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ABSTRACT

A Field experiment was conducted Experimental
Station Etay El-Baroud in during two successive seasons
to study the effect of four irrigation rates on growth and
production of three flax genotypes (Sakha 6, Giza 11, and
Giza 12). Plant growth parameters, straw yield, fiber yield
and seed yield were measured and four surface irrigation
rates (40% of ET,, 60% of ETo, 80% of ET, and 100% of
ETo) were applied in clay soil. Results showed that the
irrigation treatment had a non-significant in plant height,
technical stem length, length of fruiting, number of
fruiting, number of capsules per plant, number of seeds in
capsules of flax in two seasons. Meanwhile length of the
fruiting zone, number of seed per plant, biological yield,
straw vyield, seed yield and fiber yield were significant
difference with irrigation rates. Water stress adversely
affected theses parameters. Flax cultivars differ in flax
plant growth and vyield component parameters. The
interaction between water stress and flax cultivars
revealed that Sakha 6 was the superiority tolerant flax
genotypes in comparison with Giza 11 and Giza 12. The
average applied irrigation water AIW throw two seasons
were 1018, 1526, 2035 and 2544 m3/fed for 40, 60, 80 and
100% ETo irrigation treatments, respectively. The
irrigation water productivity (IWP) was increasing with
decreasing applied irrigation water. The highest value in
IWP of straw yield was in Sakha 6 under 40 % ETo while
the lowest was Giza 12 under fully irrigated. The highest
value of seed IWP were in Giza 11 and Giza 12. It could be
recommended that planting of Giza 11 to obtain highest
seed yields and Giza 12 to obtain highest fiber yields and
save more water. The highest value of fiber IWP was in
Giza 12, only. It concluded that flax genotypes differed in
its growth and yield components under water stress
conditions.
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INTRODUCTION

Flax (Linum usitatissimum L.) is a winter crop, flax
is a prehistoric crop that used by ancient Egyptian to
make clothes, paper, fishnet, and healthy eating and
extract oil (Wu et al., 2008). Abd- EIMohsen et al.,
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(2013) found that flax is the second fiber crop after
cotton which is important in industry. Now there is
demand for natural fibers more than cotton so the area
for flax cultivation is increasing. Also flax seed has
health benefits where it is rich in alpha-linolenic acid
(ALA), which beneficial for heart diseases, breast and
prostate cancer, and other health problems (Chen et al.,
2006). The Ministry of Agriculture in Egypt aims to
increase the area of flax from 6000 feddan in 2021 to
10.000 feddan by 2025. This aim is to increase the
production of oil the flax is rich in oil reach to 40%
(Bakry et al., 2012) and to obtain high quality flax raw
materials to develop textile industry. This increase in
agriculture areas needs more water. However, there is a
shortage in water availability.

Drought becomes the most environmental stress that
adversely affects plant growth and production. Decrease
of water availability to flax crop reduces growth
parameters. Kariuki et al., (2016) found that subjecting
of flax to permanent wilting point decreased leave
growth, plant height and dry weight 20-40%. All growth
parameters declined when 30-80% of available water
was used. Also, Ceh et al., (2020); Abou Gabal and
Zaitoun (2015) reported that the environmental factors
such as high temperature and water shortage negatively
affected seed yield. Rashwan et al., (2020) concluded
that flax plants subjected to water stress at any growth
stages affect significantly on plant growth and
production. Under water stress chlorophyll content was
decreased, however, proline and enzymes activities
were increased (Rashwan et al., 2019). Flax cultivars
differ between each other in tolerant to water stress.
Rashwan et al., (2016) studied the effect of irrigation
intervals on the straw, seed, oil, fiber yields and quality
of flax cultivars. They concluded that the maximum
values for main stem diameter, oil yield plant and oil
percentage and straw yield per feddan was recorded in
Sakhal while Giza 10 recorded the maximum values for
plant height, total fiber percentage and fiber yield per
feddan under irrigation intervals 35 days. Leilah et al.,
(2010) studied the effect of skipping one irrigation at
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different growth stages stem elongation, apical
branching, flowering and seed filling on growth and
yield for six flax cultivars. Skip-irrigation at stem
elongation gave the highest values of stem length, stem
diameter and straw yield per feddan. Flax cultivars
differed significantly in their straw vyield. The
interaction between irrigation treatments and flax
cultivars differed significantly for number of
capsules/plants; number of seeds/plant and seed oil
content. The objectives of our research were to: 1- study
the effect of water stress/drought stress on flax fiber and
seed production for different three flax genotypes
(Sakha 6, Giza 11, and Giza 12) grown in clay soil. 2- to
increase water productivity to save more water. 3- to
find out the most tolerant flax genotypes to water stress.

