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Abstract

To assess the performance and the variability of 49 flax varieties based on agronomic parameters
using cluster analysis, a field experiment was conducted in 2011/2012 and 2012/2013 winter
seasons at the farm of the National Research Center at Nubria district, Albehira Governorate,
Egypt. The results revealed high significant difference among all flax varieties in all the studied
characters. Letwania-9 and Evelen cultivars surpassed all other varieties in seed and oil yiel-
ds/fed. On the other hand, D variety gave the lowest value of seed yield/fed and F variety gave the
lowest values of 0il% and oil yield/fed. While, G Variety surpassed all other varieties in straw
yield/fed. Blanka variety recorded the lowest values of straw yield/fed and biological yield/fed,
while, Posna variety gave the lowest values of technical stem length (cm). In cluster analysis, all
the studied characters were used to construct a distance matrix using the Euclidian coefficient,
and generate dendrogram showing dissimilarity among all the varieties. Distance coefficient was
ranged from 1.2 between Piltstar and Litwania-1 varieties and 10.8 between Posna and G varie-
ties, which reveal the genetic diversity among varieties. The varieties can be divided into 4 groups
based on cluster analysis.
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1. Introduction

Flax (Linum usitatissimum L.) is a dual source of products; seeds for oil and straw for linen products. The oil is
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edible and also is used for the preparation of paints, varnishes, printing ink, due to its quick drying property. The
fiber is soft and flexible. It is, however, stronger than cotton or wool. The best grades of flax fiber are used for
linen fabrics, the coarser grades for twines, canvas and bags. Raw flax fiber is also used to make high quality
paper and components for the motor industry. Linseed designates the varieties used for oil, human food and li-
vestock feed. Flax requires abundant moisture and cool weather during the growing season [1]. According to [2]
cool temperatures combined with a long photoperiod during and after flowering increases seed yield. The culti-
vated area through the last 20 years was decreased from 60,000 to 30,000 feddan due to the great competition of
other economic winter crops resulting in a gap between production and consumption. Therefore, it is necessary
to increase flax productivity per unit area which could be achieved by using high yielding cultivars and improv-
ing the agricultural treatments [3] and [4]. In Egypt, flax plays an important role in the national economy via
export and local industry. Increasing the production of flax from the current limited areas is considered as a ba-
sic target. This could be achieved through growing high yielding varieties and proper planting dates occupy an
important role in this respect. Many investigators obtained varietal differences in yield and quality of flax in
many regions of growing flax [5]-[9]. Many investigators reported significant differences among flax varieties
concerning seed, straw, oil and fiber yields as well as their components, [10] and [11]. Due to the global climatic
changes some agronomic practices of the crops have been changed.

The use of cluster analysis algorithms is an important strategy for classifying, ordering variability for a large
number of varieties, or analyzing genetic relationships among materials. This statistical analysis has several ad-
vantages [12]. First, it allows mixing of both qualitative and quantitative data and therefore all the available in-
formation on the sample can be utilized. Cluster analysis had been used in widely different fields [13]. It can be
used as a tool of selection and data reduction via similarity coefficient, similar varieties might be considered as
one group in the second test of performance provided that they have genetic diversity among them to avoid in-
breeding effect. Also, it provides useful information about genetic diversity in crops. The cluster analysis was
used to see whether the varieties fell into groups or clusters.

The present investigation was carried out to assess the performance of 49 flax varieties under sandy soils con-
ditions.

2. Materials and Methods

Two field experiments were conducted at the farm of the National Research Center at Nubria district AlBehira
Governorate, Egypt in 2011/2012 and 2012/2013 winter seasons to assess the performance and the variability of
49 flax varieties, based on agronomic parameters using cluster analysis. The experimental soil was analyzed ac-
cording to the method described by [14]. Soil texture was sandy and having the following characteristics:

