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ABSTRACT

Ten polvgerm sugar beet varielies (Gazelle, Oscar, Kawemera. Top,
Lola, Carola, Gloria, Dema poly, Pleno and Farida) were evaluated in four field
trials at two locations (Kafr El-Sheikh and El-Fayoum governorates) dunng the
two successive growing seasons, 2002/03 and 2003/04 to study the effect of
environmental conditions. i.e. seasons, locations and nitrogen fertilization (60, 80
and 100 kg N/ fed) on yield and quality of sugar beet genotypes, to determine the
magnitude of genolype x environment interaction and (o measure phenotypic
stability for root. top and sugar yields of these genotypes. The combinations
betwcen three N-ferulization levels, two locations and (wo seasons were
considered as 12 different environments. A split plot design with four replicates
was used. Nitrogen fertilization levels were allocated in the main plots and the
varieties were arranged (n sub-plots.

The results of combined analysis of vanance rcvealed that the main
effects of growing seasons (Y), locations (L) and N-fertilization treatments (N)
were significant for all studicd characters. Morcover, the mean squares for
genonvpes were  significant  for all characters except purity percenlage
Furtherinore, the first order interaction of G x Y was insignificant for a:l siudied
characters while. the interactions of (G x L) for root diamcter. root weight per
plant and root, lop and sugar yields/fed as well as G x N interaction for all
characlers except purity percentage were significant. However. the second order
interaction (G x L x N)Y was significant for root diameter. root weight/plant and
rool, top and sugar yields/fed while, other interactions (Gx Y x N, Gx Y x L)
was not significant in all studied traits,

The results for stability analysis of variance showed that there were
highly significant differences among either sugar beet genotypes (G) or
environments (F), indicating substantial variability existed atnong both for all
studied traits. Highly significant mean squares due to environments + (G x E)
interaction indicated that such genotypes interacted considerably with
environmental conditions for all studied traits. Both linear and non-linear
components of G x E interactions were impornant in the expression of root, top
and sugar yields/fed, but the linear component was larger in magnitude.
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Considering the three stability parameters proposed by Eberhart and Russeli
(1966), i.e. x. b, and §%d,, the two sugar best varieties Carola and Top are the most
stable genotypes for root, lop and sugar vields/fed, since they exhibited relative
high mean performance for these traits and had the smallest insignificant
deviations, indicating the importance of these varieties in agricultural practice as
commercial cultivars under such studied environmental conditions.
Key words: Sugar beet, Genotype x Environment Interaction, Phenorypic
stability, Locations, N-fertilization, Sugar Yield and its contributing
traits.

INTRODUCTION

Seeds of sugar beet (Bera vulgaris, L.) varieties. which are iniponed and
evaluated annually, should indicate consistency and positive results across a range
of locations and years for their produclivity before being recominended for
cultivation. However, if genotypes interact significantly with years or locations or
both. selection of superior varicties will become more complex. Al present,
testing locations are situated in some of sugar beet growing regions, With the
expansion of its cuitivation in newly reclaiined arcas which differ in soil types
and climatic conditions, it is felt necessary to find out how sugar beer genotypes
perform when grown under these different environmental conditions and to
determine the importance of variety x environment interaction in varien
evaluation programs in Egypt. Nitrogen fertilization is an important factor that
affects the preduction and quality of supar beet.

Variety performance depends on genetic and environmental factors,
therefore, significant genotype x environment interaction (GEI) can be serniously
lumit efforts in selecting the superior penotypes and considered as barrier to the
expanding of cultivating the genotypes across different environmental conditions.
The cultivar must have the genetic potentially for supenior performance under
1ideal growing condition and in meantime produce considerable yield under stress
environments, Thus, it could be characterized as stable genotype. Some
investigators studied genotype X environment inleraction in sugar beet and
indicated significant values for sugar yicld and its contributing traits (El-Hinnawy
et al., 2002 and Mahmoud ef a/., 2002). In addition, highly significant genotype x
season, genotype x location and genotype x season X localion interactions were
also reported for sugar yield and its attributes (Rady et al. 20060). Moreovcr, El-
Hinnawy et af. (2002) recorded adaplability and above average stability for some
sugar beet varieties concerning root yield and juice quality.

The present study was performed to evaluate the effect of environtnental
condilions, i.e. seasons, locations and nitrogen fentilization on yield and quality of
ten sugar beet genotypes, Lo determine the magnitude of genotype X environinent
interaction and to measure phenotypic stability for root, top and sugar yields of
these genotypes.
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MATERIALS AND METHODS

Four field experiments were conducted at Sakha Research Station, Kafr
El-Sheikh Governorate (L;) and Tainya, Favoum Governorate (L;) during the two
successive growing seasons of 2002/2003 (Y)) and 2003/2004 (Y,). The soil
analvsis al (L) was 57 8 clay, silt 29.5, sand 14 6, pH 8.1, available nitrogen 35.7
ppmt and CaCO; 3.02% in 2002/2003 season and clay 7.9, silt 6.4, sand 84.5, pH
8 3, available nitrogen 33.6 ppm and CaCO; 2.3% in 2003/2004 While, the soil
test at (L,) was: 7.6 clay. silt 4.9, sand 83.5, pH 7.8, avaiiable nitrogen 9.1 ppm
and CaCO; 10.4% in 2002/2003 season and clay 8.5, silt 5.1, sand 86.2, pH 7.9,
available nitrogen 104 ppmn and CaCO; 9.3%. Ten multigerm sugar beet
genonypes were used in this study namely, Gazelle and Oscar introduced from
Denmark: Kawemera, Top, Lola, Carola and Gloria from Germany. Dema poly
fromn France as well as Pleno and Farida froin Netherland. In each expenment, a
split plot design with four replicales was used. Nitrogen fertilization levels were
allocated in the main plots and the varieties were arranged in sub-plots. The
twelve environments represenied the combinations between three levels of
nitrogen fenilization of 60, 80 and 100 kg N/fed. two locations (L, and L;) during
two growing seasons. Nitrogen fertilizer was added in form of Urea (46.5% N) in
wo equal doses, the first one was applied afier thinning and the second dose was
added one month later. The plot area was 2! m’ including six ridges of 7 m in
length. 50 em apan and 20 cin between hills. Seeds were sown on 15" and 17" of
October in first season and on 18" and 19" of October in the second one at first
and second locations, respectively. The seedlings were thinned to one plamt per
hill at true 4-leaf stage of growth. The other agricultural practices recommended
for growing sugar beet were followed.

