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Abstract
Background and Objective: Appropriate nitrogen (N) fertilizer rate and plant density are important keys for optimizing flax fibers and
seeds productivity. Therefore, this study aimed to determine how varying rates of N fertilizer and plant densities affect the productivity
of different flax cultivars. Materials and Methods: Split-split plot field experiments with four replicates; three N fertilizer rates (67.5, 90
and 112.5 kg N/ha), three plant densities (1000, 1500 and 2000 seeds/m2) and three cultivars (Giza12, Sakha3 and Lisette) were examined.
Data were statistically analyzed using MSTAT-C software, and treatment means were compared using the LSD test at 5% significance level
Results: Increasing N fertilizer rates and plant densities resulted in significant positive correlation with plant height, technical length, fiber
length, seed oil, straw yield/ha. A negative significant correlation between plant densities and each primary branches,  capsules/plant
and seeds yield/plant. The superiority of Giza12 in capsules/plant (16.05), seed oil (38.62%), and seed yield (2.01 t/ha); Sakha3 in seeds/
capsule (7.71) and fiber length (64.11 cm); Lisette stands out in fiber% (31.31%) and fiber yield (2.43 t/ha). The interaction of N rates,
densities and cultivars showed that N at 112.5 kg N/ha with 2000 seeds/m2 achieved the highest yield/ha of seed, oil and straw for Giza12
while, fiber yield/ha for Lisette. Conclusion: Following research findings, 112.5 kg N/ha with a density of 2000 seed/m2 is suitable for
increasing the flax seeds and fiber production in alluvial soil conditions. This helps flax plant growers increase their productivity and
generate more revenue.

Key words:  Flax  (Linum  usitatissimum  L.)  cultivars,  dual  purpose  cultivars,  winter  growing  seasons,  maximum  flax  growth,   straw  and  fiber  yield,
seed oil yield

Citation:  Hossain M.F. and H.A. Rabeh, 2026. Flax growth and yield under variable nitrogen and plant density in alluvial soils. J. Agron., 25: 11-23.

Corresponding Author:  Houda A. Rabeh, Department of Agronomy, Faculty of Agriculture, Cairo University, Giza Governorate 3750210, Egypt

Copyright:  © 2026 Md. Faruque Hossain and Houda A. Rabeh. This is an open access article distributed under the terms of the creative commons attribution
License, which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited. 

Competing Interest:  The authors have declared that no competing interest exists.

Data Availability:  All relevant data are within the paper and its supporting information files.

http://crossmark.crossref.org/dialog/?doi=10.3923/ja.2026.11.23&domain=pdf&date_stamp=2026-08-08


J. Agron., 25 (1): 11-23, 2026

INTRODUCTION

Flax (Linum usitatissimum L.) is one of the oldest
cultivated plants for its nature stem fibers and nutritious
seeds, called flax seeds or linseed, from which linseed oil is
obtained. Not only that, but it is also an important source of
fiber that is used as a raw material for textiles, which is three-
fold stronger than cotton1,2. It is cultivated as a food and fiber
crop in temperate climate regions of the world and is used in
the production of environmentally friendly durable composite
materials3-6 and paper with its non-fiber wastages7.
Furthermore, dietary food products directly use flax seeds8,
industrial oil9, extract oil for cooking and the remaining
residues as a food supplement10 and as animal feed11. Oil is
used in the production of varnishes, paints, printing ink and
soap because it quickly dries in the air12. In addition, flax
considered the second important fiber crop after cotton which
grown in Egypt as a dual purposes crop for its seed and fiber,
especially imported flax varieties cultivated for fiber. 

The cultivated area is extremely limited in Egypt; the total
cultivated area of flax was 10,007 hectares in 2018-2019, with
a total production of 105,509 tons of straw and 17,860 tons of
seeds. However, it was approximately 8,609 hectares in the
2021 season, yielding 7601 tons of fiber13.  

This can be carried out by understanding the factors
influencing and improving agronomic practices, including
optimizing nitrogen fertilizer rates, planting more productive
high-yielding varieties, and adjusting plant density which
influences yield and quality6. 