Sand 93.7%; pH 7.8; organic matter 0.65%; CaCO; 1.30%; EC 0.50 dS/m; total N 8.1 ppm, P 3.60 ppm and K
23.5 ppm. To assess the performance and the variability of 49 flax varieties based on agronomic parameters us-
ing cluster analysis, varieties were arranged in randomized complete block design with four replicates where the
plot area was 10.5 m” (One fed = 4200 m?) Flax seeds were sown in mid November in both seasons. Irrigation
was carried out using sprinkler irrigation system where water was added every 5 days. Only calcium super
phosphate (15.5% P,0s) and potassium fertilizer 48% as K,O were added during seed bed preparation at the
level of 31.00 and 24.00 (kg/fed), respectively, while nitrogen fertilizer as ammonium nitrate (33.5%) was added
at the rate of (75 kg N/fed). Flax plants were pulled at full maturity, and then left on ground for air-drying. Cap-
sules were removed carefully. At harvest the following characters were recorded on a random sample of ten
guarded plants from each plot.

2.1. Straw Yield and Its Components

Plant height (cm), technical stem length (cm), straw yield (g/plant), straw yield (tons/fed) and biological yield
(tons/fed).

2.2. Seed Yield and Its Related Characters

Number of fruiting branches/plant, number of capsules/plant, fruiting zone length (cm), seed yield (g/plant),
seed yield (kg/fed), seed 0il% was determined by soxhlet apparatus using petroleum ether (40°C - 60°C b.p) ac-
cording to the method [15]. Oil yield (kg/fed) was calculated by seed yield (kg/fed) * seed oil (%).

The obtained results were subjected to statistical analysis of variance according to method described by [16],
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since the trend was similar in both seasons the homogeneity test Bartlet’s equation was applied and the com-
bined analysis of the two seasons was calculated according to the method [17].

The cluster analysis was performed using the program SAS v.9.1.3 that adopts Euclidian distance as a meas-
ure of dissimilarity and the Ward’s method as the clustering algorithm [18]. Before computing the distance be-
tween varieties, our data were standardized as recommended by [19]. Euclidean Distance is the square root of
the sum of squared differences between two variables and its equation is as follows:

n

d(x,y): 2(x _yi)z

i

2.3. Origins of Flax Varieties

e Litwania-1, Litwania-2, Litwania-3, Litwania-4, Litwania-5, Litwania-6, Litwania-7 and Litwania-9 (Litwa-
nia origin varieties).

e Line-1, Line-3, Line-4, Line-6, Line-7, Line-8, Line-9, Line-10, Line-11, Line-12, Line-13 and Olin (Romania
origin varieties).

* B,C,D,E,F,G,H, I Kand V (China origin varieties).

* Giza-5, Giza-6, Giza-8, Sakha-1 and Sakha-2 (Egypt origin varieties).

* Piltstar, Vaiking, Blanka, Vaiko, Mayic, Texa, Artimedia, Evelen and Alba (France origin varieties).

* Agretic and Amon (Czech Republic origin varieties).

* Opal and Szafir (Polanda origin varieties).

3. Results and Discussions
3.1. Seed, Oil Yields and Its Related Characters

Data presented in Table 1 revealed that high significant difference among all flax varieties in seed and oil yields
and its related characters. Letwania-9 and Evelen cultivars surpassed all other varieties in seed and oil yields/fed.
and there were no significant differences between Letwania-9 and Evelen cultivars in seed yield/fed. The supe-
riority in seed yield/fed for both varieties may be due to the increases in fruiting zone length and the number of
fruiting branches/plant. Moreover, the superiority in oil yield/fed may be attributed to the increase in seed yield
/fed and the increase in seed 0il%. Such results are in agreement with these obtained by many investigators, [7] [8]
[20] [21]. However, there were no significant differences between Letwania-2, Letwania-7, Letwania-9 and
Line-8 varieties but significantly exceeded between all the other varieties in fruiting zone length. Such results are
in agreement with those obtained by [10] [11] [21] [22]. Whereas, Posna and Olin significantly exceeded all the
other varieties in number of capsules/plant.

