 339 | 36.6 18.3 20.6 594 | 73.8 17.4 | 22.73 | 11:45:28 am | 11:45:52 am
16-31 October 32.2 | 33.5 15.8 19.0 59.6 | 77.8 | 19.12 | 26.2 | 11:21:41 am | 11:22:11 am
1-15 November 30.1 28.3 14.0 145 | 67.66 | 84.3 | 20.6 | 33.6 | 10:59:56 am | 11:00:16 am
16-30 November 26.0 | 27.5 11.7 12.0 72.8 | 84.0 | 29.6 | 29.2 | 10:42:36 am | 10:42:52 am
1-15 December 26.0 | 22.7 10.7 8.3 68.1 86.8 | 26.0 | 33.0 | 10:30:56 am | 10:31:00 am
16-31 December 23.1 21.6 8.4 6.9 73.6 | 90.2 | 28.7 | 31.3 10:27:11 am | 10:27:08 am
1-15 January 18.3 | 21.5 4.5 6.2 71.0 | 84.1 29.0 | 28.7 | 10:32:00 am | 10:31:52 am
16-31 January 24.5 19.7 7.6 4.6 64.7 | 85.5 19.2 | 29.8 | 10:45:07 am | 10:44:56 am
1-15 February 23.5 | 32.7 7.3 59 58.9 | 85.1 16.5 | 259 | 11:04:16 am | 11:03:52 am
16-28 or 29 February | 23.6 | 27.6 7.9 9.6 66.0 | 73.0 | 22.6 17.5 11:24:37 am | 11:23:00 am
1-15 March 27.6 | 29.6 11.6 12.9 62.8 | 64.0 182 | 17.66 | 11:46:48 am | 11:47:36 am
16-31 March 30.3 | 28.2 12.8 11.7 553 | 67.3 13.6 18.2 | 12:11:226 pm | 12:12:4]1 pm
1-15 April 28.1 343 12.3 15.3 453 | 63.1 13.4 10.1 12:36:16 pm | 12:37:28 pm
16-30 April 349 | 27.6 14.6 16.9 39.7 | 59.6 7.8 8.4 12:58:00 pm | 12:59:05 pm
1-15 May 346 | 38.1 18.1 19.7 495 | 474 13.1 9.1 13:20:00 pm | 13:21:00 pm
16-31 May 39.8 | 38.0 | 22.0 19.7 44.6 | 55.5 12.3 10.0 | 13:35:55 pm | 13:38:04 pm
1-15 June 37.8 | 44.1 21.5 24.0 60.3 | 41.6 16.6 6.6 13:48:24 pm | 13:48:44 pm
16-30 June 38.0 | 41.5 | 224 248 63.1 59.6 15.4 12.6 | 13:46:19 pm | 13:46:30 pm
1-15 July 38.1 39.6 | 23.0 24.1 72.2 | 58.4 17.4 16.6 | 13:47:44 pm | 13:47:16 pm
16-31 July 413 | 38.7 | 23.5 23.5 51.4 | 65.9 9.5 16.0 | 13:36:04 pm | 13:35:08 pm

Source: Meteorological authority, Assiut, Egypt.

The total growing degree days GDD, (base = 7°C) was calculated for each plant-
ing date according to Saeed and Francis (1984) as follows:
Total growing degree days (GDD) =
2[((Maximum + Minimum temperature)/2)-7] where:
7= Zero growth point from sowing date to third cut continuous to seed maturity, (Table

2).
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Table 2. Total growing degree day (GDD) for each planting date and season at As-
siut where Egyptian clover trials were conducted.

. Total growing degree day from planting date until third cut
Planting date 2014/2015 2015/2016
15" September 1930 1960
15" October 1625 1692
15" November 1562 1625
15" December 1767 1860

Statistical analysis:

For forage yield and its compo-
nents in each planting date over the
three cuts. Separate as well as com-
bined analysis of variance were per-
formed for the data over the planting
dates in each season and over two
seasons according to Gomez and
Gomez (1984), whenever the homo-
geneity of variances between planting
dates and over two seasons was de-
tected. Means were compared using
L.S.D. test at 5% level of probability.
Stability analysis:

Stability analysis was computed
according to Tai (1971), where he
suggested partitioning the genotype x
environment interaction (GE) effect
of the i™ variety into two components
(o and A;). These estimates (o; and
A;) were computed for each of the six
varieties to compare the relative sta-
bility of varieties. The parameter o
measures the linear response to the
environmental effects and A; parame-
ter measures the deviation from linear
response in terms of the magnitude of
the error variance. The two compo-
nents are defined as genotypic stabil-
ity parameters. The values (a=-1,
A=1) will be referred as perfect stabil-
ity. However, the values (o= 0, A=1)
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will be referred as average stability
whereas the values (0>0 and A=1) as
below average stability. The hyper-
bola graph to test a's statistics and the
limits the confidence interval for A's
statistics were superimposed accord-
ing to Tai (1971).