At hanest. a samiple of four guarded plants were randomly taken from
each plot to measnre and determine the following characteristics: 1- Root length,
2- Root diameter (cm), 3- Root weight per plant (kg), 4- Sucrose percentage was
determined using Saccharemeter method according to A Q. A.C. (1995), 5- Total
soluble sohids {TSS5%) was detemnined using hand refractometer, 6- Purity
percentage was calculated according to the following equation: Purity % =
sucrose % x100 / T88% percentages. In addition. sugar beet plants of four
guarded ridges in each plot were uprooted and topped to determine the following
characters: 7- top yield (tons/fed), Root vield (lons/fed) and sugar yield (tons/fed)
was calculated according 10 the following equation: sugar yield = root yield x
sucrose %o x purity %o,

The collected data were subjecied to proper statistical analysis of split
plot design according to Snedecor and Cochran (1981). The analysis of variance
was carried out for each experiment separately. The combined analysis for the
four experiments was carried outl afier making the homogeneity test of error
variance. The treatinent mcans were compared using L.8.D. test at 5 and 1%
levels of significance,

The obtained data of ten sugar beet genotypes under the twelve different
environments {2 seasons x 2 locations x 3 N-level) were statistically analyzed to
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estimate the genotype x environment interaction and phenotypic stability analysis
for root. top and sugar yields using the method outlined by Ebcrhart and Russeli
(1966).

RESULTS AND DISCUSSION

A- Analysis of variance and mean performance:

The combined analysis of variance for the studied characiers of ten sugar
beet varieties is presented in Table (1). Mean squares due 1o seasons, locations
and nitrogen fertilization were highly significant for all studied characters.
Meantime, the variances due to genotypes were highly significant for all siudied
characters except punty percentage. These results indicated the existence of wide
genetic variability among these sugar beet genotypes for the studied characters.
The imeraction between genotypes and seasons was insignificant for all siudied
characters whereas, the genotype x location inleraction was highly significant for
all studied characters except root length, sucrose, TSS and purity percentages. In
addition, the nean squares for genotype x nitrogen interaction was highly
significant for all studied characters except purity (%), indicating that the ranking
of studied genotypes is affected significantly by nitrogen fertilization levels
Regarding the second order interaction of G x Y x L was highly significant for
top vield/fed. On the other hand, G x Y x N mean squares were insignificant for
all studied characters, while the mean squares for G x L. x N inleraction were
highly significant for all studied characters except root length, sucrose, TSS and
purity percentages, For the third order interaction, the incan squares due o G x Y
x L x N interactions were insignificant for all studied characters, showing that
sugar bcet genotypes were not affected by the combination between these
environmental factors under study.

Results of the mean performance of the ten sugar beet varieties prescnied
in Table (2) showed that root length ranged from 28.77 10 39.70 cm with an
average of 34.02 cm, from 10.68 to 18.66 cm with an average of 14.96 c for
root diamneter, from 0.79 to 1.15 kg with an average of 1.01 kg for root weight per
plant, from 26.93 (o 35.30 ton with an average of 31.84 ton for root yield/fed,
from 10.22 to 13.52 ton with an average of 12.17 ton for top yvield/fed, froin 4.66
to 5.41 ton with an average of 5.05 ton for sugar yield/fed, from 18.08 to 20.34%
with an average of 18.84% for sucrose percentage, from 21.14 to 23.77% with an
average of 22.03% for TSS percentage and from 85.28 (o 85.44% with an average
of 85.34% for purity percentage.

