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ABSTRACT:

The stability measures are useful in characterizing genotypes by showing their relative
performance in various environments. Ten sugar beet genotypes were eval uated across
eight different environmentsin old lands and four environments in new land reclaimed
with two sowing dates and two locations. Two years to study their yield potential and
stability. Four statistical parameters (Wricke's Ecovalence, Shukla's (two measures),
kang and Coefficient of variation) were used for determining yield and other traits
stahility of the genotypes. Highly significant differences due to genotypes (G) in old
land and all environments for all studied traits except sucrose % in combined data
were found. Environments (E) and GxE interaction had the sametrend in all lands and
combined data except sucrose % in old land, which is suggesting differentia responses
of the genotypes. Results showed that the statistics parameters were differed in their
efficiency for determining the true stable genotypes. But all proposed parameters were
in line for determining stability of G4 in old land for root yield and sucrose yield and
over all the environments with considering mean yield, so it could be recommended
for growing under conditions of old land and G, for root yield and G; for sugar yield
in new reclaimed land. Concerning sucrose (%), the genotype Gg in old land and the
genotypes (G4, Gs, Gg, Gg and Gy) concerning yields in new reclaimed land were
recorded by all proposed parameters (C.V., 6%, SA, Eco. and Ysi) for stability. Sothey
could be recommended for growing under these conditions. The relative small value
for the heritability in all traits studied means that the large effect by environmental on
the studied traits.
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INTRODUCTION:

Sugar beet (Beta vulgaris L.) provides
about 40% of the world sugar production
ranked second sugar resource after sugar
cane in Egypt. The importance of sugar
beet crop doesn’t only come from its ability
to grow in the newly reclaimed lands but
also from giving high sugar recovery. In
addition the growing period of sugar beet is
about half than sugar cane.

Successful new varieties must show
high performance for yield and other

essential agronomic traits. Their superi-
ority should be reliable over a wide range
of different environmental conditions.
Plant breeders generally agree on the
importance of good phenotypic stability,
but there is much less accord on the most
appropriate definition of stability and on a
statistical measure of stability in yielding
trials, which is an appropriate measure of
phenotypic  stability. Wricke (1962)
proposed to calculate the ecovalence, thisis
the contribution of a genotype to the total
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genotype X environment interaction sum of
squares. If small ecovalence values are
desired, this may be called an agronomic
concept of stability, for it describes
properties desirable in crop production.
Shukla (1972) developed an unbiased
estimate of stability variance of the i

genotype (67) and aso a criterion for

testing the significance of 5f to determine

whether or not a genotype was stable
Shukla's method can be extended to use a
covariate/covariates to remove ity ther
linear effect from GE interaction. The
remainder of GE interaction variance can
be assigned to each cultivar (S parameter)
and the significance of each component can

be tested. The statistic S” (Shukla, 1972)

was also well rank related with S5 . The
yied-stahility statistic (YS) has devel oped
by Kang (1993) for simultaneous selection
for yiddd and dahility. Francis and
Kannenberg (1978) in which the yield of
each entry averaged over environments
were plotted against its coefficient of
variation (CV) over environments. A stable
genotype in this case is one with low
average coefficient of variation. Kang et
al., (1987) reported on the relationship
between Shukla's (1972) stability variance
and Wricke's (1962) ecovalence and
concluded that these measures identically
ranked cultivars for stability (rank
correlation coefficient = 1.00). These types
of measures are useful to breeders and
agronomists  because they provide
contribution of each genotype in a test to
total GE interaction. Kang and Magari
(1996) discussed new developments in
phenotypic stahility analysis; Kang (1988,
1993) integrate yield and stability into one
statistic that can be used as a sdlection
criterion.  An universally acceptable
selection criterion takes GE interaction into
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consideration does not exist (Kang and
Magari, 1995).

Whenever an interaction is significant,
the use of main effects (e.g., overal
genotype means across environments) is
guestionable. Researchers need a statistic
that provides a measure of stability or
consistency of performance across a range
of environments, particularly one that
reflects the contribution of each genotype
to the total GE interaction. Recently, Kang
(1993) developed a yield - stahility (Ys)
statistic to be used as a selection criterion
when GE interaction is significant.

There is worldwide interest among
plant breeders, geneticists and production
agronomists in genotype X environment
(GE) interaction. A sability analysis is
often conducted to estimate and interpret
GE interactions. It has been observed in
sugar beet by various authors Gandorah and
Refay (1994), in Saudi Arabia, Weber and
Muller (1996), in Germany, Al-Jbawi,
(2000), Shaaby (2003) and Abd El-Aal and
Mohamed, (2005) in Egypt.

The objectives of this study were to
increase sugar beet productivity and
adaptability under different conditions by
identifying and developing genotypes that
are more adapted and more stable in
production under these harsh environments
and to study the stability parameters of ten
genotypes of sugar beet grown at different
planting dates at three locations and two
Seasons.

MATERIALS AND METHODS

Two field trials were carried out at
three locations i.e. Kafre El-Sheikh
Governorate (Sakha Experimental Station,
ARC), El-Dakahlia Governorate (Belkas
province) and El-Fayoum Governorate
(Kom Oshim Province) in the two
successful seasons 2004- 2005 and 2005-
2006) The monthly meteorological
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data of locations and seasons was collected
(Table-3). Sugar beets10 varieties were
sown and planting dates were 25™ Oct. and
25" Nov. Stahility statistics were calculated
for each of the four methods Wricke's
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Ecovalence, Shukla's (two measures),
kang, and Coefficient of variation).

