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Abstract

The objective of this experiment was to investigate yield, yield components and quality
of three flax genotypes (Sakha 3, Sakha 5 and Giza 11) under different sulphur fertiliza-
tion levels (0, 25.0, 37.5, 50.0 and 62.5 kg/ha). Split-plot design was used for the experi-
ment with four replicates. The main-plots were assigned to the five fertilization levels
of sulphur and the sub-plots were allocated to the three flax genotypes. Application of
50.0 kg sulphur/ha significantly increased most of the studied characters i.e. technical
length, strawyield/plant, straw yield/ha, fruiting zone length, number of capsules/plant,
seed yield/ha, fiber length and fiber yield/ha in both seasons. Results also showed that
Gizallsignificantly surpassed other genotypesin technicallength, stem diameter, straw
yield/plant and per hectare, seed index and fiber length, whilst Sakha 3 was superior in
fiber percentage and fiber yield/ha in the first and second seasons, respectively. Sakha
5 genotype recorded the best results for fruiting zone length, number of capsules/plant
and seed yield/ha in both seasons. Therefore, this study recommends using fertilization
level of 50.0 kg sulphur/ha with Giza 11 for the best straw yield/ha, Sakha 3 for the best
fiber yield/ha and Sakha 5 for the best seed yield/ha.
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INTRODUCTION

Flax (Linum usitatissimum L.) is the oldest fiber crop in
Egypt. Egyptians used flax since thousands of years and
have grown this crop for dual purpose (fibers and seeds).
Nowadays, flax is a crop with an industrial importance
cultivated on a global scale and cultivated in Egypt as an
annual winter crop. Due to its importance and the fact
that it is produced locally and exported, flax is regarded
as a key crop in our economic strategy (El Harriri et al.,
1998). In addition to the oil obtained from seeds, the
fibres that are extracted from flax stems by the retting
process are a useful material for textiles (EI-Shimy et al.,
2020). Two to three times stronger than cotton fibres,
flax fibres are inherently smooth and straight. Linseed
oil has many industrial applications and seed cake is
used as animal feed. The entire cultivated area of flax
crop in Egypt reached about 9019 hectare in 2020 sea-
son, producing 7768 tons of fibers (FAO, 2022).

Sulphurisan essential macronutrientin plant growthand
development. It is becoming more often acknowledged
as the fourth main nutrient for plants, after phosphorus,
nitrogen, and potassium (Raghav et al., 2016). The use
of sulphur is one of the most vital factors in increasing
yields. Sulphur is crucial for the synthesis of amino acids,
proteins, chlorophyll and oil (Singh and Singh, 2007).
Oilseeds are more sensitive to sulphur deficiency and
are thus more responsive to sulphur fertilization than
legumes and cereals due to their higher requirements for
this nutrient (Marschner, 1995). Kushwaha et al. (2019)
demonstrated that increasing sulphur (S) levels from 0
kg Sha™to 60 kg Sha™ increased significantly all nutrient
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contents both in seed as well as in straw in comparison to
control. According to Solo et al. (2021), sulphur applica-
tion of 40 kg per hectare resulted in significantly higher
plant height, number of branches per plant, capsules per
plant, seeds per capsule and seed production (797 kg per
hectare), as well as straw yield (1558 kg per hectare).

Flax genotypes’ yield potential varied greatly based on a
variety of physiological processes that are influenced 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 variet-
ies (Singh, 2013). Leilah et al. (2018) stated that Sakha 3
gave the best results compared with other flax genotypes
under study and produced the maximum values of tech-
nical length, fiber yield per plant and per feddan (4200
m?), fiber length, total fiber percentage and fiber fineness
in both seasons. Also, Giza 11 cultivar significantly sur-
passed other studied genotypes in stem diameter, straw
yield per plant and per feddan, length of fruiting zone,
number of capsules/plant, 1000-seed weight, number
of seeds/plant, seed yield per plant and per feddan in
two seasons. However, Sakha 5 cultivar produced the
maximum values of seed oil content. Sakha 3 cultivar was
superior in terms of plant height, technical stem length,
fibre length, fibre fineness, total fibre percentage and
fibre productivity per hectare, according to Rashwan et
al., (2021). In contrast, the Giza 11 and Giza 12 cultivars
largely outperformed the others in terms of main stem
diameter and straw yield/ha. On the other hand, Sakha
5 had the highest values of number of capsules per plant,
seed, oil yields per hectare and oil percentage.
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Therefore, the main objective of the present research was
to study the impact of different levels of sulphur fertiliza-
tion on straw and seed yields as well as their components
for some flax genotypes.