Data in Table (3) declare that increasing in nitrogen fertilization levels
caused a significant increase in root length, root diameter, root yield/fed. and
sugar yield/fed. The obtained results are in coincidence with those obtained by
Azzazy (2000), Hassanin and Elaryan (2000), Ouda (2001), El-Geddawy er af.
(2001), Kandil et al. (2002), Ismail (2002), Nawar and Saleh (2003), El-Sayed
and Yousif (2003) and Nafei (2004). On the other hand, raising nitrogen
fertilization rates caused decline in sucrose (%), TSS (%) and purity (%). These
results are in agreement with findings of Azzazy (2000), Hassanin and Elaryan
(2000), El-Geddawy et al. (2001) and Kandil et al. (2002).
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Table (1): Mean squares for the studied characters of ten sugar beet genotypes over {wo years, iwo locations and three nitrogen levels. g
Root Root Root . Sugar s
5.0.v. d.f. length diameter weight/plant (ton/fed) 1(‘:; ‘:'1;;:(:‘)} . yield S"(i/r:;se '(1:33 P(L:;‘:;y %
{cm) __(kg) (ton/fed) e
Years (Y) 1 2722.50%%  223.26%* 0.09** 39015 4.99% 33.98%* 115.83**  1B6.05%* 1423+ Iy
Locations (L) ] 4632.54%*  T0.3)** 6.04%* 1396.45%*  271.44** 4] B9** 978.78**  340.67** 1992.60** 3
Rep./LY 8 1.20 4.46** 0.02%* 1221 | 68** 0.19** 031 0.49* 0.15 5
Nitrogen (N} 2 49 74+ 417.07** 2.29% 2478.89**  359.59** 10.08** 229.32%  214.96%* 174 58** §
YxL 1 93.23%+ 0.17 10.33* 440.90** 0.45%* .71 1.156* 15.27%* §
YxN 2 0.56 3.06* 0.03** 6.78* 3.09** 0.46** 0.22 0.27 6.264* 3
LxN 2 0.72 7.72%* 0.07** 82.60** 12.30%* 2.82% |.B1e* 1.4 16.56** ~
YxLxN 2 0.01 0.73 0.01* [5.68% 5.48%* 0.69** 0.02 0.27 6.20%* Y
Error a 16 7.87 0.84 1.43 0.27 0.04 0.12 0.18 0.25 s
Genotypes (G) 9 376.37%+ 173.46%* 0.36** 202.00** 30.89%* 2.00** 14.91** 20.22%» 0.i2 :_-3
GxY 9 2.61 0.78 0.01 6.1 0.65 0.13 0.02 0.03 0.19 3
GxL 9 4.11 3.06% 0.02** 14.78** 2,12 0.24* 0.13 0.07 0.31 &
GxN 18 10.36%* 3.25% 0.02¢* 25.65%* 3.58% 0.68** 2.1219% 28740+ 0.16
GxYxL 9 0.09 0.91 0.01 6.07 1.52%* 0.17 0.01 .01 0.16 E\:
GxYxN I8 0.17 0.89 0.01 4,96 0.76 0.15 0.02 0.02 0.15 ol
GxLxN I8 0.23 1.62%* 0.01* 10.22%+ 1.74%+ 0.28*+ 0.04 0.05 0.16 5
GxYxLxN 18 0.02 0.71 0.00 3.15 0.49 0.09 0.01 0.04 022 :
Error b 216 3.78 0.78 0.01 3.7 0.54 0.09 0.55 0.76 0.19 :

* and ** denote significant difference at 0.05 and 0.01 levels of probability, respectively.
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Table (2) Mean performance of ten sugar beet genotypes under 12 different environments.

Env. Gazelle  awemera Demapoly  Top Loia Carola Pleno  Oscar poly  Gloria Farida  Average
Root length (cm}

Env. (Y,L,N,} 2703 28.97 32.90 29 40 26.03 23.27 2413 2663 28.87 30.97 27.82
Env. {Y,LiN;)  28.00 28.40 3333 28 .57 25.90 23.33 24 50 28.27 29.10 3067 28.01
Env. (Y.L,N3) 28 80 29.53 3237 30.53 27.00 24 87 25.90 29.13 29.77 29.67 2876
Env. (Y\L;N,) 3297 3523 40 17 35.87 31.73 28.40 29 40 31.23 3530 3777 33.81
Env. (Y,L;N2) 3413 3467 40 67 34.83 31.67 28.43 29.87 34.47 3550 37.43 3417
Env. (Y,L;N;) 3517 36.03 3943 37.27 33.00 30.37 31.60 35.53 36.23 3617 36.08
Env. (Y;LyN,)  31.50 33.53 38.23 34.13 30.17 27.03 27.80 2973 3357 3593 32.18
Env. (Y;L,Ng) 3247 33.00 38.67 33.17 29.80 2700 28.37 32.77 33.80 35.67 3247
Env. (Y.L;Ny) 3353 34.27 3757 35.43 31.43 28.90 30.10 33.87 34.50 34.37 33.40
Env, (Y.L N} 39.23 4193 47 B0 42.67 37.77 377 35.00 37147 42.00 44 93 40.23
Env. (Y:L;N;) 4060 4123 48 33 41.43 3770 33.80 35.50 41.00 4227 44,53 40.64
Env. (Y:L;Ny) 4183 42.83 46 93 44.33 39.30 3613 37 63 42.30 43.10 43.00 4174

Average 33.77 34.97 3970 35.64 31.79 28.77 29.98 33.51 35.33 36.76 34.02
L.S.D. 5% for Env =0.95, G=0 87 and G x £ interaction=n s.

Root diameter {cm)

Env. (Y,L\Ny} 1163 12 10 9.50 13.43 13.17 15.60 13.17 1213 12.93 12.33 12.65
Env. (Y,L,N2) 12.33 1370 1.07 16.20 15,57 17 90 16 93 13.77 15.30 16.47 14.92
Env. (Y,L,N4) 1380 1573 1167 17 27 16 33 20.70 1817 16 00 16.87 16 83 16.34
Env. (¥,L;Ny) 1017 1107 827 12 90 1233 16.17 13.43 11.13 12.83 13.00 1213
Env. [Y,L;N;) 1110 12.70 903 1483 13.83 17.80 15 80 1320 14 07 1527 1376
Env. (Y,L;NJ) 12 67 1443 10 87 16.23 1560 19.27 17.13 14.57 1567 1593 15.24
Env. (Y;LiNy) 1247 11.73 12.20 14 43 14.77 15.37 1503 13.80 13.73 13.13 13 67
Env. (YoL,Ng)  13.33 1593 12 80 18.47 17.37 19.23 18.93 16 93 15.63 17.07 16.57
Env. (Y,L,N.) 1653 18.00 1103 21.03 18.87 2217 1927 18.30 18 80 18.70 18 27
Env. (Y,L;N,) 11.27 12.37 943 14 43 1380 18.13 1503 12.47 14 40 14.57 13.56
Env. (Y;L,N;)  12.43 14.23 1013 16.63 15.50 19.97 17 60 14 80 15.80 16 33 15.34
Env. (Y LN5) 14.27 16 20 12 20 1817 17.47 2160 18 87 16.33 17.53 17.87 17 05

Average 12.67 14 02 10 68 16 17 15.38 18 66 16 61 14.45 15.30 15.67 14.96

L SN R% far Fv =0 45, G=0 41 and G x F interaction=1 43
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Table (2). Cont.