The monogerm and multigerm geno-
types were used in this sudy. A list of these
genotypes and the country of the origin are
presented in Table-1.

Table-1: Identification of genotypes used, classification (N, E and Z), origin, and the important

agronomic characteristics.

Genotypes Type Origin Agronomic traits
Monte Bianco Gy E Germany
Farida G2 E Holland Root yield high and Sugar content are
Oscar poly Gs E Germany medium
Lp12 G4 E France
Kawemira Gs N Germany
Deprezpoly N Gs N France Root yield and Sugar content are normal
Samba Gz N Holland
Carola Gs Z Germany
Dema poly G z France Root yield and Sugar content are high
Lp13 G1o Z France

Mechanica and chemicd andyses of the sail a experimentd locations were carried out according to

Fiper (1955) and presented in Table (2).

Table-2: The properties of the sail at three investigated (Kafr,El Sheikh, El Dakahlia and El Fayoum)

locations.
Particle size digtribution
Available
Soil Sample SAND | SILT | Clay Texdural | \iiogen | caco, | EC MMNOS g(';l
/cm 25C
% % % Class PP.M % paste
K. El Sheikh 250 | 285 465 Clay 37.1 45 13 8.8
2004 | El Dakahlia 253 | 334 413 Clay 295 33 0.8 8.3
2005 [ EL FAYOUM 520 | 230 25.0 Sandy 10 36.50 10.81 8.2
loam
K. El Sheikh 261 | 271 46.0 Clay 38.0 34 14 8.6
2005 | El Dakahlia 260 | 331 40.0 Clay 30.1 31 0.9 8.4
2006 | EL FAYOUM 500 | 240 26.0 Sandy 8 36.40 11.00 85
loam
A gplit-plot  design  with three Beetroots were harvested after 210 days of

replications was maintained for each
location. Planting dates were assigned to
the main-plots, while genotypes occupied
the sub-plots. The area of each sub-plot size
was 21 m? (1/200 fad.), which consisted in
6 ridges 7 meters in length and 50 cm in
width. Spacing between hills were 20 cm.
Agronomic cultura practices were carried
out as usual to assure optimum production.

sowing +2 days between locations.

Twelve environments (Eight in old
lands and four in new reclaimed land) were
used as follows: E;, the first season in the
first sowing date at K. El Sheikh, E, the
first season in the second sowing date at K.
El Sheikh, E; the second season in the first
sowing date a K. El Sheikh. E,4 the second
season in the second sowing date at K. El
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Shelkh, Es the first season in the first
sowing date at El Dakahlia, E; the first
season in the second sowing date at El
Dakahlia, E; the second season in the first
sowing date a El Dakahlia and E8 the
second season in the second sowing date at
El Dakahlia: E,, the first season in the first
sowing date at El Fayoum,Ey, the first
season in the second sowing date at El
Fayoum, E,; the second season in the first
sowing date at El Fayoum and Ej, the
second season in the second sowing date
at El Fayoum. The studied traits were root
yield/(ton/Fadden), sugar vyied (ton/
Fadden) and Sugar %.

Statistical analysis: Plot means were used
for datigical analysis. Data from each
macro environment (combinations of years
and locations) were analyzed and Barteltt’s
test for heterogeneity of error variances
across environments indicated that error
terms were homogeneous. In the combined
anaysis across environmental effect has
assumed to be fixed. Analysis of variance
was computed for each trait in each
location. A combined analysis for the three
locations was done according to Gomez
and Gomez (1984). The form of the
variance analysis and the mean square
expectations from which estimates of
variance components were obtained is
presented in Table-4. Separate estimates of
the components of variation in each mean
square expectation were calculated to
evaluate the magnitude of the different
effects .The estimates of these variance
components and the expected composition
of the mean sgquares were determined by the
procedures described by Miller and
Robenson (1959).

RESULTS AND DISCUSION

1- Analysis of variance and genotype
performance: Mean sguares of the
environments, genotypes, their interactions
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and combined analysis of variance for the
ten genotypes evaluated fewer than twelve
divergent environments for all traits studied
are given in Table-5. In old land environ-
ments, the mean squares of genotypes were
significant for all the studied traits. Also,
the differences between the environments
were significant for al traits studied except
for sucrose %. The interaction between
genotypes (G) and environments (E) were
found to be significant for all the studied
traits except for sucrose %. This indicates
that genotypes interacted differently with
the environments. The partitioning of the G
x E interaction variance into its
components,  heterogeneity or  non-
additively and residua for the three traits
studied is also shown in Table-5. The
residual represents variation after the
differential effect of a covariate (different-
tial fertility, cultural practices at different
environments) has been removed. The
residual was significant for all traits studied
except sucrose % in old land environments.