MATERIALS AND METHODS

The field experiment was carried out at the
Experimental station agricultural farm of Etay El-Baroud
during two successive winter seasons (2019/2020 -
2020/2021) to study the effect of four irrigation rates on
three flax (Linum usitatissimum L.) varieties in clay soil.
The experiment design was split plots with three replicates.
The irrigation rates were (40, 60, 80 and 100% of ETo) laid
on main plots and flax varieties (Sakha 6, Giza 11, and
Giza 12) were distributed in the sub-main plots. Planting
and harvesting dates were at 11 November 15 April,
respectively for the two seasons. The planting was in rows
3 m long and distance between rows was 20 cm apart and
plot area 6 m? (Border strip). The seeding rate was (2000
seeds/m? — mainly 75 kg/fed). All agricultural practices
were applied according to the recommendations of the
Egyptian Ministry of agriculture and Land Reclamation for
flax crop in this area. Soil samples were collected from
experimental site to determine physical and chemical
analysis before planting. All results and characteristics of
analysis according to FAO (1970) and Page et al., (1982)
shown in (Table 1). The field capacity and permanent
wilting point were measured by pressure membrane
according to Israelsen and Hansen (1962). The average
field capacity and permanent wilting point were 36% and
17.4%, respectively. The bulk density was 1.05 gm/cm?.

Monthly means of some meteorological data during the
period of growing seasons were collected from
meteorological station at Etay El-Baroud Agricultural
Research Station and wused to calculate reference
evapotranspiration (ET,) values according to Allen et al.,
(1998) (Table 2).

Calculation of Applied irrigation water (AIW)

The amount of applied irrigation water was measured
by a flow meter and was calculated according to Vermeiren
etal., (1984) as follows:

AW ETe
" En

ETc = ETo =Kr

Where, AIW is applied irrigation water (mm day?),
ETc is crop evapotranspiration, ET, is a reference
evapotranspiration, Kc is the crop coefficient and E, is
irrigation  efficiency (60% for surface irrigation).
Calculating of the amounts of applied water in both
seasons with irrigation rates were presented in table (3).

Irrigation water productivity (IWP)

The irrigation water productivity (IWP, kg/m®) was
calculated according to Jensen (1983) as follows:

we =2
AW
Where, Y, is the seed yield of various treatments (kg
hat), and AW is seasonal applied water (m3ha?).

Yield and yield component of flax:

After harvesting, the following characters were
recorded on a random sample of ten plants from each plot:

Plant height

Technical stem of flax plant

The length of the fruiting zone

The number of capsules per plant

The number of seeds per plant

The number of seeds per plant

Weight of the whole plant or biological crop (kg/plot)
Weight of seeds per plot (kg/border)

Fiber weight

Statistical analyses

The data were analyzed by statistical analysis of
variance according to method described by Snedecor and
Cochran (1982). Bartlet’s equation was applied and the
combined analysis of the two seasons was done according
to the method Gomez and Gomez (1984) using GenStat 18
(Payne et al., 2017). Statistical analysis was done by
ANOVA and LSD at 5% probability.

RESULTS AND DISCUSSION

Table (4) showed mean values of flax growth
parameters in two successive winter growing seasons as
related to applied water and flax genotypes. There was no
significant difference between irrigation rates in two
seasons and different flax growth parameters with the
except it was a low significant in the length of fruiting zone
at the season 2020/2021. The same result for plant length
was observed by Kariuki et al., (2016). There was a
significant difference between flax genotypes in plant
length, Technical stem, length of fruiting and number of
fruiting in two seasons where Sakha 6 gave the highest
values for those parameters in two seasons.