[ Enwv. (Gazelle Kawemera Demapoly Top Lola Carola Pleno Oscar poly Gloria Farida Average
Root weight per plant (kg)

Env. (Y;L,Ny) 099 0.93 087 1.02 1.06 1.13 1.03 0.98 1.00 1.04 1.00
Env. (Y L,Ng) 1.1 1.1 0.86 1.21 1.28 1.31 125 1.11 1.17 .21 1.18
Env. (YLN3) 1.24 1.21 0.98 1.35 1.35 1.50 1.41 1.27 1.37 1.34 1.30
Env. (YLoNy) 0.70 0.72 0.683 0.76 0.79 0.86 0.77 0.7 0.78 0.80 0.75
Env. (Y,L2N3) 0.81 0.80 063 0.68 0.94 0.97 0.90 093 0.88 0.91 0.86

Env, (YL;Ny) 1.03 0.96 0.87 1.13 1.05 .21 1.13 1.03 1.09 1.14 1.07 -
Env. (YL, Ns) 0.95 0.86 0.83 103 1.10 1.04 1.02 0.98 0.99 0.97 0.98
Env. (YzL,Nz) 1.08 1.09 0.89 1.24 1.29 1.31 1.28 1.12 1.07 1.12 1.15
Env. (Y;L:Na) 1.14 1.19 0.74 1.38 1.34 1.44 1.33 122 1.30 1.27 1.24
Env. (Y;L,Ny) 0.68 0.71 0.71 0.79 080 0.88 0.71 074 0.85 0.83 0.77
Env. (Y,L;N3} 0.80 073 0.65 0.78 0.97 101 0.82 0.85 082 0.72 0.82
Env. (Y;L;Ny) 0.97 085 082 1.06 104 1.14 1.11 0.99 0.99 108 1.00
Average 0.96 093 0.79 105 1.08 1.15 1.06 099 1.03 104 1.01

L.5.0. 5% for Env.=0.04, G=0.03 and G x E mnteraction=0.12,
Root yield {ton/fed)

Env. (Y,L,Ny)  27.44 27.10 25.87 29.50 29.80 3117 28.73 27.23 2757 28.13 28.25
Env. (YiksNy)  31.20 32.70 2760 35 37 34.27 35.27 35.20 3177 31.83 32.00 32.72
Env. (Y,LyNy)  34.07 35.87 29 47 38.37 37.23 41.57 39.77 3590 3857 37.43 36.82
Env. (Y,LoNy) 2230 24.07 21 50 25.07 25.37 27.07 24 47 2280 24.97 24.93 2425
Env. (YikoN2} 2810 26.90 2310 29.53 2943 30.03 29.23 30.37 27 50 27.83 28.00
Env. (Y,k,Ny)  33.37 32.43 30.07 36.80 3303 3877 36.83 33.70 35.37 37.00 34.74
Env. (Y:L,Ny)  29.23 27.93 27.27 3253 a4 .47 3167 31.57 30.30 30.07 29.17 30.42
Env. (Y;LiN2)  33.33 35.37 30.50 40.10 38.37 38.83 40.23 3567 32.40 33.00 35.78
Env. (Y,biNy) 3567 3890 24.77 43.43 40.77 4430 41.70 38.37 40.77 39.90 38.86
Env. (Y,L:Ny) 2377 26.03 26.60 28.33 28.47 30.57 25.03 26 07 29.33 28.27 27.25
Env. (Y;L,N;}  28.53 27.07 2550 28.83 33.07 34.57 29.30 3087 28.00 24.30 25.00
Env. (Y7L oNy) 3433 3183 30.93 3823 35.87 3983 39.63 35.40 3510 3857 35.97
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Average 29.94 30.52 26.93 33.84 33.34 35.30 33.47 3154 31.79 31N 31.84

L.5.D. 5% for Env.=0.98, G=0.89 and G x E inleraction=3.10. N



Table (2)° Cont

[ Enwv. Gazelle  Kawemers Dema poly  Top Loia Carola Plenc  Oscar poly Gloria Farida  Average
Top yield (ton/fed)

Env. (YiLiN;}  10.13 10 00 9.57 10.90 10.97 11.53 10.63 10.10 10.20 10.40 10.44
Env. (Y,L;N;) 1153 12.03 10.20 13.10 12.50 13.00 13.00 11.73 11.77 11.87 12.07
Env. (Y,LNJ) 12.63 13.27 10.83 14.20 13.80 15.40 14.70 13.30 14.20 13.87 13.62
Env. (Y:LoNy) 9.70 10.57 9.13 10.93 10.73 12.37 11.20 9.83 10.87 10.57 10.59
Env. (Y LNz} 11.30 11.40 9.97 12.70 12.53 12.93 12.47 13.27 11.83 12.00 12.04
Env. (Y,L;Ny 1433 13.97 12.90 15.83 14.23 18.70 15.80 14.47 15.20 15.93 1494
Env. (Y,LN,)  11.70 11.17 10.90 13.03 13.77 12.77 12.63 12.13 12.03 12.00 12.21
Ernv. (Y2L4Ny)  13.33 14.13 12.20 16.03 15.37 15.53 16.13 14.27 12.93 13.20 14.31
Env. (Y,LiNy) 1427 15.57 9.90 17.40 16.30 17.70 1667 15.33 16.33 15.97 15.54
Env. (Y,L;Ny) 7.67 8.70 8.50 9.13 9.00 10.27 8.27 8.43 9.93 9.23 8.91
Env. (Y;L;Ny) 9.30 8.90 8.37 9.53 10.60 11.10 9.53 30.23 9.23 7.83 9.46
Env. (Y,L;N,) 11.17 10.53 10.17 12.57 11.87 12.93 13.20 11.67 1163 12.70 11.84

Average 11.42 11.69 10.22 12.95 12.64 13.52 12.85 12.06 12.18 12.13 12.17
L.S.D. 5% for Env.=0.38, G=0.35 and G x E interaction=1 20.