Regarding minimum values of seed and oil yields and its related characters under this investigation, the same
table showed that Szafir variety gave the lowest values of plant height (57.33 cm) and fruiting zone length (10 cm),
Lin-9 variety gave the lowest values of number of capsules/ plant (5.67) and biological yield/plant (1.00 g), D
variety gave the lowest value of seed yield/fed (192.15 kg) and F variety gave the lowest values of oil % and oil
yield/fed, These results indicated that the variability among all tested flax varieties which may be expected due to
the differences of these varieties in origin, growth habit, genetic constituent and the environmental conditions of
investigated cultivars under newly reclaimed sandy soil of Nubaria district. Such results are in agreement with
these obtained by many investigators such as [7] [21] [22].

3.2. Straw Yield and Its Related Characters

Data presented in Table 1 indicated that high significant difference among all flax varieties in straw yield and its
related characters. G Variety surpassed all other varieties in straw yield/fed and there were no significant differ-
ences between G, E and H Varieties in straw yield/fed. This superiority in straw yield /fed for this varieties may be
due to the increases in plant height, technical stem length and biological yield/fed. The differences between the
tested flax varieties could mainly be attributed to the differences in their genetical constitution and their response
to the environmental conditions. In this connections, many investigators obtained higher levels of varietal dif-
ferences in straw yield and its components in many regions of growing flax in the world, [20] [23]-[27].
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Table 1. Analysis of variance of agronomic characters of 49 flax varieties (combined analysis).

Varieties
Litwania-9
Evelen
Alba
Line-9
G
Line-1
Litwania-3
Litwania-7
Line-12
Sahka-2
C
Giza-5
Giza-6
Amon
E
K
Mayic
Opal
Line-3
Sahka-1
Vaiko
Line-13
Line-11
Line-7
Litwania-6
\%
Line-4
Line-8
Line-10
B
Posna
Giza-8
Artimedia
Szafir

Olin

X1
75.33
69.33
83.33
70.00
91.67
70.67
70.33
80.67
80.00
77.00
87.67
69.67
71.67
62.00
105.67
90.00
77.33
62.67
83.33
79.67
65.00
89.67
67.00
70.33
79.67
79.33
72.33
83.00
80.00

100.33
63.33
67.67
67.33

57.33

60.33

X2
52.00
50.67
60.33
57.33
76.67
56.67
54.67
57.67
61.67
63.33
67.00
54.33
56.00
44.67
86.33
68.67
60.67
44.67
68.00
65.00
48.67
68.00
54.00
55.33
59.67
57.00
60.67
59.33
67.67
81.33
41.33
53.00
55.00

47.33

4233

X3
23.33
18.67
23.00
12.67
15.00
14.00
15.67
23.00
18.33
13.67
20.67
15.33
15.67
17.33
19.33
21.33
16.67
18.00
15.33
14.67
16.33
21.67
13.00
15.00
20.00
22.33
11.67
23.67
12.33
19.00
22.00
14.67
12.33

10.00

18.00

X4
4.67
4.67
4.00
333
4.00
5.00
4.00
4.33
4.67
5.33
4.67
3.00
4.33
4.33
4.33
4.67
4.67
333
5.33
3.67
4.33
4.67
333
4.33
4.67
3.00
4.00
4.33
4.00
3.67
4.67
433
3.67
4.00

533

X5
9.67
13.33
14.00
5.67
6.33
11.00
9.00
18.00
10.00
10.33
13.33
8.67
14.33
12.00
11.33
12.00
11.67
13.00
14.33
8.67
15.00
18.00
6.67
12.67
14.67

10.33

16.33

6.67

11.00

23.67

12.33

9.00

10.67

22.33

X6
0.81
0.76
0.54
0.50
1.74
1.00
0.68
2.41
1.05
0.40
2.05
0.65
1.61
1.37
4.25
341
1.22
0.83
1.28
0.60

1.82

0.49
1.95
1.19
0.48
0.71
245
0.75

2.67

0.77

0.97

0.82

1.96

X7

1.20

2.10
0.50
0.40
1.60

1.10
0.70

0.50

1.40
2.10
1.40
2.10
2.40
0.70

0.50

1.90

1.00

2.60

0.90

1.20

2.20

1.50

0.70

1.60

2.00

X8
882.00
866.25
771.75
689.85
683.55
680.40
630.00
626.85
607.95
567.00
519.75
510.30
504.00
478.80
472.50
467.90
463.05
459.90
453.60
447.30
437.85
431.55
412.65
409.50
409.50
409.50
396.90
393.75
378.00
378.00
365.40
352.80
346.50

