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Abstract

Two field trials were established during 2021/2022 and 2022/2023 seasons at the Experi-
mental Farm of Sakha Agricultural Research Station, Egypt, to evaluate the response of
some flax genotypes (Strain 651, Sakha 3, Sakha 5 and Giza 12) to different fertilization
levels of humic acid (HA) (0, 1000, 1500 and 2000 g/fed!")) as a soil application. Split-plot
design was used for the experiment with four replicates. The main-plots were assigned to
the four fertilization levels of HA and the sub-plots were allocated to the four flax geno-
types. The results pointed out that using 2000 g/fed of HA treatment significantly attained
the highest values of all studied characters followed by 1500, 1000 and 0 g/fed during both
seasons. The results also, referred that S.651 was significantly superior to the rest of the
other genotypes in technical length, fiber length, fiber percentage and fiber yield/fed within
both seasons. Giza 12 recorded significantly the most beneficial results for stem diameter,
straw yield/plant, straw yield/fed, fruiting zone length, seed index and seed yield/plant
in both seasons. Also, Sakha 5 significantly surpassed the other genotypes in number of
capsules /plant, seed yield/fed, oil percentage and oil yield/fed in the 1st and 2nd seasons.
Thus, this research recommended the use of 2000 g/fed of HA with the promising strain
(5.651) to obtain the highest fiber yield/fed, or with Sakha 5 to gain the highest seed and
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W fed = feddan = 4200 m?
INTRODUCTION absorb nutrients, and increase the availability of miner-

Flax (Linum usitatissimum L.) is an annual plant from
Linacaea family. It is one of the oldest cultivated crops
to be widely grown for oil and fibers. In Egypt, flax has
been sown by the ancient Egyptians for its fiber and
seeds for thousands of years. Flax is grown as an annual
winter crop in Egypt and is currently a crop of indus-
trial importance grown worldwide. Consequently it is
considered a crucial crop in our economic plan because
of its significance and the fact that it is produced locally
and exported (El Harriri et al., 1998). Towels, clothes,
and other textiles are made from the long fibers spun
intolinen yarns. While, paper, twin and packagingareall
made from the short fibers (tow). Flax seeds are crushed
and used to make linseed oil and linseed meal. Oil is
used to make paints, varnishes, printing ink, oil cloth,
and soap because it dries quickly in the air (Abdelma-
sieh et al., 2023). Egypt’s total area under cultivation for
flax crop was approximately 8609 hectares in the 2021
season, yielding 7600.74 tonnes of fiber (FAO, 2023).

Optimizing flax cultivation and its qualitative and
quantitative properties requires a proper fertilization
program (Dordas, 2010). Humic acid is a bio-stimulant
with an organic charge that significantly affects plant
growth, development and boosts crop yield. Numerous
studies have been conducted on it (Nardi et al., 2004).
Humic acid improves physical, chemical and biological
properties of soil (Keeling et al., 2003 and Mikkelson,
2005). Humic acid is well known for its ability to reduce
soil-borne infections, enhance soil health, help plants
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als (Mouromical et al., 2011). Humic acid (HA) is one
of the primary organic fertilizers that could be utilized,
which is a crucial part of humic substances. Humic acid
is considered the most prevalent organic matter compo-
nent in soils and compost made from municipal waste,
which is crucial for both the ecological processes of soil
and the environment’s elemental cycling (Senesi et al.,
1996). Humates appear to have an especially positive
impact on the availability of nutrients. Consequently,
the application of humates was investigated as a strategy
to enhance plant vitality and the balance of nutrients.
Furthermore, humates have an impact on the quantity
of sugars, amino acids and nitrate that accumulate and
additionally the respiration process (Boehme et al.,
2005). Humic substances also promote growth, yield,
and quality by increasing nutrient uptake, acting as a
source of mineral plant nutrients in addition a regulator
of their release (Atiyeh et al., 2002).