Sugar yield {ton/fed)

Env. (Y,L,N,) 4.16 4.09 4.00 4.43 436 429 408 403 397 4.08 415
Env. (Y,L,Ng}  4.26 4.50 4.10 487 4.40 451 4.59 422 4.18 416 438
Env. (Y LNy 4.23 4.43 3.97 4.61 4.51 520 4.78 4.59 4.82 4.56 457
Env. (Y4L;N,) 4.44 478 4.38 4.96 4.89 4.90 4.58 442 4.70 4.70 467
Env. (Y,L;N) 483 493 4.59 548 509 513 516 542 4.89 482 5.03
Env. (Y,L;Na) 5.42 5.26 5.32 5.80 527 628 5.84 5.60 5.79 5.93 5.65
Env. (Y,L4Ny) 477 4.53 4.52 528 543 468 4.88 4.84 4 66 456 481
Emv. (Y,LiN;} 499 5.28 492 6.00 5.36 543 569 5.20 4 66 4.67 522
Env. (Y,LiNy 4.66 5.13 3.55 5.58 526 583 5.31 523 545 5.2% 512
Env. (Y;L;Ny) 492 5.36 564 5.84 570 575 4.94 5.28 5.83 562 549
Env. (Y,L.N;} 550 525 527 5.56 586 615 5.29 573 514 4.40 5.42
Env. (Y5L;Ny 576 5,36 5.68 627 592 6.72 6 54 6.10 596 6.52 6 D8

Average 483 491 4.66 5 33 5.17 5.41 5.14 5.05 5.00 4.94 5.05

L.8.D. 5% for Env.=0.15, 5=0.14 and G x E interaction=0.48.

rES

$00Z “(Z)s¥ 194 Hoyorysopy o5 218y JO sppuny



Table (2): Cont.

{  Env. Garelle  Kawemera Demapoly  Top Lola Carola Pleno Oscar poly Gloria Farida  Average
Sucrose (%)

Env. (¥,isN;) 1833 1823 18.73 1823 17.70 16.63 17.20 17.87 17.40 17.50 17.78
Env. (Y,L,N;)  16.80 16.93 18.27 16.93 1583 1577 16.03 1633 16.20 16.00 16.51
Env. (Y,L;Ny  15.27 15.30 16.70 14.87 15.03 15 37 14.90 15.77 15.47 15.10 15.38
Env. (¥ \L;N,) 22,10 2197 22.57 22.00 21.37 20.07 21.00 2170 21.00 2117 21.49
Env. (Y,L,N)) 2047 20.40 22.03 2047 19.07 19.00 19.30 19.80 19.60 19.27 19.94
Env. (Y\L;Ns) 1B.40 18.47 20.13 17.93 18.10 18.47 18 03 18.97 18.70 18.23 18.54
Env. (YoL,Ny) 19.70 19.57 20.10 19.63 19.07 17 90 18.73 19.37 18.70 18.87 19.16
Env. (Y,LiNy) 18.23 1817 19.67 18.23 17.03 16.97 17.23 17.63 17.53 17.20 17.79
Env. (Y,LiN;)  16.37 16.50 17.90 16.03 16.17 16 43 15.83 17 00 16.67 16.33 16.53
Env. (Y LzN 2397 2303 2367 23.07 22.43 21.07 22.03 2273 22.20 2217 22.56
Env. (Y L:N;) 2153 2163 23.10 21.40 19.83 1993 20.07 20.50 20.57 2023 20.92
Env. (YoLzNy)  19.30 19.40 2117 18.83 1900 19.37 18.97 15.80 19.63 19.43 19.49

Average 19.14 19.13 20.34 18.97 18.39 18 08 18.29 18.99 18.64 18.46 18.84
L.S.0. 5% for Env.=0.38. G=0.35 and G x E interaction=n.s.

TSS (%)

Env. (Y,L4N,} 2213 22.03 22.67 22.10 21.43 20.10 20.80 2157 21.03 21.13 21.50
Env. (Y L,Ny} 2063 20.83 22.47 20.83 19.53 19.40 19.70 20.10 20.00 19.67 20.32
Env. (VLN  18.80 18.97 20.70 18.40 1863 18.87 18.47 19.47 19.17 18.70 19.02
Env. (YN} 2450 24.37 2497 24 40 2367 2223 23.47 2420 2337 23.77 23.89
Env. (Y,L;N;) 2263 2267 24.40 2257 21.03 2110 21.10 21.90 21.60 21.37 22.04
Env. (Y,L;Nsy) 2080 21.03 22.83 20.40 20.50 21.07 20.50 21.63 21.30 20.73 21.08
Env. (YoL,N,) 2380 23.63 2433 23.73 23.07 21.70 22 67 2343 22.60 22.80 23.18
Env. (YoL,N;} 2220 22.13 2397 22.20 20.77 20.60 20.97 21.37 21.37 20.93 2165
Env. (YoLNy) 2047 2063 22.37 20.00 2027 20.53 19.90 21.23 20.80 20.40 20.66
Env. (Y.L;N,) 25.93 25.77 26.43 25.80 25.10 2357 2463 2543 24.83 2470 2522
Env. (Y2L,N;) 2403 2410 25.77 23.77 2220 2230 22.33 2347 2203 22.60 2336
Erv. (Yol;Ny 2220 22.30 2437 21.63 21.83 22.23 21.80 2277 2257 22.33 22.40

Average 22.34 22.37 23.77 22.15 21.50 21.14 21.36 22.21 21.81 21.59 22.03

L.5.D. 5% for Env.=0 44, G=0.40 and G x E interaction=n.s.
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Table (2): Cont.

