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ABSTRACT: Cultivar selection, time of planting and seeding rate is important factors that influence
flax growth and yield variables. The objectives of this study were to evaluate the effects of planting
date, seeding rate and their interactions on yield and yield components of two flax cultivars.
Cultivars, planting date and seeding rate had significant effects on flax yield and yield components.
In general, the interaction between planting date and seeding rate and between planting date and
cultivar was non significant. Results indicated that, no interaction occurred between cultivar and
each of planting date and seeding rate suggesting that planting date and seeding rate affected the
cultivars similarly. The two tested cultivars exhibited significant differences for almost traits. The
early planting on November 15 was superior to the other two dates on November 30 and December
15 for seed yield and yield components and straw, fiber yield and related traits. Maximum seed, oil,
straw and fiber yields ha™ was produced when seeding rate was applied at the rate of 180 kg ha™.
Therefore, early planting time November 15 with seeding rate 180 kg ha™ is recommended to obtain
higher yield of flax cultivars Sakha 1 and Sakha 2. Significant linear relationship between planting
dates and each of seed and oil yield provides the clue that these traits are dependent upon planting
dates. Linear regression for planting date suggested that increase in one unit (15 days delaying) of
planting date lead to decreased seed and oil yield by 162.7 kg ha™ and 63.66 kg ha™, respectively.
Regression analysis indicated that seed and fiber yields was positively correlated with seeding rates
(r = 0.99 and r= 0.99) and increased linearly when the seeding rates increased from 140 to 180 kg
ha™. Finally coefficients of regression results suggest that an increase by one unit (20 kg ha™) of
seeding rate lead to increase seed and fiber yields by 62.55 kg ha™* and 249.5 kg ha™, respectively.
Key words: Flax, cultivar, planting date, seeding rate, regression analysis, yield, quality traits.

INTRODUCTION

Flax (Linum usitatissimum L.) is ranked second plant after cotton as a fiber crop regarding the cultivated
area or its importance in industry. Flax is one of the ancient important crop grown for fiber and oil locally used in
textile industry. Linseed oil is one of the oldest commercial oils used in food painting and varnish industry. Flax
is considered one of the most important dual purpose crops for oil and fiber production in Egypt and the world,
flax is rich in oil (41%), protein (20%), and dietary fiber (28%), Bakry et al. (2012).

In Egypt, it is one of the oldest crops cultivated for its seeds and fibers as double purpose crop since
pharaoh age. Flax is an important economic crop which plays a role in our policy through its local fabrication as
well as exportation. Today, however, there is renewed interest in oil-seed crops such as flax because of their
potential use as bio-fuels, as replacements for petroleum products, and for human consumption. In the recent
years many efforts were devoted to increase the productivity of flax through improving the best cultural
practices such as planting date and seeding rates for improving the productivity and quality of flax. In Egypt,
many attempts have made to maximize total production of oil crops to bridge the gab between local production
and consumption from edible vegetable oils by improving cultivation of flax. The cultivated area through the last
20 years was decreased from 25 000 to 12 500 hectare 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 improving the agricultural
treatments (Hussein, 2007 and Ibrahim, 2009).

It is necessary to increase flax productivity per unit area which could be achieved by using high yielding
cultivars (Verma and Pathak ,1993 and Abu El-Dahab, 2002). For maximization of flax yield, proper agronomic
management is very important. Among the management practices, planting date and seeding rate are the most
important. Evaluation of high yielding cultivars in itself is not enough to increase production, if other inputs such
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as recommended seed rate and planting date measures are not in consonance. Therefore, optimum planting
date and seeding rate for a cultivar in a region is considered to be the most important manageable factors in
flax crop. This goal can be achieved by using the suitable flax variety, planting of crop at the optimum time and
use of appropriate seeding rate (Kandil et al., 2009 and Al-Doori , 2012). There are many factors responsible
for low yield, such as planting times, selection of unsuitable varieties, inappropriate seeding rates, improper
planting geometry and soil type etc. Among all these agronomic practices, planting time is the most powerful
factor that influences the yield.

Keeping the importance of cultivar, planting date and seeding rate in view, the aim of this investigation
was to study the effected of these factors on yield, yield components and quality traits of flax and select the
best planting date and seeding rate under Middle Egypt conditions at Giza Governorate. Also, to develop
statistical models to describe the relationships between such variables and each of seed, oil and fiber yields,
using regression analysis.