MATERIALS AND METHODS

A field trial was carried out in the Experimental Farm of
Sakha Agricultural Research Station, Agricultural Research
Center (ARC), Egypt, over the two succeeding winters of
2020/21 and 2021/22. The main purpose for this experi-
ment is to find out the suitable level of sulphur fertilization
with the best flax genotype for yield and its components.

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 five
levels of sulphur (S) fertilization (0, 25.0, 37.5, 50.0 and
62.5 kg sulphur/ha), where the sub-plots were allocated
to the three flax genotypes; Sakha 3 (fiber type), Sakha
5 (oil type) and Giza 11 (dual type). Table 1 shows the
pedigree of the different flax genotypes.

Table 1: The pedigree of the different flax genotypes

Genotypes | Classification Source
Sakha 3 Fiber type | Belinka (2E) x 1.2096
Sakha 5 Oil type 1.370 x 1.2561
Giza 11 Dual type | Giza 8 x 5.2419/1

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 is
shown in table 2.

The entire quantity of sulphur in the form of gypsum
(CaS0,.2H,0) wasincorporated uniformly inaccordance
with the mentioned treatments into the soil before sowing.
During soil preparation, all phosphorus requirement fer-
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tilizer as calcium super phosphate (15.5% P,O,) wasadded
at the rate of 240 kg/ha. In addition, the nitrogen fertilizer
was applied at a rate of 110 kg N/ha as ammonium nitrate
(33.5% N) in two doses of equal amounts. The first half
of nitrogen before the second irrigation while the second
one was applied before the third irrigation.

Flax was sown using broadcast sowing method with
the recommended seed rate for every genotype on 31*
October for the first season and on 2™ November for
the second. The other agricultural practices for flax were
kept the same as normally practiced according to the
recommendations of the Ministry of Agriculture and
Land Reclamation.

The studied characters

Ten plants were selected in random at maturity in each
sub-plot to record the following traits:

Straw yield and its components:

Technical length (cm),
Stem diameter (mm),
Straw yield/plant (g),
Straw yield/ha (ton).

Seed yield and its components:

Fruiting zone length (cm),
Number of capsules/plant,
Seed index (g),

Seed yield/ha (kg).

Fiber yield and its components:

Fiber length (cm),

Fiber percentage (%),

Fiber yield/ha (kg).
Fiber percentage was calculated as (weight of total fiber
(g)/weight of straw after retting (g)) x 100. Straw yield/
ha (ton), fiber yield/ha (ton) and seed yield/ha (kg) were
measured from the central area of one square meter of
each sub plot.

Table 2: The physical and chemical properties of the experimental site for 2020/2021 and 2021/2022 seasons

Properties ‘ 2020/2021 season ‘ 2021/2022 season
Mechanical analysis
Sand (%) 9.7 9.8
Silt (%) 303 29.9
Clay (%) 59.9 60.3
Texture Clayey Clayey
Chemical analysis
pH 7.68 7.82
EC (ds/m) 2.90 2.85
Organic matter (%) 1.30 1.25
N 26.30 27.1
Available (mg/kg) P 8.70 8.65
K 250.8 260.5
Ca** 6.63 6.42
, Mg* 5.92 6.86
Soluble cations (meq/L) Nar 105 9.91
K* 0.45 0.46
CO,~ 0 0
. HCO 4.60 4.48
Soluble anions (meq/L) o 9.26 892
SO~ 11.1 10.8
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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 components