Results and Discussion

1- Plant height:

The combined analysis in Table 3 in-
dicated that there was highly signifi-
cant difference among sowing dates
and varieties for plant height. The
second sowing date (October 15™)
gave the highest plant height in first,
second and over two seasons, with
significant differences among the
four sowing dates (Table 4). The 15"
September sowing date gave the low-
est plant height. This could be due to
that the climatological conditions
prevailing during this period favoured.
These results are in agreement with
those reported by Kandil and Shalaby
(1985b) and Ramadan et al. (1994).
Serw-1 variety significantly gave the
tallest plant height, while, Local variety
gave the shortest plant height in first,
second and over two seasons. These re-
sults are in opposite with obtained by
Ramadan et al. (1994) and El-Zanaty
(2005).
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Table 3. Combined analysis of variance for forage yield traits of six Egyptian clo-
ver varieties under different sowing dates over two seasons.

Source of variation d.f - Mefm squares : :
Plant height (cm) Leaf/stem ratio | Fresh forage yield | Dry forage yield
Years (Y) 1 699.7** 71.19%** 583.4 88.3**
Rep./Year 6 31.3 22.54 288.2 1.28
Sowing dates (D) 3 2296.8%* 79.62%* 32324 4%** 914.2%*
YxD 3 340.3** 4.44 5340.3** 115.9**
Error (b) 18 17.2 14.52 98.2 2.24
Varieties (V) 5 74.0%* 104.42%* 1043.7%* 23.1%*
VxD 15 18.6* 31.43%* 225.8** 9.1%*
VxY 5 8.1 2.91 50.1 17.4%*
VxDxY 15 20.2* 3.93 188.3** 18.8**
Error ¢ 120 9.54 6.25 70.0 2.12

Table 4. Average plant height (cm) of six Egyptian clover varieties as affected by
different sowing dates in 2014/2015, 2015/2016 and over two seasons.

Variety
Season Plantingdate| g 1 | C™ | Gisa6 | Sakha-4 | Helally | “°2 | Mean
meiza-1 variety
15 Sept. 84.2 82.7 85.7 76.2 81.2 77.2 81.2
15 Oct. 95.1 92.2 93.1 89.8 95.5 93.3 93.2
2014/ 2015 15 Nov. 93.5 85.6 86.6 85.9 86.6 87.0 87.6
15 Dec. 88.6 86.4 88.1 89.7 86.7 83.3 87.1
Mean 90.4 86.7 88.0 85.4 87.5 85.2 87.3
LSD5% for
Sowing dates (D) = 3.01
Variety (V) = 2.06
DxV = 4.12
15 Sept. 72.7 70.8 74.7 70.7 73.6 72.7 72.5
15 Oct. 92.9 94.0 91.7 92.1 94.0 90.7 92.6
2015/ 2016 15 Nov. 93.6 87.9 88.0 91.0 90.9 85.7 89.5
15 Dec. 80.2 79.6 81.4 75.0 79.5 79.8 79.2
Mean 84.9 83.0 84.0 82.2 84.5 82.3 83.4
LSD5% for
Sowing dates (D) = 2.71
Variety (V) = 2.14
DxV = --
15 Sept. 78.5 76.7 80.2 73.5 77.4 77.3 76.9
Over two sea- 15 Oct. 94.0 93.1 92.4 90.9 94.8 92.0 92.9
sons (Combined) 15 Nov. 93.6 86.8 87.3 88.5 88.8 86.4 88.6
15 Dec. 84.4 82.7 84.7 82.4 83.1 81.5 83.1
Mean 87.65 84.83 86.21 83.83 86.09 83.72 85.3
LSD5% for
Sowing dates (D) = 1.78
Variety (V) = 1.53
DxV = 3.05
VxY = -
DxY = 2.51
DxVxY = 4.32

- F value not significant.

