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ABSTRACT

Six genotypes of Brassica napus (Three Egyptian cultivars and three
exotics from Germany} were grown in five diverse environments to study
genotype and environmental inferaction and plienotypic stability for sced yield
and its components, as well as, to study the differentintion of protein patterns of
these genotypes under the various agro-ecological conditions. The  study
revealed that there was considerable variation cue to the interaction betweent
genotvpes and environments for all studied characters, while, the genuvtype
effects over all agro-ecological conditions were insignificant except for the two
traits (height of first branches and ofl content of seeds). The local cultivars:
Serwo 6 and Pactol had the highest values for these traits, respectively. The
genotypes differed as regards to the contribution of linear and non-linear
variance components of GE interaction. The significant variance of GE reveuls
that the six canola genotypes are not fully adapted to the environments under
study in the country. The study indicated that standard deviation from linearity
($°) is the best parameter for stability but Coefficient of determination may be
considered only in measuring seed yield. So, the recommendation of specific
genotypes for specific regions is necessary such as Pactol and Evita genotypes
Jor favourable productivity environments (Giza) and vice versa, Licosmos and
Serwo 6 for poor environmental productivity (Fayoum). On the other hand, Star
genotype proved to be relatively stable.

The SDS-PAGE protein analysis revealed that the six genotypes greatly
differed in their protein patterns and the diverse agro-ecologies modified their
proteins with appearance of new protein types in all genotypes, especially when
grown in relatively saline soil.,

Key words: Brassica napus, Agro-ecological conditions, Adaptation, GXE
interaction, Electrophoresis, Protein finger printing, Environmental
conditions.

INTRODUCTION

The magnitude of the variance components associated with G x E
interactions could be tested via combinations of years and locations, to
determine the most efficient allocation of resources for cultivar testing.
Different attempts have been made to solve the probiems created by G x E



interactions (Comstock and Moll 1963). Most of the estimates, however,
only provide information on their existence and magnitude, but give no
measurements of the individual genotypes with the environment. Interest
has been focused on the regression analysis, an approach originally
proposed by Yates and Cochran (1938) and later modified by Finlay and
Wilkinson (1963) and Eberhart and Russell (1966).

Allard and Bardshaw (1964) have categorized environmental factors
which lead to G x E interactions as predictable and unpredictable. The
contribution of predictable environmental fluctuations to genotype x
location interactions can be reduced by allocating specific cuitivars to
envirorments. Unpredictable environmental variation iz more difficult and
often lcads to large genotype x year and genotype X year x location
interactions. Selection of stable cultivars that perform consistently across
environments can reduce the magnitude of these interactions.

The phenotypic performance of a genotype is not necessarily the
same under diverse agro-ecological conditions. Some genotypes may
perform far well in some environments but not so well in others. Such
genotypes X environmental interactions have assumed greater importance in
plant breeding as they reduce the stability of genotypic values under diverse
environments (Dhillon er a/ 1999).

Rape-seed may be cultivated in winter in Egypt. Its seed contains
more than 40% of excellent edible semi dry oil. Consequently, rape seed oil
is considered a promising oil crop to decrease the gab between the
production and the consumption. It grow well in newly reclaimed lands
(Ghallab and Sharaan, 2002).

Protein markers, including seed storage protein and isozymes were
among the first group of molecular markers exploited for genetic diversity
assessment.

In the present investigation, an attempt has been made to study
stability parameters of some local and exotic canola genotypes under
different agro-ecological conditions, as well as, protein banding patterns and
cluster analysis of these genotypes.

MATERIALS AND METHODS

Five experiments were carried out at the Agricultural Research
Station Farm of Agricultural Research Center (Giza) for two seasons,
Station Farm of Agricultural Research Center (Kom Oshim, El-Fayoum)
and Agricultural Research Station of Atomic Energy Authority Farm
(Inshas) Egypt for two seasons. Six genotypes were planted (three exotic
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genotypes; Evita Star and Licosmos from Germany and three local
genotypes: Serwo 6, Factol and Serwo 4) in a randomized complete block
design with three replicates for each trail. Seeds were sown at 5 cm depth in
hills, 10 ¢cm apart within rows of 3 m long and 70 cm width. Plants were
thinned, 21 days after emergence, to two plants/hill. Three rows were
considered as an experimental plot. All other agricultural practices were
applied as recommended for ordinary canola production in each location.