Data shown in table 3 showed that sulphur fertilizer
levels have a significant effect on technical length, straw
yield/plant and straw yield/ha, while stem diameter was
not significantly affected by the sulphur fertilization. The
obtained results showed that 50.0 kg S/ha significantly
exceeded other levels in technical length, straw yield/
plant and straw yield/ha in both growing seasons. The
application of 62.5 kg S/ha came in the second rank
after 50.0 kg S/ha, while the minimum values for the
aforementioned studied characters were in the control
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treatment (0 kg S/ha) in each season. These results could
be attributed to the direct role of sulphur in the photo-
synthetic process in plants, consequently have a positive
impact on plant growth through cell division which,
causes expanding of leaf and light interception then
increase in plant vegetative growth. These results are
in accordance with those obtained by Singh and Singh
(2007), Patil et al. (2014), Bakry et al. (2015), Minz et al.
(2017) and Solo et al. (2021).

We noticed that the flax genotype Giza 11 (dual pur-
pose type) significantly surpassed the other studied
genotypes, Sakha 3 (fiber type) and Sakha 5 (oil type),
and resulted in the best values of technical length, stem
diameter, straw yield/plant and straw yield/ha through-
out the two seasons (Table 3). However, Sakha 3 cultivar
came as the second best genotype concerning technical
length, straw yield per plant and per hectare and Sakha
5 ranked at the second best genotype in stem diameter
character in both seasons. The lowest values were for
Sakha 5 genotype, except for the characteristic of stem
diameter, which was higher for Sakha 3 genotype in the
two seasons. These results are mainly due to differences

Table 3: Technical length, stem diameter, straw yield/plant and per hectare of flax as affected by sulphur (S)
fertilizer levels and flax cultivars as well as their interaction during 2020/2021 and 2021/2022 seasons

Charac- . . Straw yield/plant Straw yield
ters Technical length (cm) | Stem diameter (mm) Y (g) ( ton/};la)
Treatments 2020/2021 | 2021/2022 | 2020/2021 | 2021/2022 | 2020/2021 | 2021/2022 | 2020/2021 | 2021/2022
Sulphur fertilizer levels:

0 kg S/ha (control) 63.6 66.7 L5 1.7 1.14 1.21 5.723 6.412
25.0 kg S/ha 71.3 71.5 1.7 1.8 1.17 1.26 6.927 7.481
37.5 kg S/ha 76.2 77.0 1.8 1.9 1.28 1.32 7.156 7.842
50.0 kg S/ha 84.9 88.0 2.1 2.4 1.45 1.52 8.281 8.809
62.5 kg S/ha 79.4 80.8 1.9 2.1 1.37 1.43 7.459 8.094
LSD at 5 % 11.4 9.7 NS NS 0.19 0.20 1.201 1.303

Flax cultivars:
Sakha 3 75.7 76.2 1.3 1.5 1.20 1.31 7.181 7.853
Sakha 5 64.3 67.3 1.9 2.0 0.86 0.91 5.817 6.255
Giza 11 85.3 87.0 2.2 2.5 1.77 1.83 8.330 9.075
LSD at5 % 7.7 5.8 0.2 0.3 0.14 0.14 0.508 0.488

Interaction:
Sakha3 | 632 63.5 1.2 1.3 1.05 1.16 5.760 6.600
OkgSha g 1105 | 539 56.2 1.3 1.8 0.74 0.80 5.472 5.927
(control)

Giza 11 73.8 80.4 1.9 2.1 1.63 1.66 5.936 6.710
Sakha3 | 744 74.9 1.2 1.3 1.09 1.21 7.026 7.380
25.0kg S/ha | Sakha5 |  57.3 58.6 1.9 1.8 0.77 0.83 5.542 6.037
Giza 11 82.2 81.0 2.0 2.2 1.65 1.74 8.213 9.027
Sakha3 | 77.4 76.1 1.3 1.4 1.20 1.25 7.432 8.297
37.5kgS/ha | Sakha5 |  65.7 71.9 1.9 1.9 0.89 0.91 5.689 6.147
Giza 11 85.4 83.1 2.1 2.4 1.75 1.80 8.346 9.083
Sakha3 |  84.2 85.9 1.5 1.7 1.47 1.56 8.037 8.517
50.0 kg S/ha | Sakha5 |  73.4 75.5 2.2 2.4 0.95 1.02 6.503 6.930
Giza 11 97.2 102.6 2.6 3.0 1.93 1.98 10.301 10.980
Sakha3 |  79.1 80.7 1.3 1.7 1.27 1.37 7.646 8.470
62.5kg S/ha | Sakha5 |  71.0 74.2 2.0 2.1 0.94 0.98 5.878 6.237
Giza 11 88.0 87.7 2.4 2.6 1.91 1.94 8.853 9.577
LSD at 5 % NS NS NS NS NS NS 1.136 1.092
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in the genetical factors of the three tested genotypes
and potentiality between the fiber, oil and dual-purpose
types of flax. These results are in harmony with those
reported by Kushwaha et al. (2019), Omar et al. (2020),
Omar et al. (2021) and Rashwan et al. (2021).