In new reclaimed environments the
mean squares of genotypes were found to
be insignificant for al the studied traits.
While the differences between the
environments were significant for all traits
studied. The interaction between genotypes
(G) and environments (E) were found to be
significant for al the studied traits. This
indicates that genotypes interacted
differently with the environments. The
partitioning of the G x E interaction
variance into components, heterogeneity or
nonadditivity and residual for the three
traits studied is also shown in Table-5. The
residual represents variation after the
differential effect of a covariate (different-
tial fertility, cultural practices at different
environments) has been removed. The
residual was sdignificant for all traits
studied. In al environments the mean
square of genotypes were found to be



Vol. 4. (1-2) 2007

significant for all the studied traits except
for sucrose % while the differences
between the environments were significant
for al traits studied. The interaction
between genotypes (G) and environments
(E) were found to be significant for all the
studied traits. This indicates that genotypes
interacted differently with the environ-
ments. The partitioning of the G x E
interaction variance into components,
heterogeneity or nonadditivity and residual
for the three traits studied is also shown in
Table-5. The residual represents variation
after the differential effect of a covariate
(differential fertility, cultura practices at
different environments) has been removed.
The residua was significant for al traits
studied. Smilar results have obtained by
Gherman and Kavots (1983) in Romania,
Abo El-Ghait (1993) Al-Jbawi (2000) in
Egypt and Gandorah and Refay (1994) in
Saudi Arabia. They found that Genotypes x
environment interaction had a significant
effect on root fresh weight/plant, and sugar
yield/fad, but insignificant on sucrose %.

For root yield (ton/fed) in old land, the
average of the genotypes was 30.87 ton
/fed. The highest values recorded for the
genotype G, (34.47 ton/fed) while the
lowest value recorded for the genotype Gz
27.48 ton / fed Table-6. The average of the
environments was 30.78 ton /fed, the
environment E, and E; recorded the highest
values of root yield (33.06 and 33.03 ton
/fed) while the lowest value recorded for
the E; environment (26.14 ton / fed). The
highest value of root yield ton/Fadden
obtained from the genotype Gy under Es
environment (44.35) ton / fed.

For root yield (ton/ fed) in new
reclamed land Table-6, the average of the
genotypes was 24.35 ton/ fed. The highest
values recorded for the genotype Gs 25.68
ton / faded while the lowest value recorded
for the genotype G; 23.36 ton / fed. The
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average of the environments was 24.35
ton/fed, the environment E;; recorded the
highest values of root yield (25.23 ton /fed)
while the lowest value recorded for the Ejp
environment (23.49 ton / fed). The highest
value of root yield obtained from the
genotype Gyo under Ey; environment (27.56
ton /fed).

The combined data over the environ-
ments showed that the genotypes G;, G,
and Gg recorded the highest values for root
yield (30.60, 30.92 and 30.05 ton /fed,
respectively) over all environments.

Concerning old land for sugar yield
(ton/fed) Table-7, the average of the
genotypes was 5.50 ton/ fed. The highest
value was recorded for the genotype G,
(6.16 ton / fed) while the lowest value was
recorded for the genotype G; (4.67 ton /
fed.). The average of the environments was
5.50 ton / fed .The environments E, and E;
recorded the highest values of root yield
(6.01and5.89 ton /fed) while the lowest
value has recorded by the E; environment
(4.62 ton / fed). The highest value of sugar
yield was obtained from the genotype Gq
under Es environment (7.70 ton / fed).

Data of newly reclaimed land
concerning sugar yield Table-7 reveded
that the average of the genotypes was 4.05
ton/ fed. The highest value was recorded
for the genotype Gs (4.39 ton / fed), while
the lowest value was recorded for the
genotype Gs (3.80 ton / fed). The average
of the environments was 4.05 ton/fed. The
environment E;; recorded the highest
values of sugar yield (4.13 ton / fed) while
the lowest value was recorded for the Eg
environment (3.97 ton / fed). The highest
value of sugar yield was aobtained from the
genotype Gs under E;; environment (4.56
ton / fed).

The combined data over the
environments showed that the genotypesG,
and Gy recorded the highest values for
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sugar yield ton/Fed (5.43 and 5.36 ton /fed
respectively) over all environments.

Moreover, sucrose % in old land
(Table 8), the average of the genotypes was
17.81%. The highest values recorded for
the genotype Gg and Gy (18.41 and 18.54
%) while the lowest value recorded for the
genotype G; which recorded percent of
sucrose 16.86%. The average of the envir-
onments was 17.81%. The environments
E,, E; and Egrecorded the highest values of
sucrose % (18.18, 18.14 and 18.21%
respectively) while the lowest value
recorded for the Es environment (17.45 %).
The highest value of sucrose % obtained
from the genotype Gy under E; environment
(19.68%).

Regarding sucrose % in new reclaimed
land Table-8, the average of the genotypes
was 16.63%. The highest values recorded
for the genotype Gs (17.16%), while the
lowest value recorded for the genotype Gz
(16.07%). The average of the environments
was 16.63%. The environment E;q recorded
the highest values of sucrose% (17.10%)
while the lowest value recorded for the Eg
environment (16.26%). The highest sugar
percent obtained from the genotype G;
under E;p environment (19.17%). The
combined data over the environments
showed that the genotypes Gg, Gy and Gy
recorded the highest values for sucrose %
(17.75, 17.77 and 17.67 % respectively)
over all the environments.
2-Stability parameters: the methods of
partitioning GE interaction, which provide
a means of assigning a variance component
to each genotype and a test of significance
of the variance component, should be more
useful in determining the stability of
genotypes than those which do not assign a
variance  component  to  individual
genotypes.

Estimates of the stability parameters and
means for each of the ten genotypes are
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given in Table - 9 for root yield (ton /fed),
in Table-10 for sugar yield (ton /fed) and in
Table-11 for sucrose %. Genotypes with a
significant F value were considered to be
unstable.