315.00

315.00

X9
3.05
2.77
2.57
3.68

4.72

2.75
1.79
3.03
2.81
355
2.02
271
231
4.59
1.41
2.54
178
1.97
331
244
1.41
3.00
2.84
291
277
271
242
3.05
3.11
1.37
1.69
2.02
1.46

2.09

X10
2.01
2.56
2.64
1.00
2.14
2.60
1.78
3.61
225
1.90
3.75
2.05
291
247
4.95
391
3.02
223
3.38
2.00
3.92
4.77
1.19
245
2.69
2.38
1.71
5.05
1.65
3.87
433
227
1.67
242

3.96

X11
36.35
35.66
38.47
36.97
39.38
35.87
37.13
32.94
39.22
37.17
42.10
35.90
35.90
38.24
36.72
34.09
38.24
41.76
37.04
36.40
45.11
38.27
36.62
36.07
36.77
37.82
39.48
38.76
38.00
35.01
40.79
38.11
36.86

39.05

38.05

X12
320.61
308.90
296.89
255.04
269.18
244.06
233.92
206.48
238.44
210.75
218.81
183.20
180.94
183.09
173.50
159.51
177.07
192.05
168.01
162.82
197.51
165.15
151.11
147.71
150.57
154.87
156.70
152.62
143.64
132.34
149.05
134.45
127.72

123.01

119.86

X13
393
3.64
3.34
4.37
5.40
3.82
3.38
2.42
3.64
3.38
4.07

2.53

2.79

5.09

3.00
2.24
2.42
3.76
2.88

3.41
3.25
3.32
3.18
3.11
2.81
3.43

3.49

2.04

2.37

241

680
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Continued
Texa 72.67 57.33 1533 433 13.00 249 020 311.85 2.08 2.69 37.10 115.70 2.39
Line-6 68.67 55.00 13.67 4.67 13.33 0.64 1.90 302.40 2.50 2.54 42.01 127.04 2.80

Litwania-1 68.67 53.67 15.00 4.00 1000 1.12 0.60  299.25 174 172 37.77 113.03  2.04

Piltstar 65.33 50.33 15.00 3.67 9.67 122 1.00 29295 204 222 38.66 11325 233
Vaiking 69.33 47.67  21.67 333 9.33 0.69 1.10  286.65 173 179  37.83 108.44  2.02
Blanka 66.67 46.67  20.00 3.67 9.67 094 170 27720 1.19 264 36.12 100.12 1.47

Litwania-5 90.33 71.33 19.00 500 1933 329 060 27405 3.02 389 38.61 105.81 3.29

Litwania-4 84.00 66.00 18.00 4.00 13.67 151 070 27405 3.02 221 38.61 105.81 3.29

H 99.33 83.33 16.00  4.67 9.00 255 050 27405 479 3.05 3746 102.66  5.06
I 90.33 73.33 17.00 3.67 10.00 254 0.70 267.75 279 324 37.52 10046  3.06
Agretic 61.67 45.33 1633 433 11.67 038 0.70 267.75 195 108 36.84 98.64 222

Litwania-2 84.67 60.67 24.00 4.67 17.33 198 150  267.75 191 348  37.57 100.59  2.18
F 85.00 71.67 1333 433 7.33 125 030 25200 399 155 2936 73.99 4.24
D 93.00 76.00 17.00 4.33 7.33 1.84 070 19215 285 254  39.86 76.59 3.04
LSD (0.05) 15.39 11.98 3.41 0.85 2.39 029 025 87.24 053 054 7.53 3.28 0.62

X1 = plant height (cm), X2 = technical length (cm), X3 = fruiting zone length (cm), X4 = number of branches, X5=number of capsules, X6 = Straw
yield (g/plant), X7 = seed yield (g/plant), X8 = seed yield (kg/fed), X9 = straw yield (ton/fed), X10 = biological yield (g/plant), X11 = 0il%, X12 = oil
yield (kg/fed), X13 = biological yield (ton/fed).