The total area of land used for agriculture is limited in
Egypt, so there is no way to compensate for this except
by sowing new, high yielding cultivars. The potential
yield of flax genotypes differed significantly depending
on a range of physiological processes that are impacted
by both genetics and environment. There is an urgent
need to replace the old varieties from the farmers’ field
with new improved high yielding and disease resistant
varieties (Singh, 2013). In this concern, Mahmoud et al.
(2022) showed that the new promising Strain (S.651)
had the highest percentage of total fiber. According to
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Leilah et al. (2018), Sakha 3 performed better than the
other genotypes of flax in the trial, yielding the highest
values for technical length, fiber yield per plant and fed-
dan (4200 m?), fiber length, total fiber percentage, and
fiber fineness within both growing seasons. However,
the highest levels of seed oil content were produced by
Sakha 5. The top values for plant height, technical stem
length, fiber length, fiber fineness, total fiber percentage
and fiber yield per hectare were obtained by Sakha 3
cultivar, according to Rashwan et al., 2020. In contrast,
Giza 11 and Giza 12 attained the highest values for main
stem diameter and straw yield per hectare. Sakha 5 also,
had the greatest percentage of oil, seed and oil yields per
hectare, and number of capsules per plant.

Therefore, this study was conducted with the aim of
finding a good and cheap fertilizer source with the aim
ofincreasing productivity and reducing expenses, as well
as obtaining new, high-yielding varieties to replace the
old ones at Sakha, Kafr El-Sheikh Governorate, Egypt.

MATERIALS AND METHODS

A field trial was carried out at the Experimental Farm
of Sakha Agricultural Research Station, Agricultural
Research Center (ARC), Egypt, over the two succeeding
winter seasons of 2021/22 and 2022/23. The main pur-
pose for this experiment is to find out a good and cheap
fertilizer source with the aim of increasing productivity
and reducing expenses, as well as obtaining new, high-
yielding varieties to replace the old ones for the best flax
yield and its features.

The experimental design was a split-plot design with four
replicates, where each experimental sub-plot area was 6
m? (2 x 3 m). The main-plots were assigned to the four
levels of humic acid (HA) fertilization as a soil applica-
tion (0, 1000, 1500 and 2000 g/fed), where the sub-plots
were allocated to the four flax genotypes; Strain 651
(S.651) (fiber type), Sakha 3 (fiber type), Sakha 5 (oil
type) and Giza 12 (dual type). Table 1 consists of the
pedigree of the different flax genotypes.

The experimental location has a clay soil texture. In
both study seasons, the summer crop that came before
was maize. Mechanical and chemical analysis for the
experimental sites in the first and second seasons were
carried out by following the method described by Page
(1982) and are tabulated in table 2.

Humic acid treatments in the form of potassium humate
granule (85% potassium humate) were applied as a soil
application twice, 30 and 45 days from planting with
(0, 1000, 1500 and 2000 g/fed) for each soil application.
While preparing the soil, all the phosphorus-requiring
fertilizer, as calcium super phosphate (15.5% P,O,) was
added at the rate of 100 kg/fed, in addition the nitrogen

Table 1: The pedigree of the different flax genotypes

No. | Genotypes | Classification Source
1 | Strain 651 |Fiber type (1.1563) x (S. 402/1 x Iriana)
2 Sakha 3 | Fiber type IBelinka x 1.2569
3 Sakha 5 |Oil type 1.370 x 1.2561
4 Giza12 | Dual type $.2419/1x 5.148
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Table 2: The physical and chemical properties of the
experimental site during 2021/2022 and 2022/2023
seasons

. 2021/2022 | 2022/2023
Properties
season season
A: Mechanical analysis:
Sand % 9.80 9.64
Silt % 29.9 30.2
Clay % 60.3 60.1
Texture Clayey Clayey
B: Chemical analysis:
pH 7.72 7.82
EC dS/m 1.98 2.17
Organic matter % 1.25 1.30
N 27.1 26.5
Available mg/kg P 8.65 8.75
K 260 271
Ca™ 7.42 7.81
) Mg 1.76 1.89
Soluble cations meq/L Na* 391 911
K* 0.33 0.36
CO,- 0 0
Soluble anions meq/L Hg:) 3 ggi g(z) ;
SO - 5.22 5.91

fertilizer at the rate of 45 kg N/fed as ammonium nitrate
(33.5% N) was added in two doses of equal size, the first
half of nitrogen before the second irrigation, while the
second one was applied before the third irrigation.