2- Leaf/stem ratio:

The results in Table 3 showed
that sowing dates and varieties highly
significantly affected leaf/stem ratio
over two seasons. Comparisons
among the four sowing dates showeq
that sowing date at September 15'
resulted in the highest leaf/stem ratio
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of 44.5, 43.5 and 44% in 2014/2015,
2015/2016 and over the two seasons,
respectively (Table 5). Moreover, the
results indicated that leaf/stem ratio
decreased gradually, reached its low-
est value at the fourth planting date
(December 15™) in both seasons and
over two seasons (Table 5). These
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results are in agreement with those
obtained by Kandil and Shalaby
(1985b). Comparison between the av-
erage leaf/stem ratio of the different
varieties, it be concluded that Local
variety produced the significantly
highest leaf/stem ratio as compared
with the other varieties in both sea-
sons (Table 5). These results are in
line with those obtained by Radwan
et al. (2014).
3- Seasonal fresh and dry forage
yields:

Data presented in Tables 6 and
7 indicate that seasonal fresh and dry
forage yields significantly affected by
sowing dates and varieties in each
season and over seasons. The com-
bined analysis of variance (Table 3)
over seasons revealed that seasons
had significant effect on seasonal dry

forage yield. The results in Table 6
showed the maximum seasonal fresh
forage yield/plot of 142.9 and 142.7
kg/plot was obtained from planting
sown on November 15" and October
15™ in 2014/2015 and 2015/2016 sea-
sons, respectively. But, the maximum
seasonal dry forage yield was ob-
tained when sowing was performed at
December 15" in 2014/2015 and over
both seasons. This may be due to the
high temperature consequence the
high dry matter percentage in cutting
of this late planting date. These re-
sults are in contrary with that re-
ported by El-Zanaty (2005) who
found sowing on the 1> November
sisgniﬁcant surpassed sowing on the

December on seasonal dry forage
yield by 13.6 and 24.5% in the first
and second seasons, respectively.

Table 5. Average leaf/stem ratio (%) of six Egyptian clover varieties as affected by
different sowing dates in 2014/2015, 2015/2016 and over two seasons.

Season Planting Variety
date Serw-1 |Gemmeiza-1 | Giza-6 | Sakha-4 | Helally | Local variety | Mean
15 Sept. 43.34 43.27 42.82 45.84 42.01 49.50 44.46
15 Oct. 37.22 42.92 42.38 42.98 42.03 44.53 42.01
2014/ 2015 15 Nov. 41.02 40.93 42.82 43.50 42.66 43.45 42.39
15 Dec. 40.05 43.85 39.80 42.70 42.24 43.41 42.00
Mean 40.40 42.74 41.95 43.75 42.23 45.22 42.71
LSD5% for
Sowing dates (D) = 1.32
Variety (V) = 1.15
DxV = 2.31
15 Sept. 42.19 42.99 41.22 45.10 37.67 51.84 43.50
15 Oct. 37.06 41.84 42.33 42.50 42.14 42.98 41.47
2015/ 2016 15 Nov. 39.81 40.76 41.20 40.83 41.23 41.97 40.96
15 Dec. 38.33 41.95 35.68 40.25 41.13 43.04 40.06
Mean 39.34 41.88 40.10 42.17 40.54 44.95 41.49
LSD5% for
Sowing dates (D) = 1.90
Variety (V) = 2.15
DxV = 4.30
15 Sept. 42.76 43.13 42.02 45.47 39.84 50.67 43.98
Over two seasons 15 Oct. 37.14 42.38 42.35 42.74 42.08 43.76 41.74
(Combined) 15 Nov. 40.42 40.84 42.01 42.16 41.95 42.71 41.68
15 Dec. 39.19 42.90 37.74 41.47 41.68 43.23 41.03
Mean 39.88 42.32 41.03 42.97 41.39 45.09 42.11
LSD5% for
Sowing dates (D) = 1.63
Variety (V) = 1.23
DxV = 2.46
VxY = -
DxY = -
DxVxY = -

- F value not significant.
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The two factors, sowing dates
and date of the last cut, play a great
role in plant development i.e. plant
height leaf/stem ratio and conse-
quently the fresh and dry forage
yields. Over two seasons, no signifi-
cant differences were noticed in sea-
sonal dry forage yield between com-
mercial varieties of berseem clover

(Serw-1,

Gemmeiza-1,

Giza-6,

Sakha-4 and Helally). But significant
differences were noticed between
each of commercial cultivars with
Local variety Tables 6 and 7. These
results are in line with those reported
by Ramadan et al. (1994) and El-
Zanaty (2005) reported that no differ-
ent between Helally, Sakha-4, Sakha-
3 and Giza 15.

