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Abstract

The current work was studied the interaction of genotype environment for
alfalfa seed yield. The split block design in three replications used for this study.
Five sowing dates of 10" October (D1), 10" November (D2), 10™ December (D3),
20" March (D4) and 20" April (Ds) were used. Seed yield was taken in the second
year in the beginning of March, April and May for studied sowing dates. The
genotype plus genotype by environment interaction (GGE) biplot analysis was
done. The obtained results showed that the environments exhibited high
contribution in the total sum of squares for seed yield/plant (SYP) and seed
yield/m? (SYW) in values of 60.69 and 60.80%, respectively, which accounted ten
times of genotypes contribution. PC1 and PC2 were significant factors as revealed
from GGE-biplot analysis and explaining 40.23 and 21.36% for seed yield/ plant
and 37.04 and 17.83% for seed yield/m? in total sum of squares, respectively.
According to the GGE-biplot analysis, the genotype G9 was the highest seed yield
and stable genotype across environments and the environment E4 (sowing at 20™
March) was yielded the highest seed yield/ plot which recorded 66.06 g.

Keywords: Alfalfa, Medicago sativa, Genotype environment interaction, Sowing dates,
Seed yield

Introduction

Alfalfa or Lucerne (Medicago sativa L.) is a highly productive forage legume
of global importance. Being a perennial, it’s had been called "The king of the
Forages". It is one of the most important forage species in many countries for high
production, total area, economic value and energy efficiency. In Egypt, the total
cultivated area of alfalfa was about 73321 feddan (one feddan = 4200 m?) with an
estimated productivity of about 1953422 tons of green fodder (B.A.S, 2018).
Because of alfalfa can fix nitrogen and synthesize protein, it is very useful to
farmers, who have grown alfalfa as protein-rich fodder for cows, goats, sheep,
chickens and others. Alfalfa is sown across the semi-arid and humid regions of the
world.

The changes of climatic conditions at present time towards warming as in
Egypt are expected to affect the crops productivity. Alfalfa is adapting with the
changed sowing date to overcome the high or low temperature at the beginning of
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season. Few workers practiced that matter. Seed yield of Alfalfa depends on many
factors i.e., climatic condition and insect activity during the blooming period
(Martiniello ef al., 1999).

Variation in climatic condition during development stages may affect the
different response of alfalfa genotypes to environments. Because alfalfa genotypes
are sown across a large range of conditions, i.e., type and fertility of soil, moisture,
temperature and sowing date. All the variables encountered in producing alfalfa
can be described collectively as the environment. Therefore, when the alfalfa
genotypes are grown in the wide environments, they will be different in their
performance. These changes of genotypes performance are interpreted to the
interaction of genotype x environment. Such information could be used to design
powerful improvement programs to develop new productive varieties or to
improve the crop management i.e., forage and seed production of Alfalfa.

In Egypt, scarce information is available regarding to the effect of change in
climatic conditions resulting from different planting dates and the interaction of
genotype x environment on seed yield of Alfalfa.

Genotype by environment interaction (GEI) has been taking a big point
among biologists and breeders since the early twentieth century. There are several
statistical models employed to understand the complex GEI term (Yan and Kang
2003).

Recently, GGE biplot analysis is the most used model and a very potential
tool for analyze multi-environmental trials (MET) data to interpret GEI (Yan 2001;
Yan and Tinker 2006). Moreover, it detects the interaction view graphically
besides identifying ‘which-won-where’ and delineation of mega-environments
among different locations (Yan et al., 2007). GGE biplot analysis depends on
principal components analysis (PCA). Genotype main effect (G), environment
main effect (E) and their interaction (GE) must be considered at the same time for
evaluation any cultivar (Yan and Tinker 2006; Sabaghnia et al., 2008).
Consequently, GGE biplot is more powerful as compared to AMMI in detecting
PC1 score, which represents genotypic effect rather than additive main effect (Yan
2002).

The objective of the current investigation was to study the interaction of
genotype x environment for seed yield in ten alfalfa genotypes under five sowing
dates.