For root yield (ton /fed) data showed
that the genotype G, recorded insignificant
variance (ecovalence, o’ and S%i) statistics
and low CV vaues and G, recorded
insignificant values for S% and low C.V
indicating their stability compared to the
other genotypes. The integrating yield and
stahility of performance (Y s) showed
stahility for four genotypes (Gy, G, G4 and
Gg) in old land environments and four
genotypes (G, Gs, Gg and Gg) in new
reclamed land and Gg recorded
insignificant variance S statistics and low
CV vaues indicating ther dability
compared to the other genotypes. Also, this
genotype seemed to have high root yield
above the grand mean.

In combined data, overall the
environments data showed that G, genotype
recorded insignificant values for ecova-
lence, 6%, S and low C.V indicating the
stahility compared to the other genotypes.
The integrating yield and stability of
performance (Y S) showed stability for
five genotypes (Gy, G,, G4, Gsand Gg) over
all environments. The aforementioned
discussion showed that the dtatistical
parameters were differed in their efficiency
for determining the true stable genotypes.
But the four proposed parameters were in
line for determining gability of G4 in old
land and over all the environments with
considering mean yield so it could be
recommended for growing under conditions
of old land and three proposed parameters
were in line for determining stability of Gg
in new land reclamed with consdering
mean yield so it could be recommended for
growing under conditions of new land
reclaimed environments.
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For sugar yield (ton /fed), data showed
that the genotypes G, and G, genotype
recorded insignificant variances (ecova-
lence, 6% and S%) and low) C.V values
indicating their stability compared to the
other genotypes. The integrating yield and
stability of performance (Y S) showed
stability for five genotypes (G, Gz, G G4
and Gg) in old land environments and six
genotypes (Gs, Ga, Gs, Gg, G7 and Gg) in
new reclamed land and G; recorded
insignificant variances (ecovalence, 6% and
&) statistics and low C. 7 values indicating
their sability compared to the other
genotypes.

In combined data, overall the
environments data showed that G, genotype
recorded insignificant variances (ecova-
lence, ° and i) and low C.V indicating
its stability compared to the other geno-
types. G, genotype recorded insignificant
values for S i indicating its stability
compared to the other genotypes. The
integrating yield and  stability  of
performance (Y S) showed stability for
five genotypes (Gy, G,, Gz, Gsand Gg) over
all environments. The afore-mentioned
discussion showed that the statistics
parameters were differed in their efficiency
for determining the true stable genotypes.
But the four proposed parameters were in
line for determining gability of G4 in old
land and over all the environments with
considering mean yield so it could be
recommended to grow under conditions of
old land and four proposed parameters were
in line for determining stability of Gz in
new land reclaimed with considering mean
yield so it could be recommended to grow
under conditions of new land reclaimed
environments.

For sucrose %, data showed that the
genotypes except Gy had insignificant
variances statistic (ecovalence, 6% and SA)
and low C.V values indicating ther
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stahility in old lands. The integrating yield
and stability of performance (Y S) showed
stability for six genotypes (G, Gy, G, Gg,
Gy and Gyg) in old land environments and
four genotypes (G4, Gs, G; and Gyg) in new
reclaimed land .In new reclaimed land five
genotypes (G4, Gs, Gg, Gy and Gyg) had
insignificant variances statistic (ecovalence,
6% and S%) values indicating their stability
compared to the other genotypes. However,
the othe genotypes gave different
responses for variances datistic (ecova-
lence, 6% and S7) values.

In combined data of over all the
environments showed that four genotypes
(G, Gy, Gy and Gy recorded insignificant
values for o and S indicating their
stahility compared to the other genotypes.
The other genotypes gave different
responses for variances datistic (ecova-
lence, 6% and SA) values. The integrating
yield and dability of performance (Y S)
showed stahility for six genotypes (G;, Ga,
Gy, Gg, Gg and Gyo) over al environments.
The afore-mentioned discussion showed
that the statistics parameters were differed
in their efficiency for determining the true
stable genotypes. But the three proposed
parameters were in line for determining
stahility of four genotypes (G;, G4, G; and
Gio) in over al the environments with
considering sucrose % so it they could be
recommended.

The provison of testing the
significance of w-mean square (ecoval ence)
would increase the utility and effectives of
ecovalence as a dtability index. It is
significant that testing the w-mean square
showed the same genotypes to be unstable
in sugar beet genotypes as were shown by
% for all three traits (Tables-9,10 and 11).
The magnitude of 6% and w- mean square
for each genotype was about equal and the
relative rankings of genotypes for the two
parameters within a crop were exactly the
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same. This requires that a decision must be
made which of the two methods should be
used to obtain stability- variance parame-
ters for genotypes. The caculations
involved in determining ecovalence are
fewer and relative simpler than those for o°
I. Shuklas method would be preferred,
however, if a covariate were used (Kang
and Miller, 1984).

3-Variance components in all traits
studied: Estimates of pertinent variance
components for root yield, sugar yield and
sucrose % are presented in (Table-12). For
root yield the relative magnitude of these
components  indicates the reative
importance of the corresponding source of
variation. The plot error variance c2e and
the components of variance 629, o2gl, o?gp
and o2%glp were higher in magnitude than
the o2gy component. The relatively small
value for o2gy indicated that the heritability
was low. It means that the large effect by
environmental.
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Estimates of variance components for
sugar yield indicated that the relative
magnitudes of these componentsin relative
importance of the corresponding sources of
variation. The plot error variance c2e and
the components of variance %9, ¢%gp and
o2gld were very much higher in magnitude
than the o2gy and o?glp component. The
large 629 may be due to the large stability
of these genotypes. The relative magnitude
of these components indicates the relative
importance of the corresponding source of
variation. Estimates of variance compo-
nents for sucrose % showed that the relative
magnitude of plot error variance o%e and the
components of variance c?g were much
higher than the interaction ol
components. The small values of inter-
action o?gp and o2glp indicate that there
were no environmental effects.
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Table-3: Monthly meteorological data of location and seasons.