CoNOTMON P



Ibrahim M. Sallam et al.: The Effect of Water Stress on Seeds Production and Fiber Yield of Flax Crop Grown in Clay Soil 59

Table 1. Physical and chemical properties of the soil at the study site before planting.

Chemical analysis
Depth Physical parameters - I ¥ -
(cm) EC Cations Anions
Textural K* Na* Ca?* Mg?* CcO HCO Cl SO
Sand g0y Gl _Texural o opH o e g s 3 ,
(%) (%) Class meq I
0-30 7.09 32.50 60.42 Clay 8.12 1.93 1.56 8.17 6.12 3.54 - 0.85 10.11 8.43
30-60 10.7 32.10 57.20 Clay 8.47 2.35 1.1 12.1 6.3 4.1 - 9.8 11.8 2.6

Table 2. Mean of monthly values for some meteorological data and ET, for the area under investigation during first and second growing seasons.
Wind Wind

Minimum  Maximum  Relative Speed Total ETo Maximum  Minimum Relative ced Total ETo
Month Temp. Humidity rainfall (mm Temp. Humidity rainfall (mm

Temp.(°C)  (°C) 60)  (ms)  (mm) ol Temp.(C)  (C) 060 (msh)  (mm) G

2019/2020 2020/2021

November 15.27 28.60 58.07 3.30 0.10 4.37 14.63 24.97 64.57 3.65 18.40 3.77
December 10.53 21.51 65.22 3.68 16.60 3.06 11.14 23.03 63.80 3.12 1.10 3.01
January 8.16 18.30 70.15 3.72 26.60 2.55 9.21 21.80 63.98 3.38 4.60 3.03
February 8.46 20.68 67.65 3.73 20.80 3.24 9.11 22.25 64.93 3.56 27.50 3.57
March 9.94 24.58 62.49 4,79 62.20 4.83 9.97 23.45 63.22 4.43 70.9 4,50
April 12.35 27.18 60.62 4.39 8.90 5.67 11.63 29.74 53.96 4.26 0.40 6.36

Total 135.20 122.90
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Table 3. Applied Irrigation Water and irrigation rates for two successive seasons.

SEASON 1
SN stages days ET° AIW, 100% 80% 60% 40%
mm mm AIW, m¥ffed AIW, m3/fed AIW, m¥fed AIW, md/fed
1 Initial 25 9484  158.07 663.88 531.10 398.33 265.55
2 Develop 35 9945  165.75 696.15 556.92 417.69 278.46
3 Mid 50 15891  264.85 1112.37 889.90 667.42 444.95
4 Late 36 14259  237.65 998.13 798.50 598.88 319.40
Total 146 49579  826.32 347053 2776.42 2082.32 1308.36
SEASON 2
N st 4 ETo, AIW, 100% 80% 60% 40%
stages  days mm  AIW, m¥fed AIW, mifed AIW, m¥fed AIW, mfed
1 Initial 25 9045  158.07 663.88 531.10 398.33 265.55
2  Develop 35 10553 16575 696.15 556.92 417.69 278.46
3 Mid 50  166.62  264.85 1112.37 889.90 667.42 444.95
4 Late 46 17130  237.65 998.13 798.50 598.88 399.25
Total 156  533.90  826.32 347053 2776.42 2082.32 1388.21

Table 4. Means of Flax growth parameters in two growing seasons as affected by irrigation amounts and flax
varieties.