MATERIAL AND METHODS

Experimental site and agro-meteorological conditions

A field experiment was conducted during the two successive winter seasons of 2010-2011 and 2011-
2012 at the Experimental Farm of the Faculty of Agriculture, Cairo University (30° 02' N latitude and 31° 13' E
longitude, altitude 22.50 m above sea level) at Giza Governorate, Middle Egypt. The Tables 1 and 2 show
different soil characters and some meteorological data of experimental location.

Table 1. Soil properties of the experimental site at 0-30 cm depth.

Properties Value
Soil texture Clay-loam
Organic matter, % 0.82
CaCO03, % 33.00
Total N, % 0.38
Available phosphorus, mg kg;'1 4.19
Available potassium, mg kg 78.00
Sulfate-S, mg kg™ 2.56

pH 7.50
Electrical conductivity, dS m™ 0.25

Table 2. Meteorological data for the study period in 2010/11 and 2011/12 at Giza Governorate*.

Month Mean monthly Mean relative humidity Precipitation (mm)

temperature (°C) (%)

2010/11 2011/12 2010/11 2011/12 2010/11 2011/12
November 18.60 16.85 55.50 65.16 0.00 0.00
December 15.25 13.50 55.00 69.65 0.00 0.00
January 15.55 12.70 55.00 60.00 0.00 0.00
February 15.95 14.30 54.36 60.13 0.00 0.00
March 18.00 16.85 56.00 54.00 0.00 0.00
April 20.40 19.30 56.10 55.00 0.00 0.00

*Data obtained from the Central Laboratory for Agriculture Climate (CLAC), A.R.C. Egypt.

Treatments and experimental design

Treatments includes: Each experiment included 18 treatments which were the combination of two
cultivars (Sakha 1 and Sakha 2 ), three planting date (15 Nov., 30 Nov. and 15 Dec.) and seeding rate (140,
160 and 180 kg seeds ha™) on growth, yield, yield components and quality of flax plants. Seeds of flax cv.
Sakha 1 and cv. Sakha 2 (a dual purpose for oil and fiber productions) were procured from Fiber Crops
Research Section, Field Crops Research Institute, Agricultural Research Center, Giza, Egypt. Pedigree and the
descriptions of the two cultivars are shown in Table 3.

Table 3. Pedigree of two flax cultivars.

Cultivar Performance Pedigree or origin Purpose
Sakha 1 Local cultivar L. Bombay (U.S.A.) x L. 1485 (U.S.A) Egyptian dual purpose type
Sakha 2 Local cultivar L.2348 (Hungary) x Hera (India) Egyptian dual purpose type

The experimental design was a split-split plot based on Randomized Complete Block Design with three
replications, according to Gomez and Gomez (1984). The main plot consisted of cultivars, the planting date
were allocated to sub plots while seeding rate were assigned to sub-sub plots. Each sub-sub plot consisted of
fifteen rows with 3.0 meters length and 15 cm apart, thus area of the plot was 6.75 m®. The previous summer
crop was cotton in the first and second seasons. Soil samples were taken to measure the imperative chemical
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and physical soil properties. Phosphorous at a rate of 50 kg P,Os in the form of ordinary super phosphate
(15.5% P,0s) was applied to all plots pre planting. The nitrogen fertilizer in the form of urea 80 kg ha™ (46% N)
was divided into two equal dose first and second part were applied at 3 and 9 weeks after planting. The first
irrigation was applied after 21 days from planting and the following irrigations were applied at 21 day intervals.
Manual weeding was practiced twice during both seasons. The normal cultural practices of growing flax were
followed till symptoms appearance of full maturity, then harvest was carried out.

Measurements

At full maturity stage, ten plants were taken at random from each sub-sub plot to estimate plant height
(cm), technical length (cm), fruiting zone length (cm), number of capsules plant™, 1000-seed weight (g), straw
yield plant™ and seed yield plant™ (g). Seed, biological, straw and fiber yields ha™ was estimated from the
central area of one square meter of each sub-sub plot. Plants were harvested, tied and left to dry, thereafter
they were threshed to remove the capsules and weighted to determine straw yield per one square meter and
then converted to straw yield in ton ha™. Seeds were cleaned from straw and other residuals and weighed to
the nearest gram and converted to record seed yield in kg ha™. Flax fiber was separated from the stems by
using retting process. Fiber percentage was calculated as percentage of the fiber yield to the air dried straw
yield after removing fruit capsules. Fiber yield (kg ha™) was calculated by straw yield (kg ha™) x fiber (%). Seed
oil content (%) was determined by Soxhlet extraction apParatus using petroleum ether (40-60°) according to the
method descrlbed by A.O.A.C. (2000). QOil yield (kg ha™) was calculated by multiplying seed oil percentage by
seed yield (kg ha™).