Soil samples were taken from the five experimental sites for physical
and chemical analysis according to Jackson (1967) as shown in Table (1).
While, Table (2) represents the other different agro-climatic conditions,
which affected the studied traits, at the three sites in the two seasons.
Tabic 1. Soil mechanizal and cherical analysis for the five ciperimental sites.

Analysis type El-Fayoum Giza Inshas Giza Inshas
2002-2003 2002-2003 | 2002-2003 i 2003-2004 | 2003-2004
Mechanical analvsis;
Clay % 27.50 46.33 8.98 45.86 12.02
Siit % 20.00 36.81 46.53 38.47 42.76
Sand % 52.50 16.86 44.49 15.67 4522
Texture Sandy clay loam | Clay foam Loam Clay loam Loam
Chemical analysis:
Organic matter % 0.62 2.94 0.30 2.20 0.33
Calcium carbonate % 19.30 2.7 1.15 3.00 1.190
E. C. (Soil paste) 4.14 3.40 071 2.90 1.10
pH  (1:2.5) 8.15 7.90 7.80 8.20 7.85

Samples of 30 plants/genotype were taken randomly for agronomic
tralt measurements; fruiting zone length (cm), first fruiting branch height
(cm), No. of fruiting branches, No. of pods/plant, weight of pods / plant (g),
seed yield/plant (g), seed index (weight of 1000 seeds, g), and seed oil
content were determined using the procedure described by A.O.A.C. (1990).

Statistical analysis and stability parameter:

All data in each trait were statistically combined analyzed using

Mstatc statistics program and genotypes were compared by using 1..8.D, at
0.05 level probability.

Stability parameters were estimated using the model proposed by
Eberhart and Russell (1966). Each location in a given year was considered
as an individual environment. Three stability parameters were measured: (1)
the linear regressicn (b value) of variety mean in each environment on the

“environmental index of each environnient (Table 3), (2) the deviation of
mean square from the tegression for each variety (8% value).



Table 2. Different climatical conditions at the three sites in the (wo seasons, 2002-2003 and 2003-2004 (monthly report of the

agricultural metrology from the Central Laboratory of Agricultural Climate, CLAC).

Month Location Rilferent climatic conditions __]
I 2 3 4 5 G 7 8 9 1] 1 I__|
Dec. 2002 El-Fayoum 2.5 (.0 194 19.1 19.7 62.0 38.0 86.0 16.7 9.5 23.8
Dec. 2002 Giza 20 0.0 19.6 216 18.6 449 36.0 53.0 14.0 7.2 208
Dec. 2002 Inshas 2.6 0.0 18.2 16.3 17.8 64.0 40.7 79.0 17.1 12.8 215
Dec. 2003 Giza 19 10.0 15.2 18.0 17.5 [ARY 38.0 85.0 159 2.6 221
Dec. 2003 Inshas 1.9 12.0 21.0 17.2 18.2 63.0 55.0 82.0 16.9 12.5 213
Jan. 2003 El-Fayoum 1.6 4.0 19.0 19.1 20.5 62.0 399 86.0 16.6 9.2 239
Jan. 2003 Giza 22 0.0 i7.3 15.9 15.2 63.0 47.0 82.0 174 6.2 28.7
Jaw. 2003 Inshas 1.3 4.0 16.6 15.2 16.8 64.0 41.0 78.0 15.6 10.4 209
Jan, 2004 Giza 22 8.0 13.0 16.9 16.3 57.0 33.0 310 15.0 .4 237
Jan. 2004 Inshas 18 180 17.9 43 i7.3 613 429 80.0 153 . 102 9.8
Feb. 2003 El-Fayoum 2.6 0.0 17.5 19.2 19.2 58.0 31.0 85.0 14.6 7.6 215
Ieb. 2003 Giza 20 0.0 18.5 20.4 17.6 50,0 300 T0.0 14.9 1.6 22.0
Feb, 2003 Inshas 2.2 0.0 16.5 14.8 16.3 64.0 36.9 76.0 13.7 8.9 186
I'eh. 2004 Giza 28 0.0 2.8 17.2 16.6 550 3240 TV 14.8 7.8 219
Ieb. 2004 Inshas 24 10,0 i8.3 159 15.6 66,0 48.0 35.0 157 10.3 211
Mar. 2003 El-Fayoum 3.0 6.0 21.2 22.6 24.2 58.0 30.0 85 16.8 %4 243
Mar. 2003 Giza 31 0.0 114 14,2 i55 49.0 28.0 09 16.9 12.6 212
Mar, 2003 Inshas 3.1 10 16.6 16.5 18.2 58.0 354 30 16.9 118 221
Mar. 2004 Giza 4.0 4.0 158 21.3 214 52.0 28.0 76.0 18.2 1.7 247
Mar. 2004 {nshas 34 0.0 225 19.0 204 64.0 43.0 85.0 18.1 13.1 23.0
Apr. 2003 El-Fayoum 54 04 26.3 28.7 303 530 240 53 24.1 154 32.7
Apr. 2003 Giza 5.1 0.0 18.8 20.1 19.4 48.0 26.0 70 21.1 134 28.8
Apr, 2003 Inshas 4.9 0.0 23.0 22.3 24.1 53.0 30.2 76 20.8 i4.1 275
Apr, 2004 Giza 6.1 0.0 244 24.6 26.5 510 230 78.0 21.3 14.3 28.3
Apr. 2004 Inshas 49 090 26.2 233 244 59.0 320 86.0 20.9 14.6 27.2
May. 2003 El-Fayoum 6.7 0.0 313 34.2 25.7 49.0 190 78 29.0 19.6 385
May. 2003 Giza 6.3 0.0 23.0 27.6 26.7 420 350 49 26.1 17.9 34.2
May. 2003 Inshas 6.7 0.0 278 27.0 28.9 48.4 19.8 77.0 25.1 17.3 329
May. 2004 Giza 6d 0.0 20.7 26.1 30.1 480 210 750 26.2 199 32.6
May. 2004 Inshas 7.5 0.0 29.7 26.5 28.4 57.0 31.0 34,0 25.6 1.1 32.1