Regarding minimum values of straw yield and its related characters, the same table indicated that Blanka va-
riety recorded the lowest values of straw yield (1.19 ton/fed) and biological yield (1.47 ton/fed) while, Posna va-
riety gave the lowest values of technical stem length (41.33 cm). These results indicated that the high variability
among all tested flax genotypes due to the differences of these varieties in origin, growth habit, genetic constituent
and the environmental conditions of investigated cultivars under newly reclaimed sandy soil of Nubaria district.
Such results are in agreement with these obtained by many investigators such as [21] and [22].

3.3. Cluster Analysis

Cluster analysis was approved as a suitable method for data classifying and suggested by [28]. The average of all
the studied characters of the two seasons in (Table 1) was used to construct a distance matrix using the Euclidian
coefficient (Table 2) and the data from the distance matrix was used to generate the dendrogram showing dissi-
milarity among all the varieties [19] Figure 1. Posna and G varieties were the most dissimilar to each other with
distance coefficient of 10.8. On contrast, Litwania-1 and Piltstar varieties were the most similar varieties with
dissimilarity coefficient of 1.23 this may suggest that these varieties could be originated from a single source.

Based on the cluster analysis in Figure 1, we can divide the 49 varieties into 4 groups based on the studied
agronomic characters as shown in Table 3 and Table 4 which reveal that the first group was the highest in seed
yield/fed (average 715.05 kg/fed) and oil yield/fed (average 26.48 kg/fed), this means that this group is suitable
for the production of seeds. On the other hand, the fourth group was the lowest in seed yield/fed (average 364.89
kg/fed), however, it was the highest in straw yield/fed (3.7 ton/fed), and consequently it is a suitable group for
producing fiber.

The second and third groups had intermediate values of seed and straw yield and hence are suitable for a dual
purpose of producing seed and fiber.

4. Conclusion

The results of this study introduce information about the diversity among 49 flax varieties which we should give
attention to. They are of particular interest for the further collecting of genetic resources and show a wide spec-



A. B. Bakry et al.

Table 2. Distance matrix based on Euclidian coefficient for the 49 flax varieties. Using data from the two seasons.

Ltwania-9
Ltwania-9 0.0  Evelen
Evelen 2.0 0.0 Alba
Alba 40 27 0.0 Line9
Line9 36 48 54 00 G
G 64 72 73 54 0.0 Line-1
Line-1 22 24 39 42 64 0.0 Ltwania-3
Ltwania-3 2.6 3.1 3.6 26 63 24 0.0 Ltwania-7
Ltwania-7 55 43 43 68 86 4.6 48 0.0 Line-12
Line-12 3.1 3.1 3.1 40 58 23 21 45 00 Sahka-2
Sahka-2 33 36 44 46 67 18 28 53 23 00 C
C 53 48 38 62 6.1 42 46 49 29 44 00 Giza-5
Giza-5 47 47 46 36 78 43 25 51 40 45 57 00 Giza-6
Giza-6 39 3.6 41 46 70 24 25 33 27 30 38 32 00 Amon
Amon 4.0 39 44 46 76 32 24 42 28 34 43 31 20 00 E
E 83 82 79 82 55 73 78 70 67 77 54 85 67 79 00 K
K 78 74 68 82 89 68 68 46 60 66 58 70 57 67 6.0 00 Mayic
Mayic 43 38 37 51 7.1 26 29 41 22 24 30 37 18 24 69 56 0.0 Opal
Opal 53 51 45 51 85 49 34 55 40 50 50 3.1 37 26 91 7.8 37 0.0 Line3
Line-3 53 46 47 6.6 83 34 44 43 36 29 39 51 29 39 73 53 20 52 0.0 Sahka-1
Sahka-1 4.5 47 45 33 6.0 34 23 53 30 32 46 25 28 34 69 64 28 41 42 0.0 Vaiko
Vaiko 60 56 51 68 84 50 50 6.0 44 52 36 55 43 38 82 79 36 35 45 54 00 Line-13
Line-13 7.1 59 50 84 9.6 56 61 38 52 57 40 61 44 51 72 49 38 57 32 59 47 0.0 Line-1l
Line-11 49 56 59 27 69 45 27 63 41 43 6.1 24 38 35 84 77 42 40 57 23 6.1 75 0.0 Line-7
Line-7 4.6 48 54 44 69 35 30 41 33 36 46 36 1.7 22 67 56 29 41 40 30 50 55 32 00
(=)} o s el
2@ < 3 3 E 8§ 3 5 5 < = ° 3 %% 553 ¢
v 58 52 39 50 76 50 37 50 40 51 47 28 38 38 78 69 3.6 33 51 30 51 53 39 44 34
Line-4 47 53 54 35 67 37 25 60 32 32 49 30 31 29 79 69 30 35 43 21 47 63 21 28 37
Line-8 7.1 58 48 81 90 56 60 41 51 60 3.6 60 44 49 68 58 38 54 40 57 42 20 72 54 3.7
Line-10 50 56 56 35 62 40 29 6.1 33 33 50 33 34 37 72 64 32 44 45 17 56 65 22 30 37
B 69 65 57 64 68 55 54 45 48 56 44 52 42 55 44 35 42 63 47 41 65 46 57 43 40
Posna 7.6 64 60 89 108 64 66 50 6.1 66 54 67 50 47 93 77 48 49 49 70 39 37 77 58 47
Giza-§ 52 50 5.1 53 85 38 32 49 3.6 34 49 30 25 21 86 66 23 29 32 32 41 49 35 28 28
Artimedi 54 58 6.0 4.1 80 45 3.1 56 42 42 59 24 32 29 85 68 37 35 49 28 55 65 19 25 40
Szatir 59 6.1 64 57 93 48 41 63 50 46 62 35 38 31 96 79 37 33 46 42 45 62 38 39 46
Olin 69 60 63 83 101 54 6.1 48 57 55 53 64 41 42 88 75 42 53 40 63 43 42 70 48 39
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Continued