Nitrogen fertilizer is essential for plant growth and rising
productivity of all crops and its role in protein formation14-16,
which is an integrated part of the chlorophyll and involved in
all processes associated with protoplasm, enzymatic reactions
and photosynthesis that plays a key role in oil production17.
Furthermore, soil fertility status of N is also a key factor to
decide the rate of N fertilizer application for flax growing.
Under  the  temperate  climatic  conditions  of  Egypt,  proper
N fertilizer application rates are important for the best-quality
of maximum flax yield of fiber and seeds18-20. Increasing
nitrogen fertilizer application level significantly increased
fruiting  zone  length,  capsules  per  plant,  flax  seed  and
straw  yield  per  plant  and  fiber  length,  such  as,  from  70 to
140 kg/ha21, 110 kg N/ha22 and Egyptian Ministry of
Agriculture recommended 180 kg N/ha in newly reclaimed
land and 90 kg N/ha in Delta and valley land. 

The plant density has a significant impact on the
morphological parameters of stem fiber flax, therefore, it is
important in flax cultivation to obtain a high yield of straw and
fiber, suitable plants density increases fiber yield and quality23,

as well as the high densities had a significant effect on the
fiber flax morphological parameters, while, the low plant
densities, produced more branching and higher seeds per
capsule24. The density of 2000 plant/m2 was suitable for high
fiber, straw and seed yield of fiber flax2. Increasing plant
density significantly decreased capsules per plant but
increased straw, fiber yield and fiber percentage, seed rates
significantly  affected  seed  and  oil  yield  of  flaxseed4.
Therefore, this research aimed to examine the effect of
different N fertilizer application rates and plant densities on
different flax cultivars for maximum flax growth and yield
production.

MATERIALS AND METHODS

Experimental  site  and  design:  A  split-split  plot distribution
in a Randomized Complete Block Design  (RCBD)  experiment
with   four   replications   was   carried   out   in   alluvial   soil at
the   Agricultural   Research   and   Experimental   Station,
Faculty    of    Agriculture,    Cairo    University,    Giza,    Egypt
(31E11’33.43’ E, 30E1’36.16’ N) during two consecutive winter
growing seasons (2023/2024 and 2024/2025) to evaluate the
productivity of three flax cultivars (Linum usitatissimum L.)
under different N fertilizer application rates and plant
densities.

Treatments and plot layout: The main plots received three
nitrogen fertilizer rates (75, 100, and 125% of the Egyptian 
Ministry  of  Agriculture  Recommended  Fertilizer  Dose (RFD),
90 kg N/ha). The sub-plots distributed three different plant
densities,  such  as  1000,  1500,  and  2000  seeds/m2,  and  in
sub-sub plots cultivars Giza12 (dual purpose, local, Egypt),
Sakha 3 (Fiber, Local, Egypt) and Lisette (fiber, imported from
Belgium). The sub-sub plot area was 9 m2 (3 m length×3 m
width). Flax cultivars were sowing on 2nd November 2023 in
the first growing season and 5th November 2024 in the
second growing seasons.

Fertilizer application: Then the basal fertilizers added to the
soil,  super  phosphate  fertilizer  (15.5%  P2O5)  at  the  rate of
238 kg/ha (broadcasting before seed sowing during soil
preparation   for   cultivation).   Potassium   sulfate   fertilizer
(48% K2O) at the rate of 120 kg/ha and N fertilizer doses 75,
100 and 125% from RFD (67.5, 90 and 112.5 kg N/ha,
respectively) as ammonium sulfate fertilizer (21% N) were
partly split in two equal doses and applied before the first
irrigation (21 days from the sowing date) and the second one
was applied one month later. Others recommended cultural
practices for growing flax done as usual in the area.
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Table 1: Main physical and chemical parameter of the field experiment was soil in the two growing seasons 2023 (1st) and 2024 (2nd)
Seasons

------------------------------------------------------------------------------------------------------------
Soil characteristics 1st 2nd 
Particle size distribution (%)
Coarse sand 3.85 4.30
Fine sand 33.20 35.85
Silt 28.45 25.85
Clay 34.50 34.00
Soil texture Clay loam Clay loam
Soil bulk density (g/cm3) 1.25 1.24
pH* 7.55 7.62
EC (dS/m)** 1.89 2.07
Total carbonate (%) 3.15 2.99
Organic matter (%) 2.05 2.15
Available nutrient (mg/kg)
N 27.85 24.65
P 9.75 8.55
K 254 268
*Measured in 1:2.5 soil water extraction and **Measured in saturated soil paste extract

Soil sampling and analysis: Before cultivation surface soil
samples (0-30 cm) were collected and prepared for analysis.
The analysis of the field experimental soil properties is shown
in Table 1.