The interaction between sulphur fertilization levels and
flax genotypes exhibited a significant influence on straw
yield (ton/ha) in each season (Table 3). Furthermore,
data revealed that the maximum values of the aforemen-
tioned character belonged to application level of 50.0 kg
S/ha with Giza 11 flax genotype, while the lowest one
obtained by 0 kg S/ha (control) with Sakha 5 flax geno-
type in both seasons, respectively.

Seed yield and its components

The studied sulphur fertilization levels had a significant
effect on fruiting zone length, number of capsules/plant
and seed yield/ha, whilst there was no significant effect
on the characteristic of seed index in both agronomic
seasons (Table 4). Sulphur application level of 50.0 kg
S/ha attained the best results for the aforementioned
studied characters in the 1* and 2™ seasons. But with the
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increase in the level of sulphur fertilization to 62.5 kg/ha,
a decrease in these characteristics began to occur, and
this could be the result of being in excess of the plants’
need, which led to an opposite result. The lowest values
obtained from those mentioned traits were in the fertil-
ization level of 0 kg S/ha (control) for both seasons of
this study. This increase in seed yield and its components
might be attributed to the fact that sulphur is mainly
responsible for enhancing the reproductive growth and
the proportion of the reproductive tissue (inflorescence
and capsules). These results are matching with those
reported by McGrath and Zhao (1996), Basumatary
(2018), Kushwaha et al. (2019) and Solo et al. (2021).

The studied flax genotypes (Sakha 3, Sakha 5 and Giza
11) differed significantly in fruiting zone length, number
of capsules/plant, seed index and seed yield/ha, in each
season, as shown in table 4. Sakha 5 genotype produced
the greatest values of fruiting zone length, number of
capsules/plant and seed yield/ha, followed by Giza 11
genotype, while Giza 11 genotype attained the best val-
ues of seed index, in both seasons. At the same time, the
lowest values of seed yield and its attributes were from

Table 4: Fruiting zone length, number of capsules/plant, seed index and seed yield of flax as affected by sulphur
(S) fertilizer levels and flax cultivars as well as their interaction during 2020/2021 and 2021/2022 seasons