In both seasons, the recommended seed rate for each
genotype was sown on November 2" and November
1%, respectively, using the broadcast sowing method.
The Ministry of Agriculture and Land Reclamation’s
guidelines were followed for the other flax agricultural
techniques, which were maintained as usual.

The studied characters

In order to record the yield attributes at harvest time,
ten protected plants were selected at random from each
sub-plot. Straw yield/fed (ton), seed yield/fed (kg), oil
yield/fed (kg) and fiber yield/fed (kg) were calculated
from the whole sub-plot area basis. Seed oil percentage
was determined according to the method described by
A.0.A.C. (1990), using petroleum ether at (40-50°C) in
a Soxhlet apparatus. Oil yield/fed (kg) was determined
by multiplying seed oil percentage and seed yield/fed.
Fiber percentage was calculated by (weight of fiber yield/
weight of straw yield after retting) x 100.

Yield and its components

o Straw yield and its features were: technical length
(cm), stem diameter (mm), straw yield/plant (g) and
straw yield/fed (ton).

« Seed yield and its features were: fruiting zone length
(cm), number of capsules/plant, seed index (weight of
1000 seeds) (g), seed yield/plant (g) and seed yield/fed (kg).
« Oil yield and its features were: oil percentage and oil
yield/fed (kg).

« Fiber yield and its features were: fiber length (cm),
fiber percentage and fiber yield/fed (kg).
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Statistical analysis

The data was statistically analysed using the method of
analysis of variance (ANOVA) for the split-plot design
as published by Gomez and Gomez (1984) using the
“MSTAT-C” software package. In addition, treatment
means were compared by using the least significant
difference (LSD) method at 5% level probability as de-
scribed by Snedecor and Cochran (1980).

RESULTS AND DISCUSSION

Straw yield and its features

Data shown in table 3 indicated thathumicacid (HA) fer-
tilization levels have a significant impact on straw yield
and its features; technical length, stem diameter, straw
yield/plant and straw yield/fed, in the first and second
seasons. The obtained results explained that the applica-
tion of 2000 g HA/fed significantly exceeded other levels
in technical length, stem diameter, straw yield/plant and
straw yield/fed in both growing seasons. The application
level of 1500 g HA/fed came in the second rank after ap-
plication of 2000 g HA/fed. While, the minimum values
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for the aforementioned studied characters were obtained
from the control treatment (0 g HA/fed) in each season.
These findings are mainly attributed to the good positive
effect of humic acid in improving physical, chemical and
biological properties of soil, and thus the ease of avail-
ability of nutrients to improve vegetative growth. Also,
the plants grown in soil containing sufficient amount
of humic substances are less subjected to stresses, give
higher yields and quality. These results are in accordance
with those obtained by Senesi et al. (1996), Atiyeh et al.
(2002), Keeling et al. (2003), Nardi et al. (2004), Boehme
etal. (2005), Mikkelson (2005), Dordas (2010) and Mou-
romical et al. (2011).