Morphological and yield measurements: Ten guarded plants
at maturity stage were taken from each sub-sub plot for the
recording morphological parameters such as, plant height,
primary branches/plant, technical length (cm), fruiting zone
length  (cm)  and  fruiting  zone  branches /plant and  seed
yield technical length (cm), fruiting zone length (cm), and
fruiting zone  branches/plant,  seed  yield  and  its 
components  (number  of  capsules/plant,  number  of seeds
per capsule, 1000 seeds weight (g), seed yield (g/plant) and
straw yield (g/plant). Seed and straw yield (t/ha) were
measured according to seed and straw yield from square
meter of each sub-sub plot.
Seed  oil  %  was  figured  out  by  Soxhlet  extraction

device  using   solvent   of   petroleum   ether   and   then   the 
seed  oil  %   was  figured  out  on  dry  weight  basis  and  oil
yield (t/ha)   calculated   by   multiplying   seed   oil   %×seed 
yield/ha.

Fiber extraction and measurement: After flax plants
harvesting and removing the capsules, the retting process was
done; straw was arranged in bundles, put and soaked in
retting water for about 12 hrs then water was continuously
changed to leach out all the soluble materials. The degree of
water temperature during the retting processes ranged from
28 to 30EC, retting period was about 12 days in summer
season. The retted straw was washed with water and finally
dried in air. Thus, the fibers were easily extracted from above

the woody part of the stem to figure out fiber percentage and
fiber length (cm). Fiber yield (t/ha) was measured according to
yield/m2 of each sub-sub plot.

Statistical analysis: Data were analyzed statistically25. Least
Significant Difference (LSD) test at 5% level of significance is
used to compare treatment means. Computer software
package "MSTAT-C” used for statistical analyses.

RESULTS AND DISCUSSION

Morphological characteristics: The main effects of N fertilizer
rates (A), plant densities (B), flax cultivars (C) and their
interactions on plant height, primary branches/plant, technical
length, fruiting zone length and fruiting zone branches/plant
are presented in Fig.1 and 2.

Main treatments effect: Nitrogen fertilizer rates, plant
densities and flax cultivars exerted significant effects on all the
morphological  parameters  investigated   in  both seasons
(Fig. 1). Increasing N fertilizer rates (75, 100 and 125% RFD)
significantly affected the examined morphological parameters
in both growing seasons (Fig. 1). On average, rate of N 125%
RFD achieved the highest increase as percentage of plant
height (5.44 and 2.71%), primary branches/plant (16.85 and
7.56%) technical length (4.38 and 1.69%) and fruiting zone
length (10.28 and 7.70%) in comparison with 75 and 100%
RFD,  respectively.  A  positive  significant  correlation  was
found between increasing N fertilizer rates with plant height
(r = 0.99**, p<0.01), primary branches/plant (r = 0.97**,
p<0.01), technical length (r = 0.98**, p<0.01) and fruiting zone
length (r = 0.93**, p<0.01). This may be the role of nitrogen as
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Fig. 1(a-c): (a)  Main  effects  of  nitrogen  (N)  fertilizer  application  rates  as  a  percentage  of  the  Recommended  Fertilizer Dose,
(b) Plant densities, and (c) Flax cultivars on morphological characteristics (plant height, number of primary branches/
plant, technical length, fruiting zone length, and number of fruiting branches/plant) of flax over two consecutive
growing seasons (2023/2024 and 2024/2025)
Bars sharing the same lowercase letters do not differ significantly according to the LSD test at (p#0.05)

an essential nutrient for plant growth to build up protoplasm
and protein, which is very important for cell division and
meristematic activity. Findings of this research has well
agreement with several research works9 as they recorded a
statistically significant increase in flax plant height and
technical length as nitrogen rates increased.
Plant densities of 1000, 1500 and 2000 seeds/m2 were

statistically significant for inspected morphological characters
in both seasons (Fig. 1). The density of 2000 seeds/m2 gave the
highest  plant  height  (83.51  cm)  and  technical   length 
(69.63  cm)  that  represent  an  increase of 1.79 and 3.66%,
respectively in comparison with 1000 seeds/m2. While plant
height and technical length at  1500  close  to  2000  seeds/m2.