Materials and Methods

The current work was carried out at the Experimental Farm of Agronomy
Department, Assiut University, Egypt (27.19 N, 31.16 E; clay soil) during three
years from 2017 to 2020 in two experiments.

The experimental soil characteristics are sand (25.9%), silt (24.7%), clay
(49.4), soil pH (7.80), organic matter (1.62%), total nitrogen (0.09%) and CaCOs
(1.2%).
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Ten genotypes of Alfalfa, nine from Egypt i.e., Ismailia-1, Nubaria-1,
Ramah-1, Populations from F.R.S., Kharja, El-Dahlia, Farafra, Aswan and Balady,
beside one genotype (Cuf 101) introduced from U.S.A.

Two experiments were carried out as experiment I (2017-2019) and
experiment II (2018-2020). Each experiment included three autumn sowing dates,
i.e., 10" of October (D1), 10" of November (D;) and 10% of December (Ds) and
three spring sowing dates, i.e., 20" of March (Da), 20" of April (Ds) and 20" of
May (Ds). The sowing date of 20! May (D6) in both experiments did not germinate
under Assiut condition consequently, the rest five sowing dates improved across
the two experiments.

A split block arranged in a randomized complete block design (RCBD) and
three replications were used in both experiments. Sowing dates were arranged in
vertical strips and the genotypes in horizontal strips. Plot size was one meter square
(I-meter-long x 1 meter apart). Alfalfa seeds were broadcasted in rate of five g/m?
(plot). All cultural practices were arranged using optimum level for maximum
alfalfa productivity. In second year for each sowing date, the plants were left until
flowering and seed production in the two experiments.

At seed maturity stage the seed yield/plant (SYP) was recorded as average of
10 plants randomly harvested from the center of each plot and for each sowing
dates. As well as seed yield/plot, g (SYW) was recorded for each plot.

Table 1. Mean of daily temperature (°C) during the period of alfalfa growth from
2017 to 2020 years

Average temperature (°C)
2017/2018 2018/2019 2019/2020
Max. Min. Mean Max. Min. Mean Max. Min. Mean
Oct. 31.93 16.90 24.42 32.13 18.13 25.13 33.20 19.53 26.37
Nov. 24.70 11.37 18.03 26.20 12.90 19.55 28.13 14.00 21.07
Dec. 22.53 9.17 15.85 20.53 8.30 14.42 21.07 8.47 14.77
Jan. 19.50 6.90 13.20 18.83 6.07 12.45 18.17 5.93 12.05
Feb. 25.57 11.87 18.72 21.33 7.83 14.58 23.37 7.70 15.53
Mar. 30.10 14.57 22.33 24.33 10.00 17.17 25.77 11.53 18.65
Apr. 32.07 16.30 24.18 29.57 14.13 21.85 29.77 15.17 22.47
May 37.33 22.20 29.77 37.23 22.33 29.78 34.77 19.53 27.15
Jun. 38.23 22.80 30.52 38.53 25.10 31.82 38.13 23.07 30.60
Jul. 37.63 25.07 31.35 38.57 24.80 31.68 38.27 24.13 31.20
Aug. 36.80 25.10 30.95 35.03 25.57 30.30 38.07 23.67 30.87
Sept. 35.17 22.13 28.65 34.73 21.73 28.23 37.23 25.96 31.60

Month

Climatic data during growing seasons are presented in Tablel. The total
growing degree days (GDD) (base=7) were calculated for each sowing date
according to Saeed and Francis (1984) as follows (Table 2):
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"Total growing degree days (GDD)
= J[((Maximum + Minimum temperature)/2) —7]"
Where, 7= Zero growth point.
Table 2. Total growing degree days (GDD) for each sowing date

Seed yield at second years until seed maturity

Sowing date

2019 2020
10™ of October 1650 1592
10™ of November 2007 1917
10" of December 2264 2215
20" of March 1990 1954
20" of April 2376 1917

Stability analysis

The data of seed yield for all genotypes recorded in five planting dates across
two years (represent 10 environments i.e., E1 = first sowing date in the first year,
.... and Eo = five sowing date in the second year) were arranged for the combined
analysis of variance (ANOVA) to detect the effects of each of environment,
genotype and GEI using the Statistical Analysis System SAS (SAS Institute, ver.
9.2 2008), PROC GLM procedure. Bartlett’s test used to test the homogeneity of
variances among all environments. The GGE biplot analysis was done according
to Yan et al. (2000) formula:

