Euphrates Journal of Agriculture Science-12 (2):248-264, (2020 AL-izawee at el.

Effect of two types of sprayers nozzles on the yield traits and its components for
cultivars of flax and evaluating the fixed spraying irrigation systems

IMohammed R. M. AL-izawee 2Mohammed I. Mohammed  3Hussain T. Tahir
13Kirkuk University, College of Agriculture
2Kirkuk University, College of Al-Hawije Agriculture
Mohammedalizaweel@gmail.com moibmo78@gmail.com Hussein.tahir2@gmail.com
ABSTRACT

A field experiment was conducted at the Daquq Research Station located 40 km south of Kirkuk at
longitude 28-44 ° east and latitude 8-35 ° north for the 2019 winter season, starting from 11/15/2019 to
5/15/2020. The study included two factors: the first was two types of sprayer nozzles (Canadian and
Turkish) and the second factor was seven cultivars of flax. The experiment was applied using The
Randomized Complete Block Design (RCBD) according to the split-plot system, with three replicates.
The main plots included two types of sprayers nozzles, while the subplots included seven cultivars of
flax. The experiment aimed to test and evaluate the fixed spraying irrigation system for the two types of
sprayers nozzles and to determine the best combination of the sprayer nozzles and the type of cultivar
with study the response of flax cultivars to the conditions of Kirkuk province. The results showed that
the Canadian sprayer nozzle has excelled over the Turkish sprayer nozzle in the studied traits related to
the evaluation of the fixed spray irrigation system. The Canadian sprayer nozzle has excelled to that of
the Turkish sprayer nozzle in influencing the traits related to the flax yield. Sakha 4 cultivar has
excelled in most of the characteristics, including the yield and its components due to the suitability of
the environmental conditions of the Kirkuk provinces to this cultivar. The results were as following:

The Canadian sprayer nozzle has excelled in the traits of distribution uniformity for the lower quarter,
the efficiency of adding water, the overall efficiency of the system, and the uniformity coefficient of
water distribution which gave averages amounted to (62.43%, 73.00%, 56.24%, and 77.40%),
respectively. The Sakha 4 cultivar has excelled in most of the traits, including the number of secondary
branches per plant, the number of capsules per plant, the seeds yield per plant, and the biological yield
of the plant which gave averages amounted to (13.31 branch.plant, 53.95 Capsule.plant?, 3.30g, and
11.30g), respectively. the superiority of the Syria/Erbil cultivar in the traits of plant height and the
weight of 1000 seeds by giving averages amounted to (80.26 cm and 11.13 g), respectively. The
Syria/Anbar cultivar also excelled in the trait of the number of seeds per capsule by giving an average
amounted to (9.10 Seed.capsule™?), the Giza-10 cultivar has excelled in the trait of harvest index per the
plant by giving an average amounted to (40.48%).

Keywords: sprayers nozzles, the efficiency of water addition, the uniformity coefficient, flax,
cultivars.
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1. INTRODUCTION the possibility of increasing agricultural
production when using spraying irrigation
systems because they are characterized by high
efficiency and homogeneity for water
distribution in addition to their different
pressures for operation and economy in
supplying water, and they are characterized by
little water losses unlike other traditional
irrigation  systems. Cultivation of suitable
cultivars is considered one of the important

The spraying irrigation system is considered
one of the modern irrigation systems that has an
effective role in increasing production due to its
high effectiveness in increasing the efficiency
of water distribution and saving the amount of
water added to the unit area compared to the
traditional method of surface irrigation where
spraying irrigation is known as the irrigation

method in which water is pumped into a
network of the pipes of different diameters end
with fixed holes or rotating sprayer from which
water flows into the air in the form of drops that
fall on the ground resembling rain (1). Zhang et
al., (21) observed that the productivity of the
crop and the efficiency of the water addition are
more efficient than the traditional surface
irrigation system in wheat fields, such as the
trait of plant height, area of flag leaf, length of
spike, number of grains per spike, weight of
1000 seeds, number of spikes and grain yield.
Mahdi and Hussein (10) explained that there is

factors for obtaining high productivity of plants
from the required economic yield (oil or fiber),
so the cultivar alone is considered insufficient
to give high productivity to achieve this. The
necessary improvements must be introduced in
agricultural ~ technology, which is the
application of necessary agricultural processes
such as crop service operations and pest
control, the agricultural and weeds associated
with the crop and the use of modern methods of
irrigation, such as irrigation by constant
spraying and irrigation by axial spraying to
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stimulate the plant to show its genetic and
physiological capacity so that the cultivar
expresses itself in its agricultural environment
(18), in agreement with many researchers who
showed there is a possibility to increase the
yield traits and components of flax cultivars
when preparing the appropriate conditions for
plant growth, including (7, 14, 16, 20, 6, 17).

