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Abstract

The present investigation was designed to evaluate sixteen flax genotypes (14 promising lines and 2 check
varieties viz., Sakha 1 and Sakha 2 (dual purpose types)) for mean performance, correlation and path
coefficients for straw and seed yields and some of their attributed traits under six environments (E), two seasons
(2009/2010 and 2010/2011) in 3 locations (Kafr EL-Hamam Agric. Res. Station , EL-Sharkia Governorate as
clay soil, Ismailia Agric. Res. Station , Ismailia Governorate as sandy soil and Tag EL-Ezz Agric. Res. Station ,
Dughlia Governorate as saline soil) . It also aimed to determine the superior strains which can be used as useful
genetic sources in flax breeding programs.

These materials were evaluated in a randomized complete block design with three replications at the tested
six environments. The analysis of variance revealed highly significant differences among genotypes
(G)locations (L) and (G x L) interactions for most straw and seed yield traits, indicating a widely range of
variation among genotypes, environments and these genotypes exhibited differential response to environmental
conditions as average of both seasons and both locations ; S.31/3/2, followed by S.413/3/4, surpassed
significantly the other tested flax genotypes in respect to straw yield traits i.e.strawyield/fed and fiber yield/fed,
straw yield/plant, total and technical length /plant, fiber percentage,fiber length and fiber fineness .Sakha 1
cultivar ranked the third in all straw yield traits. However S.16 followed by S.2 had the highest seed yield traits
i.e. seed yield/fed., oil yield/ fed., seed yield /plant, number of capsules/ plant,number of seeds/ capsule, 1000
seed weight and oil percentage. Sakha 2 cultivar ranked the third for seed yield traits. On the other hand, the
other tested flax genotypes recorded intermediate estimates for either straw and seed yield traits. Results of
simple correlation coefficient revealed that Straw yield/ fed showed positive and highly significant correlation
coefficient with all Straw yield traits i.e. fiber yield /fed, straw yield /plant, total and technical length / plant,
fiber percentage, fiber length and fiber fineness. In the same time seed yield/fed exhibited positive and highly
significant associations with all seed yield traits i.e. oil yield /fed, seed yield/plant, number of capsules /plant,
number of seed / capsules , 1000 seed weight and oil percentage. A path coefficient analysis for genotypes
indicated that technical length /plant and straw yield /plant and their interaction are considered the main
important sources in increasing straw yield /fed having contribution percentage of 39.21 and 9.56%, respectively
. In the same time, 1000 seed weight and seed yield /plant are considered the main important sources in
increasing seed yield /fed, with contribution percentage of 23.29 and 11.78%, respectively. Results indicated
that the maximization of straw and seed yield may be obtained by selection for technical length /plant and 1000-
seed weight, respectively.
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Introduction

Flax (Linum usitatissmum, L.) is one of the oldest
crop grown widely for its fiber, seed and dual
purpose. The fibers are used in textile as well as
automobile and construction industries, while flax
seeds are used in human food as source of omega-3
and omega-s fatty acids and animal feed. Linseed oil
is used in the production of paint, soap, putty and
polymers (Kozlowski, 2001).

Weather conditions and other factors are
important to determine yield potential of genotypes.
Plant breeders noticed that different genotypes do not
react in similar way to the changes of environment. It
is well known that genotype x environment
interaction (G x E) often causes inconsistent
differences in genotypes response from one
environment to another, which may result from two
seasons; one being the differences in response of

some set of genes to different and the second being
the expression of various set of genes in varying
environments; i.e. crossover or qualitative interaction
(Baker, 1988). Choosing the promising lines or
varieties and planting them in suitable location are
among the most important factors affecting the
productivity of flax. The ultimate goal of flax
breeding program in Egypt is to improve both seed
and straw yield as well as fiber and oil quality traits
in the genotypes and at the same time, these
genotypes has a minimum interaction with
environments as stable genotypes.
Wide variability among flax genotypes regarding
yield, yield components and quality was reported by
several workers such as Mourad et al
(1986),Satapathi et al (1987) and Mourad et al
(2003).

Genotypes x environment interaction (G x E) is
an important consideration in breeding programs. If
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it is large, a breeder may have to test the performance
of genotypes in several environments such as
different locations. Similar workers studied G x E
interactions interaction of flax genotypes under
different locations, among of them, Abo-EL-Zahab et
al (1994), Mahto (1995), Abo.Kaied et al (2008) and
Abo.Kaied et al (2011).

Mean performance among flax genotypes, in
respect to yield and quality, were reported by several
investigators, among of them, Halla (1983), EL-
Hariri et al (2002a,b), Mostafa and Ashmawy (2003),
EL-Kady and Kineber (2004), EL-Kady and Abdel-
Fattah (2009), EL-Refaie et al (2011)and Hussein
(2012).

The correlation coefficient is one of the most
important measurements for the degree of association
between any two traits, thus it is applied in plant
breeding programs. Correlation coefficient between
yield and yield components, varying in magnitude
and direction were reported in different flax yield
studies by several workers, among them Kedhamath
et al (1960), Badwal et al (1971), Momtaz et al
(1977), Kumar and Chauhan (1979), Patial et al
(1998), Abo-kaied et al (2011) and Hussein (2012).
Path coefficient analysis were performed to estimate
the relative contribution of yield components of flax
straw, fiber and seed vyield variation by several
workers, among them, Mourad et al (1986),
Satapathi et al (1987), Muduli and Patmaik (1994),
Aly and Awaad (1997), AL-Kaddoussi and Moawed
(2001) and Hussein(2012).