Different climatic conditions :

1= Evaporation (mm>/day)

10 ¢m depth (average)
RHY% (max.)

9= Air temp. (average)

2= Rain (mm

5= Soil temperature 5 cm depth (average) 6= RH% (average} 7= RH% (min.)
11= Air temp. (max.)
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10= Air temp. (min.)

) 3=Soil tcmpcrnlur}: 20 em depth (average) 4= Soil temperature
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Table 3. Environmental indices for canola characteristics.

Traits Agro-ecological conditions
1 2 3 4 5
Fruiting zone (cm) 1 1.17 2.17 2.02 1.97
First branch height (cm) 1.61 395 1 325 1.45
No. of fruiting branches /plant 1 1.10 1.23 1.29 1.19
No. of pods/ plant 1 2.10 2.56 5.03 2.27
Seeds yield/ plant (g) 1 4.39 275 6.11 2.52
Seed index(g) 1 1.39 1.91 1.20 1.95

Agro-ecological conditions 1= Fayoum 2002-2003 2= Giza 2002-2003 3= Inshas 2002-2003
4= Giza 2003-2004 5= Inshas 2003-2004

Significance of regression coefficients (b values) was tested by thg
Student's t-test (Steel et al. 1997), (3) Coefficients of determination (R~
values) were computed from individual linear regression analysis (Pinthus,
1973).

To demonstrate interrelationships of the stability statistics estimated,
correlation coefficients (r) between pairs of stability parameters, as well as,
between each parameter and the general mean yield of each genotype were
calculated.

Sodium Dodesyl Sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

For direct visual protein comparisons of the six genotypes grown
under three different agro-ecological conditions i.e., Fayoum, Giza and
Inshas, proteins were size fractionated based on the molccular weight by
SDS-PAGE performed as described by Laemmli (1970). 0.75 mm-thick
vertical slab gels werz cast and electrophoresed using the Eio Rad Mini-
Protean II system. Gels were stained with commassie biilliant blue R-250
solution, photographed and scored using gel documentation sysiem
manufactured by Alpha Ease FC (Alphimager 2200), U.S.A. The similarity
matrices and the relationships among the genotype under each agro-
ecological condition were computed according to Nei and Li (1979). This
are presented by dendrograms using SPSS windows (Version 10) program.

RESULTS AND DISCUSSION

Pooled analysis of variance revealed significant differences among
the genotypes for two characters only; first fiviting branch neight and oil

content. Further, variance due to environment (linear) was significant for all
characters (Table 4).