Statistical analysis

Firstly, we performed data normalization test for all traits by SPSS software before variance analysis and
all data were subjected to statistical analysis by the technique of analysis of variance of the split-split plot
design according to Gomez and Gomez (1984). Before combining across years, Bartlett’'s (1937) test was used
to test homogeneity of error variance across years. Combined analysis of both seasons was done according to
Steel et al. (1997). Main effects and interactions were tested using the error terms appropriate for the combined
analysis of split-split plot design. Treatment means were compared at 5% level of probability using the least
significant difference (LSD) method (Steel et al., 1997). Finally, all statistical analysis was carried out using
"MSTAT-C" computer software package (Freed et al., 1989) and SPSS 17.0 (2008) statistical package was
used to run regression analysis.

RESULTS AND DISCUSSION

In the present study, the response of flax cultivars to planting date and seeding rate was evaluated
under agro ecological conditions in Middle Egypt. Firstly, the results given in (Tables 4, 5 and 6) represent that
the seed yield and its related characters or straw yield and its related characters was significantly affected by
different cultivars, planting dates and varying seeding rates whereas, interaction between them was non-
significant (P > 0.05) therefore data was pooled over main effects (Tables 4, 5 and 6). In general, F test in
combined analysis revealed that the interaction between planting date and seeding rate was non significant. In
addition, results indicated that, no interaction occurred between cultivar and each of planting date and seeding
rate suggesting that planting date and seeding rate affected the cultivars similarly. Based on the statistical
analysis results, the main factors had independent (constant) effects for these characteristics measured which
is an indication that the three sets of treatment were independent in their effects on flax.

Cultivars performance

Results of statistical analysis of this study revealed that seed yield and its related characters or straw
yield and its related characters components revealed highly significant differences between cultivars indicating
the presence of differences between the cultivars for most characters. Statistical analysis should that cultivar by
planting date and seeding rate interactions were not significant for all traits (P > 0.05) therefore data was
pooled over main effect.

A summary of flax production of two cultivars grown under different planting dates and seeding rates |s
shown in Table 4. The two tested cultivars exhibited S|9n|f|cant differences for number of capsules plant™,
fruiting zone length, 1000-seed welght seed y|eld plant™, pIant height, technlcal length, stem dlameter f|ber
length, fiber %, straw yield plant™, seed yield ha™, oil yield ha straw yield ha™ and fiber yield ha™* whereas, the
two cultivars showed similar means of the remamder characters including oil content (%) and biological yield
ha™ ones.
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Table 4. Main effect of flax cultivars on seed, oil, straw and fiber yields and its related characters (average of 2 years).

Cultivars Seed yield and its related characters

Number of Fruiting zone 1000-seed Seedyield Oil Biological Seed yield Oil vyield
capsules length (cm) weight (g) plant™ content yield  (ton (kg ha™) (kg ha™)
plant™ @ (%) ha™)
Sakha 1 9.19 10.48 8.11 6.53 38.23 8.93 1071.92 410.72
Sakha 2 11.61 11.33 8.48 7.88 38.96 8.94 1126.97 441.14
F -test * ns * * ns ns b b
Cultivars Straw and fiber yields and its related characters
Plant Technical Stem Fiber Fiber Straw yield Straw yield  Fiber yield
height (cm) length (cm) diameter length (%) plant™ (ton ha™) (kg ha™)
(mm) (cm)
Sakha 1 106.35 95.41 1.88 89.01 17.58 1.96 7.94 2052.21
Sakha 2 97.41 86.53 1.97 77.33 15.47 1.79 7.81 1971.85
F _test *% *% nS *% *% nS *% *%

n.s. = non-significant; * and **= significant on the probability levels of 1 and 5%, respectively in F-test.

Over both seasons the highest seed and oil yields (1126.97 kg ha™ and 441.14 kg ha™*) were produced
from the cultivar Sakha 2 and the highest straw and fiber yields (7.94 ton ha™ and 2052.21 kg ha) were
produced from the cultivar Sakha 1. The differences between the two flax cultivars in seed yield per hectare
might be attributed to their differences in growth traits such as number of fruiting zone length reflected
differences in yield components such as number of capsule per plant as well as 1000-seed weight and hence
increased seed yield per plant as well as per unit area. This result reflects great differently of behavior and
performance of the two cultivars which may be due to that both were initially bred from non related genetic
sources. Significant differences were detected among flax genotypes by several investigators either in Egypt or
other countries such as Sharief (1999), Zahana et al. (2004), Kandil et al. (2009), Al-Doori (2012), Mirshekari et
al. (2012) and Amiri et al. (2013).