[ Env, Gazele xawemers Demapoly Top Lola Carola Pleno  Oscar poly Glora Farida  Average
Purity (%)

Env. (Y,L,N,} 82.82 82.75 82.65 82.50 82.58 82.75 82.69 82.85 82.73 82.81 82.71
Erv. (¥,LiNy)  81.42 81.28 81.30 81.28 81.06 81.27 81.39 81.26 81.02 81.36 B1.26
Env. (Y,LNa) 8123 80.67 80.67 80.80 80.67 8146 B0.69 80.99 80.69 80.75 80.85
Env. {Y,L:Ny)  90.21 90.15 90.38 90.17 90.28 90.26 89.47 89.67 89.88 89.06 89.95
Env. (Y\L;Nz)  90.42 89.99 90.30 90.69 90.65 90 05 91.55 90 41 90.74 90.16 50.50
Env. (Y,LN;} 8B.49 87.80 88.16 87.91 88.30 87.65 87.97 87.68 87.80 87.94 B7.97
Env. (Y.L,N) 8277 82.79 82.60 82.72 82.66 82.49 82 64 82 64 82.74 82.75 82.68
Env. (Y;L,N;}  82.13 82.08 82 06 82.13 82.02 82.37 82.20 82.53 82.06 82.18 82.17
Env, (Y.L,N))  79.97 79.97 80.03 80.17 79.79 80.03 80.07 80.06 80.12 80.06 80 03
Env. (Y L:Ng) 8933 89.39 89.55 89.40 89.37 89.39 89.44 89 39 89.39 89.74 89.44
Env. {Y)l-N,)  89.50 89.77 89.66 80.04 89.34 89.39 89.84 89.08 89.29 89.54 89.55
Env. (Y,L,N.)  86.93 87.00 56.87 87.06 87.03 87.11 57 00 86 97 87.01 87.01 87.00

Average 85 44 85.30 85.35 85 41 85.31 85 35 B5 41 85.29 8529 85.28 B5.34

L.S.D. 5% for Env.=0.22, G=n.s. and G x E inleraction=n.s.
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Table (3): Mean performance of the studied characters under two seasons, two locations
and three nitrogen fertilization levels.

Character

Years Locations N-fertiiization levels (Kg N/ifed)
2002% 2003/04 Kafr EI-Sheikh El-Fayoum 60 80 100
3- Root length (cm) 3127b 3677 a 30.44b 3761a 33.50b 33.82b 34742
2- Root diameter {cm) 14.17 b 15.75a 1540 a 1452 b 13.01¢ 15.15b 16.72 a
8- Root weight/plant (kg) 1.03 a 0.89b 1.14 a 0.88b 0.88¢c 1.00b 1.15 a
1- Root yield (ton/fed) 30.80b 3288a 3381a 29.87b 2754¢ 31.38b 3660a
4- Top vield (ton/fed) 12.28a 12.05b 13.03 a 11.30b 10.54 ¢ 11.97b 13.99a
10- Sugar yield (ton/fed) 474b 536a 471b 539%a 478¢c 5.01b 536 a
6- Surcose (%) 18.27b 1941a 17.19b 2049 a 2025a 18.79b 17.49¢
7-TSS (%) 2131b 2275a 21.05b 2300 a 2345a 2184b 2079¢
9- Purity (%) 85.54a 8515b 81.62 b 89.07 a #620a 8587b 8396c¢
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As shown in Table (3), the locations had significant effects on the
studied characters. For Kafr El-Sheikh location (L,), the mean values for rool
diameter, root length and root and top yields/fed were higher than those at El-
Fayoum (L;). The reverse was true for sugar yield/fed, sucrose, TSS and purity
percenlages. In this connection, some investigators (Campbell and Kern, 1982;
Goto ef al., 1992; Azzazy, 2000 and El-Hinnawy ef ai., 2002) emphasized that
locations had great effect on sugar beel genotypes.

Data presented in Table (2) show that the environments used in this
study provided a wide range of variation in environmental conditions, the means
for the studied characters of sugar beet genotypes were significantly differed from
one environment to another, They ranged from 27.82 cin for Env. 1 (Y,L,N)) o
4).74 cm for Env. 12 (Y;L;N,}, from 12.13 ¢m for Env, 4 (Y,L;N;) to i8.27 cin
for Env. 9 (Y;L,Ny), from 0.75 kg for Env. 4 (Y,L;N,} 10 1.30 kg for Env. 3
(Y|L|N3), from 24.25 ton for Env, 4 (Y]L1N|) to 38.86 ton for Env. 9 (YzL]N_}),
from 8.91 to for Env, 10 (Y-L;N,) to 15.54 ton for Env. 9 (Y;L,N;) and from 4.15
ton for Env. 1 (Y,L,N,;} to 6.08 ton for Env, 12 (Y,L,L,,, from 15.38% for Env. 3
(Y;L;Ns) to 22.55% for Env. 10 (Y.L.N;), from 19.02% for Env. 3 (Y,L,N;) to
25.22% for Env. 10 {Y.L,;N,) and from 80.03% for Env. 9 (Y;L;N;) 0 90.50%
for Env. 5 (Y,L;N;), for root length, root diameter, root weight/plant, root, top
and sugar yields/fed, sucrose, TS5 and purity percentages, respectively.