Table 4. Analysis of variance for different characters in canola growa undcer different environmental conditions.

First branch

SV df zﬁ::i:::nn?) I'(Zif:;t Noi’:::zzlet;ng pol:;.p(;:m Sced y;::}l.pl.mt bcc((lgl-l;dcx Qil C‘(.;:llﬂlt
Varieties 5 9.842 552.61** 1.761 5260.1 11284 0.041 H05.21*+*
Env + (var x environ) 24 141,58** 1761.5%* 6.219** G1618.1%* 132.08:+* 6.008** 68.30%*
Environment (Linear} 1 3042.4** 39468.4** 42.097** 1230865** 2816.33** 117.32%* 1442.84**
Var x Env (Line:lf} 5 21.628* 183.23* 5.582%* 21605.4%* 28.779%* 4.032%* . 28.63%*
Pooled deviation 18 13.738* 105.12 4.402%* 7774.7* 11.652* 0372 2.95**
Deviation V1 ] 3 43.08 57.85 0.995761 1286.351 19.9145* 0.4631638 1.23
Deviation V2 K 36.71 2.10 5.93227** 7307.394 6.300323 0.67564 1.54
Deviation V3 3 36.83 137.04 7.001369** 19644.48** 8.237384 0.041551 0.18
Deviation V4 3 92.73 235.78* 6.228622*%* 1800.729 23.562" 0.104546 8.07%*
Deviation V5 3 303.46* 52.09 3.442944* 16466.2* 4.75911 0.619513 .04
Deviation Vé 3 21543 145.88 2.813628 142,786 7.138265 0.320428 6.64**
Pooled error 50 | 7341 72.94 123 4099.7 5914 0435 123

Vi=Pactol, V2= Serwao 4, V3= Serwo 6, V4= Evita, V5= Licosmos and V&= Star
*, ** indicate significant at 5§ % and 1% level of probability, respectively
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The variance due G x E was significant for all the characters
indicated that performance of the genotypes can be changed across the
different environments (Table 4).

Significant deviation from linearity was detected at exotic variety
Evita for most of the studied traits (first branch height, No. of branches,
seed yield and oil content); cv. Licosmos for fruiting zone length, No. of
branches and No. of pods/plant; cv. Star for only oil content. Similar trend
was also found in some cases for the local cultivars, Serwo 6 (No. of
branches and No. of pods), Serwo 4 (No. of branches) and Pactol (seed
yield/plant) as shown in Table (4). When individual variances for seed
yield/plant were expressed as a perceni or the total variance component as
accounted by environment, genotype X environment and genotype they were
98.6, 1.0 and 0.4 %, respectively. Similarly, a high contribution of the non-
genetic factors to the total variance was also reported by Brandle and
McVetty (1988) and Ngeve et al (2005).

Regarding to seed yield and its related traits, the highest mean value
was found at Giza in 2003-2004 cropping season with variety of Licosmos,
Star, Evita and Pactol for fruiting zone length, No. of branches, No. of
pods/plant and seed yield/plant, respectively. However, Evita exhibited the
highest seed yield over all environments (Table 5).

The first branch height of genotypes varied from 33.8 cm for Pactol
to 50.8 cm for Serwo 6. While the oil content ranged from 37.05% for
Serwo 4 to 43.95% for Pactol variety (Table 5). Oil content as well as the
other characters were also greatly influenced by the environments. The oil
content ranged from 31.96% at Fayoum to 43.13% at Inshas in 2003-2004.
G x E interaction for oil content was significant, which means different
responses of genotypes to various environments. The lowest oil content
(26%) was produced by Evita at Fayoum and the highest (48%) by Pactol at
Inshas in 2003-2004 season. In contrast, Wani (1993) reported that oil
content was a highly stable trait when genotypes grown across different
environments. '
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Table 5. Mean values for studied characters of six canola penotypes as affected by five
agro-ecological conditions.