Treatment Plant Height (cm) Technical Stem (cm) frtz_i'firr]%trzloorret?:m) '\]!:FJS:S?‘; 21;;(129
S1 S2 Mean S1 S2 Mean S1 S2 Mean S1 S2 Mean
I1 119.5* 119.5* 1195 16.5* 16.5° 16,5 16.5% 16.9% 16.7 6.42 6.62 6.5
I2 119.6* 120.0* 119.8 18.2* 18.28 18.2 18.22 18.2*% 182 6.3? 6.2% 6.25
I3 120.08 120.7* 120.35 17.7* 17.78 17.7 17.7% 15.6* 16.65 6.2°2 6.22 6.2
I4 119.08 119.3* 119.15 18.0* 18.0% 18.0 18.0% 17.3%® 17.65 6.5° 6.3 6.4
Mean 119.53 119.88 119.70 17.60 1760 17.60 17.60 17.00 17.30 6.35 6.33 6.34
LSD 3.55
V1 120.8° 120.9° 120.85 108.2° 106.3° 107.25 18.392 14.66% 16.53 6.59° 6.482"° 6.538
V2 118.22@ 119.12 118.65 99.82 1002 99.9 16.842 18.62° 17.73 6.65° 6.512° 6.581
V3 119.7° 119.7% 1197 102.6% 102.1® 10235 1752 17.69° 17.60 5.83% 6.0312 5.931
Mean 119.57 119.90 119.73 103.53 102.80 103.17 1758 16.99 17.28 6.36 6.34 6.35
LSD 15 1.6 4.45 3.46 6.29 2.55 0.41 0.24
Vi1 1211 120.5 120.80 105.2 103.0 104.10 15.75 17.75 16.75 6.9 6.93 6.92
I1 V2 117.6 119.0 118.3 95.0 97.8 96.4 1538 1550 1544 6.53 6.55 6.54
V3 118.8 119.5 119.15 1024 102.0 102.20 18.25 1750 17.88 5.83 6.38 6.11
Vi1 120.9 121.0 120.95 1015 102.1 101.80 22.00 18.87 20.44 6.28 6.25 6.27
I, V2 117.6 119.0 118.30 106.0 102.8 104.40 15.12 17.00 16.06 6.65 6.45 6.55
V3 1204 120.0 120.20 102.1 101.2 101.65 17.38 18.75 18.07 5.98 5,85 5.92
Vi1 121.0 1225 121.75 121.0 1146 117.80 20.55 8.00 14.28 6.43 6.41 6.42
I3 V2 1175 1195 1185 99.9 100 99.95 17.12 22.00 1956 6.50 6.55 6.53
V3 120.0 120.2 120.10 1049 103.0 103.95 15.38 16.75 16.07 5.73 5.78 5.76
Vi1 120.0 1195 119.75 105.1 1055 105.30 15.25 14.00 14.63 6.78 6.35 6.57
s V2 1175 1195 118.50 98.1 995 9880 19.75 20.00 19.88 6.93 6.5 6.72
V3 1195 119.0 11925 101.0 102.0 10150 19.00 17.75 18.38 5.80 6.13 5.97
Mean 119.6 119.9 119.71 1035 102,79 103.15 1758 16.99 17.28 6.36 6.34 6.35
LSD 3.12 2.86 6.15 4.42 2.81 4,01 0.92 0.61

11 =40% ETo, I2=60% ETo, Is=80% ETo and l4+= 100% ETo, V1 = Sakha 6 , V2= Giza 11 and V3= Giza 12
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The interactions between water rates and flax genotypes
showed that the water levels 80% ET, in Sakha 6
obtained the highest values (121.75 cm. 117.8 cm) for
plant height and technical stem length respectively,
while Giza 11 gave the lowest values (118.3 cm, 96.4
cm). Nematallahi and Saeidi (2011) found that flax
genotypes differ in their response to water and
environmental stress. Some genotypes were drought
tolerant and others were sensitive.

Table (5) displayed the means of number of capsules
per plant, number of seeds in capsules and number of
seed per plant. There was non-significant difference
between irrigation treatments and those parameters in
both seasons except number of seed per plant. The
highest numbers of seeds in 80% ET, were 70.72 and
72.5 in two seasons respectively. Where the lowest
values in 40% ET, was 57.94 and 57.3 in two seasons
respectively. Reduction of irrigation rate from 80% ET,
to 40% ET, decreased number of seeds per plant. Sadak

and Bakry (2020) showed that water stress decease flax
seed/plant through adversely affect metabolism activity
in plant, growth parameters and yield components.