Therefore, the main objectives of the present
study were to 1- Evaluate sixteen flax genotypes for
yield and yield components 2- To identify the effects

of environments and genotypes by environment
interaction, to detect the direct and indirect effects of
straw and seed yield components on straw 3-Seed
yields as well as the important contributing traits in
flax genotypes.

Materials and methods

A-  Description of the studied materials:

Six field experiments were carried out during
2009/2010 and 2010/2011 seasons at three locations
namely Kafr EL-Hamam Agric. Res. Station as clay
soil (L1), Ismailia Agric. Res. Station as sandy soil
(L2) and Tag EL-Ezz Agric. Res. Station as saline
soil (L3) to evaluate the performance of sixteen flax
genotypes for vyield and yield components, to
estimate correlation and path coefficient analysis for
straw and seed yields and some of most important
contributing traits. Prior to sowing, the physical and
chemical properties of soil of the three experimental
sites were analyzed mechanically following the
method described by Piper (1950) and chemically
according to Black et al (1965). The soil
characteristics in the three experimental sites were
presented in table (1). The tested sixteen flax
genotypes (Linum usitatissmum, L.) included Sakha
1 and Sakha 2 as check varieties (dual purpose types)
in addition to 14 promising strains
i.e.51,S3,55,531/3/2, S421/3/6/5 and S413/ 3 /4 as
dual purpose strains and S2419/1, S2465/1/3, S2, S4,
S16, S402/3/1819, S402/3/5/1 and S402/ 3/ 8/1, as
oil strains.

Pedigree and origin of the sixteen flax genotypes
under study are presented in table (2).

Tablel. Some physical and chemical properties of representative soil samples in the experimental soil before
sowing (0-30 cm depth) in 2009 / 2010 and 2010/ 2011 seasons.

Variable Physical properties Chemical properties
S
2 .
3 o © N € = o o ® - Available (ppm)
9 Location 2 = 2 S £ S 2 I=Z QE
KafrEL- 2562 2856 4582 231 255 Clay 811 315 64.15 29.20 325.69
) Hamam
o
g Ismailia 69.21 792 2287 125 156 Sandy 842 126 2955 3155 3276
S
Tag EL-Ezz 36.60 2228 4112 040 325 Clay 6.45 482 4512 20.15 256.25
'ﬁ‘frE'—' 2218 2775 49.87 284 266 Clay 825 474 6688 3122 336.25
:: amam
o
g Ismailia 63.54 1296 2350 155 1.64 Sandy 8.86 156 31.48 3539 36.50
S
Tag EL-Ezz 28.15 2416 47.69 0.92 342 Clay 6.72 535 46.11 2512 264.25
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Table 2. Pedigree of the sixteen flax genotypes (Linum usitatissmum, L.) used under study:

No. Genotypes Pedigree Type Origin
1 Sakha 1 (c.v.) Bombay (USA) x I. 1485 (USA) Dual Local variety
2 Sakha 2 (c.v.) 1.2348 (Hungar) x I. Hera(India) Dual Local variety
3 S.1 l. 2467 x I. 65. Dual Local strain
4 S.3 l. 2348 x Hera Dual Local strain
5 S.5 1. 2351 x F. 268/0 Dual Local strain
6 S.31/3/2 S. 402/21/19/3 x S. 400/5/6 Dual Local strain
7 S. 421/3/6/5 S. 162/12 x S. 612 Dual Local strain
8 S. 413/3/4 S. 5282/1 x S. 40/9 Dual Local strain
9 S. 2419/1 Selected from I. Humata (Hungarian) oil Local strain
10 S. 2465/1/3 Selected from I. Neelum (India) Qil Local strain
11 S.2 Bombay x I. 1485 oil Local strain
12 S.4 l. 2348 x Hera oil Local strain
13 S.16 Giza 8 x S.24/9/1 Oil Local strain
14 S. 402/3/18/9 Giza 5 x I. 235 (USA) Oil Local strain
15 S. 402/3/5/1 Giza5 x 1. 235 (USA) oil Local strain
16 S. 402/3/8/1 Giza5x 1. 235 (USA) oil Local strain
B- Layout and experimental design: practices of flax growing were followed for the

A randomized complete block design with three
replications was used at each location. Plot size was
6 m? (2 x3) in both seasons. Seeds of the sixteen
tested flax genotypes were hand drilled into rows 15
cm apart at sowing rate of 70 kg seeds / fed during
the period from 15 to 18 November in both seasons.
Seeds of the sixteen tested flax genotypes were
obtained from Fiber Crops Research Section, Field
Crops Research Institute, ARC. Recommended P and
K fertilizers were pre sowing fully at the rate of 100
kg /fed calcium superphosphate (15.5% P,0s) and
added 24 kg /fed potassium sulphate (48.5%K,0) for
Kafr EL-Hamam and Tag EL-Ezz location (clay soil)
and 150 kg/fed calcium superphosphate (15.5%
P,0s) and 50kg /fed potassium sulphate (48.5%K;0)
for Ismailia location (sandy soil).

Recommended N fertilizer was applied at the rate of
45 kg /fed in the form of ammonium nitrate
(33.5%N) in two equal doses for Kafr EL-Hamam
and Tag EL-Ezz location. However, N fertilizer was
added at the rate of 75 kg N/fed in the form of
ammonium sulphate (20.5%N) in four equal doses
for Ismailia location, the first dose was applied
before the first irrigation, while the remainder were
added at 30 day intervals for Kafr EL-Hamam and
Tag EL-Ezz location and 15day intervals for Ismailia
location.