Genotypes LSD 5%

Pactol ;Serwo 4)Serwo 4 EvitaLicosmos| Star X

|

E G {(ExG

Character
Environment

54.60 | 45.97 | 5097 [143.17) 66.11 [49.87[ 51.78 [11.34 N.S. {2120
6647 | 62.82 ; 5858 163.63| 5222 (5993 60.61
10733 | 116.00 | 110.33 |112.67) 113.00 |115.67 112.50
94.17 | 10440 | 9450 (111.42] 100.22 [122.08) 104.46
99.33 | 10100 | 95.67 [108.00{ 108,67 |99.67) 102.06
2438 | R6.04 [ B2A1 TR77RD BNO4 ) 89.4:) 8628
2230 | 2603 [ 3490 {2477\ 28.06 |41.12] 29.52 | 8.68 | 6.26 | 14.00
62.35 | 69.78 | 78.87 |6560 77.04 |BLS7] 72.53
9.00 13.00 | 27.67 13367 1133 |15.67) 18.39
4883 | 55.61 | B0.00 {4889, 65.83 |[58.89) 59.68
2667 | 2133 | 32,67 |21.331 3033 (27331 26.61
3383 | 37.15 | 50.82 |38.85| 42.51 (4492 4135
6.97 6.07 643 | 6.87 8.95 5771 684 [ 113 | NS. | 1.82
8.30 6.87 6.86 | 8.40 8.02 687 7.55
167 7.67 7.33 ] 9.67 8.67 933 8.39
T.77 7.58 7.07 | 9.83 9.39 11.141 8.80
8.33 10,00 | 10.00 | 6.33 7.00 733 | 817
7.81 7.64 754 | 8.22 8.40 8091 795

(cm)
LU g b

hicight (cm)

M

First branch|Fruiting zond|

Neo. of fruiting
branches /
plant

= 85.02 | 80.19 | 101.35 |63.42| 15283 (4587| 88.11 |358.70| N.S. ]104.98
= 170.66 | 246.46 | 138.48 219.67 17147 |164.03( 185.13
Bz 269.33 | 174.67 | 340.33 (25633 110.33 [204.33( 225.89
5= 506.90 | 329.00 | 332.40 (546.83 450.97 |491.64{ 442.96
g 209.33 | 205.67 | 230.00 |181.67 194.33 |181.0¢! 200.33
z 24825 | 207.20 | 228.51 253.58 215.99 |217.37/228.45
3~ 302 | 2.87 | 447 | 185 5.4 145 ] 320 | 1.90 | NS, | 3.99
A 1267 | 1616 | 1330 [1222] 1446 |15.40] 14.03
= 823 | 799 | 571 lire2l 921 [972) 880
= 2568 | 1917 | 1670 22270 1500 |1856) 1956
g2 696 | 674 | 628 |11.080 857 | 880 8.07
v 1131 | 1059 | 929 (1187 1055 |10.79| 10.73
» 286 | 308 | 403 [238] 290 [2911{ 3.03 }o094]|NS. | 1.08
£ 386 | 431 413 | 408 442 | 440( 420
£%2 636 | 5.17 | 4.84 | 546 6.51 635 ( 5.78
3 & 412 | 457 | 407 {328 274 | 3.02( 3.3
2 637 | 543 | 477 [ 57 6353 | 667( 586
471 | 445 | 437 | 418 462 | 467 430
3550 | 33.75 | 3525 [26.00] 2950 |31.75] 31.96 | 0.08 | 0.27 | 0.60
44.00 | 3675 | 4225 [40.00] 3950 |38.00] 40.08
g2 4725 | 3750 | 43.75 [39.75] 4200 |4225] 42.08

4500 | 38.75 1 43235 [40.75; 4125 ) 39.00] 41.33
48.00 | 38.50 ; 44.25 (4100} 43.50 |43.50] 43.13
4395 | 3705 ;1 41.75 [37.50! 39.15 |38.90; 39.72
Environments: 1= Fayoumr 2002-2003 2= Giza 2002-2003 3= Inshas 2002-20¢3
4= Giza 2003-2004 5=Inshas 2063-2004

K h et b = U b k= K Rt b = P U G b Pt e N e M -




Also, the genotypes responded differentially to one or more of the
environmental factors, which differed between locations and years. The
relative importance of location as a factor affecting G x E interaction has
been noticed (Table 35). However, Brandle and McVetty (1988) and
Gebeyehu and Assefa (2003) on different crops reported that perfermances
of cultivars were less consistent over years than over locations. This
contrast may be due to the different response of different crops even
genotypes to different agro-ecological factors. In Egypt, however, the agro-
climatic conditions (seasons) may not greatly affect on G x E interaction.