The manner of the two cultivars regarding their responses to seed yield and its related parameters or
straw yield and its related characters was different from one character to another indicating existing variation in
studied cultivars to measured traits. At this experiment conditions, comparison of evaluated flax cultivars (Table
4) showed that the maximum number of capsules plant™, 1000-seed weight, seed yield plant™, seed yield ha™
and oil yield ha™* belonged to Sakha 2 cultivar. The superiority in seed yield ha™ may be due to the increases in
seed vyield plant® and 1000-seed weight. Moreover, the superiority in oil yield ha™ may be attributed to the
increase in seed yield ha™. These results are in agreement with (Fontana et al., 1996; Kurt, 1996; Khan et al.,
2005; Kandil et al., 2012) who reported that there were significant differences between cultivars of linseed for
seed yield, 1000-seed weight and oil yield. These results also support our findings.

In the other side, over both seasons, it could be noticed that Sakha 1 cultivar had the highest plant
height, technical length, fiber length, fiber %, straw yield plant™, straw yield and fiber yield ha™, respectively.
The increase in fiber yield ha® may be due to the increase in straw yield ha™. Differences among tested
cultivars may be due to the different genetical make up which affects growth habit and purpose of its products.
The obtained findings are in agreement with those gained by other investigators (El-Sweify et al., 2003; Kineber
et al., 2006; Abd El-Fatah 2007; Khalifa et al., 2011; El-Hariri et al., 2012 and Bakry et al., 2012) they showed
that there were large differences in straw yield and its components among flax genotypes.

Planting dates Effects

Choosing the optimal sowing date for a particular region is important for both yield and fiber quality.
The rainfall and mean values for temperatures which related to the main stages of vegetative and reproductive
development of flax planting at the different dates in 2010-11 and 2011-12 are presented in Table 2.

Seed yield and its related characters

Planting date is a major agronomic factor affecting both seed and oil yield in flax. Therefore,
determining optimum planting date and selecting suitable variety for growing regions are necessary to obtain
flax with high yield and quality. The purpose of determining the planting date is to find the best time for
germination, establishment and survival seedling of seed using environmental factors that affected plant
development growth. In general, any delay in planting will result in low potential yield of plant.

Results of statistical analysis of this study revealed that planting date treatments had significant effects
on biological yield ha™, oil yield ha™ and seed yield ha™ of flax at 1% level (P<0.01) (Table 5). The highest
rates were recorded by the plants sown at the first sowing date (15 November) (Table 5). The average seed, oil
and biological yields and its related characters and F values from the analysis of variance are given in Table 5.
Seed yield in cultivated plants is the most important character influenced by genetic and environmental factors.
Seed yield of flax was influenced significantly (P<0.01) by date of planting (Table 5). The maximum seed yield
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of 1246.57 kg ha™ was obtained by planting flax on 15 November, which was found superior to seed yield
corresponding to the latter dates of planting. This may be because the crop gets sufficient time for its growth
and development under suitable climatic conditions. Similarly, according to Ottai et al. (2011) found that among
planting dates, November 15th planted crop gave highest seed yield.

Superiority of early planting may be due to prevalence of favorable climatic factors such as temperature
and light energy, and this provide the plant full chance to develop well canopy and biomass and increased its
capacity to absorb enough of water and nutrients, and consequently possessed more effective productive
organs. Also, early planting date resulted in the prevailing of optimum temperature for better flowering and
pollination. In connection with this, Ghanem (1990) reported that increases of seed yield due to increases of dry
matter accumulation in the later formed capsules may be attributed to high temperature and long photoperiod
that exist during capsules development. Ottai et al. (2011) suggested that the effect of sowing dates was more
pronounced than seasons for almost flax traits which due to the differences of climatic factors prevail in the
three sowing dates. The increases in seed yield ha™ due to planting on 15 November may be due to the
increases in number of capsules per plant, fruiting zone length and 1000-seed weight reflecting increase in
seed yield (Table 5). Similar conclusions were reported by El-Refaey et al. (2010) and Al-Doori (2012).

Table 5. Main effect of planting dates on seed, oil, straw and fiber yields and its related characters (average of 2 years).