Weeds were mechanically controlled. Irrigation was
carried out using flooding irrigation in the three
locations. The preceding crop was corn, peanut and
rice in the two seasons at the three locations
respectively. All other recommended agronomic

region.
Recorded data:

At full maturity, ten guarded plants in each
experimental unit in the three replications of the
three locations were hand pulled carefully at random
and left one week for complete air drying to
determine yield components of flax. However, yields
of straw, fiber and seed per feddan where calculated
from a control area of 2m? of each subplot, which
estimated in kg/m?, and then converted to
(kg/fed).The retting process was carried out in Fiber
Crops Research Section, Field Crops Research
Institute, ARC, to extract flax fiber for studying its
quantity and quality parameters.Seed oil percentage
was determined by using Soxhelt apparatus and using
pure petroleum ether as a solvent according to
A.0.A.C.(1995), Oil yield (kg/fed) was calculated by
multiplying seed oil percentage x seed yield/fed.

Data Calculated Included:

A-Yield and yield components:
1-Straw vyield and its related characters:total
length /plant(cm),technical stem length (cm),straw
yield/plant (g),straw yield/fed (ton),fiber yield/fed
(ton),fiber percentage (%) it was determined as
follows:
Fiber yield / fed

Retted straw yield /fed x

Fiber % = 100
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Fiber length (cm): it was measured as
average of ten fiber ribbons (bundles) from each
subplot, fineness (N. m): It was determined
according to Radwan and Momtaz (1966) as
follows:

Nm=(NxL)/G

Where N.m = metrical number, N =
number of 20 fibers in mm(2000) and G= weight
of fibers in mg.

2- Seed yield and its related characters: fruiting
zone length(cm), number of capsules /plant, number
of seeds/capsule, 1000 seed weight (g),seed yield
Iplant (g),seed yield /fed (kg), oil percentage (%) and
oil yield /fed (kg).

B-Correlation coefficient analysis study:

The association between straw and seed yield/fed
and their attributes as average of the two seasons
were subjected to simple correlation coefficient
according to Svab (1973)

C- Path coefficient analysis study:

Path coefficient analysis could be successfully
used to identify appropriate selection criteria for
improving fiber and oil yields. In this study path
coefficient analysis was calculated from the
combined data over the two seasons and the three
locations by partitioning the simple correlation
coefficient between:

- Straw yield /fed and its components i.e. fiber
yield/fed., straw vyield /plant, total length and
technical length/plant, fiber percentage, fiber length
and fiber fineness.

- Seed vyield/ fed and its components i.e. oil
yield/fed.seed yield /plant, number of capsules/plant,
number of seeds /capsules, 1000 seed weight and oil
percentage.

The Path coefficient analysis was computed by
using the method mentioned by Li (1975). It was
performed to estimate the relative contribution of
yield components of flax straw and seed yield
variations.

Statistical analysis:

Plot means were used for statistical analysis. Data
from each of the six environments (Combination of
year and locations) were analyzed. Bartlett test of
homogeneity was used before combined analysis.
The data obtained were subjected to the proper
statistical analysis as a randomized complete block
design according to Snedcor and Cochran (1982) and
treatment means were compared using LSD at 5%
level of probability in both seasons, The combined
analysis was performed for each character over the
two seasons as described by Le Clerg et al (1966).

Results and discussion

I- Mean performance:
A- Yield and yield components:
I-1- Straw yield and its related characters:

Results of straw yield traits i.e. straw yield / fed.,
fiber yield/fed, straw yield/plant, total length/plant,
technical length/plant, fiber%, fiber length and fiber
fineness are shown in Table (3).

The analysis of variance showed that the studied

flax genotypes differed significantly in all previous
straw yield traits as average of three locations and
two seasons ( six environments). Data obtained from
the combined analysis exhibited that S.31/3/2 ranked
first in all eight straw traits estimates at same
regularity which mentioned before with the mean
values of 4.657 ton/fed., 0.548 ton/fed., 2.334
g/plant, 111.30 cm, 92.23cm, 16.81 % 91.04 cm and
236.76 N.m, respectively. The respective estimates
for S. 413/3/4 which occupied the second positive in
descending order were 4.17 ton/fed.,0.530 ton/fed.,
2.211 gm/plant, 109.06cm, 89.97 ¢cm,16.40 % 89.11
cm and 212.83 N.m. Meanwhile, the lowest mean
performance obtained by S402/3/8/1 with the
respective mean values of 1.689 ton/fed.,0.131
ton/fed., 0.762 gm/plant, 62.35 cm, 47.88 cm,10.26
% 46.28 cm and 130.59 N.m., respectively. The
reminder flax genotypes laid the intermediate
situation between the highest two flax strains
(S.31/3/2 and S. 413/3/4) and the fewest one
S402/3/8/1. Moreover, the superiority ratios between
S.31/3/2 and the lowest one 402 /3/8/1 concerning all
straw yield traits were 175.73 % for straw yield /fed.,
356.49 % for fiber yield/ fed., 207.89 % fOr straw
yield / plant, 78.51 % for total length / plant, 92.63 %
for technical length / plant, 63.84 % for fiber
percentage, 98.66% for fiber length 81.30% for fiber
fineness. As average of the two seasons and the three
locations  respectively. These results are in
accordance with those obtained by Abo EL-Zahab et
al (1994), EL-Hariri et al (2002a), Mostafa and
Ashmawy (2003), EL-Kady and Kineber (2004),
Abo-Kaied et al (2008) EL-Refaie et al (2011) and
Hussein (2012).
Generally the promising strain S.31/3/2 achieved the
highest mean performance over all studied locations
regarding straw yield characters. Therefore, it must
be recommended to release on high yielding new flax
variety.