Charac- it ;
ters Frultlng( zl(:lr;e length Numberp(l): Iciipsules / Seed index (g) Sile((gl/}llll:)ld
Treatments 2020/2021 ‘ 2021/2022 | 2020/2021 | 021/2022 | 020/2021 ‘ 2021/2022 | 2020/2021 ‘ 2021/2022
Sulphur fertilizer levels:
0 kg S/ha (control) 13.5 14.4 12.8 14.7 7.11 7.26 1055.5 1136.1
25.0 kg S/ha 15.4 16.3 14.3 15.2 7.25 7.56 1145.7 1243.2
37.5 kg S/ha 16.3 17.0 15.1 16.6 7.41 7.68 1203.3 1284.3
50.0 kg S/ha 19.4 20.9 16.4 18.6 7.79 8.13 1331.0 1409.7
62.5 kg S/ha 17.2 18.8 15.7 17.3 7.64 7.89 1251.1 1314.9
LSD at5 % 3.0 2.5 1.8 2.5 NS NS 125.8 118.6
Flax cultivars:
Sakha 3 11.9 12.7 9.3 11.9 5.99 6.16 777.6 842.9
Sakha 5 19.6 21.0 19.3 20.4 7.08 7.34 1522.7 1622.8
Giza 11 17.6 18.7 15.9 17.1 9.26 9.61 1291.7 1367.2
LSD at 5 % 2.0 2.1 1.3 1.5 0.88 0.74 50.7 47.8
Interaction:
Sakha 3 9.7 10.5 8.3 11.0 5.58 5.71 658.3 723.2
(()Clc‘)i tsr/ (l)lf)‘ Sakha5 |  16.5 17.7 16.3 17.7 6.83 7.04 1299.9 1402.7
Giza 11 14.3 15.1 13.7 15.3 8.93 9.03 1208.1 1282.3
Sakha 3 11.3 12.2 9.0 11.3 5.77 6.09 716.4 798.9
ZS.Ohlzig S/ Sakha 5 19.1 19.5 18.0 18.0 6.88 7.14 1447.1 1593.0
Giza 11 15.9 17.3 16.0 16.3 9.11 9.45 1273.5 1337.8
Sakha 3 12.1 12.5 9.3 12.0 5.92 6.16 732.1 803.1
37'5h1;g S/ Sakha 5 20.0 20.3 19.7 20.3 7.13 7.34 1590.7 1673.5
Giza 11 16.9 18.1 16.3 17.3 9.17 9.55 1287.2 1376.4
Sakha 3 14.2 14.2 10.3 12.7 6.42 6.54 969.9 1042.8
S0.0hl;g S/ Sakha 5 22.3 25.2 22.0 24.0 7.40 7.61 1642.1 1727.0
Giza 11 21.8 23.2 17.0 19.0 9.57 10.25 1381.1 1459.2
Sakha 3 12.2 14.0 9.7 12.3 6.25 6.30 811.1 846.7
62'5h1;g S/ Sakha 5 20.2 22.5 20.7 22.0 7.17 7.58 1633.8 1717.6
Giza 11 19.1 19.9 16.7 17.7 9.49 9.79 1308.5 1380.3
LSD at 5 % NS NS NS NS NS NS 113.4 106.9
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Sakha 3 genotype in each season (Table 4). The variation
between the flax genotypes may be mainly because of the
genetic factors and genetic makeup of the studied flax
cultivars. These results are in line with those reported
by Leilah et al. (2018), Kushwaha et al. (2019), Omar et
al. (2020), Omar et al. (2021) and Rashwan et al. (2021).

The interaction effect between sulphur fertilization
levels and flax genotypes reflected that the interaction
exhibited a significant effect on seed yield/ha in both
seasons (Table 4). Data indicated that the greatest values
of seed yield/ha were achieved by application of 50.0 kg
S/ha with Sakha 5 flax genotype, while the lowest seed
yield/ha was obtained by applying 0 kg S/ha (control)
with Sakha 3 flax genotype, respectively in both seasons
(Table 4).

Fiber yield and its components

The data in table 5 showed that sulphur fertilization lev-
els significantly affected fiber length and fiber yield per
hectare of flax in the 1t and 2™ seasons of this study. Data
showed that the highest fiber length and fiber yield/ha
characteristics were recorded with the application of 50.0
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kg S/ha, followed by 62.5 kg S/ha, in both seasons. On the
other hand, application of 0 kg S/ha (control) gave the
lowest values of the aforementioned characters in both
seasons. These findings may be due to the positive effect
of sulphur, which is the constituent of a number of amino
acids that are essential for the growth and development
of plant tissues, consequently increasing plant height,
technical stem length and straw yields per plant and per
hectare, which define fiber biomass and hence fiber yield.
These findings are in agreement with those obtained by
Singh and Singh (2007), Patil et al. (2014), Bakry et al.
(2015), Minz et al. (2017) and Solo et al. (2021).