Although, the genotype Evita followed by Pactol showed high mean
values cf seed yield/plant- along with non stable performance across
different environments and positively regression coefficient, but
signifi~ance of deviatinn from linear regression {Tebie &5,

Table 6. Stability parameters for six canola genotypes under five agro-ecological

conditions

Traits Stability Genotypes
parameters| Pactol |Scrwo 4| Serwo 6 | Evita | Licosmos| Star
- bx.y 0.804%* | 1070 | 0817** | Li42** | 0923 1144
(Fc‘::;““g zone R 0979 | 0.990 098 | 0978 0.898 0.950
st 43077 | 36707 | 36828 | 92730 | 303.455% | 215.434
_ | by 0.901%* | 1.038%* | 1.093%* | 0.712% | L173%% | 1.083+*
(Fc‘;s)“”a“" height | po 0969 | 09% | 0950 | 0825 | 0983 0.946
S, 57.848 | 2098 | 137.041 |235781| 52.090 | 145.884
B by 0321 | 1074 | 0657 | 129 | 0085 2,572
’:l‘_’a::'f:‘;g;it R 0096 | 0315 | 0128 | 0382 | 0.005 0.845
%, 0.996 | 5.932** | 7.001%* |6229% | 3.443* 2.814
No. of pods/ bry 1211+ | 0.620% | 0639 | 1.361** | 0.908* | 1262+
plant R? 0987 | 0782 | o570 | 0986 0.774 0.999
%, 1286.35 | 7307.39 | 19644.5** |1800.729 | 16466.2* | 142.786
o bx.y 13514 | 1a7ee | 0831% | 1.000* | o625+ | 1.033%
i;::f (yg‘)““’ R: 0935 | 0.966 | 0929 | 0887 | 0928 0.959
%, 19915% | 6300 | 8237 | 23562% | 4.759 7138
_ bx.y 1214 | 0576¢ | 0310 | 1101 | 14130 1.385
(S:)“’ index R 0954 | 0.760 0.938 0.987 0.955 0.975
s, 0463 | 0676 | 0042 | 0105 | 0.620 0.329

This indicated that the genotypes did not exhibit the same level of
performance over all the environments. Similar interaction was also
reported Uy wani (1992) and Dailion ef al (1999). Meanwhile, the seed
yield per plant of the other four genotypes with medium average exhibited
positively significant regression coefficient and non significant deviation




from linear regression as well as coefficient of determination near to the
unit (R2 =1). So, these genotypes linearity responded to the improved agro-
ecological conditions. The significant variance of G x E obtained in this
study revealed that the canola genotypes are not fully adapted to all
locations under study that leads to a recommendation of specific genotypes
for specific regions.

Two genotypes; Licosmos and Serwo 6 had positive regression
coefficient but it was less than 1.0 with higher seed yield per plant than the
lowest environment (Fayoum). These genotypes were relatively better
adapted to poor environments.

_ According to Eberhart and Russell (1966) a variety considered as
stable should meet criteria of high mean vields, with regression coefficient
equal to unity and S% approaching zero. It could be considered widely
adapted and stable, it have the ability to express its yield potential in a range
of environmental conditions. Using these criteria, no single genotype is
stable for seed vield/plant (Table 6). This is in agreement with results of
Wani (1992), Wani (1993), Verma ef o/ (1994) and Dhillon et al (1999).
However, with respect to seed index, Evita was found to be stable for this
trait as indicated via coefficient of determination (R’) near unity aad least
deviation from regression (0.1).

Star genotype seems to be relatively stable in the most of studied
traits as compared to the other genotypes. Meanwhile, Pactol followed by
Evita exhibited the maximum seed mean values under the best
environmental productivity. The two genotypes showed sensitivity to
environmental changes and hence could be cultivated under relatively good
productivity environments like Giza. In Egypt, however, we are looking for
a variety adapted to new reclaimed area (poor environments), lick cv.
Licosmos which had b; = 0.63, R? near linearity and insignificant deviation
from linearity ($*d) = 4.7. For all studied characters of the other genotypes,
as shown in Table (6), there is no one genotype that had a high stability in
terms of high~r mean value than the grand mean and that had a regression
coefficient significantly greater than 1.0.