2. MATERIALS AND METHODS

A factorial experiment was conducted at the
Daquq Research Station located 40 km south of
Kirkuk at longitude 28-44° east and latitude 8-
35° north for the 2019 winter season, starting
from 11/15/2019 to 5/15/2020. The study
included two factors: the first was two types of
sprayer nozzles (Canadian and Turkish) and the
second factor was seven cultivars of flax. The
experiment was applied using The Randomized
Complete Block Design (RCBD) according to
the split-plot system, with three replicates. The
main plots included two types of sprayers
nozzles, while the subplots included seven
cultivars of flax. The chemical fertilizer was
added in the recommended quantities at an
average of (90 kg N.hal) in two batches, the
first was at planting and the second was after
one and a half months from the first batch with
an average of (120 kg P.hat) (9).

2.1 The used fixed spraying irrigation
system and its specifications.

1- A centrifugal pump with a drainage of
(400 mi.h?1) connected to a fuel-
powered engine (kerosene) with a
horsepower (60 horsepower) and a
number of cycles (1800 rpm).

2- The suction tube for the pump is with a
diameter of (12.7) cm, the pumping tube
for the pump is with a diameter of

(12.7) cm.
3- Main and auxiliary pipes with a
diameter of (127 - 6.35 cm),
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respectively, m and a length of (6) for
one pipe.

4- Main locks are installing on the
mainline with a diameter of (12.7 cm)
and a diameter of (6.35) for the side of
the branch pipe (3 number) to control
the opening and closing of the branch
pipes of the system.

5- Two types of sprayers nozzles are of
Canadian and Turkish origin, with a
number of (18 sprayers) for each type
that has two holes with drainage for the
first type at a pressure of (2 bar 1.32
m3.h1), and for the second type at a
pressure of (2 bars 1.20 m3.h?) with a
spraying diameter for the first type at a
pressure of (2 bar 15.24 m) and for the
second type at pressure (2 bars 16.60
m), the diameter of the large hole for the
first type is (4.4 mm), the small hole is
(2.4 mm), and for the second type, the
large hole is (3.8 mm) and the small
hole is (2.3 mm), and the height of the
holder of sprayer nozzle is (100 cm)
with a diameter of (3 cm).

2.2 Installing a fixed spraying irrigation
system.

The fixed spraying irrigation system consists of
three lines that connect vertically with the
mainline, the distance between the lines is (12
m) with a rate of (12 sprayers per line) divided
into two types (6) sprayers nozzles for the
Canadian type and (6) sprayers nozzles for the
Turkish type, the distance between the sprayers
nozzles is (12 m), leaving a distance of (12 m)
for the beginning of each type, and with three
replicates, so that the arrangement of the
sprayers nozzles is square in shape with
dimensions of (12 x 12 m?) as shown in Figure

).
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Figure 1: Designing the experiment in the field for a fixed Spraying Irrigation System.

The Studied traits.

1- fixed Spraying Irrigation System.
1-1- The distribution uniformity for the
lower quarter (Du).

The measurement is done using the following
equation (3).

Du (1/4) = (2£) x 100

Dac

where:

Du (1/4) = distribution uniformity for the
lowest quartile (%).

Dac = mean water depths accumulated in cans
(mm).

Dig = mean water depths accumulated in cans
with lowest drained for a quarter of 25 cans
(mm).

1-2- Efficiency of Water Addition (Ea).

The measurement is done using the following
equation (10).

Ea= (g) x 100

Da is calculated by applying the following
equation

_ (g xTax100)

T (SixSm x60) x 1000

Da

where:
Ea = efficiency of water addition (%).

Ds = mean depth of water stored within the area
(mm)

Da = mean absolute water depth (mm),

q = sprayer drainage (L.h™).

Ta = addition time (h).

Si = distance between sprayer (m).

Sm = the distance between the lines (m).
1-3-overall system efficiency (Oe).

The measurement is done using Equation (8).
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UC xEa
100

OE =

where:

OE = overall system efficiency (%).
UC = uniformity coefficient (%).
Ea = water addition efficiency (%).

1-4- Uniformity coefficient of water
distribution (UC).