2- Seed yield and its related characters:

Mean performance for seed yield / fed, oil yield
/fed, seed yield/plant, number of capsules/plant,
number of seeds /capsule, 1000 seed weight and oil
percentage of sixteen flax genotypes average over six
environments are presented in Table (4).
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Table 3. Mean squares of combined analysis over six environments (3 locations x 2 seasons) for straw yield and its related characters of sixteen flax genotypes

SQoV d.f  Straw yield/fed Fiber yield/fed Straw yield / Total length Technical stem Fiber % Fiber length Fiber fineness
(ton) (ton) plant [plant (cm) length (cm) (cm) (N.m)
(gm)
Year (Y) 1 3.87 0.23** 1.52%* 695.80** 304.37** 39.60** 285.11* 2046.65**
Location (L) 2 16.99 1.48** 7.57** 1367.62** 902.85** 389.56** 871.86** 6161.68**
LxY 2 0.03 0.006 0.007 4,90** 2.69 0.38 1.63 332.09
LxY xR 12 0.29** 0.006 0.05 35.59** 3.82 0.51 4.65 62.11
Genotypes (G) 15 19.88** 0.65** 15.08** 304.88** 349.29** 81.35%* 347.13** 1603.28**
LxG 30 0.11 0.02** 0.18 21.87* 25.47** 0.60 25.12 120.03
Y xG 15 0.10 0.004 0.09 2.77 1.90 0.02 2.30 85.88
LxYxG 30 0.01 0.003 0.067 0.03 0.04 0.007 0.06 35.05
Error 180 0.09 0.003 0.14 12.47 10.07 0.44 13.60 111.60

*, ** and ns refer to significant at 5% and 1% level of probability and insignificant respectively.



Table 4. Mean squares of combined analysis over six environments (3 locations x 2 seasons) for straw yield and its related characters of sixteen flax genotypes

SQoV d.f Seed yield/fed Oil yield/fed Seed yield / Fruiting zone Number of Number of 1000 Seed Oil %
(kg) (kg) plant length (cm) capsules/pant seeds/capsule weight(gm)
(gm)
Year (Y) 1 13592.55** 2970.40** 0.98** 84.98 42.24%* 2.76** 20.83** 43.27**
Location (L) 2 76251.25** 41485,99** 10.81** 468.99** 603.68** 99.96** 110.83** 2346.35**
LxY 2 499,99 719.43 0.005 0.71 0.219 0.02 0.15 3.97
LxY xR 12 737.99 227.10 0.141 17.06 2.47 0.08 0.76 5.99
Genotypes (G) 15 21131.93** 4565.93** 14.04** 259.16 296.08** 1.72** 11.36** 65.79**
LxG 30 1817.37 1578.53** 0.095 2.37 3.90** 0.08 0.08 4.29
Y xG 15 2263.74 543.57 0.029 0.58 2.27 0.11 0.16 5.81
LxYxG 30 135.66 223.06 0.005 0.13 0.71 0.02 0.002 2.65
Error 180 2377.04 526.24 0.082 23.81 1.96 0.18 2.48 3.89

*, ** and ns refer to significant at 5% and 1% level of probability and insignificant respectively.



Table 3. Mean performance of Straw yield and its related characters of sixteen flax genotypes by three locations (Combined analysis of 2009/2010 and 2010/2011 seasons).

Characters Straw yield/fed Fiber yield/fed Straw yield / plant Total length /plant (cm)

(ton) (ton) (gm)
Location L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean
Genotypes
Sakha 1 (c.v.) 460 387 345 3.98 085 059 048 0.64 219 184 164 189 120.34 101.90 9152 104.58
Sakha 2 (c.v.) 413 347 3.09 357 0.75 053 042 057 189 159 142 164 106.93 90.64 8146 93.01
S.1 350 294 262 3.02 0.60 042 034 045 173 145 129 149 94.17 79.63 71.88 81.90
S.3 386 324 305 3.39 0.68 048 041 053 182 153 137 157 99.33 8345 7451 85.76
S.5 3.78 318 254 3.27 069 049 039 052 168 156 126 149 96.26 81.03 7220 83.16
S.31/3/2 539 453 405 4.66 1.05 074 059 0.79 295 223 184 234 128.12 108.4  47.35 111.30
S. 421/3/6/5 482 406 3.63 4.18 094 066 053 071 257 214 192 221 125,53 106.25 95.41 109.06
S. 413/3/4 346 291 259 299 0.57 040 032 043 141 119 106 1.22 9433 79.25 70.76 81.45
S. 2419/1 326 260 233 273 052 042 028 041 127 106 095 1.09 90.37 76.72 69.04 78.71
S. 2465/1/3 288 242 216 249 044 031 025 0.33 122 102 091 1.05 90.80 76.28 68.11 78.40
S.2 274 231 206 237 041 029 023 031 149 103 061 1.04 90.60 75.32 66.72 7755
S.4 241 202 185 2.09 033 024 019 0.25 106 089 079 0092 86.88 73.78 66.42 75.69
S.16 228 192 172 198 031 022 018 024 1.04 087 0.78 0.89 87.09 73.17 65.32 75.19
S. 402/3/18/9 218 183 165 1.88 029 020 016 0.22 103 085 066 0.85 8445 7175 64.60 73.60
S. 402/3/5/1 208 175 156 1.79 0.26 018 015 0.19 097 083 073 084 81.31 69.11 62.24 70.88
S. 402/3/8/1 195 164 147 169 0.23 016 013 0.18 088 0.74 066 0.76 7721 65.66 5416 62.35
Mean 334 279 251 288 056 039 032 042 157 130 112 133 97.11 81.96 73.23 83.91
LSD 5% (L) 0.08 0.02 0.11 1.01
LSD 5% (G) 0.19 0.04 0.25 2.32
LSD 5% (L x G) 0.34 0.06 0.42 4.02




Table 3. Mean performance of Straw yield and its related characters of sixteen flax genotypes by three locations (Combined analysis of 2009/2010 and 2010/2011 seasons).