It was observed that the flax genotype Giza 12 (dual
purpose type) significantly exceeded the other studied
genotypes; S.651 (fiber type), Sakha 3 (fiber type) and
Sakha 5 (oil type) and resulted in the best values for
stem diameter, straw yield/plant and straw yield/fed
throughout both growing seasons (Table 3). However,
S.651 achieved the highest values concerning technical
length only in both agronomic seasons. At the same
time, the strain 651 achieved the lowest values for the

Table 3: Technical length, stem diameter, straw yield/plant and per feddan of flax as affected by humic acid
(HA) fertilizer levels and flax genotypes as well as their interaction during 2021/2022 and 2022/2023 seasons

Characters Technical length (cm) Stem diameter (mm) Straw yield/plant (g) Straw yield (ton/fed)
Treatments 2021/2022 | 2022/2023 | 2021/2022 | 2022/2023 | 2021/2022 | 2022/2023 | 2021/2022 | 2022/2023
Humic acid fertilizer levels:
Without HA 75.5 77.9 1.7 1.9 1.38 1.50 3.152 3.285
1000 g HA/fed 77.5 81.0 1.8 2.0 1.50 1.63 3.344 3.529
1500 g HA/fed 78.5 83.6 1.9 2.1 1.60 1.78 3.400 3.816
2000 g HA/fed 82.1 87.0 2.1 2.3 1.72 1.97 3.708 4.012
LSDat5% 3.0 5.0 0.2 0.2 0.22 0.31 0.362 0.478
Flax genotypes:

S.651 86.0 90.6 14 1.5 1.61 1.89 3.787 3.823
Sakha 3 81.2 85.6 1.6 1.7 1.46 1.63 3.453 3.746
Sakha 5 66.6 69.9 2.0 2.2 0.87 0.90 2.462 2911
Giza 12 79.8 83.3 2.6 2.8 2.27 2.45 3.901 4.162

LSD at5 % 5.6 6.2 0.2 0.3 0.21 0.36 0.149 0.228
Interaction:

S.651 82.7 85.2 1.3 1.4 1.42 1.57 3.356 3.466

Without | Sakha 3 79.6 82.0 1.4 1.6 1.32 1.42 3.346 3.383

HA | Sakha 5 63.8 66.0 1.8 2.0 0.72 0.83 2.363 2.277

Giza 12 76.0 78.2 2.4 2.6 2.08 2.18 3.542 4.013

S.651 83.5 88.4 1.3 1.5 1.50 1.74 3.709 3.834

1000 g Sakha 3 80.8 84.5 1.5 1.6 1.42 1.57 3.426 3.752

HA/fed | Sakha 5 66.1 68.6 1.9 2.0 0.81 0.87 2.410 2.500

Giza 12 79.5 82.4 2.4 2.7 2.27 2.33 3.829 4.031

S.651 85.9 92.1 1.4 1.6 1.64 1.97 3.762 3.957

1500 g Sakha 3 81.3 86.6 1.6 1.8 1.50 1.72 3.495 3.923

HA/fed | Sakha 5 66.6 71.2 2.1 2.3 0.95 0.89 2.479 3.344

Giza 12 80.2 84.6 2.6 2.8 2.32 2.53 3.862 4.039

S.651 92.0 96.8 1.6 1.7 1.87 2.27 4.319 4.034

2000 g Sakha 3 83.0 89.1 1.7 1.9 1.60 1.83 3.545 3.926

HA/fed | Sakha 5 70.0 74.1 2.3 2.5 0.99 0.99 2.595 3.523

Giza 12 83.3 88.0 2.9 3.1 2.42 2.77 4.372 4.564

LSD at5 % NS NS NS NS NS NS 0.298 0.456
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other aforementioned studied traits. These results are
mainly due to differences in the genetical factors of the
four tested genotypes and potentiality between the fiber,
oil and dual-purpose types of flax. These outcomes are
consistent with those obtained by Leilah et al. (2018),
Kushwaha et al. (2019), Omar et al. (2020), Rashwan et
al. (2020), Omar et al. (2021), Mahmoud et al. (2022)
and Abdelmasieh et al. (2023).

Straw yield (ton/fed) in each season was significantly
impacted by the interaction between humic acid (HA)
fertilization levels and flax genotypes (Table 3). Fur-
thermore, the showed data revealed that the maximum
values of the aforementioned character belonged to the
highest application level of humic acid (2000 g HA/fed)
with Giza 12 flax genotype, while the lowest one obtained
by 0 g HA/fed (control) with Sakha 5 flax genotype in
both seasons, respectively.