Even though, density at 2000 seeds/m2 recorded the lowest
primary branches 1.19/plant, fruiting zone length 13.82 cm
and fruiting zone branches 5.51/plant, these were decreased
8.85 and 7.75 % for  primary branches/plant, 6.69 and 9.10%
for fruiting zone length and 13.01 and 11.22% for fruiting zone
branches/plant in comparing with 1000 and 1500 seeds/m2,
respectively. Plant densities resulted a positive significant
correlation with plant height (r = 0.794*, p<0.05), technical
length (r = 0.98**, p<0.01), but a negative significant
correlation with number of primary branches (r = -0.88**,
p<0.01), fruiting zone length (r = -0.69*, p<0.05) and fruiting
zone branches/plant (r = -0.93**, p<0.01). These may be due
to low plant  density  increases  the  vegetative  growth  of  the
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Fig. 2: Effects of two-factor interactions nitrogen rates×plant density (A×B), nitrogen rates×cultivars (A×C), and plant
density×cultivars (B×C) on morphological properties of flax during the 2023/2024 and 2024/2025 growing seasons
Bars sharing the same lowercase letters do not differ significantly according to the LSD test at (p#0.05)

individual plant which support producing more dry matter, as
a result, increases primary branches per plant. However, high
plant density produces fewer primary branches per plant that
has well agreement with other researchers found that flax at
low plant density produced more branches per plant24.
Regarding to cultivars (Fig. 1), Giza12 gave the highest

increase compared with Sakha3 and Lisette for plant height
(8.76 and 16.56%), primary branches/plant (11.91 and 37.39%),
technical length (9.74 and 15.45%), fruiting zone length (4.49
and 22.34 %) and fruiting zone branches/plant (11.34 and
62.83%), respectively. These differences could be attributed to
genetic background of cultivars and their response to the
environmental conditions, obtained results have partially
agreed with26,27.

Effects of the interactions 
Two factors interaction: The interaction of N fertilizer rates
and plant densities (AB) showed a significant difference in
primary branches/plant, fruiting zone length and fruiting zone
branches/plant (Fig. 2). On average, both seasons, N 125% 
RFD  with  plant  density  at  1000  seeds/m2 produced the
highest primary branches (1.42/plant), fruiting zone length
(16.19  cm)  and  fruiting  zone  b ranches (6.93/plant).
However,  N  75%  RFD  at  2000  seeds/m2  recorded  the
lowest primary  branches  (1.08/plant)  and  fruiting  zone
length (13.20 cm)  while,  the  lowest  fruiting  zone branches
(4.84/plant)  was  at N 100% RFD. Other research used
different  levels  of  nitrogen  fertilizer  and  reported  that  the 
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Fig. 3: Main effects and three-factor interactions (A×B×C), of nitrogen fertilizer rates, plant densities, and flax cultivars on
flaxseed yield and its components (number of capsules/plant, number of seeds/capsule, 1000-seed weight, seed yield/
plant, seed yield/ha, seed oil percentage, and seed oil yield/ha) across two growing seasons
Means with the same lowercase letters are not significantly different (p<0.05)

highest dose exceeding 60 kg N/ha was the best which
produced more branches for plant of flax24. Significant
differences for N fertilizer rates and flax cultivars interaction
(AC) were  seen  in  the  studied  morphological  characteristics

(Fig. 2). As an average, the highest plant height (92.33 cm),
primary branches/plant (1.63), technical length (75.33 cm) and
fruiting zone length (17.01 cm) resulted from N at 125% RFD
with  Giza  12  cultivar. While  N   at  75%  RFD  registered  the
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during both seasons lowest value of plant height (76.33 cm),
primary branches (1.03/plant),  technical  length  (63.47  cm) 
and  fruiting zone length  (12.86  cm)  of  Lisette  cultivar. 
Other  research reported that the interaction between N
fertilizer rates and cultivars were  significant  and  increasing 
N  level  from  30 to 60 kg/fed  significantly  increased  some 
flax  morphological  parameters28.  The  interaction  among 
plant  densities with flax cultivars (BC) was significant during
both seasons for per plant,  technical  length,  fruiting  zone 
length  and  fruiting  zone per plant (Fig.  2).  Plant  density at
1000  seeds/m2  with  Giza  12   cultivar   recorded   a   higher 
value  of  primary  branches (1.48/plant), fruiting zone length
(16.13 cm) and fruiting zone branches (7.46/plant) than the
same density of other cultivars. Plant density at 2000 seeds/m2

with lisette cultivar achieved the lowest value of primary
branches (1.0/plant), fruiting zone length (12.34 cm) and
fruiting zone branches (3.97/plant). Another research found
that the interaction between plant density and cultivars was
significant on fruiting zone length28.