Characters Technical stem length (cm) Fiber % Fiber length (cm) Fiber fineness (N.m)
Location L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean
Genotypes

Sakha 1 (c.v.) 99.89 83.92 7493 86.24 18.38 1544 13.78 15.86 97.34  81.77 73.01 84.04 226.07 203.92 182.07 204.02
Sakha 2 (c.v.) 87.10 73.17 6533 75.20 18.25 15.33 13.68 15.75 84.77  70.79 6321 7292 232.93 195.68 174.72 201.11
S.1 78.21  65.71 58.67 65.53 17.17 1442 12.88 14.83 7721 6486 5792 66.66 21243 178.46 159.34 183.41
S.3 83.19 69.88 6242 71.82 17.72 1489 1329 15.30 8220 69.06 61.66 70.98 226.49 190.28 169.89 195.55
S.5 81.21 68.22 6091 70.12 1821 1530 13.66 15.72 79.62 66.89 59.73 68.75 219.43 184.35 164.59 189.46
S.31/3/2 106.82 89.74 80.14 92.23 19.47 16.35 14.60 16.81 105.44 88.58 79.09 91.04 274.39 23055 205.35 236.76
S. 421/3/6/5 104.21 8755 78.17 89.97 18.99 1596 14.25 16.40 103.21 86.71 77.42 89.11 246.95 206.07 185.48 212.83
S. 413/3/4 7249 60.90 5437 6259 16.36 13.74 12.27 14.12 73.88 62.07 5542 63.79 199.65 167.73 149.76 172.38
S. 2419/1 65.65 5435 4799 61.00 1599 1344 12.02 13.82 70.75 59.44 53.07 61.09 197.81 166.18 148.38 170.79
S. 2465/1/3 66.48 55.85 49.87 57.40 1521 1278 11.65 1321 68.60 57.63 5145 59.23 19593 160.82 14359 166.78
S.2 64.37 54.08 48.29 55.58 1479 1243 11.09 12.72 6488 545  48.67 56.02 180.37 15153 135.30 155.73
S. 4 65.54 53.46 46.67 55.22 139 11.68 10.42 12.00 62.60 5259 46.96 54.05 174.00 146.18 130.52 150.23
S. 16 63.10 53.01 47.33 54.48 13.69 1150 10.27 11.82 62.16  52.22 46.63 53.67 173.65 145.84 130.26 149.92
S. 402/3/18/9 60.26  51.05 4558 52.30 13.08 10.99 9.81 11.29 59.43 4993 4458 51.32 168.33 14141 126.26 145.33
S. 402/3/5/1 58.77  49.38 44.13 50.76 12.42 1043 931 10.72 57.38  48.21 43.04 4955 160.43 134.79 120.34 138.52
S. 402/3/8/1 55.54  46.57 4159 47.88 11.89 9.99 892 10.26 53.60 45.03 40.20 46.28 151.37 126.86 113.55 130.59
Mean 75.75 63.36 56.65 66.27 1597 1342 11.99 13.79 7519 63.14 56.38 64.90 202.52 170.66 15246 175.21
LSD 5% (L) 0.90 0.19 1.05 3.01
LSD 5% (G) 2.09 0.44 2.42 6.94
LSD 5% (L x G) 3.61 0.76 4.20 12.03




Table 4. Mean values of seed yield and its related characters of sixteen flax genotypes by three locations (Combined analysis of 2009/2010 and 2010/2011 seasons)

Characters

Seed yield/fed Oil yield/fed Seed yield / plant
(kg) (kg) (gm)

Location L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean
Genotypes

Sakha 1 (c.v.) 724.92 609.01 543.76 625.40 312.49 208.77 166.44 229.24 6.76 5.68 5.07 5.84
Sakha 2 (c.v.) 861.57 723.80 646.26 743.88 373.96 264.41 210.41 282.93 8.93 7.51 6.70 7.71
S.1 655.44 565.63 491.64 570.90 279.39 182.05 147.83 203.09 5.78 4.85 4.33 4,99
S.3 709.13 595.47 531.92 612.27 186.17 201.97 161.00 216.36 6.58 5.53 4,93 5.68
S.5 700.07 588.13 525.12 604.44 218.42 195.28 158.34 211.68 6.23 5.23 4.67 5.38
S.31/3/2 649.65 545.77 487.18 560.87 258.23 182.25 145.25 195.24 5.56 4.67 4,17 4.80
S. 421/3/6/5 638.52 536.42 478.95 551.30 249.86 196.73 140.58 195.72 5.30 4.47 3.99 4.60
S. 413/3/4 630.42 529.61 472.88 544.30 243.62 171.95 137.07 184.21 4,72 3.97 3.54 4.08
S. 2419/1 774.39 650.73 580.87 668.66 321.29 226.80 180.77 242.95 7.44 6.25 5.58 6.42
S. 2465/1/3 739.43 621.13 554.64 638.40 304.42 222.18 171.28 232.62 7.21 6.06 5.41 6.23
S.2 916.60 770.04 687.54 791.39 405.52 286.19 228.15 306.62 10.76 9.04 8.07 9.29
S.4 805.47 676.67 604.18 695.44 337.19 237.98 189.72 254.96 8.84 7.43 6.63 7.63
S.16 927.21 778.95 695.50 800.55 407.03 287.27 229.02 307.77 12.12 10.29 9.19 10.53
S. 402/3/18/9 608.62 511.30 456.53 525.48 249.73 163.14 130.11 180.99 3.62 3.04 2.71 3.12
S. 402/3/5/1 564.13 473.92 448.15 495.40 212.16 149.73 126.34 162.74 3.42 2.88 2.57 2.96
S. 402/3/8/1 459.68 386.18 344.18 396.89 158.20 118.71 94.64 123.85 3.15 2.65 2.26 2.72
Mean 710.33 597.69 534.37 614.13 292.54 205.96 163.66 220.69 6.65 5.60 4,99 5.75
LSD 5% (L) 13.88 6.53 0.82
LSD 5% (G) 32.05 15.08 1.88
LSD 5% (L x G) 55.51 26.12 3.26




Table 4. Mean values of seed yield and its related characters of sixteen flax genotypes by three locations (Combined analysis of 2009/2010 and 2010/2011 seasons) .