Also, there were non-significant difference between
flax varieties except in number of capsules per plant in
season 2 and number of seeds per capsules in season 1.
Statistical results showed that Sakha 6 gave the highest
values for both characters. These results are in
agreement with those obtained by EI-Borhamy et al.,
(2022). The interaction between irrigation rates and flax
varieties revealed that at water levels 80 % ET, and
Sakha 6 gave the highest value (15.94 number of
capsules/plant, 5.92 number of seed/plant and 75.6
number of seeds/plant) whereas water levels 40 % ET,
Giza 11 gave the lowest values (11.5 number of
capsules/plant, 4.35 number of seed/plant and 54.3
number of seeds/plant). Sakha 6 at 40 % ET, water
levels is the superiority genotypes in comparison with
Giza 11 and Giza 12.

Table 5. The effect of irrigation rates and varieties on number of capsules, number of seeds in capsules and

number of seed per plant for Flax crop in two seasons

Number of Capsules/plant

Number of Seeds in Capsules

Number of Seeds / Plant

Treatment

S1 S2 Mean S1 S2 Mean S1 S2 Mean

I1 13.28 12.18 12.65 4.652 4.652 4.65 57.94°¢ 57.3@ 57.62

P 14.3% 14.02 14.15 47924 47924 4.792 62.58 % 58.78%» 60.68

I3 14.78 14.02 14.35 5.1672 5.1672 5.17 70.72°¢ 725¢ 71.61

4 13.3¢ 12.78 13.00 5.0672 5.0672 5.07 65.44 % 65.39 be 65.42

Mean 13.88 13.20 13.54 4,92 4.92 4.92 64.17 63.49 63.83

LSD 3.4 1.93 0.73 0.72 9 9

Vi 14.96 @ 13.7° 14.33 5.05 4913% 49815 65.992 65.29% 65.64

V2 13592 1341° 1350 4562 4.656 2 4.609 62.052 61.49¢% 61.77

V3 13.1¢@ 12462 12.78 5.144" 49942 5.069 64.47 @ 63.72 64.09

Mean 13.88 13.19 13.54 4.92 4.85 4.89 64.17 63.49 63.83
LSD 2.47 0.91 0.58 0.44 6.0 6.0

V1 12.45 11.9 12.18 4.65 4.6 4.63 55.4 55 55.20

Iy V2 11.33 11.67 11.50 4.25 4.45 4.35 54.7 54.3 54.50

V3 13.25 13.17 13.21 5.45 5.1 5.28 61 57.82 59.41

V1 16.15 14.97 15.56 455 4.65 4.60 64.2 60.9 62.55

I V2 155 15.37 15.44 4.38 45 4.44 62.6 57.62 60.11

V3 13.93 11.3 12.62 5.05 4.75 4.90 63.7 62.6 63.15

V1 17.07 14.8 15.94 6 5.83 5.92 74.7 76.5 75.60

I3 V2 13.73 13.57 13.65 4.43 473 4.58 67.9 70.5 69.20

V3 13.18 135 13.34 5.08 5.28 5.18 69.6 70.5 70.05

V1 14.15 13.12 13.64 5 4.58 4.79 69.7 68.75 69.23

4 V2 12.88 12.52 12.70 5.2 4.95 5.08 63 63.55 63.28

V3 13.97 13.37 13.67 5 4.85 4.93 63.6 63.87 63.74

Mean 13.96 13.27 13.62 4.92 4.86 4.89 64.18 63.49 63.83
LSD 4.79 2.46 1.04 1.0 24.22 21.8