Table 6. Seasonal fresh forage yield/plot (kg) of six Egyptian clover varieties as af-
fected by different sowing dates in 2014/2015, 2015/2016 and over two seasons.

Season Planting ety Local
date Serw-1 | Gemmeiza-1 | Giza-6 | Sakha-4 | Helally . Mean
variety
15 Sept. | 77.3 103.2 95.7 92.1 89.7 84.4 90.4
15Oct. | 126.0 128.5 1165 | 1299 | 132.6 | 1133 | 1245
2014/2015 | 15Nov. | 1573 140.7 143.5 | 1439 | 1432 | 1285 | 1429
15Dec. | 114.6 116.6 1183 | 124.8 | 1200 | 1014 | 116.0
Mean 118.7 122.3 1185 | 1227 | 1214 | 1069 | 1184
LSD5% for
Sowing dates (D) 6.19
Variety (V) 4.62
DxV 9.24
15 Sept. | 61.9 71.5 62.1 63.5 75.3 67.5 67.0
15 Oct. | 1395 138.0 1493 | 1503 | 1555 | 123.8 | 142.7
2015/2016 | 15Nov. | 1253 135.0 1165 | 131.0 | 127.0 | 105.0 | 123.3
15Dec. | 119.3 130.0 1293 | 1293 | 1273 | 1258 | 1268
Mean 111.5 118.6 1143 | 1185 | 121.3 | 1323 | 115.0
LSD5% for
Sowing dates (D) 8.78
Variety (V) = 2.15
DxV = 4.29
15 Sept. | 69.6 87.4 78.9 77.8 82.5 75.9 78.7
Over two sea- | 150ct. | 1328 133.3 1329 | 140.1 | 1440 | 1185 | 133.6
sons (Com- | 15Nov. | 1413 137.9 130.0 | 1375 | 1351 | 1168 | 133.1
bined) 15Dec. | 1169 | 1233 | 1238 | 1270 | 123.6 | 1136 | 121.4
Mean 115.2 120.5 1164 | 1206 | 121.3 | 1062 | 116.7
LSD5% for
Sowing dates (D) = 4.25
Variety (V) = 4.12
DxV = 8.24
VxY = -
DxY 6.01
DxVxY 11.65

- F value not significant.
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Table 7. Seasonal dry forage yield/plot (kg) of six Egyptian clover varieties as af-
fected by different sowing dates in 2014/2015, 2015/2016 and over two sea-

sons.
Season Planting Gem- ey Local
date Serw-1 . Giza-6 | Sakha-4 | Helally . Mean
meiza-1 variety
15 Sept. 11.8 12.0 12.0 10.0 9.3 9.3 10.83
15 Oct. 14.3 14.8 13.0 13.8 16.0 13.8 14.3
2014/ 2015 15 Nov. 18.5 17.0 17.5 17.3 16.8 16.8 17.3
15 Dec. 26.3 21.0 27.3 26.5 22.0 14.3 22.9
Mean 17.7 16.2 17.5 16.9 16.0 13.6 16.3
LSD5% for
Sowing dates (D) = 1.09
Variety (V) = 1.27
DxV = 2.53
15 Sept. 7.9 9.1 8.5 8.6 10.4 8.98 8.9
15 Oct. 16.6 16.1 18.5 16.98 17.4 15.2 16.8
2015/ 2016 15 Nov. 16.6 17.5 15.83 15.7 17.4 14.9 16.3
15 Dec. 17.2 18.0 18.23 17.2 17.7 18.9 17.9
Mean 14.6 15.2 15.3 14.6 15.7 14.5 15.0
LSD5% for
Sowing dates (D) = 0.63
Variety (V) = 0.71
DxV = 1.41
15 Sept. 9.8 10.5 10.2 9.3 9.8 9.1 9.87
Over two sea- 15 Oct. 15.4 15.4 15.8 15.4 16.7 14.5 15.55
sons (Com- 15 Nov. 17.5 17.2 16.7 16.5 17.1 15.8 15.05
bined) 15 Dec. 21.7 19.5 22.7 21.9 19.9 16.6 20.40
Mean 16.13 15.67 16.35 15.74 15.90 13.98 15.63
LSD5% for
Sowing dates (D) = 0.64
Variety (V) = 0.72
DxV = 1.43
VxY = 1.02
DxY = 0.91
DxVxY = 2.03
Stability analysis: range of environments, and hence the