Three factors’ interactions: Data illustrated a significant
interaction between N fertilizer rates, plant densities and
cultivars (ABC) for primary branches/plant in 2nd season,
technical length in 1st season while fruiting zone length, and
fruiting zone branches/plant in both seasons (Fig. 2). As an
average the application of N 125% RFD with the Giza 12
cultivar  recorded  the highest primary branches (1.68/plant)
at 1500 seeds/m2, fruiting zone length (17.63 cm) and fruiting
zone branches (8.15/plant) at 1000 seeds/m2 and technical
length (77.08 cm) at 2000 seeds/m2. While Lisette cultivar at N
125% RFD with 2000 seeds/m2 recorded the lowest number of
branches (1.0/plant), fruiting zone length (12.18 cm) and
fruiting zone branches (3.83/plant). The same trend was
reported as a significant interaction between nitrogen rates,
densities and cultivars for flax technical and fruiting zone
length28.

Seed yield and its parameters
Main treatments effect: The results showed that the main
effects of nitrogen fertilizing rates (A), densities (B) and
cultivars (C) had a significant impact on investigated flaxseed
yield  and  its  related  parameters  in  both  growing  seasons
(Fig. 3). Results cleared that N at 125% RFD increased capsules
14.41/plant,  seed  yield  0.77 g/plant, seed yield 1.54 t/ha,
seed  oil  yield  0 .57 t/ha on average in both seasons. A
positive significant correlation was found between N fertilizer
rates with capsules/plant (r =  0.80*,  p<0.05),  seed yield/plant

(r = 0.85*, p<0.05) and seed yield t/ha (r = 0.83*, p<0.05). The
increase in capsules per plant and flax seed yield due to the
increase in nitrogen fertilizer rate was confirmed by different
researches29,30. Either weight of 1000 seeds or seed oil%
increased at N 75% RFD, the increase in 1000 seeds may
because that treatment gave less capsules with less
competition between them, so the capsule obtained its
nutritional needs and fullness, and thus the weight of the
capsule increased. The decrease in seed oil% with the
increasing N fertilizer rate could be explained by dilution effect
because of accumulating more protein in the seed. On the
contrary, the increase in oil yield could be explained by the
increase in seed yield. These results harmonize with those
obtained from several research works29,31 and they revealed
that oil content reduction with high N take place because of
a “dilution effect”. Whereas, application of N encourages
vegetative growth, delaying seed fill and maturity, other
components such as protein and starch are accumulated in
the seed diluting the oil that increasing rates of N reduced flax
seed oil content32. 
Increasing plant density to 2000 seeds/m2 led to a

decrease in the number of plant/capsules (10.97), seeds/
capsule (6.67), weight of 1000 seeds (6.71 g) and seed yield/
plant (0.544 g) as an average. A negative significant correlation
was   found   between    plant  densities  and  capsules/plant
(r = -0.94**, p<0.01), seed yield/plant (r = -0.97**, p<0.01).
Also, results cleared that there was a positive significant
correlation (r = 0.96**, p<0.01) between the number of
primary branches and capsules/plant. This may be due to the
low plant density which encouraged the plant to branch from
the lower parts of plant which increase the number of
capsules.  These  results  agree  with  another  research  by
Berti et al.33 they found that increase plant density reduced
capsules  and so seeds/plant. On the other hand, increase
plant density to 2000 seeds/m2 caused an increase in seed
yield  1.57  t/ha  (r  =  0.917**,  p<0.01)  and  flaxseed  oil yield
0.576 t/ha (r = 0.878**, p<0.01). 
Among the flax cultivars, Giza12 gave the highest values