Temperature C Relative Humidity %
MONTHS | Maximum | Minimum

gqaé'fki" ‘ Dakahlia ‘ Fayoum ‘ Kafr El-Sheikh ‘Dakahlia ‘Fayoum ‘ Kafr El-Sheikh ‘ Dakehlia ‘ Fayoum
2004/2005 SEASON
Oct. 30.2 30.5 31.8 19.2 17.7 18.3 71 66 54
Nov 25.7 26.0 28.1 16.7 16.3 13.7 57 68 54
Des. 20.8 20.2 21.2 11.9 11.0 8.2 75 73 59
Jan. 19.0 19.0 21.1 9.6 9.0 7.6 57 65 55
Feb. 19.1 19.4 21.0 9.3 8.1 6.9 71 64 60.5
March | 22.6 22.1 25.2 10.8 10.1 94 56 64 53
April. 25.2 25.8 30.1 14.2 13.1 13.0 54 63 51

2005/2006 Season

Oct. 28.5 27.2 29.9 18.2 15.6 16.7 71 65 55
Nov 24.4 24.1 24.4 14.7 12.5 11.0 70 65 57
Des. 21.1 20.1 21.3 12.1 10.7 8.9 75 70 59
Jan. 18.7 18.6 19.4 9.9 7.7 6.6 74 69 59
Feb. 20.8 20.0 22.2 11.1 8.8 84 76 68 60.5
March | 23.0 22.8 26.3 11.4 10.3 9.7 56 64 51.9
April. 26.3 26.6 30.4 16.4 13.6 16.3 57 62 50.0

Monthly report, Agro meteorological data ARC, Egypt

Table -4: Form of variance analysis and mean sguare expectations in combined analysis

Souree of variation Degree of freedom Expected mean square

Years (Y) y-1 =1

Reps with years (R) y(r-1) =2

Location L) -1 =2
Y xL (y-1(-1) =2

Pooled Error (y) y(r-1)(1-1) =

Panting date (P) p-1 =1
Y xP (y-D(p-1) =
LxP (I-1)(p-1) =2
Y xLxP (y-1)(-1)(p-1) =2

Pooled Error (P) yl(r-1)(p-1) =7

Genotypes  (G) g1 =9 Mi 6’ + 167 1, + 1y 6° ipgt M6"ypgtTPo’yigtTlys g+ IpYsigt rlps”yg  +rlpycy
Y xG (y-9)(g-1) =9 Mh o' +16° ), +rpo” iyg + Il 5%pygt 11Ppc” g
LxG (-1)(g-1) =18 | Mg c’e+ro’ , +1pc’ yigt 1Y Gopigt IPYS’ ig
PxG (p-D(g-1) =18 | Mf o%e+ 16”0 + 1y o”ipg+ Il 6%pgt 1lys” o
Y xLxG (y-1(-1)(g-1) =9 Me o'e+ 16”0 +1P0” .

YxPxG y-D(p-D(g-1) =9 Md ce+r0° 0 + oy
LxPxG (I-1)(p-1)(g-1) =18 R R R

Mc o°e +ro° eyt Y0 g
Y XxLxPxG (y-D(-1)(p-1)(g-1) 18 Mb o€ +r0° g -
Pooled Error (g) ylp (r-1)(g-1) =108 | Ma oc‘e.
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Table - 5: Mean sguares across 8 old land., and 4 new reclaimed land, and all 12
environments for root yield, sugar yield(ton/fed.) and sucrose % sugar beet genotypes.