The correlation of R? with Sd was negative and significant in most
cases. It means that the increase in coefficient of deterniination associated
with the decrease in the deviation from linearity. The R* and S*d could be
considered as the stability parameters for these traits.
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Correlation between mean values and the three stability parameters
varied considerably (Table 7). The non significant correlation between the
mean values and b indicated that genotypes with high mean did not respond
linearity for increasing environmental productivity.

Table 7. Correlation among the stability parameters, as well as, the mean of the
studied traits for six canola genotypes.

Traits
- i First No. of No. of

Stability Fruiting branch fruiting pods/ SFeds .Seed
parameters zone . - vield/ index

m height branches plant Jant (g) @

(cm) (cm) /plant p £ g

bx.y 0.65 0.53 0.07 0.64 0.57 0.51

X R -0.56 -0.01 0.09 0.43 -0.39 0.06
8% 0.72 0.33 -0.31 -0.37 0.72 0.58

b R 0.09 6.80 0.98** 0.90* 0.07 0.55
‘ $% 0.15 -0.56 0.04 0.77 0.67 0.30
R? $4 -0.96%* -0.92** -0.15 -0.94** -0.70 -0.57

The association between mean yield and Szd was 0.72. However,
negative correlation was obtained between b; and S%; (-0.67) suggesting
that when the regression was increased, the deviation from linearity was
decreased and the seed yield was increased by increasing deviation from
linearity response or at specific agro-ecological conditions. However, the
correlation between mean yield and R* was negative (-0.40) with a weak
correlation between R* and b; (0.07). So, R” shall be considered only in
measuring dimensions of seed yield per plant but could not adequately
detect wide adaptability and stability for seed yield. The same result was
obtained by (Gebeyehu and Assefa, 2003) but in navy bean yield.

SDS-PAGE protein banding patterns

Leaf storage protein {water-soluble fraction) was used in this study
to assess polymorphism of the six canola genotypes under three agro-
ecological conditions. Electrophoretic separation of water soluble extracted
protein in the studied genotypes is shown in Figure 1 (Agro 1, Agro 2 and
Agro 3) and their densitometric analysis as described by Nei and Li (1979)
are illustrated in Table (8), where the presence and absence of bands were
assessed with (1) and (0}, respectively.

From the protein banding patterns and densitometric analysis of
SDS-PAGE for water soluble protein fraction of canola genotypes (Fig. 1)
and Table (8), 41 bands were obtained with different molecular weights
ranging from 286 to 17 KDa. The first agro-ecological condition (Fayoum)
produced the highest number of bands for all genotypes. cxvept for Pactol
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and Serwo 4 genotypes, followed by the third agro-ecological conditions
(Inshas), which indicated that the soil structure and composition highly
affected number of protein bands. Similar conclusion was revealed by Gx E
analysis in the previous phenotypic analysis in the present study.

Agro 1 Agro2 Agro3
H1!34_§t M133 486568 M12114 56

£ I I gy
=4 |
i i St -

Agro-ecological conditions Agrol=Fayoum, 2002-2003 Agro 2= Giza, 2002-2003
Agro 3= Inshas, 2002-2003
Fig. 1.  Protein banding patterns for leaf storage protein of six canola genotypes
grown under three agro-ecological conditions.
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Band with MW of 242 KDa ( genotype 6 ), 121 KDa (genotypes 4
and 3), 118 KDa (genotypes 3 and 6) and 49 KDa (genotypes 3 and 4)
were expressed only under the relatively high salt conditions with 4.14 EC
(Fayoum), as shown in Tables (1 and 8).

The development of new bands and absence of others, represented
by different genotypes, under salt condition stress, would indicate either the
enhancement or repression of gene expression in those plants. Jain er al
(1993) reported that salt stress induced distinct genotype-specific changes in
polypeptide patterns. These polypeptides may be essential for some osmo-
regulator proteins.

On the other hand, band with MW 214 KDa (genotype 6), 147 KDa
(genotypes 2 and 3), 107 KDa (genotypes1, 2, 3 and 5), 42 KDa (genotypes
1. 2, 3, 4 and 6), 30 KDa (genotypes 1, 2, 4 and 6), 18 KDa, (genotype 6)
and 17 KDa, (genotype. 2) were expressed only under Inshas conditions,
which showed the lowest EC (salt concentration). These results are in
agreewent wiin Mohan ef @l (1997) and Azzam and Abbas (2005) who
reported that SDS-PAGE was widely used to separate proteins, which are
directly related to genetic background.
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Densitrmetric analysis of SDS-PAGE for leaf storage protein (water

Tabls 8.

soluble protein fraction) of six canola genotypes grown under three agro-

ecological conditions in 2002/2003 season.
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Similarity indices among the six canola genotypes grown under three

different agro-ecological conditions based on protein analysis are presented

in Table (9).
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Table 9. The similarity indices (pair wise comparison) of SDS-protein data among
six canola genotypes grown under three agro-ecological conditions.