Yij - p - By = Aa&imjn + Az8i2njz + €

Where, Yij: mean for the i genotype in the j™ environment, u: grand mean, 8;: main
effect of environment j, A1 and A2: singular values of the 1% and 2™ principal components,
&1 and En: PC1 and PC2 scores, respectively, for genotype it", n;1 and nj2: eigenvectors
for the j environment for PC1 and PC2 and e€;: residual error term. The GGE
biplot analysis applied using Genstat ver. 15" Edition (Payne et al., 2012).

Results and Discussion
Stability analysis for seed yield
Analysis of variance and means

Mean squares and contribution percentages of environments (E), genotypes
(G), and their interaction (G by E) to the total sum of squares for the seed yield/
plant (SYP) and seed yield/ plot (SYW) are shown in Table 3. Since highly
significant differences were observed for all sources of variance. Moreover, the
environments exhibited the highest percentage from the total sum of squares for
SYP and SYW and explained 60.69 and 60.86%, respectively. Also, this
contribution of the environments was approximately ten times of genotypes
contribution which explained 6.87 and 5.15% for both traits, respectively. The
interaction of genotypes % environments accounted for 29.89 and 23.58% of the
total variance for both traits, respectively. The high significance of all sources of
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variation indicates the different responses of the genotypes to the planting dates
for seed yield

Table 3. The combined analysis of variance for seed yield per plant (SYP) and
seed yield per plot (SYW) for the ten investigated genotypes across tested
environments (planting dates)

M.S Contr.%
S.0.V d.f.
SYP SYW SYP SYW
Env. 0.53" 5870.46" 60.69 60.86
Geno. 9 0.06" 497.13" 6.87 5.15
GxE 81 0.029™ 252.70" 29.89 23.58
Error 200 0.001 45.18 - -

** Significant at 0.01 level of probability., S.0.V.: Sours of variance , d.f.: Degree of freedom
and M.S.: means square .

Table 4. Least squares mean of seed yield per plant and seed yield per plot for
genotypes across environments (planting dates) and environments
across genotypes

Seed yield per plant Seed yield per plot

Genotype Environments Genotype Environments

Gl 0.234F E 0.203F Gl 40.76" E| 55.00¢
G2 0.247" E> 0.289° G2 40.09° E> 4223
G3 0.250" Es 0.146" G3 42.045F  E; 49.12°
G4 0.275% E4 0.277° G4 45.74P¢ E4 66.06"
G5 0.3527B Es 0.312¢ G5 49,7478 Es 50.92P
G6 0.307° Es 0.505° G6 44217 Es 49.75°
G7 0.276" E; 0.546* G7 44.46°F  E; 26.72%¢
G8 0.333%¢  E;g 0.276° G8 45.78°¢  Eg 30.00"
G9 0.359% Eo 0.170¢ G9 52.824 Eoy 59.138
G10 0.322°¢  Ey 0.230F G10 48.83°C  Ey 25.53¢
Average  0.296 Average  45.45

LSDg.s 0.022 LSDg.0s 3.42

Means with the same letter are not significantly different, the different letter is significantly.

E,: first sowing date in first year,

, E10: five sowing date in second year.

Table 4 shows the means of seed yield/ plant and seed yield/ plot for all
genotypes across planting dates and environments across genotypes. It could be
observed that the highest seed yield/ plant was produced by the genotype G9 which
recorded 0.359 g followed by the genotypes G5 and G8 which registered 0.352 and
0.333 g, respectively. The lowest genotype across planting dates was G1 which
gave 0.234 g. In addition, the analysis revealed that the highest seed yield/ plant
was produced by environment E; which recorded 0.546 g followed by environment
E¢ which recorded 0.505 g. The lowest environment across genotypes was Ej3
which gave 0.146 g. The highest seed yield/ plot was yielded by the genotype G9
which recorded 52.82 g followed by the genotypes G5 and G10 which registered
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49.74 and 48.83 g, respectively (Table 4). The lowest genotype across planting
dates was G2 which gave 40.09 g. Also, environment 4 (E4) was yielded the highest
seed yield/ plot which recorded 66.06 g followed by environment E9 which
recorded 59.13 g, while the lowest environment across genotypes was Ejo which
gave 25.53 g.