Planting dates Seed yield and its related characters
Number of Fruiting zone 1000-seed Seed yield  Oil Biological Seedyield Oil yield
capsules length (cm) weight  (g) plant’ (g)  content yield (kg ha™) (kg ha™)
plant™ (%) (ton ha™)
15 November 11.91 12.00 9.15 8.23 37.49 10.37 1246.57 466.91
30 November 10.32 11.14 8.45 7.86 37.13 9.02 1131.81 418.83
15 December 8.98 9.51 7.42 7.01 36.98 7.39 921.12 339.60
F _test * *% * * * *% *k *k
LSD at 0.05 0.61 0.38 0.56 0.31 0.20 0.73 85.3 45.6
Planting dates Straw and fiber yields and its related characters
Plant height Technical Stem Fiber Fiber Straw Straw Fiber yield
(cm) length (cm) diameter length (%) Yield plant vyield (ton (kg ha'l)
(mm) (cm) ha™)
15 November 110.03 98.04 2.15 90.61 16.74 2.33 8.89 2358.14
30 November 103.06 92.74 1.94 87.28 15.22 1.77 7.93 2143.81
15 December 91.73 82.12 1.69 75.58 13.67 1.53 6.49 1522.51
F _test *% *% *% *k *k *k *k *k
LSD at 0.05 0.89 0.68 0.22 0.74 0.39 0.23 0.71 103.28

n.s. = non significant; * and **= significant on the probability levels of 1 and 5%, respectively in F-test..

Reduction of seed yield at second and third planting date compared to first planting date was 10.13%
and 35.33%, respectively. When choosing a planting date, attention must first be paid to the maturity of the
variety. By contrast, in case of early flowering due to late planting, maximum growth and yield will not be
achieved. The reduction in seed yield due to delay in planting could be attributed, among other factors, to
shorter growth period at the disposal of the late planting crop as the time taken by the crop to mature
decreased with delay in planting. The shorter period from first flowering to harvest may have resulted in
insufficient time for correct seed filling and development. Mirshekari et al. (2012) reported that sowing date was
a very important management tool in minimizing the negative impact of high temperature and moisture stress
during the critical flowering and seed filling periods. Also, the decrease in yield due to delayed planting was due
to decreases in all yield components. This might be the cause of the lower average seed yield. Delay in sowing
led to increase in environmental temperature during reproductive growth of crop resulting in lower seed quality
(Greven et al., 2004; Mirshekari et al., 2012)

Since oil yield equals to: seed yield x oil content, hence oil yield was also affected significantly by
planting dates (Table 3). Similar results were reported by Garsid (2004) and Mirshekari et al. (2012).
Statistically significant effect of planting date on oil yield was obtained which agrees with studies of Mirshekari
et al. (2012). Due attention to Table 5, the highest oil yield was achieved in 15 November planting date. In
general results of this study showed that the first planting date produced the highest oil yield (466.91 kg ha™)
and the third planting date had the lowest oil yield (339.60 kg ha™). But no significant differences were seen
between first and second planting date. Delaying seeding to November 30 and December 15 reduced oil yield
by 11.47% and 37.48%, respectively (Table 5). The results are similar to the findings of El-Refaey et al. (2010)
who conducted a study in Egypt, and found that oil yield decreased when seeding was postponed past
November 25th.

A deviation in the oil yield per hectare values is observed; this might be due to different planting dates,
oil content, seed yield per hectare, cultivars and ecological conditions under which the experiments were
carried out. The increases in oil yield ha™ in the mid November planting compared the other studied planting
dates may be due to the increases in both oil percentage and seed yield per hectare.
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Planting date and its influence on flax performance is linked to weather, with early or later seeded flax
having a higher chance of encountering frost or drought (Casa et al., 1999). An early spring frost may injure a
crop, but the potential loss from a fall frost is far greater. Sheppard and Bates (1988) also found earlier seeding
resulted in greatest seed yield. Later seeding significantly decreased the mean yields. A study conducted in
Alexandria University in Egypt, found that a late sowing date to December 1st and December 15th led to
reduced seed, oil yield and oil percentage (Ibrahim, 2009). Similar conclusions were reported by (El-Deeb and
Abd El-Fatah, 2006; Ibrahim, 2009 and Al-Doori, 2012).

Final yield is the combined effect of various yield components under particular environmental
conditions. Thus any variation in them is liable to bring about variation in seed yield. It is evident from the
statistical analysis of data that number of capsules plant™, fruiting zone length, 1000-seed weight, seed yield
plant™ and oil content (%) in flax affected by planting dates at 5% level (P<0.05). Data also cleared that in the
last planting date all flax traits decreased statistically and indicated that yield components were adversely
affected in delay planting condition (Table 5). The highest number of capsules plant™ (11.91), fruiting zone
length (12.00 cm), 1000-seed weight (9.15 g), seed yield plant™ (8.23 g), oil content % (37.49) and biological
yield (10.37 ton ha), were obtained in first planting date whereas, by later sowing dates, these characters
were reduced. The lowest rates of yield components were obtained by flax plants sown on 15 December (the
third sowing date). The lowest capsule numbers was observed with later flowering may be due to a temperature
effect on pollination, ovary survival in delayed planting dates. These results affirmed by Ford (1964).