Characters Number of capsules/pant Number of seeds/capsule 1000 Seed weight(gm) Oil %

Location L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean L1 L2 L3 Mean
Genotypes

Sakha 1 (c.v.) 19.69 16.34 14.77 17.00 834 695 6.26 7.18 9.03 759 6.78 7.80 36.14 3573 30.86 34.24
Sakha 2 (c.v.) 20.33 17.08 15.27 17.56 992 7.07 632 727 912 767 684 7.88 4148 3485 31.31 3581
S.1 1851 1555 13.60 15.89 795 671 596 6.87 809 680 6.07 6.99 40.10 33.69 30.08 34.62
S.3 19.13 16.07 14.63 16.61 819 688 614 7.07 863 725 647 745 40.35 3390 30.26 34.84
S.5 19.19 16.12 1440 16.57 811 681 6.08 7.00 828 696 621 7.15 40.16 33.74 30.12 34.67
S.31/3/2 1798 1511 1349 1552 787 661 590 6.79 787 661 591 6.80 39.72 3337 29.79 34.69
S. 421/3/6/5 17.40 14.62 13.05 15.02 773 649 580 6.67 769 646 577 6.64 39.15 3289 29.37 33.80
S. 413/3/4 17.17 1443 13.38 14.99 761 635 571 657 765 643 574 6.61 36.62 3245 2897 3334
S.2419/1 27.05 22773 2137 23.72 946 795 7.16 8.19 961 807 7.21 8.30 4391 36.89 3293 37.91
S. 2465/1/3 19.69 16.34 14.77 17.00 834 695 6.26 7.18 9.03 759 6.78 7.80 36.14 3573 30.86 34.24
S.2 23.11 1941 17.47 19.99 897 754 673 7.74 925 777 694 7.99 43.39 36.56 3255 37.50
S. 4 21.01 1757 16.21 18.33 869 730 652 750 922 775 6.92 7.96 4185 3516 3139 36.13
S. 16 33.96 2850 23.62 28.68 965 811 7.24 833 10.18 856 7.64 879 4421 3714 33.16 38.17
S. 402/3/18/9 16.42 13.79 12.32 14.18 718 6.03 544 6.22 755 634 566 6.52 3796 31.89 2847 32.77
S. 402/3/5/1 1555 12,95 11.68 13.39 659 564 494 569 738 620 554 6.38 3759 3158 28.20 32.46
S. 402/3/8/1 1398 11.74 10.98 12.24 6.42 529 482 554 6.87 578 515 544 36.60 30.75 27.45 31.60
Mean 20.00 16.80 15.06 17.29 809 6.79 6.08 6.99 846 710 634 7.30 40.12 3405 30.33 3484
LSD 5% (L) 0.40 0.12 0.56
LSD 5% (G) 0.92 0.27 1.30
LSD 5% (L x G) 1.59 0.47 2.25
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The analysis of variance indicated that the studied

genotypes differed significantly in all seed vyield
traits under study. The combined analysis illustrated
that the flax strain S.16 promote maximum estimates
for all the seven seed vyield characters previously
mentioned followed by S.2 but the lowest mean
values were obtained by S.402/3/8/1. Seed yield/fed.
ranged from 396.89 to 800.55 kg, oil yield/fed.
ranged from 123.85 to 307.77, seed yield/plant/g
ranged from 2.72 to 10.53, number of capsules/plant
ranged from 12.24 to 28.68, number of seeds/capsule
ranged from 5.44 to 8.33, and oil percentage ranged
from 31.60 to 38.17 . The remain thirteen flax
genotypes laid intermediate position between either
S.16 or S.2 and the lowest one S.402/3/8/1. The
superiority ratios between the mean performance of
S.16 and the minimum estimates recorded by S.402/
3/8/1 were 101.71%, 148.5%, 287.13%, 134.31%,
50.36%, 61.58%, in addition to 20.79% for all seed
yield traits which mentioed before in the same
arrangement, as average for the two seasons and the
three locations, respectively. Many workers reported
that the flax genotypes were differed in seed yield
traits such as, EL-Hariri et al (2002b), EL-Kady and
Abdel- Fattah (2009) Mostafa and Ashmawy (2003),
Mouradet al (2003), EL-Kady and Kineber (2004),
and Hussein (2012). Abo-Kaied et al (2011), EL-
Refaie et al (2011) and Hussein (2012).
It must be mentioned that L1( Kafr EL-Hamam
location) achieved the maximum mean performance
in all straw and seed yield characters followed by L2
(Ismailia location) and finally the lowest mean values
L3 (Tag EL-Ezz location) which consider as
relatively salinity land in comparison with the other
two locations.

Generally the flax strain S.16 promoted the
highest seed yield and its components over all the
three locations and both seasons. Thereby, it must be
selected this flax strain to become a new variety.

11- Correlation and path coefficient study:
a- Correlation coefficient study:

Results of simple correlation coefficient between
straw and seed yield/fed and some of their associated
characters for sixteen flax genotypes on based data of
six environments (3Locations x 2Seasons) are shown
in Tables (5 and 6).