for most of flaxseed yield and its related parameters
comparing  with  Sakha3  and  Lisette,  the  number increasing
times  are  as  follows;  1.05  and  2.39  for  capsules/plant, 1.53
and 2.34 for 1000 seeds weight, 1.37 and 4.99 for seed yield/
plant, 1.22 and 2.88 for seed yield/ha, 1.07 and 1.10 for seed
oil% and 1.31, 3.16 for seed oil yield/ha, respectively as an
average. Whereas, Lisette recorded the lowest ones. These
varietal differences could be attributed to genetic background
of varieties. 
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Fig. 4: Effects of two-factor interactions (A×B), (A×C), (B×C) between nitrogen fertilizer rates, plant densities, and different
cultivars on flaxseed yield metrics and oil yield during the 2023/2024 and 2024/2025 experimental seasons
Different lowercase letters indicate significant differences at (p<0.05)
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Fig. 5: Main effects of varying nitrogen fertilizer rates, plant stand densities, and flax cultivars on straw yield, fiber percentage,
fiber length, and total fiber yield/ha over two winter growing seasons
Bars designated with identical letters do not vary significantly according to the LSD test at (p<0.05)

Effects of the interactions
Two factors interaction: The interaction between N fertilizer
rates and plant densities (AB) showed a significant positive
effect on the flaxseed yield and its related parameters in both
seasons (Fig. 4). As an average, the treatment that was
fertilized with N at 125% RFD and planted with 1000 seeds/m2

achieved the highest capsules/plant (17.83) and seed yield/
plant (0.99 g), while at N 125% RFD with 2000 seeds/m2

represented the highest seed yield/ha (1.64 t) and seed oil
yield/ha (0.60 t). A significant interaction between N fertilizer
rates and flax cultivars (AC) was seen in the flaxseed yield and
its components in both growing seasons (Fig. 4). As an
average of both seasons, N at 125% RFD with Giza 12 achieved
the highest capsules/plant (19.83), seed yield/plant (1.28 g),
seed yield t/ha (2.25), seed oil yield t/ha (0.85). While both
Sakha3  gave  the  highest  seeds/capsule (7.89)  and  Lisette

recorded  the lowest values for capsules/plant (6.35), seed
yield/plant (0.19 g), seed yield t/ha (0.63), seed oil t/ha (0.22)
at the earlier nitrogen rate. However, other researchers21,22

reported that high N fertilizer application produced high
capsules per plant, flax seed yield per plant such as, from 110
to 140 kg/ha. The interaction between plant densities and
cultivars (BC) significantly affected seed yield  and  its  related 
parameters  in  both  growing seasons (Fig. 4). The cultivar of
Giza  12  recorded  the  highest capsules/plant (18.35) and
seed yield/plant (1.24 g) resulted from plant density 1000
seeds/m2 in comparing with other cultivars and densities, a
high  seed yield/ha (2.13 t) and seed oil yield/ha (0.81 t) at
2000 seeds/m2. The highest seeds/capsule (7.98) was
produced  from  1500  seeds/m2  for  Sakha3.  The lowest
values were recorded from Lisette cultivar for number of
capsules/plant  (5.78),  1000  seeds  weight  (4.20 g) and seed
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Fig. 6: Interaction effects of nitrogen fertilizer rates, plant densities, and cultivars (A×B), (A×C), (B×C) on the harvested straw
properties and extracted fiber quality indicators (fiber yield, percentage, and length) of flax
Bars sharing the same lowercase letters do not differ significantly (p<0.05)

yield/plant  (0.17 g)  at  2000  seeds/m2  and seed yield/ha
(0.52 t),  seed  oil  yield/ha (0.18  t)  at  1000  seeds/m2.
However, several researchers reported that the flax density of
2000 plant/m2 was the best suitable for high seed and oil
yield2,4.

Three factors interaction: The interaction between N fertilizer
rates, plant densities and cultivars significantly affected the
flaxseed  yield  and  its  related  parameters  in  both  seasons
(Fig. 3). Giza 12 cultivar produced the highest number of
capsules/plant (24.70), seed yield/plant (1.70 g) as a result of
plant density 1000 plants/m2 at N 125% RFD, seed yield/ha
(2.31   t)   and   seed    oil   yield    0.860    t/ha   resulted   from
2000 plants/m2 at N 125% RFD, while the highest 1000 seed
weight  (10.05  g)   and   seed   oil%   (40.25%)   were   achieved

from  1500  plants/m2  with  N  100%  RFD.  N  125%  RFD  with
1500 plants/m2 gave the highest flaxseeds/capsule (8.16) in
Sakha3. Lisette cultivar recorded the lowest capsules/plant
(5.05), 1000 seeds weight (4.15 g), seed yield/plant (0.15 g)
because of 2000 plant/m2 with N 125% RFD. Another
researcher mentioned that capsules per plant and seed yield
significantly affected by the interaction between N
rates×plant density×cultivars28. 