Delay in sowing led to an increase in environmental temperature during reproductive growth of crop
resulting in lower seed quality. Climatic conditions could be considered as a determining factor for oil
percentage and vyield. In delay planting, the reduction of oil percentage and yield (Table 5) was due to
unfavorable weather conditions. This may be due to that increased temperature and water stress during seed
filling was a major cause of reduced oil percentage and yield. Similar results have been reported by Garsid
(2004) and Mirshekari et al. (2012).

Relationships between planting dates and flax seed and oil yields

Regression analysis to reveal the relations between the two variables, i. e., planting date (x) and seed
yield (y) indicated a linear relation as well as a highly significant (P < 0.01) correlation coefficient (r=-0.98, P-
value < 0.01). Besides, R* (coefficient of determination), revealed that it was possible to account up to 97% of
the variability in seed yield (y), to planting date. The relationship between planting dates and seed yield was
negative and followed the linear equation: of Y=1425 — 162.7 X, representing a high negative value of
coefficient of regression (b), which means yield decrease against late planting dates (Fig. 1). Also, analysis of
regression indicated that a best described response as a linear regression for oil yield and planting dates (oil
yield = 535.8 — 63.66 x, R* = 0.98; p < 0.01), (Fig. 2). Significant linear relationship between planting dates and
each of seed and oil yields provides the clue that these traits are dependent upon planting dates. Linear
regression equations for planting date suggested that increase in one unit (15 days delaying) of planting date
lead to decreased seed and oil yield by 162.7 kg ha™ and 63.66 kg ha™, respectively.

1400+
1300+
1200+
1100+ Y=1425 - 162.7 x

R?= 0.97
1000

Seed yield (kg ha’)

900+

800 T T T 1
0 1 2 3 4

Planting dates (Nov. 15, Nov. 30 and Dec. 15)

Figure 1. The relation between planting dates and seed yield which follows the linear equation: of Y=1425 — 162.7 x
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Planting dates (Nov. 15, Nov. 30 and Dec. 13)
Figure2. The relation between planting dates and oil yield which follows the linear equation: of Y=535.8 — 63.66 x

From the above mentioned results, it could be concluded that the coefficients of determination (R of
0.97 and 0.98 indicated that the planting dates involved in this study affected the total variability of seed and oil
yield by 97% and 98%, respectively.

Straw and fiber yields and its related characters

Data pertaining to straw and fiber yields are presented in Table 5, which indicate that straw and fiber
yields was significantly affected by planting dates. Mean values of straw and fiber yields per plant and per
hectare as well as fiber quality, which is represented by fiber length, of flax plant are given in Table (5). Over
both seasons, early planting date of 15th November recorded the highest means of plant height, technical
length, fiber length and straw yield plant™ as well as straw and fiber yields per hectare. The late planting of 15th
December recorded the lowest means of all previously mentioned traits. The increase in straw and fiber yields
per hectare with the early planting date of 15th November can be attributed mainly to the increase in all straw
and fiber yields attributes, i.e. plant height, technical length, fruiting zone length, fiber length and straw yield
plant™. Similar conclusions were reported by Kandil et al. (2009).

Data collected in Table 5 show that planting dates significantly affected straw and fiber yields and its
related characters. The preset study suggest that November 15 is the most optimum time of planting of flax
crop, because the crop sown on November 15 produced the maximum straw and fiber yields. Combined
analysis of the two years experiments showed that, the highest plant height (110.03 cm), technical length
(98.04), stem diameter (2.15 mm), fiber length (90.61 cm), fiber % (16.74), straw yield plant™ (2.33 g), straw
yield ha™ (8.89 ton) and fiber yield ha™ (2358 kg), were obtained in first sowing date whereas, by later sowing
date, these characters were reduced. Similar findings were reported by earlier research workers Mirshekari et
al. (2012).

Seeding rates effects

Crop yield is a complex character depending upon a large number of environmental, morphological and
physiological characters. In the present study, yield and yield components were significantly affected by
seeding rate. The formation of yield components is not influenced only by the variation of planting dates
seeding, but also by the variation of seeding rates (Table 6). The variation in seeding rate is reflected mainly
not only in the change in the number of plants per unit area, but also prevailed in the variation of the formation
of yield and its components of each plant.