Data presented in table (5) revealed that straw
yield/fed was positive and highly significant
correlated with each fiber vyield/fed, straw
yield/plant, total length/plant, technical length/plant,
fiber%, fiber length and fiber fineness. Also, fiber
yield/fed recorded positive and highly significant
association with straw yield/plant, total and technical
length/plant, fiber% and fiber fineness, likewise,

straw yield/plant was strongly correlated with each
of total and technical length/plant, fiber %, fiber
length and fiber fineness. Moreover total length/plant
had positive and highly significant correlation with
technical length, fiber%, fiber length and fiber
fineness. Meanwhile, technical length/plant indicated
positive and highly significant correlation with
fiber%, fiber length and fiber fineness. On the other
hand, fiber percentage recorded positive and highly
significant association with each of fiber length and
fiber fineness. Finally, fiber length had positive and
highly significant association with fiber fineness.
These finding are in accordance with those reported
by Mourad et al (1986), Satapathi et al (1987),
Agrawal et al (1994), Muludi and Patnaik (1994),
Aly and Awaad (1997), EL-Shimy et al (1998),
Mostfa et al (1998), AL-Kaddoussi and Moawed
(2001) and Hussein(2012).

Data of simple correlation coefficients among
seed yield /fed and their components in sixteen flax
genotypes on based data of six environments are
illustrated in Table (6). Results showed that seed
yield /fed. exhibited positive and highly significant
association with each of oil yield/fed, seed yield
/plant, number of capsules /plant, number of
seeds/capsules, 1000seed weight and 0il%.

Similarly, oil yield/fed recorded positive and
highly significant correlation with seed yield/plant,
number of capsules/plant, number of seeds/capsules,
1000seed weight and oil %. Also seed yield/plant
exhibited positive and highly significant association
with number of capsules /plant, number of seeds
/capsules and 1000seed weight, but positive and
significant associated with 0il%. Moreover, number
of capsules /plant had positive and significant
correlation with each of number of seeds /capsules
and 1000seed weight, but positive and only
significant correlation with 0il%. Also, the
relationship between number of seeds /capsules and
1000seed was positive and highly significant. In
addition to 1000seed weight exhibited positive and
highly significant association with 0il%. These
results are in agreement with those obtained by
Momtaz et al (1977), Agrawal et al (1994), Aly and
Awaad (1997), EL-Shimy et al (1998), Mostfa et al
(1998), AL-Kaddoussi and Moawed (2001) and
Hussein(2012).

In general these results indicated that number of
capsules /plant, number of seeds /capsule and
1000seed weight are the main components to
improve seed yield/plant. Those results indicate the
possibility of using both total and technical
length/plant as a selection critria to improving straw
weight/plant. Similar results were reported by
Agrawal et al (1994), EL-Shamy et al (1998) and
Mostfa et al (1998).
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Table 5. Simple correlation coefficient between straw yield and its related characters for sixteen flax genotypes
(Combined analysis over two seasons and three locations).

Variables - 1 2 3 4 5 6 7
Y Strawyield/fed (ton) - 0.974** 0.888** 0.866** 0.928** 0.885** 0.931** 0.875**
1 Fiber yield/fed(ton) - 0.886**  0.898**  0.950** 0.934** 0.951** 0.912**
2  Strawyield/ - 0.807** 0.886** 0.823** 0.887**  0.832**
plant(gm)
3 Total length - 0.937**  0.893**  (0.932**  (0.903**
/plant(cm)
4 Technical - 0.918** 0.972** (0.925**
stemlength(cm)
5  Fiber % - 0.915**  0.928**
6  Fiber length (cm) - 0.921**

7 Fiber fineness (N.m)

Table 6 .Simple correlation coefficient between seed yield and its related characters for sixteen flax genotypes
(Combined analysis over two seasons and three locations)

Variables - 1 2 3 4 5 6
Y Seed yield/fed(kg) 0.952**  0.837** 0.862** 0.837**  0.859**  (0.754**
1 Oil yield/fed(kg) - 0.781**  0.818**  (0.894**  (0.889**  (0.847**
2 Seed yield / plant(gm) - 0.883**  0.787**  0.750** 0.600*
3 Number of capsules/pant - 0.811**  0.797**  0.669**
4 Number of seeds/capsule - 0.864**  (0.834**
5 1000 Seed weight(gm) - 0.804**
6 Oil % -

B- Path coefficient study:

The path coefficient procedure evaluates the main
components effects and makes it possible to the non-
studied factors. By this method the components of
variation due to each of these factors is available to
the plant breeder. The relative contribution of various
straw and seed yield components related to straw and
seed vyield/fed from the combined data of six
environments (3 locations x 2 seasons) for sixteen
flax genotypes are presented in tables (7, 8, 9 and
10).

1- Path coefficient analysis related to straw yield
and its components:

The results of partitioning simple correlation
coefficients among straw yield and its components

for sixteen flax genotypes under six environmental
conditions are shown in table (7). The highest direct
effect was recorded for technical length (0.626).
Meanwhile the highest indicated effect was noticed
for total length through indirect effect via technical
length/plant (0.586) and for straw yield/plant through
indirect effect via technical length/plant which
valued (0.554).These results indicated that the
increasing alleles played a great role in increasing
these characters through straw vyield. The other
indirect effects were weak, revealing that the
decreasing alleles played a great role for these
interactions to decrease straw yield.( Mahto et al
1995)

Table 7. Partitioning of simple correlation coefficient among straw yield and its components (combined data).