11 =40% ETo, I2=60% ETo, Is= 80% ETo and ls+= 100% ETo, V1 = Sakha 6, V2= Giza 11 and V3= Giza 12
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Result given in table (6) showed that there was a
significant difference between all irrigation treatments
and biological, straw yields except season two. The
highest biological and straw yields were 1951.25 and
1616 kg/feddan, respectively at 60% ETo whereas the
lowest values were 1298.15 and 1020.6 Kg/feddan at
40% ETo. The reduction in biological and straw yields
could be due to plant responses to water deficit. While
water deficit affects directly on plant photosynthesis
then plant dry matter production. The same results of
reduction in both straw and biological yield of flax with
reduction in irrigation were found by Rashwan et al.
(2016). Table (6) also, found that there was non-
significant between all flax genotypes in biological and
straw yields. The interaction between irrigation rates
and flax varieties showed that the highest value for the
biological yield was 2310 Kg/fed in season two for
Sakha 6 and the highest straw yield was 1977.5 Kg/fed
also in Sakha 6 in the second season under irrigation
rates 100% ET, Whereas the lowest for the biological

yield was 1120 Kg/feddan in season two for Giza 12
and the lowest straw yield was 822.5 Kg/feddan also in
Giza 12 in the second season under irrigation rates 40%
ETo. As we discussed above the water stress decreased
flax yield components. At water level 40% ET, Sakha 6
was the superiority tolerant flax genotypes in
comparison with Giza 11 and Giza 12. The means of
biological and straw yield were 1391.3 Kg/Fed and
1181.3 Kg/Fed respectively. Flax genotypes differ in
their response to water stress due to genetic factors are
in agreement with results obtained El-Borhamy et al.
(2017) and Torky (2020).

Table (7) presented the effect of different in the
effect of irrigation rates on flax seed and fiber yields.
There were also a significant difference between
irrigation rates in two seasons on seed and fiber yields
except seed yield in season 2. There was a decrease in
both weights with decreasing water levels until 80 %
ET..

Table 6. The effect of irrigation rates and varieties in biological, straw and seeds yield of Flax crop in two

seasons.
Treat Biological yield (kg/fed) Straw yield (kg/fed)
' S1 S2 Mean S1 S2 Mean
Ih 1324.4 2 1271.9° 1298.15 1020.6 @ 102062 1020.6
I2 1913.1° 1989.4 P 1951.25 1534.4° 1697.5° 1616.0
I3 1764.7 ° 1913.1° 1838.9 12719 1656.9 1464.4
I4 15925 @ 1971.9° 1782.2 1114.4 @ 1738.1° 1426.3
Mean 1648.675 1786.575 1717.625 1235.325 1528.275 1381.8
LSD 346.5 267.4 385 273
V1 167092 1894.2 2 1782.55 131252 1614.22 1463.4
V2 1701.7 @ 1759.1 2 1730.4 12252 154422 1384.6
V3 157292 1706.6 @ 1639.75 1168.3 2 1426.6 2 1297.45
Mean 1648.5 1786.6333 1717.5667 1235.2667 1528.3333 1381.8
LSD 263.2 303.1 350 336
V1 13825 1400.0 1391.3 1120.0 1207.5 1163.8
Iy V2 13475 1295.0 1321.3 980.0 1032.5 1006.3
V3 12425 1120.0 1181.3 962.5 822.5 892.5
V1 1750.0 1750.0 1750.0 1697.5 1435.0 1566.3
P V2 20475 2082.5 2065.0 14175 1785.0 1601.3
V3 19425 2135.0 2038.8 1487.5 18725 1680.0
V1 1767.5 2117.5 1942.5 1120.0 1837.5 1478.8
I3 V2 1837.5 1890.0 1863.8 14525 1645.0 1548.8
V3 1688.4 1732.5 1710.5 12425 1487.5 1365.0
V1 1785.0 2310.0 2047.5 1312.5 19775 1645.0
. V2 1575.0 1767.5 1671.3 1050.0 1715.0 1382.5
V3 1417.5 1837.5 1627.5 980.0 1522.5 1251.3
Mean 1648.6 1786.5 17175 1235.2 1528.3 532.0
LSD 534.8 454.8 581 483

11 =40% ETo, I2=60% ETo, Is=80% ETo and .= 100% ETo, V1 = Sakha 6, V2 = Giza 11 and V3= Giza 12
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Table 7. The effect of irrigation rates and varieties in seeds and fiber yields of Flax crop in two seasons.