Seed yield and its related characters

Results presented in Table (6) indicated that the seeding rate treatments were significantly affected in
all plant studied characteristics, reflecting the importance of seeding rate for flax growth, yield and yield
components. The data listed in Table 6 manifested that there were significant differences in seed and oil yield
of three seed rates. Maximum seed and oil yield was produced by higher seed rate of 180 kg ha™. Combined
statistical analysis of the data revealed that the difference between maximum and minimum of oil yield obtained
at different seeding rate levels was statistically significant (Table 6). Averaged over both years of the
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experiment, oil yield ha* increased from 387.93 kg ha™ to 443.66 kg ha™* with increasing seeding rate from 140
to 160 and 180 kg ha™, respectively (Table 6).

Results demonstrate that seed yield plant'l, number of capsules plant'l, fruiting zone length, 1000-seed
weight and oil content (%), were negatively related to seeding rate (Table 6). There was a trend for seed weight
to decrease with increasing seeding rate (Table 6). Since there is competition between vegetative and gen-
erative parts of the plant for receiving photosynthesis matter, with increasing density and inter plant competition
this intra competition would be more intense. Averaged over two years, the lowest seeding rate (140 kg ha™)
produced the maximum seed yield plant™ (7.97 g) and vice versa. This might be attributed to a higher capsules
plant® (11.01), and heavier 1000-seed weight (8.74 g). Reduction in seed yield plant™ associated with
increasing seeding rate confirmed the findings of Gubbels and Kenaschuk (1989), Mostafa and EIl-Deeb
(2003).

Table 6. Main effect of seeding rates on seed, oil, straw and fiber yields and its related characters (average of 2 years).
Setlading rates (kg  Seed yield and its related characters

ha™) Number of Fruiting 1000-seed Seed yield Qil Biological Seed Qil
capsules zone length  weight plant™ content yield yield (kg yield
plant™ (cm) (@ (9 (%) (tonha®)  ha) (kg hah)
140 kg ha™ 11.01 11.73 8.74 0.48 38.19 8.50 1035.75 387.94
160 kg ha® 10.45 10.19 8.37 0.29 37.77 8.90 1102.92 416.05
180 kg ha™ 9.74 10.38 7.91 0.26 37.57 9.41 1160.85 443.66
F _test *% * * * * *% *% *%
LSD at 0.05 0.43 0.41 0.36 0.03 0.25 0.37 66.35 20.29
Seeding rates (kg Straw and fiber yields and its related characters
ha™) Plant height Technical Stem Fiber Fiber Straw Straw Fiber
(cm) length (cm)  diameter length (%) yield plant” yield yield
(mm) (cm) ' (ton ha™) (kg ha™)
140 kg ha® 97.93 87.55 2.03 80.23 13.28 2.01 7.44 1867.86
160 kg ha® 101.72 90.71 1.93 85.26 14.90 1.88 7.83 2143.99
180 kg ha® 105.99 93.14 1.82 88.57 16.22 1.74 8.26 2375.89
F _test *% *% *% *% *% *% *k *%
LSD at 0.05 2.48 2.78 0.14 3.89 0.35 0.18 0.53 96.74

n.s. = non-significant; * and **= significant on the probability levels of 1 and 5%, respectively in F-test.

As shown in Table (6), seed rate also significantly affected the number of capsules plant™. Maximum
number of capsules plant™ were observed in 140 kq seed rate ha™ (11.01) followed by 160 kg seed rate ha™
with 10.45 and minimum number of capsules plant™ (9.74) were recorded in plots with 180 kg seed rate ha™
averaged across two years investigation. On avera<1:1e, number of capsules plant™ was decreased 11.53 %
when seed rate was increased from 140 t0180 kg ha™. The reasons for negative relationship between the seed
rate and seed vyield plant™ is that plants in the lowest seed rate had greater area per plant as compared to
plants in higher seed rate thus plants in the plots of lower seed rate had more feeding area and more above
ground space for photosynthesis. Eventually they absorbed more nutrients, intercepted more light and prepared
more photosynthates, which ultimately resulted in more number of capsules plant™. Elayan et al. (2009) found
that, use of 1500 seeds/m” resulted in a significant increase in number of capsules plant™, number of seeds
capsule™ and seed yield plant™, while increasing plant density to 2000 seeds/m? increased significantly seed
and oil yields per unit area.

Straw and fiber yields and its related characters

It is clear from Table (6) that, fiber yield per hectare was gradually increased with each increase in
seeding rate. Thus the highest fiber yield per hectare (2375.89 kg) was obtained from the highest seeding rate.
This was due to the increase in all fiber yield components, (plant height, and technical length, straw yield per
plant and per hectare as well as fiber percentage) by increasing seeding rate. These findings are in accordance
with that of Abu El-Dahab (2002).