Source Components

Straw yield / plant

Direct effect P =0.309
Indirect effect via total length/plant Pari2=0.024

Indirect effect via technical stem length P3r13=0.554

Total (ry1) =0.888

total length/plant

Direct effect P, =0.029
Indirect effect via Straw yield / plant(gm) Pari,= 0.249
Indirect effect via technical stem length P3r,3=0.586

Total (ry,) =0.886
technical stem length

Direct effect P; =0.626
Indirect effect via Straw yield / plant(gm) Poriz=0.274

Indirect effect via total length/plant P3rp3=0.027

Total (rys) =0.928
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Direct and joint effects of straw yield components
i.e. straw yield/plant, total length and technical
length/plant as well as their interactions recorded as
percentage of straw yield/fed variation for sixteen
flax genotypes under six environments are given in
Table (8).

Results revealed that technical length/plant and
straw vyield/plant as well as their interaction are
considered the main sources of straw yield /fed

variation, having contribution percentage of 39.20,
9.56 and 34.30% respectively. Also R? reached
88.14% of the total straw yield variation. However,
the residual effect of the other straw vyield
components was 11.85%. These results are harmony
with those reported by Mourad et al (1986),
Satapathi et al (1987), Aly and Awaad (1997), AL-
Kaddousi and Moawed(2001) and Hussein (2012).

Table 8. Direct and joint effects of straw yield components presented as percentage of straw yield /plant

variation of flax genotypes (combined data).

Source of variance Components C.D %
Straw yield / plant(gm) P2 0.0956 9.561
total length/plant P22 0.0008 0.088
technical stem length P32 0.3290 39.206
Straw yield / plant(gm) x total length/plant 2P1Par12 0.0148 1.485
Straw yield / plant(gm) x technical stem length ~ 2P1P3ri3 0.3430 34.308
total length/plant x technical stem length 2P7P3r23 0.0349 3.492
R? 0.8814 88.142
R°E 0.1185 11.857
Total 1.0000 100.000

2- Path coefficient analysis related to seed yield
and its components:

The results of partitioning simple correlation
coefficients among seed yield and its components of
the sixteen flax genotypes under six environments
are presented in Table (9). The highest direct effect
was obtained for 1000seed weight followed by seed
yield /plant with mean values of 0.482 and 0.343

respectively. Meanwhile the lowest values of direct
effect was recorded for number of capsules/plant
with mean value of 0.149.The highest indirect effect
was noticed for number of capsules/plant was
through indirect effect via 1000 seed weight (0.384)
and for seed yield/plant indirect effect via 1000 seed
weight (0.361).

Table9. Partitioning of simple correlation coefficient among seed yield and its components (combined data).

Source Components
Seed yield / plant

Direct effect P1=0.343
Indirect effect via Number of capsules/pant Pari2=0.131
Indirect effect via 1000 Seed weight(gm) P3r13=0.361
Total (rys) =0.837
Number of capsules/plant

Direct effect P,=0.149
Indirect effect via Seed yield / plant(gm) Pari2=0.303
Indirect effect via 1000 Seed weight(gm) P3r23=0.384
Total (ry2) =0.837
1000 Seed weight

Direct effect Ps=0.482
Indirect effect via Seed yield / plant(gm) Poriz= 0.257
Indirect effect via Number of capsules/pant P3ry3=0.119
Total (rys) =0.859

Results in Table (10) indicated that 1000 seed
weight and seed vyield/plant as well as their
interaction are considered the main sources of seed
yield /fed variation having contribution percentage of
23.28, 11.77 and 24.84% respectively. Also R?
reached 82.67% of the total seed yield variation.
However the residual effect of seed vyield
components included in the present study was
17.32%. These results are in accordance with those

obtained by Mourad et al (1986), Muduli and Patnaik
(1994), Aly and Awaad (1997), AL-Kaddousi and
Moawed (2001) and Hussein (2012).

In general, these results indicated that technical
length/plant is the main component of straw
yield/plant. In the same time 1000seed weight is the
main component of seed yield/plant. These results
indicate the possibility of using technical length
/plant and 1000 seed weight as selection indices for
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improving straw, fiber, seed and in turn oil yield,
respectively. These finding are in accordance with
those reported by Satapathi et al (1987), Aly and

Awaad (1997), AL-Kaddousi and Moawed (2001)
and Hussein (2012).

Table 10. Direct and joint effects of seed yield components presented as percentage of seed yield /plant

variation of flax genotypes (combined data).

Source of variance Components CD %
Seed yield / plant (gm) P2 0.117 11.778
Number of capsules/pant P22 0.022 2.230
1000 Seed weight(gm) P4? 0.232 23.287
Seed yield / plant (gm)x Number of capsules/pant 2P1Par1z 0.090 9.051
Seed yield / plant (gm)x 1000 Seed weight(gm) 2P1P3r13 0.248 24.842
Number of capsules/pantx 1000 Seed weight(gm) 2P2P3r23 0.114 11.487
R? 0.826 82.678
R’E 0.173 17.322
Total 1.000 100.00
Conclusion Agrawal, K.K.; J.P. Tiwari and K.K. Jain (1994).

From the previous results it could be concluded

that the new promising strains S.31/3/2 and S.16
which released by Fiber Crops Research Section in
Giza exceeded the other tested strains as well as the
local commercial varieties Sakha 1 and Sakha 2 in
straw and seed vyields and their components
respectively, that these two new strains were stable
under three different environmental conditions. So it
may be recommended to using the two new strains in
breeding program as a new varieties.
Furthermore, improving and maximizing the
productivity and quality for these two strains where
as, plant breeder could be focalize his attention on
technical length/plant and either of seed index
1000seed weight or number of capsules/plant to
improve and maximize straw and seed yields/plant,
in turn, the final straw and seed yields per unit area
of land.
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