Straw, fiber yield and its characteristics
Main effects: The main effects of N fertilizer rates (A), plant
densities (B) and flax cultivars (C) recorded significant
differences in straw yield, fiber%, fiber length and fiber yield
(Fig. 5). As an average in both seasons, with increasing N
fertilizer rates straw yield  and  fiber  length  increased,  on  the 
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other   hand,   fiber%   decreased.   The   highest    straw yield
1.91 g/plant, 9.95 t/ha and fiber length 64.16 cm were at N
rate of 125% RFD, which increased by 27.08 and 8.08% for
straw  yield/plant,  13.51  and  6.46%  for  straw  yield/ha, 2.67 
and  1.46%  for  fiber  length  compared  with  N  rate  of 75
and 100% RFD, respectively. Insignificant difference between
N rate at 75 and 125% RFD on fiber yield/ha because the lower
N rate gave the highest fiber%, while the higher N rate gave
the highest straw yield. These results were strongly supported
by another research34, who mentioned that increase
application rates of NPK fertilizers increased fiber yield
resulting  from  the  increased  straw  yield,  although the
fiber%  decreased.  A  positive  significant  correlation  was
found  as  increasing  N  fertilizer  rates  with  straw yield/plant
(r = 0.985**, p<0.01), straw yield/ha (r = 0.997**, p<0.01) and
fiber length (r = 0.988**, p<0.01), while a negative significant
correlation  with  fiber% (r = -0.998**, p<0.01). Obtained
results are harmony with several reseaches9,35 and they
reported that the flax fiber length increased as N fertilizer rate
increased.
By  increasing  plant  densities,  the  straw  and  fiber

yield/ha, fiber% and fiber length directly increased,  while
straw  yield/plant decreased (Fig. 5). Plant density  at 2000
seeds/m2 achieved the highest straw yield (10.56 t/ha), fiber% 
(24.54%),  fiber  length  (63.49  cm)  and  fiber yield (2.50  t/ha), 
however  the  lowest  values  were  recorded at 1000 seeds/m2. 
In addition with plant densities increase then a positive 
significant  correlation  was  observed  with  straw  yield  t/ha
(r = 0.97**, p<0.01), fiber %  (r  =  0.98**,  p<0.01),  fiber  length
(r = 0.81**, p<0.01) and fiber yield t/ha (r = 0.98**, p<0.01),
while   a   negative   significant   correlation   was   observed 
with  straw  yield/plant  (r = -0.76*,  p<0.05). The  similar 
trends  reported  by  other  researchers who recorded  that 
2000  plant/m2  were  proper  for  flax cultivation to get high
straw  and  fiber  yield2.  Also,  another  research by
Andruszczak et al.36 reported that straw yield, fiber yield,
fiber% and fiber  length  significantly  increased  by  increasing
plant density to 2500 seeds/m2, and straw yield/plant 
inversely increased. 
Giza12 cultivar achieved higher values for straw yield/

plant (2.63 g) and straw yield/ha (10.60 t) than Sakha3 by 1.56
and 1.09 times and Lisette cultivar by 3.05 and 1.37 times,
respectively. While Lisette cultivar recorded the highest value
of fiber% (31.31%) and fiber yield/ha (2.43 t) and Sakha3
cultivar achieved the highest value in fiber length (64.10 cm).
These results have well agreement with36 who found that
Sakha3 cultivar significantly produced higher fiber length than
Giza 12.