Statistical analysis showed highly significant differences
for fiber length, fiber percentage and fiber yield per hect-
are between the three flax genotypes. Data presented in
table 5 indicated that Giza 11 genotype gave the tallest
fiber length values followed by Sakha3, whilst Sakha 3
genotype recorded the greatest values of fiber percent-
age and fiber yield per hectare in both seasons, followed
by Giza 11 which ranked second in these traits. On the
other hand, the shortest fiber length, the lowest total fiber
percentage and fiber yield per hectare were obtained by

Table 5: Fiber percentage, length, yield and oil yield of flax as affected by sulphur (S) fertilizer levels and flax
cultivars as well as their interaction during 2020/2021 and 2021/2022 seasons

Characters Fiber length (cm) Fiber percentage (%) Fiber yield (kg/ha)

Treatments 2020/2021 2021/2022 | 2020/2021 2021/2022 2020/2021 2021/2022
Sulphur fertilizer levels:

0 kg S/ha (control) 60.5 64.6 16.1 16.2 409.8 443.1
25.0 kg S/ha 68.0 66.4 16.3 16.3 598.8 640.3
37.5kg S/ha 73.3 73.7 16.4 16.4 648.5 655.7
50.0 kg S/ha 80.1 83.3 16.6 16.6 788.1 886.2
62.5 kg S/ha 76.0 77.5 16.5 16.5 700.0 720.9

LSDat5% 11.2 7.7 NS NS 176.0 203.1

Flax cultivars:
Sakha 3 72.4 74.9 19.0 19.1 819.0 860.9
Sakha 5 61.1 62.2 13.6 13.4 303.3 3239
Giza 11 81.2 82.2 16.6 16.6 764.9 822.9
LSDat5% 7.7 5.7 0.7 0.8 77.2 84.5

Interaction:

Sakha 3 59.9 64.0 18.4 18.9 519.7 538.7
Okg St/r }(‘j‘)(con' Sakha 5 50.7 53.2 13.4 13.3 258.2 281.6
Giza 11 71.0 76.7 16.5 16.3 451.6 508.9
Sakha 3 71.2 68.2 18.9 19.1 768.3 818.9
25.0 kg S/ha Sakha 5 544 53.6 13.5 13.4 287.2 297.1
Giza 11 78.3 77.4 16.5 16.5 740.8 804.9
Sakha 3 74.4 76.2 19.0 19.1 846.3 831.6
37.5kg S/ha Sakha 5 62.7 64.7 13.7 13.5 316.2 3199
Giza 11 82.8 80.4 16.7 16.6 783.1 815.5
Sakha 3 81.3 86.6 19.3 19.4 1059.2 1176.9
50.0 kg S/ha Sakha 5 69.8 73.5 13.7 13.5 334.7 374.1
Giza 11 89.0 89.9 16.7 16.7 970.5 1107.7
Sakha 3 75.2 79.8 19.2 19.2 901.5 938.2
62.5 kg S/ha Sakha 5 67.9 66.3 13.7 13.5 320.1 346.8
Giza 11 85.0 86.4 16.7 16.7 878.5 877.6
LSD at5 % NS NS NS NS 172.6 188.9
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Sakha 5 genotype in both seasons. It is worthy to note
that the trend of fiber traits was similar to that of tech-
nical stem length, and although Giza 11 produced the
highest straw yield per plant and per hectare, it ranked
the second in fiber traits. These results may be due to
the fact that fiber genotypes generally exceeded dual and
oil types in fiber length, fiber fineness, fiber percentage
and fiber yield per hectare due to their genetic potential.
Also, the fiber type cultivars had higher fiber content in
later harvests compared with seed type cultivars. These
results are in accordance with those obtained by Singh
and Singh (2007), Baud and Lepiniec (2010), Patil et al.
(2014), Bakry et al. (2015), Minz et al. (2017) and Solo
et al. (2021).

With respect to the interaction effect between sulphur
fertilization levels and flax genotypes, the data in table
5 displayed a significant effect on fiber yield/ha in both
seasons. The maximum fiber yield/ha was obtained from
Sulphur fertilization level of 50.0 kg S/ha with Sakha 3
flax genotype and the lowest one was obtained by ap-
plying 0 kg S/ha (control) with Sakha 5 flax genotype,
respectively in both seasons of the study.

CONCLUSION

This study recommends using a sulphur fertilization rate
of 50 kg/ha with Giza 11 genotype for best straw yield/
ha, with Sakha 3 genotype for best fiber yield/ha and
with Sakha 5 genotype for best seed yield/ha under the
environmental conditions of Northern Delta of Egypt.
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