Texa 6.0 6.1 63 57 80 48 42 44 43 46 51 43 29 30 7.1 52 3.6 44 43 41 52 53 41 17 34
Line-6 57 56 54 59 82 42 41 6.1 38 36 43 45 35 31 84 75 25 34 34 39 30 51 45 39 33
Ltwania-1 5.7 59 6.0 49 83 47 34 53 41 42 56 31 32 26 85 64 35 34 46 33 52 60 27 24 36
Piltstar 5.7 58 58 48 82 47 34 54 41 45 53 27 31 24 83 6.8 33 27 46 3.1 45 58 26 26 3.6
Vaiking 64 6.1 55 55 89 57 40 53 47 54 58 30 41 32 90 70 41 29 55 38 55 60 35 39 39
Blanka 6.5 6.0 57 63 97 54 44 49 50 53 60 32 38 33 92 6.8 38 34 47 42 53 51 43 4.1 38
Ltwania-5 74 7.0 67 78 79 59 63 47 52 58 42 68 44 52 52 44 45 64 44 58 56 43 69 41 38
Ltwania-4 6.0 59 54 52 68 48 39 48 3.6 43 40 41 30 34 63 53 31 42 42 29 50 51 37 24 25
H 73 75 72 65 52 59 60 67 51 56 48 68 52 62 37 54 51 75 56 47 7.1 67 60 47 48

I 68 67 61 58 70 55 48 50 45 53 45 45 37 45 54 43 38 52 46 36 57 50 45 32 37
Agretic 59 6.0 63 53 89 50 39 58 46 44 63 38 37 29 94 75 40 38 50 40 58 6.7 32 3.1 38
Ltwania-2 7.1 6.1 54 7.7 91 56 55 36 47 53 42 55 38 42 72 48 35 50 36 52 50 28 63 42 27
F 71 75 80 58 72 59 56 67 61 56 74 58 52 61 71 66 58 7.7 63 44 88 8.1 47 44 53