B- Analysis of phenotypic stability:

According to the model outlined by Eberhart and Russell (1966), the
stable and desirable variety would have a high mean yield, regression coeflicient
(bi)=1 and deviation from regression (S°3)= 0. However, the regression
coefficient measures the response of genotype to a given environment and the
deviation from regression measures the stability of performance. The results of
stability analysis for root, lop and sugar yiclds/fed. are presented in Table (4). The
data indicated that the mean squarcs due to genotypes were highly significant for
all the studied traits, indicating the presence of variability among entries under
study in all (raits. Environments mean squares were also highly significant,
revealing a wide range of cnvironmental effects. Furthermore, the highly
significant mean squares associated with environments + genotype X eavironment
interactions indicated that the genotypes interacted considerably with
environmental conditions. The lincar components of G x E interactions wcere large
in magnitude for all the studied traits. On the other hand, the non-lincar portion of
interaction due to deviation from rcgression was significant and/er highly
significant for the studied traits, suggesting the relative tmponanec of S%
parameter in determining the degrees of stability for differemt sugar beet
genotypes. In this respect, Eberhart and Russell (1969) reporied that the most
importan! stability parameter appeared to be the deviation mean squares, where
all types of gene action are to be involved in this parameter. Also, Becker ef of.
{1982) mentioned that mean squares due 10 deviation from regression was to be
the most appropriate criterion for measuring phenotypic stability in an agronomic
sense, because this parameter gave the predictability of genotypic reaction 10
environments.
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D- Estimates of stability parameters for sugar yield and its attributes:

The three stability parameters. t.e. mean (x), regression ceefficient (b))
and deviation from ragression (5%,) estimated for the studied traits are given in
Table (5) and well be discussed as follows:

1- Root yield (ton/fed):

Root yield/fed. for the ten sugar beet genotypes ranged from 26.93 to
35.30 tons with an overall mean of 31.84 1ons. Carola variety had the highest root
yield followed by Top, Pieno and Lola varicties. These four varieties yielded
above the grand mean and censidered as high yielding group. The other
genotypes vielded below the grand mean and classified as medium yielding

group.

The regression cocflicient i1s a measure of the lincar response or the
adaptability of a genotype 10 be grown at different environments. As shown in
Table (5), the b, values varied from 0.44 for Dema poly variety to 1.32 for Pleno
variety. Furthermore, the regression coefficients deviated significantly from unity
(b, > 1) in sugar beet genotvpes Top and Pleno, indicating higher production
potential in favorable environments. Otherwise, the b, value was deviated
significantly from unity {b, < 1} in genotype Dema poly, which appeared to be
more adapted to less favorable environments. The response 10 environments as
measured by the regression technique was found to be highly heritable and
controlled by genes with additive action. In case of the insignificant b, values, the
deviation from regression (8°,) is considered most appropriate for measuring
phenotypic stability, because 1t measures the predictability of genotypes reaction
1o various environments (Becker ef al., 1982). Moreover, it can be seen that the
deviation from regression was very small and did not deviate significantly from
zero in genotypes Gazelle, Kawemera, Top, Carola, Pleno and Oscar poly,
showing their siability for root yield/fed. In this connection, El-Hinnawy e al.
(2002) mentioned that the deviation from regression seemed 10 be very imponant
for estimating phenotypic stability. Whereas, genotypes Deimna poly, Lola, Gloria
and Farida appeared to be more sensiive o the fluctuating environmental
condinions.

A simultaneous consideration of the three stability parameters (x, b, and
S%,) evidenced that the most lugh yvielding and stable genotype was genotype
Carola foltowed by genotypes Top and Pleno. In this respect, Eberbart and
Russell (1966) described the stable genotype which had high mean performance
over environments with b, value approaching near unity and the deviation from
regression as mimmum as possible (873=0.0). Also. the two high yielding
genotypes Top and Pleno are being stable on the basis of their low $%, values
with bi > |, showing that these two genotypes would be more responsive and
yiclded relauvely better in more favorable growing conditions.

Results of root yicld/fed (Table, 2) emphasize this conclusion, where
genotypes Top and Pleno had the highest mean values at Kafr El-Sheikh location
with applying 100 kg N/fed duning the two growing seasons proved to be
distinguished commercial varieties under that condition or considering suitable
for growing under good conditions.



Tabile (4). Stability analysis of variance for sugar yieid and its attributes in ten sugar beel genotypes.