The obtained results revealed different responses for studied genotypes
across different environments. The same view of results could be found for
different environments along with the genotypes.

Scatter plot (Total - 61.59%) SY/P

G E8

PC2 (21.36%)

PC1 (40.23%)

G '1 Genotype scores

E ’] Environment scores
Vectors

Figure 1. GGE biplot based on environment focused scaling for correlation
among environments.

Stability parameter for seed yield/plant

Figure 1 shows the relationship among studied environments. Environments
Ee, E7, and Eg were the most discriminating environments because they have the
longest distance from the origin of the biplot. Environments that have smaller
vector angles are closely related, and vice versa; larger vector angles are not
correlated or negative correlation.

Figure 2 shows the pattern of seed yield/ plant. The GGE biplot explained
which genotypes performed best in which environment as represented from the
polygon diagram. The polygon diagram of the GGE biplot is the best method for
the detection of winning genotypes by visualizing the patterns of genotype-
environment interaction (Yan and Kang, 2003). MET data analysis is helpful to
estimate the possible existence of different mega-environments (Yan and Tinker,
2006). In this biplot, polygon vertices were the genotype signs located farthest
away from the origin of the biplot in various directions, these genotype signs were
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contained within the resulting polygon. Consequently, five genotypes were
identified as the signs farthest away from the biplot origin and the others remaining
five genotypes lied within this polygon.

Scatter plot (Total - 61.59%) of SY/P

PC2 (21.36%)

PC1 (40.23%)

Environment scores

G 1 Genotype scores
=]

----------- Convex hull
——— Sectors of convex hull
——— Mega-Environments

Figure 2. Polygon views of GGE biplot based on environmental scaling for the
'which-won-where' pattern of genotypes and environments.

According to Figure 2, the vertex genotypes were G1, G5, G6, G9, and G10.
These genotypes showed the behavior of the best or worst in some or all
environments because they are farthest from the biplot origin (Yan and Kang,
2003), (Mostafa, 2020) and were more responsive to environmental changes and
recorded as specifically adapted genotypes. G6 was the highest yielding at Eg,
while G5 was the best at E;. The vertex genotype G1 was the poorest genotype in
most tested environments since it had the longest distance from the biplot origin
on the opposite side of the environments. Also, the GGE biplot analysis showed
two mega environments, since the environments are in the same area. These
environments are highly correlated, closer together in this biplot. The first mega
environment contained sowing dates or environments Ei, E3, Eg, and Eio in one
area, indicating identical conditions of these planting dates. The second mega
environment consisted of the other sowing dates. The genotype G9 was the best in
the second mega-environment.
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Ranking biplot (Total - 61.59%) of SYP

PC2 (21.36%)

PC1 (40.23%)

G 1 Genotype scores

E1 Environment scores
o AEC

Figure 3. Average environment coordination (AEC) views of the GGE biplot
based on genotype focused scaling for the means performance ranking and
stability of genotypes.

Comparison biplot (Total - 61.59%) of SYP

PC2 (21.36%)

PC1 (40.23%)

G1 Genotype scores

E 1 Environment scores
< AEC

Figure 4. GGE biplot based on environment focused scaling for comparison of
the environments with the best test environment.
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GGE biplot analysis in Figure 3 revealed that the genotypes G5, G6, and G10
having mean scores greater than the average environment coordinate point and are
considered unstable genotypes for seed yield/plant. G2, G4, G8, and G9 exhibited
to be the most stable genotypes as they were subtended by relatively low PC2
score. According to this, genotype G9 is a high-yielding and stable genotype across
studied environments.