D 71 72 66 61 71 57 51 6.1 44 49 46 52 45 48 62 50 39 55 46 39 58 56 47 38 39

\Y 0.0 Line-4

Line-4 4.1 0.0 Line-8

Line-8 4.7 63 0.0 Line-10

Line-10 4.1 13 65 0.0 B

B 46 52 46 46 00 Posna

Posna 60 68 3.6 75 7.1 00 Giza-8

Giza-8 3.8 25 51 32 54 49 0.0 Artimedi

Artimedi 4.1 19 6.6 23 53 67 23 0.0  Szafir

Szafir 49 29 62 39 66 57 19 25 00 Olin

Olin 62 6.1 41 67 67 24 42 60 50 00  Texa

Texa 50 35 55 37 44 56 31 29 40 48 00 Line-6

Line-6 45 29 50 37 60 48 22 38 28 41 42 0.0 Ltwania-1
Ltwania-1 4.1 23 6.1 28 53 6.0 19 12 27 54 23 35 0.0 Piltstar

Piltstar 3.6 23 56 29 52 57 18 15 22 52 27 31 12 00 Vaiking

Vaiking 2.7 38 57 41 56 59 3.0 3.0 39 59 40 43 25 23 00 Blanka

Blanka 33 42 50 46 55 52 26 33 33 50 40 42 29 25 19 0.0 Ltwania-5
Ltwania-5 63 5.8 45 57 40 54 53 60 66 48 37 53 54 56 63 62 0.0 Ltwania-4
Ltwania-4 3.6 3.0 50 28 35 59 32 32 45 53 26 36 28 29 35 41 36 00 H

H 63 53 65 44 35 85 63 60 73 75 50 61 60 60 69 73 41 39 00 I

I 43 39 50 34 22 66 43 39 52 62 29 48 37 36 44 46 36 22 34 00 Agretic

Agretic 45 32 67 37 64 61 23 23 31 53 34 37 17 23 28 31 62 36 68 50 0.0 Ltwania-2
Ltwania-2 45 54 30 55 43 38 40 53 55 37 38 44 45 45 43 39 33 34 58 40 49 00 F

F 64 52 81 43 51 94 59 49 67 80 50 69 52 56 62 64 64 48 45 48 54 67 00 D

D 48 37 57 31 36 71 43 41 53 65 35 43 37 39 46 50 41 23 33 21 48 43 50 00
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Figure 1. Dendrogram showing cluster analysis (Ward method) of 49 flax varieties.

Table 3. Agronomic characters mean values of flax varieties groups issued from cluster analysis.

X1 X2
Groupl  73.86 57.05
Group2 7720 57.45
Group3  69.68  54.46

Group4  96.07 78.11

X3 X4 X5 X6 X7 X8 X9 X10 XlI1 X112 XI13
16.81 462 11.05 075 150 71505 2.87 225 37.12 2648 359
19.75 4.67 1658 1.87 1.87 43234 226 374 3846 1656 2.69

15.22  3.84 9.94 093 105 37605 237 199 3747 1412 275

1796 426 11.11 264 067 36489 370 331 3747 13.62 4.06

X1 = plant height (cm), X2 = technical length (cm), X3 = fruiting zone length (cm), X4 = number of branches, X5 = number of capsules,
X6 = Straw yield (g/plant), X7 = seed yield (g/plant), X8 = seed yield (kg/fed), X9 = straw yield (ton/fed), X10 = biological yield
(g/plant), X11 = 0il%, X12 = oil yield (kg/fed), X13 = biological yield (ton/fed).

Table 4. Flax varieties groups issued from cluster analysis.

Group 1 Seed Litwania-9 Evelen
Group 2 Dual Litwania-7 Olin

Line-9  Giza-5
Group 3 Dual

Line-7 Texa

Group 4 Fiber E G

Line-1  Litwania-3 Sahka-2 Alba Line-12 - - - -

Giza-6 Mayic  Litwania-2  Line-3 Vaiko Line-13 Litwania-6 Line-8 Posna

Line-11 Sahka-1 Line-4 Line-10 Amon Opal F Szafir  Giza-8
Artimedia  Piltstar  Litwania-1  Agretic \% Vaiking  Blanka  Line-6 -
H K B Litwania-5 Litwania-4 I D - -
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trum of agronomic variability among the varieties investigated. The results obtained have shown that the agro-
nomic parameters are very useful for the initial description. The cluster analysis with the agronomic data of flax
revealed the existence of variations among varieties.
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