Sources of variance df. Rool length  Roo! diameter  Root werght/plant  Roo! yield Top yeid  Sugar yield Sucross 1SS Purity
{cm) (cm) _{kg) {tonffed)  (tonffed) (tonffed) (%) (%) (%)
“Environments (E) 11 686.39" 104 .63* 0.9936" 863317 134,38 949~ 141.73" 0.87.52* 483.56™
Genotypes (G) 9 376.37+ 173.46™ 0.3554 202.00™ 30.89* 2.00™ 1491~  2022* 0.12
GxE 29 2.58 1.61 0.0101* 10.45** 1.55" Q.27 0.41 0,55 0.18
Environments (E) + (GxE) 110 70.96" 11.91 0.1084* 722" 14.83" 119" 14 .54~ 925 49.52*
Environments (linear) 1 7550.32"  1150.89* 1083~ 6964 .82 1478.24** 10436 1559.06™ 0962.75 5429.15*
G x E Qinear) 9 518 4 56* 0.0461™ 39.07 6.05* pa2r 101~ 1.62° 0.35
Pooled deviation 100 2.09 1.18* 0.0058 6.83" 0.g9* 0.24™ 0.32 0.40 0.15
Genotypes: 3o
Gazelle 10 0.61 1.24 0.0023 2.57 0.35 0.10 025 0.32 0.13
Kawemera 10 0.52 0.45 0.0038 492 0.64 0.10 0.18 023 0.12
Dema poly 10 392 3.46™ 0.0163" 15.73~ 223™ 057 062 0.75 0.09
Top 10 158 0.48 0 0032 2.85 0.29 0.13 0.69 0.88 0.08
Lola 10 0.22 0.34 0.0084 8.05* 1.18* 0.20° 0.37 0.44 nos8
Carola 10 0.88 2.66* 0.0044 4.48 0.67 0.21* 0.56 0.64 0.21
Pieno 10 0.88 0.87 0.003 364 0.58 0.25" 0 04 g.10 0.40*
Oscar poly 10 640 0.63 0.0031 468 1.01 0.12 0.17 0.27 0.08
Gloria 10 0.08 062 0.0062 8.02* 1.30 0.24™ 0.16 0.20 007
Farida 10 576 105 0.0074 13.33" 1.64 047" 0.12 0.17 025
Pooled error 216 348 0.78 0.0055 3.7 D 58 0.08 0.55 0.76 0.19

* and ™ denote significant at 0.05 and 0.01 levels of probability, respectively.
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P
Table (5). Stability parameters of sugar beet genotypes for root, top and sugar yield/fed.

Entry Root yield {ton/fed) Top vield {tonfed) Sugar yield {ton/fed)
X b S'a X b, S'w X b, S’

Gazelie 29.94 0.94 -0.38 11.42 0.94 -0.07 4.83 0.88 0.004
Kawemera 30.52 0.98 040 11.69 1.00 0.03 4.91 0.71* 0.002
Demapoly 26.93 0.44** 401" 10.22 0.51" 0.56"* 4.66 1.01 0.1598"
Top 33.84 1.22** -0.29 12.95 1.22* -0.09 5.39 0.95 0.014
Lola 33.34 0.91 1.45° 12.64 0.97 0.21* 517 0.85 0.0372*
Carola 35.30 1.14 0.26 13.52 1.07 0.04 541 1.27**  0.0394"
Pleno 33.48 1.32** -0.02 12.85 1.24* 0.01 514 1.07 0.0530™
Oscarpoly 31.54 0.96 032 12.06 0.97 0.15 5.05 1.09 0.008
Gloria 3179 1.00 1.44* 12.18 0.97 0.25* 5.00 1.04 0.0503*"
Farida 31.71 1.10 3.21* 12.13 1.11 0.36** 4.94 1.14 0.1269™*
Average 31.84 12,17 5.05

L.S.D. 5% 0.89 0.35 0.14
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2- Top yieid (ton/fed):

As shown in Table (5), it is clear that top yield/fed. of the 1en sugar beet
genotypes ranged from 10.22 ton for Dema poly variety to 13.52 tons for Carola
variety with an average of 12,17 ton. According to Eberhart and Russell’s model, the
genotypes Top and Pleno appeared (o be more responsive (0 favorable environments
as indicated by higher mecan values than the grand mean and/or other genotypes as
significant higher regression coefficient than unity. Therefore, these two varicties
were adapted to high yielding environments. On the contrary, Dema poly variety
appeared to be less responsive Lo environmental change, as indicated by lower mean
value than the grand mean and significant low regression cocfficient than unity and
considered as adapted lo low vielding enviroiunents. On the other hand. the vanetics
Carola and Lola, were adapted to all environments due (o their higher mean vield and
insignificant b, values. However, Gazelle. Kawemera, Oscar poly, Gloria and Farida
varietics were poorly adapled (0 all environments due to lower mecan vield and
insignificant b, values. Considering the two stability parameters together with the
mean performance of genotypes over environments, it would be detectabie wrend for
top yicld stability among genotypes. Out of ten genotypes studied, only the varniety
Carola mg¢t the three critenia of ideal stable genotype that suggested by Eberhant and
Russell (1966). This genotyvpe exhibited significant lugher mean performance than the
grand mean, its regression coefficient (b) did not differ significantly from unity and
deviation from regression (5°;) did not differ significantly from zero (Table, 5).
Therefore. it was identified as more siable sugar bect genotype than others.

3- Sugar yield (ton/fed):

Results in Table (5) show that considerable variations among geno:r)})es
for sugar yicld mean yield and for estimated stability parameters (b, and S°,;).
Sugar yield/fed for the ten genotypes ranged from 4.66 (o 541 tons with an
overall mean of 5.05 wons, The genotype Carola had the highest sugar yield
followed by genotype Top with insignificant difference between them. These two
genotypes yielded above the grand mean and considered as high sugar vielding

genotypes.

Concerning stability paramneters. b, values were not significant for
genotypes, except for genotypes Kawemera and Carola which were significantly
less or larger than unity showing that these two genotypes gives higher sugar
yield under poor and better condilions, respectively,

Significant deviation from zero was observed for all genotypes except
for Gazelle, Kawemera, Top and Oscar poly, indicating significant departure from
linearity.

From the above mentioned results (Table, 5), it could be concluded that
the two varieties Carola and Top are the most stable genotypes for root, lop and
sugar yields/fed., since they exhibited relative high mean performance for these
traits and had the smallest insignificant deviations, indicating the importance of
these varieties in agricullural practice as commercial cultivars under such smdied
environmental conditions.
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