As shown in Table (6), increasing seeding rate from (140 to 180 kg ha™) increased fiber yield per
hectare by (27.19%). This was attributed to an increase in plant height (7.60%), technical length (6.00%) and
straw yield per hectare (9.92%). In addition to extra number of seeds/m? which in turn counter balance the
decrease in metabolites synthezed owing to sever competition between plants in the same unit area. These
results were greatly in accordance with that obtained by, Abdalla et al. (1989), Casa et al. (1999) and Hassan
and Leitch (2000).

Generally, increasing the seeding rate lead to increased the plant population and increased competition
among plants for soil moisture, nutrient, light and carbon dioxide. Moreover, the low population plants grew as
isolated units for most of their early life and interfered less with each other than at higher densities. This might
explain the significant effect of seeding rate on most of the parameters measured in the present study.
Concerning seeding rate, studies raveled that increasing seeding rate increased straw and fiber yield per unit
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area. On the other hand, straw and fiber yield per plant were decreased by increasing seeding rate
(Abdlwahed, 2002; Kineber, 2003 and Kandil et al., 2009).

In general, from the previous results it could be concluded that, higher seeding rate (plant populations)
lead to higher fiber content. More plants per unit area mean that individual stems will be thinner, increasing the
proportion of fiber in each stem, compared to thin stands where individual plants stems are thicker because
they have more room to grow (Fig. 3).

Relationships between seeding rates and flax seed and fiber yields

Regression analysis was used on the combined data (both years) to relate values of the three seeding
rates to seed vyield. A highly significant (P<0.01) relationship existed between increasing seeding rates and
seed vyield (Fig. 4). Seed yield was positively correlated with seeding rates (r = 0.99) and increased linearly
(P<0.01) when the seeding rates increased from 140 to 180 kg ha™ (Fig. 4). The shape of the relationships
among seeding rate levels and seed yield was characterized by significant linear trend (Y= 974.7 + 62.55 X,
R’= 0.99) where x is seeding rates. Also, according to the two-year results of this research, relationship
between flax fiber yield and seeding rates was found significant (r=0.99) and increased linearly (P<0.01) (Fig.
5). Fiber yield can be expressed by the following regression equation (Y= 1321 + 10.39 x, R*= 0.99) where x is
seeding rates. These results suggest the seed and fiber yields of flax were affected throughout the seeding rate
treatments. Finally coefficients of regression results suggest that an increase by one unit (20 kg ha™) of
seeding rate lead to increase seed and fiber yields by 62.55 kg ha™ and 249.5 kg ha™, respectively.
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Figure4. The relation between seeding rates and seed yield which follows the linear equation: of Y=974.7 + 62.55 x
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Figure 5. The relation between seeding rates and fiber yield which follows the linear equation: of Y=1633 + 249.5 x
CONCLUSION

The data obtained from this study could be useful for flax researchers and seed producers in order to
increase seed yield and quality traits under different planting dates and seeding rates. In addition, the results of
this research should be implemented to increase the productivity of flax. The findings of the study indicate that
the optimum planting date and seeding rate treatments improved the yield contributing character efficiency of
flax leading to higher seed yield and quality traits . So, the further research is needed in this direction with other
varieties of flax to establish the present findings. The earliest date (November 15) ranked as the first effective

date increasing seed, oil, straw and fiber yields per hectare followed by the intermediate date (November 30),
and both surpassed the late planting date (December 15) which caused the lowest values for these characters.
These results revealed that early sowing on No. 15 was the best for producing high seed yield with higher
quality traits. For this reason, planting date on mid-November for Middle Egypt can be recommended in order to
obtain high yield from flax. Generally, it can be stated that raising flax fiber yield per hectare can be achieved by
planting the flax cultivar Sakha 1 and the highest seed yield can be obtained by planting the cultivar Sakha 2
when planting date on November 15 and seeding rate with 180 kg ha™. In conclusion, attention needs to be
given to planting dates and seeding rates to maximize seed yield were found to maintain adequate seed oil
quality and quantity. Lastly, significant linear relationship between planting dates and seeding rates and each of
seed, oil and fiber yields provides the clue that these traits are dependent upon planting dates and seeding
rates. In addition, the linear response of flax yield and other studied characters to seeding rate treatments
indicated that the higher rates above 180 kg ha™ were suggested to be investigated. It's recommended that this
experiment would be done in other climates in the world under irrigation levels, and soil types.
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