In old Land, Environments

New reclaimed Environments

All Environments

Mean square Mean square Mean square
S.v
d.f . Sugar d.f |Rootyield |Sugar Sucrose |d.f |Rootyield |Sugar Sucrose
_Fﬁgg}fé’;e'd yield OS/““"SG Tonffed.  |yield % Tonffed.  |yield  |%
) ton/fed. ° ton/fed. ton/fed.
Genotypes 9 90.585**  [3.176* 4654** |9 [472 ns 0.260 0947 |9 62-639* 2.166* |2.818
©)
Environments (E) |7 171.484**  |5.947**  |2.052 3 10.17** 0.116** |3159* |11 |318.221** |13.869** |8.893**
GxE 63 | 40.337** |1.295**  |1.301 27 |5.68 ** 0.218**  |2.254** |99 | 30.188** | 0.999** |1.696**
Heterogeneity 9 40.118 1514 2.614* 9 |432ns 0.106 3036 |9 65.933* 2.203* |2.460
Residual 54 | 40.373** |1.259**  |1.082 18 [6.35%* 0273** |1.864* (90 | 26.614** | 0.879** |1.620**
Pooled Error 72 5.977 0.253 1.072 36 0.786 0.021 0869 (108 | 6.427 0271 |0.997
*&** denote significant or 0.05 and 0.01 probability, respectively
Table - 6: Root yield (ton/fed.) means of 10 sugar beet varieties grown in old (E;-Es) and new reclaimed land
(Eg-Ey,) during combined analysis of the two seasons of study.
. In new reclaimed Land, 4
centEny In old Land, 8 environments ( E;-Eg) environments ( Es-Ex) Grand
"|Ey E, Es E,4 Es E¢ E, Es Mean |Eq E1o Eis E1r Mean |mean
E types
G, 30.40|41.65 [35.45 [40.20 |33.73|39.80 | 24.23 | 24.63 (33.76 |25.28 [23.55 |24.68 |23.67 [24.29 |30.60
G, 37.20|39.15 (37.80 [37.08 | 34.25 | 37.83|25.62 | 26.80 (34.47 |25.10 [22.08 |25.18 |23.00 [23.84 |30.92
Gs 36.48|20.73 [32.45 [23.95 |32.53 |24.30 | 24.75 | 24.67 |27.48 |24.92 [24.03 |24.52 |21.05 |23.63 |26.20
G, 37.25|33.23 (33.45 [32.48 |33.15|34.5826.98 | 26.53 (32.20 (23.28 [24.40 |27.47 |24.13 24.82 |29.74
N types
Gs 36.2828.40 (36.25 [26.33 |36.23 | 24.15|28.63 | 27.38 (30.45 |24.80 [26.85 |25.13 |25.18 [25.49 |28.80
Gs 23.23|34.91|22.88|32.53 [26.70 |34.38 [28.80 |28.13 |28.94 |25.33 |26.53 [25.25 |25.62|25.68 [27.85
G 33.95|28.00 (33.98 [23.68 |33.38 | 21.45|25.88 | 28.44 (28.59 |23.15 [20.55 |23.88 |25.85(23.36 |26.85
Z types
Gs 29.70|35.23|32.95|33.95 (30.53 [22.13 {23.83 | 25.58 |29.24 |23.33 |21.73 |23.13 |27.39|23.89 [27.45
Gy 34.94|33.38 (35.51 [31.05 |44.35|32.35|25.28 | 27.23 (33.01 |26.10 [21.55 |25.58 |23.28 [24.13 |30.05
Guo 29.85|35.90|29.55 |35.80 (24.85 [35.23 [27.45 |25.90 |30.57 |22.70 |23.70 |27.56 |23.47|24.36 [28.50
Mean 32.93|33.06 (33.03 [31.70 |32.97 | 30.62 |26.14 |26.53 |30.87 |24.40 [23.49 |25.23 |24.26 |24.35 |28.70
LSD at
0.05
levels
E 1.320 0.489 |1.370
G 1500 N.S 1.244
ExG 3.970 1.469 [4.112
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Table -7: Sugar yield (ton/fed.) means of 10 sugar beet varieties grown in old (E;-Eg) and new reclaimed land (Eq-E;2)

during combined analysis of the two seasons of study.
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. In new reclaimed Land,

Gen. \Env. In old Land, 8 environments ( E;-Eg) 4 environments ( Eq-Ei,) ﬁ;z:d

E:. |E E; E, |Es = E; Eg Mean |Eg Ew |Eu |[E, |Mean
E types
G, 5.05 |7.25 630 |655 580 |6.75 [400 [400 |5.71 363 422 (436 |401 |4.06 |5.16
G, 6.50 |6.80 |6.90 |6.65 |6.00 |6.60 (490 [495 |6.16 436 |346 402 |400 [3.96 |5.43
G; 595|345 |570 (390 |575 |435 (450 (445 |4.76 364 |384 |418 (353 |(3.80 |4.44
G, 6.40 1630 |6.05 |6.10 |580 |655 [450 [450 |5.78 412 411 |454 |407 |421 |5.25
N types
Gs 6.25 |495 |570 (4.80 |590 |4.40 (455 (485 |5.18 438 |456 |451 (410 (439 (491
Ge 410 |650 |3.75 (625 |450 |6.40 (520 (490 |5.20 424 472 |397 (410 |4.26 |4.89
Gy 6.05 |540 |6.00 (440 |565 |4.05 (460 (490 |5.13 366 |394 |378 (450 |[3.97 |4.74
Z types
Gg 545 16.70 1630 |6.45 |575 |420 (405 [440 |5.41 356 |4.01 |361 [453 |3.93 |4.92
Gy 6.70 |590 |6.70 (570 |7.70 |5.65 |[5.00 (525 |6.08 418 |340 |402 (409 |[3.92 |5.36
Gy 515 |6.85 |550 |(6.65 |4.60 |6.45 (490 (440 |5.56 395 |384 |437 (406 |4.05 |5.06
Mean 5.76 (6.01 [5.89 |5.75 |5.75 |5.54 |4.62 |4.66 |5.50 3.97 |4.01 (413 |410 (405 |5.02
LSD at 0.05
levels
E 0.272 0.080 |0.280
G 0.308 0.138 |0.253
ExG 0.871 0.240 |0.841

Table - 8: Sucrose % means of 10 sugar beet varieties grown in old (E;-Eg) and new reclaimed land (Eg-E;2) during Combined
analyfsis of the two seasons of study.