1-Stability analysis for forage
yield and its components:

Analysis of variance across va-
rieties and environments indicated
that the environments, varieties and
varieties x environments (GE) inter-
action were highly significant for
plant height, leaf/stem ratio and dry
forage yield, except the environments
effect for leaf/stem ratio was signifi-
cant only (Table 8). The environment
mean square was significant indicat-
ing that the four planting dates in the
two seasons provided a sufficient
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validating of environmental require-
ments suggested by Tai (1971) were
fulfilled. The results are in broad
agreement with reported by Bakheit
(1985), Khatri et al. (1991), Bakheit
and El-Hinnawy (1993), and Abdel-
Galil et al. (2007).

According to Tai's theory, the
variety by environment interaction is
partitioned into two components: o
which measures the linear response to
environmental effect and A which
measures the deviation from the lin-
ear response. The genotypic stability
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parameters were determined (X, o
and A) for all varieties for plant
height, leaf/stem ratio and dry forage
yield and presented in Table 9.
According to this method, the
values (o= 0-1, A= 1) refer to perfect
stability, while a variety that has only
average stability might have an esti-
mate of a= 0.0 and A= 1. The varie-
ties different in the amount of devia-
tion from the linear response (A) and
to a less extent in the response (o) for
dry forage yield. This variation sug-
gested that the relatively unpredict-
able components of the genotype x
environment interaction variance may
be more important than the relatively
predictable component of variation
for those varieties which showed dif-

ferent degree of stability as men-
tioned by Bakheit (1985). The variety
Sakha-4 was significant value for
plant height, while Giza-6 variety
was significant value for leaf/stem
ratio. But the varieties Serw-1, Giza-
6, Sakha-4 and local variety were
significant values for dry forage
yield. Therefore, they were consid-
ered to be unstable (Table 9 and Fig.
1).

Also, the average stability re-
gion involved Gemmeiza-1, Giza-6,
Serw-1 and Helally varieties for plant
height, Gemmeiza-1, Serw-1 and Lo-
cal variety varieties for leaf stem/ratio
and Gemmeiza and Helally varieties
for dry forage yield.

Table 8. Stability analysis of variance for plant height, leaf/stem ratio % and dry
forage yield of six Egyptian clover varieties under different environments.

Mean squares for
Source of variation d.f Plant height | Leaf/stem ratio | Dry forage yield

(cm) (%) (kg/plot)
Environment (E) 7 1230.2%* 46.20* 454.07**
Rep./Envir. 24 20.70 16.52 2.01
Varieties (V) 5 73.97** 104.42%* 23.06**
VxE 35 17.76%* 15.57%%* 14.46**
Error 120 9.54 6.25 2.12

* #%* Significant at 0.05 and 0.01 level of probability, respectively.

Table 9. Mean performance over eight environment (i) and stability parameter
(a, A) of six Egyptian clover varieties for plant height, leaf/stem ratio and dry

forage yield.

Traits| Plant height (cm) | Leaf/stem ratio (%) Dry forage yield (kg/plot)
Varieties X a. N X a. N X a A
Serw-1 87.71 0.10 | 1.78 | 39.88 | 0.40 | 1.56 16.13 0.21 2.47*
Gemmeiza-1 84.8 1 0.02 | 092 | 4232 | -0.93 | 0.43 15.67 -0.16 1.18
Giza-6 26.2 | -0.20 | 0.99 | 41.03 | 0.16 | 2.58* | 16.35 0.25 4.22%
Sakha-4 83.8 | 0.14 | 3.06*% | 42.97 | 0.55 | -0.02 | 15.74 0.24 2.40%*
Helally 86.1 1 0.03 | 0.41 | 41.39 | -1.93 | 0.58 15.95 -0.11 2.00
Local variety | 83.7 |-0.08 | 1.99 | 45.09 | 1.75 | 2.08 13.98 -0.43 12.01%*

* Value greater than Fa value derived from F table with n;= 6, n,= 120 and a= 0.05
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Fig. 1. Distribution of estimates of genotypes stability parameter (o & A) for plant
height, leaf stem ratio and dray forage yield/plot of six Egyptian clover varieties.
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