Agro-ecological Cases Genotypes
conditions Pactol | Serwo4 | Serwo 6 Evita Licosmos Star

Pactol 1
Serwo 4 0.40 1
Serwo 6 0.24 0.08 1

Agrol .
Evita 0.35 021 0.42 1
Licosmos 044 0.19 0.39 0.58 1
Star 0.29 0.18 0.64 6.50 0.67 1
Pactol 1
Serwo 4 0.59 1
Serwo 6 0.38 0.42 1

Agrol .
Evita 0.24 0.30 0.63 1
Licosmos 0.29 0.50 0.61 0.42 1
Star 0.18 0.40 0.25 0.56 0.48 1
Pactol 1
Serwo 4 0.47 1
Serwo 6 0.48 0.52 1

Agro3 .
Evita 0.43 0.53 0.32 1
Licosmos 0.36 0.47 0.40 0.36 1
Star 0.47 0.44 0.37 0.47 0.33 1

Environments: Agro I=Fayoum 2002-2003 Agro 2= Giza 2002-2003
Agro 3= Inshas 2002-2003

In Agro 1 (Fayoum), the highest similarity indices (0.67 and 0.64)
were recorded between Star and each of Licosmos or Serwo 6, respectively,

while the lowest similarity index (0.08) was recorded between S=rwo 4 and
Serwo 6, as shown in Table (9).

On the other hand, in Agro 2 (Giza), the highest similarity indices
(0.63 and 0.61) were recorded between Serwo 6 and each of Evita or
Licosmos, respectively, while the lowest one was recorded between Star and

Pactol (0.18).

While, under the third agro-ecological condition (Inshas), the highest
similarity indices (0.53 and 0.52) were recorded between Serwo 4 and each
of Evita or Serwo 6, respectively, while the lowest one was recorded
between Serwo 6 and Evita ((.32), suggesting that the distance between the
six canola genotypes differed according to their leaf storage protein banding
patterns and affected by environmental conditions.
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The dendrogram of the six canocla genotypes showing the genetic
relationshing under three different agro-ecologies are presentsd in Figure
(2). .

Agro 1 {(Fayoum, 2002-2003)

Rescaled Distange Cluster Comdins

C AT ] 11 10 15 20 x5
Lakal  4-==cm--w- e S N T +
T
BERSIED
Fozve 4 !
Agro 2 (Giza, 2002-2003
-

Basexlad Disvancs Cluseaz Condins
C&a3C Q L] 1 15 23 Z5
Lakel B B dwmm o= o m - dmmmm e +

! |
Agro 3 (inshas, 2002-2003)

Rasealaed Dizzance Clustas Combine
&3 9 5 p1i] 15 23 25
Label #-===--=a- e ——— N + —m-- +

Sexwo 4
Ewica —f
Ssaz
Pactol
Sazwo 6 _
Lizarmes

Fiz.2. Dendregram showing the genetic distance among six canola genotypes grown
under three agro-ccological conditions using SDS-protein data.

The genotypes were separated into two clusters under cach agro-
ceological condition; cluster 1 included Licosmosm, Star. Evita and Scrwo 6
(uncer both Agrol and Agro 2), while the first cluster included all the
cunola genotypes except Licosmos under Agro 3 conditions. On the other
hand, the second cluster under the Agro 1 and 2 included Pactol wiki Serwo

4 {the local cultivars). These results indicated that the genetic disiance
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between the previous genotype is narrow than the other genotypes in
Favoum and Giza. The dendrogram (Fig. =) showed that the expressions of
relationship between genotypes were modified by agro-ecological
conditions. These results are in agreement with Mohan er al (1997),
Jaramillo er al (1999) and Azzam and Abbas (2005), who reported that
SDS-PAGE can be used to certify the genetic makeup of wild cultivars, or
newly derived plants.
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