Gen \Eny. In old Land, 8 environments ( E;-Eg) :;ne:\e,\i,\;gsﬁ:;n::d IIE_;E(:Z) Grand
1 E, E; Es Es Es E; Es Mean |Eqg = En Ew Mean |mean
E types
G, 1650 |17.40 |17.75 |16.30 |[17.25 |16.95 |16.52 [16.18 |16.86 [14.39 |17.86 |[17.65 |16.94 |16.71 |16.81
G, 1750 |17.40 |18.30 |18.00 (17.45 |17.50 |19.02 (18.34 |17.94 |17.41 |15.69 |(16.01 |17.17 |16.57 |17.48
G; 16.30 |16.75 |17.45 |16.35 |[17.65 |18.20 |18.24 |18.11 |17.38 |14.61 |15.99 (17.05 |16.63 |16.07 |16.94
Gy 17.20 |19.00 |18.00 |18.75 |(17.40 |18.98 |16.74 |16.88 |17.87 |17.54 |16.85 (1651 |16.90 |16.95 |17.56
N types
Gs 17.25 |17.50 |15.75 |1835 (1625 |18.25 |15.87 (17.87 |17.14 |17.59 |16.97 |(17.80 |16.30 |17.16 |17.15
Ge 17.75 |1860 |16.40 |19.25 (16.80 |18.72 |17.82 |17.53 |17.86 |16.66 |17.93 (1562 |1597 |16.54 |17.42
Gy 17.85 |19.15 |17.80 |1855 (1698 |18.70 |17.81 |17.17 |18.00 |15.85 |19.17 (1581 |17.24 |17.02 |17.67
Z types
Gg 1830 |19.10 |19.13 |18.95 (1890 |18.90 |16.84 |17.14 |18.41 |15.28 |1847 (1563 |16.38 |16.44 |17.75
Gy 19.20 |17.85 |18.98 (1833 (17.35 |17.60 |19.68 [19.30 |18.54 |16.02 |15.82 (1571 |17.38 |16.23 |17.77
Gy 17.35 |19.05 |1857 |1860 (1845 |18.35 |17.91 |17.05 |18.17 |17.23 |16.33 |1584 |17.28 |16.67 |17.67
Mean 1752 |18.18 |17.81 |18.14 |17.45 |18.21 (17.64 |17.56 |17.81 |16.26 |(17.10 (16.36 |16.82 |16.63 |17.42
LSD at 0.05
levels
E N.S 0.515 |0.538
G 0.635 N.S 0.565
ExG N.S 1545 [1.614
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Table -9: Mean of roat yidd (torn/fed.) and estimeates of gahility perameters for ten sugar beet genotypes across each of the three
stsof environments

I(E OEL)D LAND 8 ENVIRONMENTS n new reclaimed Land,4 environments(Eg-E;5) Overdl 12 environments(E;-Ej,)
(Genotypes |— == Mea 2 [ & | Eco. | Vs
Mean | CV 3 S% | Eco. | Ys | Mean | CV c% | S Eco. | Ys| [eAY O i :
E types
G, 33.76 60.54 2429 | 340 | 048 30.60 | 235 4253 [36.31 | 4163 | 3 +
203 | Ly (896 367.3| 4+ ws P83**| 10.66 | -3 x x
G, 34.47 2384 | 649 | 184 30.92 | 21.9 [20.24 p67ns| 211.3 | 4 +
15.3 |1557* [843ns| 1154 | 9+ e L65**| 612 | -8 o
G 27.48 23.63 | 743 26.20 | 18.7 [4327 4341 4140 | -10
® 20.2 3?'*7 6 1840+ 3573 -10 7,;26 12'3’5 -9 *x *x
3220 | 114 |osons B7ins| 436 | g+ | 2482| 737 4:14 Lap+| 1410 | 24| 2974| 160 BOLns B42 ns| 597 | 8 +
N Types
G 30.45 2549 | 362 28.80 | 16.3 (2889 3055 | 2875 | -1+
> 16.4 41‘,?'6 18.79**| 260.4 | -4 5;&7 D.58**| 959 f *x *x
G 28.94 2568 | 228 27.85 | 14.6 |57.05 |39.42 | 535.2 5
o 16.2 7?‘,?9 7.98%* 4689 | -7 3,;%1 053 ns| 21.33 E ox x
G 28.59 23.36 | 9.38 B 26.85 | 17.8 [31.11 [32.90 | 306.9 -8
7 16.9 4?3’9 j0.51**| 2765 | -8 8;&8 11'5’3 3530 | 14 ox *x
Z types
G 29.24 23.89 | 10.20 27.45 | 17.7 [19.97 |[22.66 | 208.9 7
8 16.7 2&'93 8.59** 166.2 | -6 lf',;o 22'*89 286 | -6 *x *x
Go 33.01 33.49 2413 | 875 | 560 30.05 | 21.5 [25.90 [20.72 [ 2607 | 2 +
17.6 | 7, $183** 2158 | 2+ . H95**| 1514 | -4 x x
G 30.57 2436 | 894 2850 | 17.1 [28.99 [31.48 | 200.3 -4
10 148 | B15 |e55++| 2609 | -3 675 p 52+ | 17.00 2 -, o
Ys = Yield stahility statistics , + Simultaneous selection for yield and stability, C.V = Coefficient of variation, Eco. =
Ecovalence, o % and S% = Shukla’s stability — variance statisties
Table-10: Mean of sugar yidd (torvfed.) and eimates of gahility parameters for ten sugar beet genotypesacross each of thethree sts
of environments
IN OLD LAND 8 ENVIRONMENTS (E;-Eg) n new reclaimed Land,4 environments(Eq-E;,) Overdl 12 environments(E;-E,)
IGenot - Z 3 j
Y| Men | cv | 6% | @ | Eco le nMea cv 6% | & | Ecwo. | vs nMea cv | o% | SV [Eeo | Ys
E types
G, 6.08 147 |o9g** |117** | 640 | 3 + 392 899 |027** |042** | 072 | -8 5.36 241 P99** 0.84**| 983 3+
G 616 | 131 [013ns |037ns| 162 |13 + | 396 | 938 [034** |048** | 088 | -5 543 | 235 P51** DA3ns| 557 | 8+
Gs 5.56 17.3 |1.37** |163** | 859 | -1+ | 405 | 566 |004ns |002ns | 017 | 7+ 506 | 21.3 D.88** 0.99**| 879 | -1+
Gy 578 142 |023ns [018ns| 217 | 9+ | 421 | 519 |055ns |007* | 020 | 8+ 525 | 194 |015ns P15ns| 246 | 9+
N types
G 518 439 491 | 138 p.81** [055* | 826 | -5
> 132 |0.85** |0.88** | 566 | -7 463 |011** |012** | 033 |5+
G 5.20 426 489 | 203 p36** p13**| 21.85 | -6
6 20.7 |334** |322** | 1962 | -6 769 |034** |019** | 088 | 3+
G, 513 147 |1.09%* [117** | 699 | s 397 | 939 |027** |039+* | 072 | -4+ 474 | 180 p.80** D.80**| 816 | -8
Z types
Gg 541 19.7 |1.04** |0.92** | 6.74 4 393 11.40 |045** |067** | 114 | -7 492 233 P.77** 0.81**| 7.89 -4
Go 571 217 |154** [1.05** | 954 | 0 + | 406 | 779 lo016+** |0.16** | 044 | o+ 516 | 251 [.04** 0.91**[ 10.21 | O+