Seed yield and its features

Significant differences were observed among humic acid
fertilization levels treatments on fruiting zone length,
seed yield/plant and seed yield/fed, in both seasons of
the experiment and on number of capsules/plant in the
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second season only (Tables 4 and 5). It could be noticed
that the application of 2000 g HA/fed gained the best
results for the mentioned characteristics; fruiting zone
length, number of capsules/plant, seed yield/plant and
seed yield/fed. While, the control treatment (without
HA) recorded the lowest values for the mentioned
characters in the 1st and 2nd seasons. This increment in
seed yield and its features might be attributed to the fact
that humates influence the respiration process and the
amount of sugars, amino acids and nitrate accumulated.
Also, humic substances also promote growth, yield, and
quality by increasing nutrient uptake, acting as a source
of mineral plant nutrients as well asa regulator of their re-
lease, consequently enhancing the reproductive organs
growth and the proportion of the reproductive tissue.
These results are matching with those reported by Senesi
et al. (1996), Atiyeh et al. (2002), Keeling et al. (2003),
Nardi et al. (2004), Boehme et al. (2005), Mikkelson
(2005), Dordas (2010) and Mouromical et al. (2011).

The studied flax genotypes (S.651, Sakha 3, Sakha 5 and
Giza 12) significantly affected in fruiting zone length,
number of capsules/plant, seed index, seed yield/plant
and seed yield/fed, in each season, as shown in Tables

Table 4: Fruiting zone length, number of capsules/plant and seed index of flax as affected by humic acid (HA)
fertilizer levels and flax genotypes as well as their interaction during 2021/2022 and 2022/2023 seasons

Characters Fruiting zone length (cm) Number of capsules /plant Seed index (g)
Treatments 2022/2023 ‘ 2021/2022 2022/2023 2021/2022 2022/2023 2021/2022
Humic acid fertilizer levels:
Without HA 13.2 14.1 13.6 14.2 6.24 6.38
1000 g HA/fed 13.5 14.4 14.4 15.0 6.27 6.47
1500 g HA/fed 13.9 15.0 14.9 15.8 6.33 6.59
2000 g HA/fed 14.9 15.5 15.6 16.9 6.53 6.73
LSD at5 % 1.1 0.8 NS 1.5 NS NS
Flax genotypes:
S.651 6.8 7.4 6.9 7.3 3.34 3.49
Sakha 3 9.7 10.3 10.9 12.5 5.63 5.67
Sakha 5 19.0 20.0 20.9 21.4 7.09 7.44
Giza 12 19.9 21.3 19.7 20.7 9.32 9.57
LSD at5 % 2.3 1.8 1.2 1.0 0.41 0.99
Interaction:
S.651 6.4 6.9 6.4 6.8 3.23 3.43
Without | Sakha 3 9.3 9.8 10.0 10.8 5.43 5.54
HA Sakha 5 18.0 19.3 19.1 20.1 7.04 7.13
Giza 12 19.1 20.3 18.7 19.1 9.25 9.43
S.651 6.5 7.4 6.9 6.9 3.33 3.51
1000 g Sakha 3 9.4 10.0 10.5 12.3 5.50 5.57
HA/fed Sakha 5 18.4 19.5 20.8 20.6 6.98 7.38
Giza 12 19.6 20.6 19.2 20.3 9.27 9.43
S.651 6.6 7.7 7.1 7.6 3.33 3.46
1500 g Sakha 3 9.6 10.4 11.0 13.3 5.53 5.74
HA/fed Sakha 5 194 20.5 21.7 21.4 7.15 7.54
Giza 12 19.9 214 20.0 21.1 9.32 9.60
S.651 7.7 7.6 7.4 7.9 3.47 3.57
2000 g Sakha 3 10.4 10.8 12.1 13.6 6.07 5.83
HA/fed Sakha 5 20.2 20.7 22.1 23.7 7.17 7.70
Giza 12 21.1 22.8 20.8 22.2 9.43 9.82
LSD at 5 % NS NS NS NS NS NS
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4 and 5. The achieved data exposed that Giza 12 dual
type genotype produced the greatest values of fruiting
zone length, seed index and seed yield/plant, followed
by Sakha 5 oil type genotype. However, Sakha 5 geno-
type attained the best values for number of capsules/
plant and seed yield/fed in both agronomic seasons. At
the same time, the lowest values of seed yield and its
attributes resulted from the fiber type strain (5.651) in
each season (Tables 4 and 5). The genetic composition
and genetic variables of the examined flax cultivars may
responsible for the majority of the variation observed
amongst the genotypes of flax. These outcomes concur
with those reported by Singh (2013), Leilah et al. (2018),
Kushwaha et al. (2019), Omar et al. (2020), Rashwan et
al. (2020), Omar et al. (2021), Mahmoud et al. (2022)
and Abdelmasieh et al. (2023).