Moreover, GGE biplot based on environment gave scaling for environments
comparison by ideal test environment (Figure 4). The best environments were E6
and E7 because they have high average seed yield per plant among the others and
the most suitable genotypes to these environments were the genotypes G5 and G9

Stability parameters for seed yield/m>

The GGE-biplot analysis for both genotype and interaction of genotype-
environment presented that PC1 and PC2 were significant, and accounted for 37.04
and 17.83% of the total sum of squares, respectively (Figure 5).

Figure 5 represents the relationship among the environments for seed
yield/m?. Environments Ei, E», E4, Es, and Ey were the most distinguishing
environments because they have the longest distance from the biplot origin. The
closely related environments recorded smaller vectors angles, whereas; with larger
vector angles represent no relationship or negative correlation.

Scatter plot (Total - 54.87%)

G9

E8 [ES _E2

=
E. a3t
- G6)\ :i;;dz'?__,, _E8
i NE3 ct1o—E9
. G5
E4
Gl oo | i

PC1 (37.04%)

G 1 Canolype SOonis
E1 Eemwironment soores
| =
|

WVinolors

Figure 5. GGE biplot based on environment focused scaling for correlation
among environments.

Figure 6 shows the "Which Won Where Pattern of seed yield/m?". Since the
polygon profile of the GGE biplot show which genotypes performed best in which
environment. In this biplot, the polygon vertices were the genotype signs located
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farthest away from the biplot origin in different directions. These all genotype
signs were contained within the polygon. Consequently, six genotypes identified
with signs farthest away from the biplot origin, but the remaining four genotypes
located within the polygon.

Scatter plot (Total - 54.87%)

AP0

= j | G& ,EHEZ X +EB\
~ GX¥ "+
) J +E3 s
. d
Gl G7ﬂ Ho ey
[

PC1 (37.04%)

\ G 1 Sanolyps Soores

1 Environment scores
Convex hull
Sactors of convex hull
+ Mega-Environmanits

Figure 6. Polygon views of GGE biplot based on environmental scaling for the
‘which-won-where’ pattern of genotypes and environments.

Also Figure 6 released that the vertex genotypes were G1, G2, G4, G5, G8,
and G9. The performance of these genotypes was the best or worst across the
environments due to their farthest from the biplot origin (Yan and Kang, 2003).
Also, these genotypes are more responsive to environmental change and
considered as specifically adapted genotypes. G5 and G10 gave the highest yield
at E9 and Eg, respectively. The vertex genotype G1 was the poorest across most of
the environments since it had the longest distance from the biplot origin of the
biplot on the adverse side of the environments. Also, the GGE biplot analysis
revealed four mega environments, since they located in the same area. These
environments are highly correlated; they are closer together in this biplot. The first
mega environment contained only the sowing date or environment E;. The second
mega-environment consisted of Ez, Es, E7, Eg, and Eio in one area. The third mega
environment consisted sowing dates or E3 and E4. The fourth mega-environment
consisted of sowing dates or E¢ and Eo in one area.

GGE biplot analysis in Figure 7, revealed that the genotypes G10, G5, G4,
G8 and G3 having mean scores greater than the average environment coordinate
point and considered as unstable genotypes for seed yield/plant. Genotypes G1,
G7 G2 and G9 were the most stable genotypes as they were subtended by relatively

Assiut J. Agric. Sci. 53 (3) 2022 (42-54) 51



Bakheit et al., 2022

low PC2 score. According to this, genotype G9 possessed high yield and stable
genotype across environments.

Ranking biplot (Total - 54.87%)

PC2 (17.83%)

PC1 (37.04%)

Canolyps Bronss

G1
E 1 Ernviranmesnt acoras
& AlC

Figure 7. Average environment coordination (AEC) views of the GGE biplot
based on genotype focused scaling for the means performance ranking and
stability of genotypes.

Comparison biplot (Total - 54.87%)

PC2 (17.83%)

PC1 (37.04%)

(51 Genoiypa scores

E 1 Environmani scoras
AEC

Figure 8. GGE biplot based on environment focused scaling for comparison of
the environments with the best test environment.
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In Figure 8, GGE biplot focused scaling for environments comparison. The
environments E», E¢ and E9 were the best because they have high average seed
yield per plant among the others and the most suitable genotypes to these
environments were the genotypes G5, G9 and G10.
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