63

Seeds yield (kg/fed)

Fiber yield (kg/fed)

Treat, S1 2 Mean s1 52 Mean

I 303.3° 250.8 ¢ 277.05 345.90° 334.50° 340.20

I, 460.8" 297.5 2 379.15 377.70¢ 358.50 368.10

I3 551.3°¢ 280.0 ? 415.65 426.80° 432.80° 429.80

ls 466.7 ¢ 303.3° 385 412.90° 428.50° 420.70

Mean 445 52 282.9 364.21 390.83 389.70 390.26
LSD 89.6 68.6 10.45 14.84

Vi 4332° 280.0 2 356.6 364.70° 365.10° 364.90

V2 49442 266.8 2 380.6 390.60° 397.70° 394.15

V3 409.1 301.8° 355.45 417.20° 402.90° 410.05

Mean 44557 282.87 364.22 390.83 388.57 389.70
LSD 1456 74.9 6.25 13.01

Vi 262.5 1925 2275 311.50 304.50 308.00

L V2 367.5 262.5 315.0 361.20 341.20 351.20

V3 280.0 2975 288.8 364.90 357.90 361.40

Vi 385.0 315.0 350.0 366.60 343.00 354.80

L, V2 525.0 2975 411.3 378.00 364.90 371.45

V3 4725 280.0 376.3 388.50 367.50 378.00

Vi 647.5 280.0 463.8 409.00 408.60 408.80

ls V2 560.0 245.0 402.5 414.40 444,50 429.45

V3 446.3 315.0 380.7 457.10 445.40 451.25

Vi 4375 3325 385.0 371.50 404.20 387.85

L V2 525.0 262.5 393.8 408.80 440.10 424.45

V3 4375 315.0 376.3 458.50 441.00 449.75

Mean 4455 282.9 150.1 390.83 388.57 389.70
LSD 184.6 1155 14.35 18.89

11 =40% ETo,, 12 =60% ETo, 1= 80% EToand ls= 100% ETo, V1 = Sakha 6, V2 = Giza 11 and V3= Giza 12

The lowest value in seed and fiber weights were
observed in irrigation rates 40 % ET, were 277.05
Kg/fed and 340.20 Kg/fed for the two seasons
respectively. Also, we noticed that there was non-
significant between irrigation rates 80 % EToand 100 %
ETo except in seed and fiber weights in the first season.
For flax genotypes there was non-significant in seed
weights in the two seasons but for fiber weights there
was a significant difference in the first season for three
genotypes while in the second season there was a
significant different between Sakha 6 with Giza 11 and
Gizal2. Giza 12 gave the highest fiber weights 417.2
Kg/fed and 402.9 Kg/fed for successive seasons.

Total applied irrigation water (AIW):

The data depicted in Table (8) that showed the
applied irrigation water (AIW) through four plant stages
under water applied rates to flax crop in two successive
growing winter seasons. The applied irrigation water
increased plant growth until maturity, then start
decreasing as plant physiological characters. The total
applied irrigation water was 979.9, 1469.9, 1959.8 and
2449.8 m3/fed in the first season, and 1055.2, 1582.9,

2110.5 and 2638.1 m3/fed in the second one under 11,
12, 13 and 14 water treatments, respectively. These
results were in agreement with Bakry et al. (2019).

Irrigation Water Productivity (IWP):

The data in total (9) represented the effect of
irrigation rates and varieties on irrigation water
productivity (IWP) of straw, seeds and fiber yields of
flax crop. The results clearly indicated that WP
increased with decreasing quantities of water under clay
soil under border strip irrigation method. For the IWP
straw yield the highest values were 1.14 kg/m?® for
Sakha 6 under high stress water 40% ET,, meanwhile
the lowest values were 0.40, 0.58 kg/m*® AIW for Giza
11 and Giza 12 under Full Irrigation 100% ET,.
Regarded to IWP seeds yield the highest values were
0.38 and 0.28 kg/m?® for Giza 11 and Giza 12 with low
Irrigation applied. These results were in agreement with
El-Borhamy et al. (2022). The lowest IWP were with
full Irrigation it was 0.18 and 0.10 kg/m3 under Giza 12
and Giza 11 with full irrigation treatment (100% of
ETo).
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Table 8. Applied irrigation water in two seasons for Fax crop.