As for the interaction effect between humic acid (HA)
fertilization levels and flax genotypes, Table 5 reflected
that the interaction exhibited a significant impact on
seed yield/plant on the first season only and on seed
yield/fed in both seasons, respectively. Data showed that
the highest values of seed yield/plant and seed yield/fed
characters were achieved by the application level of 2000
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g HA/fed with Giza 12 and Sakha 5 flax genotypes, in
order. Whilst, applying 0 g HA/fed (control) with S.651
flax strain resulted in the lowest seed yield/plantand seed
yield/fed, respectively in both seasons of study (Table 5).

Oil yield and its features

The studied humic acid fertilization levels treatments
proved a significant effect on oil percentage and oil yield/
ted (Table 5). Humic acid application level of 2000 g HA/
fed attained the best results for the aforementioned stud-
ied charactersin the 1*and 2" seasons. With the decrease
in the level of humic acid fertilization, a decrease in these
characteristics began to occur, and this may occur due to
adecrease in the supply of nutrients available to the plant,
including the fruiting parts, compared to the higher rate
of humic acid fertilization, which leads to a gradual de-
crease in seed yield and thus oil content. And of course,
the lowest values obtained from those traits mentioned
belonged to the fertilization level of 0 kg ha/fed (control)
in both seasons of the study. These findings are matched
with those obtained by Atiyeh et al. (2002), Keeling et al.
(2003), Nardi et al. (2004), Boehme et al. (2005), Mikkel-
son (2005), Dordas (2010) and Mouromical et al. (2011).

Table 5: Seed yield/plant, seed yield/fed, oil percentage and oil yield/fed of flax as affected by humic acid (HA)
fertilizer levels and flax genotypes as well as their interaction during 2021/2022 and 2022/2023 seasons