Effects of the interactions
Two factors interaction: The interaction of N fertilization rates
and plant density (AB) showed a significant difference in straw
and fiber properties in both seasons (Fig. 6). Nitrogen with the
rate of 125% RFD achieved the highest value of straw yield
(2.03 g/plant) at density of 1000 seeds/m2 and the highest
value of straw yield (11.32 t/ha), fiber length (64.41 cm) and
fiber yield (2.57 t/ha) at density of 2000 seeds/m2 as an
average of both seasons. Flax cultivated at 2500 seeds/m2 and
received high N rate (70 kg N/fed) gave the highest straw and
fiber yield/fed36. Interaction of N fertilizer rates and flax
cultivars (AC) has a significant effect on straw and fiber
parameters in both seasons (Fig. 6). On average, at N 125%
RFD treatment Giza12 produced the highest value of straw
yield (2.87 g/plant), Straw yield (11.33 t/ha) and Sakha 3 gave
the highest fiber length (65.58 cm). On the other hand, Lisette
cultivar  recorded  a  high  fiber%  (32.80%)  and  fiber  yield
(2.55 t/ha) because of adding Nitrogen at a rate of 75% RFD.
Results are strongly supported by several researchers36 and
they found under the highest N rate (70 kg N/fed) flax cultivar
Giza 12  gave  the  highest  straw  yield  and  Sakha 3 produced
the longest  fiber.  A  significant  interaction  among  plant
densities and  flax  cultivars  (BC)  investigated  straw  and fiber
parameters in both growing seasons (Fig. 6). The density of
2000 seeds/m2 resulted the highest straw yield (12.14 t/ha)
with Giza12 cultivar, and the highest fiber% (32.34%) and fiber
yield (2.82 t/ha) with Lisette cultivar. The highest straw yield
(2.77 g/plant) was seen at 1500 plant/m2 was for Giza 12. 

Three factors interaction: Interaction of N fertilizer rates,
densities  and  Flax  cultivars  (ABC)  significantly  effected on
the  studied  straw  and  fiber  characters  in  both  seasons. On
average, the maximum straw yield of 2.93 g/plant was
obtained    from    Giza12    cultivar    because    of    planting
1500 seeds/m2 with adding N rate of 125% RFD. The minimum
straw yield 0.72 g/plant was produced from Lisette cultivar
resulted from 2000 seeds/m2 with 75% N from RFD. N 125%
RFD at density 2000 seeds/m2 recorded the highest straw yield
13.34 t/ha for Giza 12. While, the lowest straw yield 6.06 t/ha
had resulted due to addition of N at 75% RFD and plant
density 1000/m2 for Lisette cultivar. The most effective
interaction   treatment   produced   the   highest   fiber  yield
2.88 t/ha was Lisette resulted of planting 2000 seeds/m2 and
adding N rate 125% RFD, and the lowest fiber yield 1.38 t/ha
was for Sakha3 resulted from 1000 seeds/m2 and N 75% RFD.
Sakha3 recorded the longest fiber length 66.50 cm from plant
density 1000 seeds/m2 and N 125% RFD, however Lisette
cultivar gave the shortest one 60.47 cm resulted from planting
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1000 seeds/m2 and adding N at a rate of 75% RFD. However,
research on flax seed production shows that both fertilizer
rates and plant densities have significant impact on yield, but
best levels vary depending on soil type, climate and flax
verities. Eventually, higher N fertilizer rates can increase flax
seed and oil yield, while plant density also plays a crucial role
here, with different densities affecting straw and seed yields
individuals. Research results agree with28 who revealed that
the interaction between nitrogen levels×seeding
rates×cultivar significantly effected fiber length and fiber
yield.

CONCLUSION

The study evaluated the effects of N fertilizer rates
application and plant densities on different flax cultivars
(Linum  usitatissimum   L.)  productivity  because  flax  is grown
to get natural fibers which are used in the production of
textiles, as well as seeds that supply a source of oil and some
human nutritious products. Both best N fertilizer rates and
plant densities  are  among  the  important  agricultural
practices that help flax growers to improve their productivity.
Based on the two seasons experimental results, a high plant
density of 2000 seeds/m2 produced the highest technical
length, fiber percentage, fiber length and yield/ha for seeds,
oil, straw, and fiber. Our results suggest that the best
preferable practice is plant density at 2000 seeds/m2 with
112.5 kg N/ha to maximize both flax seeds and fibers yield
together. However, density at 2000 seeds/m2 with 67.5 kg
N/ha strongly suggested for a high yield of fiber production,
regardless of the seed yield in alluvial soil conditions.
Furthermore, improving both fertilizer rates and plant
densities is very crucial for maximizing flax seed and fiber
production. As a result, a balanced approach that considers
the specific flax variety, soil types and local growing conditions
are necessary to achieve optimum levels of yields and its
quality for the maximum level of revenue benefits.

SIGNIFICANCE STATEMENT

This study proves the influence of nitrogen fertilizer rates
and plant density on the growth, yield, and fiber quality of flax
cultivars in alluvial soils. The findings provide practical
guidance for improving agronomic practices to enhance both
seed and fiber productivity. This contributes to improving flax
cultivation efficiency, farmer profitability, and sustainable
agricultural production systems under varying environmental
conditions.
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