AIW of all stages

Seasons treatments Initial Develop Mid Late Total

mm mi¥fed mm m¥fed mm md¥fed mm mifed mm mé/fed

11 446 1875 46.8 196.6 74.8 314.1 67.1 281.8 2333 9799

s1 12 66.9 2812 70.2 29438 112.2 471.1 100.7 4227 350.0 1469.9

13 89.3 3749 936 393.1 149.6 628.2 1342 563.6 466.6 1959.8

14 111.6 468.6 117.0 4914 187.0 785.2 1678 704.6 583.3 2449.8

11 426 1788 49.7 208.6 78.4 329.3 80.6 338.6 251.2 1055.2

$2 12 63.8 2682 745 3129 117.6 4940 1209 5079 376.9 15829

13 85.1 3575 993 417.2 156.8 658.6 161.2 677.1 5025 21105

14 106.4 446.9 1242 5214 196.0 823.3 2015 8464 628.1 2638.1

11 =40% ETo, I2=60% ETo, Is= 80% ETo and l+= 100% ETo

Table 9. The effect of irrigation treatments and Flax crop varieties on irrigation water productivity (IWP).

IWP, straw yield IWP, Seeds yield IWP, Fiber yield
Treat. Varieties (kg/m?) (kg/m?) (kg/md)
S1 S2 Mean Sl S2 Mean Sl S2 Mean
V1 114 114 1.14 0.27 0.18 0.23 0.32 0.29 0.30
I V2 1.00 0.98 0.99 0.38 0.25 0.31 0.37 0.32 0.35
V3 098 0.78 0.88 0.29 0.28 0.28 0.37 0.34 0.36
Mean 1.04 097 1.00 0.31 0.24 0.27 0.35 0.32 0.33
V1 115 091 1.03 0.26 0.20 0.23 0.25 0.22 0.23
I, V2 096 113 1.05 0.36 0.19 0.27 0.26 0.23 0.24
V3 1.01 118 1.10 0.32 0.18 0.25 0.26 0.23 0.25
Mean 1.04 107 1.06 0.31 0.19 0.25 0.26 0.23 0.24
V1 057 087 0.72 0.33 0.13 0.23 0.21 0.19 0.20
Is V2 074 0.78 0.76 0.29 0.12 0.20 0.21 0.21 0.21
V3 0.63 0.70 0.67 0.23 0.15 0.19 0.23 0.21 0.22
Mean 065 0.78 0.72 0.28 0.13 0.21 0.22 0.21 0.21
V1 054 0.75 0.64 0.18 0.13 0.15 0.15 0.15 0.15
ls V2 043 0.65 0.54 0.21 0.10 0.16 0.17 0.17 0.17
V3 040 0.58 0.49 0.18 0.12 0.15 0.19 0.17 0.18
Mean 0.45 0.66 0.56 0.19 0.11 0.15 0.17 0.17 0.17

11 =40% ETo, I2=60% ETo, Is=80% ETo and 4= 100% ETo, V1 = Sakha 6 , V2= Giza 11 and V3= Giza 12

Whereas the highest IWP fiber yield was 0.37 and 0.34
kg/m® AIW for Giza 12 in the first and second seasons,
respectively. While the lowest AIW value was 0.15
kg/m® in Sakha 6 and full Irrigation. These results are
matching with findings of Jat et al., (2018) and Bakry et
al. (2019).

CONCLUSION

Deficit irrigation is adversely affecting some flax
growth and vyield parameters. Irrigation water
productivity (IWP) revealed that Giza 11 and Giza 12
recorded the highest value for fiber yield and Giza 12
for seed production under stressed conditions. Flax
genotypes/ cultivars differ in drought tolerant where

Sakha 6 was the superior one. It could be concluded that
Giza 11 is the recommended genotype for seed
production and Giza 12 is the recommended genotype
for fiber production besides saving more water.
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