Characters Seed yield/plant (g) Seed yield (kg/fed) Oil percentage (%) Oil yield (kg/fed)
Treatments 2021/2022 ‘ 2022/2023 | 2021/2022 ‘ 2022/2023 | 2021/2022 ‘ 2022/2023 | 2021/2022 ‘ 2022/2023
Humic acid fertilizer levels
Without HA 0.63 0.76 464.3 478.1 36.2 36.7 172.0 179.1
1000 g HA/fed 0.72 0.78 517.0 533.6 36.5 37.1 194.2 203.1
1500 g HA/fed 0.80 0.81 532.1 556.9 37.8 38.2 206.4 218.3
2000 g HA/fed 0.91 0.86 573.7 617.5 39.8 40.5 234.7 256.2
LSD at 5 % 0.15 0.06 70.9 71.9 2.5 2.6 37.8 33.0
Flax genotypes
S.651 0.49 0.54 396.4 419.5 34.6 35.0 137.2 147.2
Sakha 3 0.57 0.59 417.9 447.8 31.9 32.4 134.8 145.6
Sakha 5 0.94 0.97 652.9 681.4 44.0 44.3 287.5 303.5
Giza 12 1.06 1.11 620.0 637.4 39.9 40.7 247.7 260.3
LSD at5 % 0.13 0.16 28.6 38.5 3.7 4.7 18.3 30.1
Interaction
S.651 0.45 0.51 359.7 377.3 33.2 33.6 118.2 126.6
Without | Sakha 3 0.54 0.54 394.5 419.6 30.2 30.7 119.5 124.5
HA Sakha 5 0.60 0.90 591.9 612.9 429 43.1 253.3 268.3
Giza 12 0.91 1.08 511.3 502.7 38.6 39.2 197.0 196.9
S.651 0.49 0.51 404.3 426.0 334 33.9 136.0 145.5
1000 g | Sakha3 0.55 0.59 410.0 436.4 30.4 31.1 125.2 136.7
HA/fed | Sakha 5 0.80 0.94 631.6 656.6 43.2 43.5 272.1 285.5
Giza 12 1.03 1.09 622.1 615.5 39.2 39.8 243.6 244.8
S.651 0.50 0.54 409.3 431.0 35.3 35.5 144.3 152.8
1500 g Sakha 3 0.57 0.59 417.0 446.1 32.0 32.3 134.1 144.8
HA/fed | Sakha 5 1.09 0.98 643.4 676.1 43.8 44.3 282.2 299.6
Giza 12 1.03 1.12 658.9 674.3 40.3 40.7 265.0 276.0
S.651 0.50 0.58 412.1 443.8 36.5 36.9 150.5 163.9
2000 g Sakha 3 0.60 0.64 450.0 489.2 35.2 35.7 160.6 176.6
HA/fed | Sakha 5 1.27 1.06 744.9 780.0 45.9 46.3 342.5 360.7
Giza 12 1.28 1.16 687.7 757.1 41.6 429 285.2 323.7
LSD at 5 % 0.26 NS 57.2 77.1 NS NS NS NS
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Statistical analysis showed highly significant differences
for oil percentage and oil yield/fed between the four flax
genotypes (Table 5). Data presented in Table 5 indicated
that Sakha 5 the oil type cultivar gave the highest oil per-
centage and oil yield/fed values followed by Giza 12 the
dual type cultivar. On the other hand, the lowest values of
oil percentage and oil yield/fed were obtained by Sakha 3
genotype the fiber type cultivar in both seasons. These find-
ings might be explained by the fact that, oil types generally
surpassed dual and fiber types in oil yield per feddan due
to its genetic potential and higher percentage of oil. These
results are in accordance with those obtained by Kineber
et al. (2015), Leilah et al. (2018), Kushwaha et al. (2019),
Omaretal.(2020), Rashwan et al. (2020), Omar et al. (2021),
Mahmoud et al. (2022) and Abdelmasieh et al. (2023).

As for the interaction effect between fertilization levels of
humicacid and flax genotyped, Table 5 reflected that the in-
teraction had no significantimpact on oil percentage and oil
yield/fed throughout the first and second seasons of study.

Fiber yield and its features

The influence of various studied treatments of humic
acid fertilization levels on fiber yield and its features of
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flax were presented in Table (6). Application of 2000 g
HA/fed resulted in significant increases for fiber length,
fiber percentage and fiber yield/fed followed by 1500
and 1000 g HA/fed in each season. Table (6) also showed
that the application of 0 g HA/fed (control) gave the low-
est values for mentioned characters; fiber length, fiber
percentage and fiber yield/fed in both seasons of study.
These findings are mainly due to the reason that humic
substances have a bio-stimulators positive effect on flax
through their effect on the biosynthesis of cellulose,
which results in increasing cellulose concentration in
fiber, leading to an increase in fiber yield. Such results
are reported by Senesi et al. (1996), Atiyeh et al. (2002),
Keeling et al. (2003), Nardi et al. (2004), Boehme et al.
(2005), Mikkelson (2005), Dordas (2010), Mouromical
et al. (2011) and Ponazhev (2013).