Ysi = Yield stability statistics, +

Eco. = Ecovalence

Simultaneous selection for yield and stability, C.V = Coefficient of variation,
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Teble-11: Mean of sucrose % and edimates of stahility parametersfor ten sugar beet genatypes acrass each of the three sts of environments.

Geno IN OLD LAND 8 ENVIRONMENTS (E;-Eg) In new reclaimed Land,4 environments(Eq-E;,) | Overall 12 environments(E;-E;,)

ltypes -
w Mean | CV | 6% | S4 | Eco. | Ysi [ Mean | CV | 6% | S5 | Eco. | Ysi | Mean | CV | 6% | S% | Eco. | VYsi

E

types
G | 1686 | 537 b73ns 0.7 ns .99 1 18711 956 447 Lagd 1141 | 0 1681 | 567 bog*+bions| 2208| -5
G 17.94 3.25 1.18ns [0.79 ns [7.52 7+ 16.57 511 P.69* [.88ns| 7.14 0 17.48 5.33 1.48ns [L.55ns| 14.85 4+
Gs 17.38 468 2.00ns [1.73 ns 12.15 2 16.07 6.62 .37 nsB.71*| 6.375 -2 16.94 6.33 |1.90* [2.09* | 18.62 -4
Go | 1187 1 557 po2ns [0.22ns .04 6+ | 095 | 253 Jsanshsons 260 | o+ | 17°® | 516 pe2nsposns| o001 | 7+
G | 1714 | 615 Joons pionsiie6 | 0 1736 1 394 bo3nspssng 602 |11+ | 1 | 530 p.68**posns| 2546 | -6

N

types
Go 17.86 543 1.32ns [1.15ns 8.29 5 16.54 6.17 [.45nsp.15ns| 4.15 3 1742 6.55 [1.21ns (1.24* | 12.54 1
G | 1800 | 418 p39ns .12 ns 13 g+ | 192 | 929 Boox 3ang| 864 | 6+ | 177 | 630 Lisnsli6ns| 1299 | 7+

z

types

Ce 18411 408 Laznsgeaansgs? | 10+ | 0% | 68 psax peinsg 677 | 2 | 7° | 803 [L94* [L36ns| 18.96 | 6+
Go | 18541 470 psox [L67nspsar | 8+ | % | 477 |22ns|87ng 360 | 1 | 177 | 783 p72wxpg7ee| 2583 | 3+
Guo | 817 375 psanspe2nspes | o+ | 07 | 422 |a1ns|63ng 406 | 7+ | 17 | 558 Drsnspezns| 847 | s+

Ysi = Yield stability statistics , + Simultaneous selection for yield and stability
C.V = Coefficient of variation, Eco. = Ecovalence, o % and S% = Shukla’s stability — variance statisties

Table -12: Variance component estimates from combined ANOVA for root yield , sugar yield
and sucrose of 10 genotypes grown in 12 environments .

vVariance Root yield Sugar yield Sucrose
ton/fed. ton/fed. %

Components EM.S EM.S EM.S
ozg 6.804 ** 0.225 ** 0.389 *
ooy 0.743 * 0.045 * 0.246 *
0291 1.392 ** 0.042 ** 0.181 *
o’gp 5.616 ** 0.197 ** 0.087
a’glp 3.313 ** 0.126 ** 0.055 **
029)"[3 8.184 ** 0.209 ** 0.268
o’e 6.472 0.271 0.997
o 26.324 1.115 2.223
hy? 25.85 20.22 17,51

o%g, o’gy, o°gl, o’gp, o’glp and o’gylp are the variance attributed to genotypes, genotype X year genotype x
location, genotype x planting date, genotype x location x planting date and genotype x year x location x planting
date respectively. hy,? Heritability in broad sen
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