Fiber length, fiber percentage and fiber yield/fed signifi-
cantly affected by the flax genotypes in both seasons, as
shown in table 6. The presented data indicated that the
new promising fiber Strain (S.651) achieved signifi-
cantly the highest values for aforementioned characters
compared with the other cultivars through both seasons
of study. While, the oil type Sakha 5 occupied the last

Table 6: Fiber length, percentage and yield/fed of flax as affected by humic acid (HA) fertilizer levels and flax
genotypes as well as their interaction during 2021/2022 and 2022/2023 seasons

Characters Fiber length (cm) Fiber percentage (%) Fiber yield (kg/fed)
Treatments 2021/2022 | 2022/2023 | 2021/2022 | 2022/2023 | 2021/2022 |  2022/2023
Humic acid fertilizer levels
Without HA 72.4 73.5 17.0 17.3 299.6 319.5
1000 g HA/fed 73.2 75.3 17.2 17.5 304.8 346.5
1500 g HA/fed 74.8 77.8 17.5 18.1 313.2 368.2
2000 g HA/fed 78.1 80.1 18.1 18.3 3399 377.9
LSD at5 % 3.7 4.3 0.8 0.5 25.3 41.0
Flax genotypes
S.651 83.3 85.1 20.1 20.5 450.3 501.4
Sakha 3 77.9 80.0 19.2 19.4 344.2 377.2
Sakha 5 62.1 63.8 13.1 13.6 134.1 166.8
Giza 12 75.3 77.8 17.3 17.6 328.8 366.6
LSD at 5 % 6.9 5.4 3.2 2.0 51.5 45.4
Interaction
S.651 79.7 81.0 19.7 20.1 428.2 444.8
Without Sakha 3 76.3 77.7 18.8 18.8 327.5 343.0
HA Sakha 5 60.3 61.5 12.8 13.2 124.9 156.0
Giza 12 73.3 73.9 16.7 17.0 317.7 3344
S.651 80.9 84.0 19.9 20.3 437.1 487.1
1000 g Sakha 3 77.5 79.2 18.9 18.9 335.3 382.0
HA/fed Sakha 5 60.5 61.8 12.9 13.4 127.9 164.5
Giza 12 73.7 76.2 16.9 17.1 319.1 3524
S.651 834 87.0 20.4 20.6 4529 534.4
1500 g Sakha 3 78.0 80.3 19.3 19.8 344.50 381.2
HA/fed Sakha 5 62.8 65.1 13.3 13.7 130.08 170.1
Giza 12 74.9 78.9 16.9 18.1 3254 387.0
S.651 89.0 88.4 20.5 21.0 483.2 539.5
2000 g Sakha 3 79.7 82.9 19.6 20.0 369.6 402.6
HA/fed Sakha 5 64.6 67.0 13.6 13.9 153.6 176.6
Giza 12 79.2 82.0 18.8 18.3 353.0 392.7
LSD at5 % NS NS NS NS NS NS
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place in those studied characteristics. These findings
are primarily attributable to the fiber genotypes’ genetic
potential, which generally outperformed dual and oil
types in terms of fiber length, fineness, percentage, and
yield per feddan. These results align with those obtained
by Kushwaha et al. (2019), Omar et al. (2020), Rashwan
et al. (2020), Omar et al. (2021), Mahmoud et al. (2022)
and Abdelmasieh et al. (2023).

With respect to the interaction effect between humicacid
fertilization levels and flax genotypes, the obtained data
tabulated in Table 6 showed that the interaction had no
significant impact on fiber length, fiber percentage and
fiber yield/fed during both seasons of study.

CONCLUSION

Finally, this experiment recommends using the effective
and cheap fertilizer source (humicacid) at the rate of 2000
g HA/fed with the new promising fiber type strain (S.651)
for the best fiber yield/fed, or with the oil type Sakha 5
cultivar for the best seed and oil yield/fed under the en-
vironmental conditions of the Northern Delta of Egypt.
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