The uniformity coefficient is measured by
collecting a certain volume of water falling
from the sprayer at fixed distances and a certain
system (11).

uc:(1— W) x 100
where;

UC = uniformity coefficient of water
distribution (%).

xi = depth of water added for a single reading.
X = average depth of added water.

n = number of reads.

Traits of flax

Plant height (cm):

The average plant height was measured by a
manual measuring machine (metal tape
measure) from the soil surface to the top of the
plant after appearing signs of maturity and
before the harvest phase and for ten plants
randomly from the guarded midlines of the
experimental unit.

The number of secondary branches
(branch.plant?):

The average number of secondary branches per
plant was measured after appearing signs of
maturity and before the harvest phase for ten
plants randomly taken from one of the guarded
midlines of the experimental unit.

Number of capsules per plant (capsule.plant
The average number of capsules per plant was

measured for ten plants taken from the guarded
midlines randomly for the experimental unit.

Number of seeds per capsule (seed.capsule™):

The average number of seeds per capsule was
measured by taking 20 capsules randomly for
ten plants taken from the guarded midlines of
the experimental unit.

The weight of 1000 seed (9):

the average weight of 250 seeds was measured
randomly from the experimental unit and
multiply the result by the number 4.

Seed yield in plant (gm):

The average seed yield per plant was measured
for ten plants randomly taken from the guarded
midlines of the experimental unit.

Biological yield in Plant (g):

The average biological yield of plants for the
rootstock of ten plants was measured randomly
before the harvest phase from one of the
guarded midlines of the experimental unit.

Harvest Index in plants (%0):

It was measured according to the following
equation:

Seed yield in plant

Harvest Index (%) =
100

Biological yield in Plant

3. RESULTS AND DISCUSSION

The effect of spraying irrigation system with
two types of sprayers nozzles (Canadian CA
and Turkish TU) on some traits related to
system.

1- the distribution uniformity for the
lowest quarter
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Table (1) shows when conducting the T-Test
for a comparison between the Canadian and
Turkish  sprayers nozzles, a significant
superiority of the Canadian sprayer nozzle on
the Turkish sprayer nozzle which gave averages
amounted to (62,432 and 53.491%),
respectively. The reason is that the
homogeneous square-shaped area leads to
homogeneity of the interaction of the irrigation
water coming out of the sprayer, leading to an
increase in the distribution uniformity for the
lowest quarter. This result agrees with (3).

2- Efficiency of water addition

Table (1) shows when conducting the T-Test
for a comparison between the Canadian and
Turkish sprayers nozzles that the Canadian
sprayer nozzle has excelled over the Turkish
sprayer nozzle which gave an average
amounted to (73 and 70.454%), respectively. It
is observed that the efficiency of adding water
is considered one of the most important factors
affecting the growth of plants and it is
considered one of the factors affecting the
optimal growth of the plant and increasing the
yield (12).

3- The overall efficiency of the system

Table (1) shows when conducting the T-Test
for a comparison between the Canadian and

Turkish sprayers nozzles that there is a
significant superiority for the Canadian sprayer
nozzle on the Turkish sprayer nozzle which
gave an average amounted to (56,248 and
48.75%), respectively. The reason for the
superiority of the Canadian sprayer nozzle is
with the large diameter of the holes, which led
to the dispersion of water droplets leaving and
decrease their speed in the air and the droplets
falling with a wider spread of the service area
of four sprayers. These results agree with (10).

4- The uniformity factor of the water
distribution.

Table (1) shows when conducting the T-Test
for a comparison between the Canadian and
Turkish sprayers nozzles that the Canadian
sprayer nozzle has excelled over the Turkish
sprayer nozzle which gave an average
amounted to (77.402 and 68.628%),
respectively. The reason is due to the
superiority of the Canadian sprayer nozzle with
all the studied traits above. This led to the
superiority of the same sprayer by giving the
highest uniformity of water distribution, which
indicates that the square shape gives the best
uniformity coefficient of water distribution. It is
worth noting that the uniformity of water
distribution directly affects the increase in
growth and productivity for crops. These results
agree with (13, 5).

Table 1: The effect of spraying irrigation system with two types of sprayers nozzles (Canadian CA and
Turkish TU) on some traits related to system.

Type of sprayer
No Traits P nozzlpe ! The caIc:JIated T- pl
CA TU value value
* distribution Uniformity for the lowest
1 quarter% (Du) 62.432 53.491 4.06 0.0067
2 * Efficiency of Water Addition % (Ea) 73 70.454 7.00 0.0004
3 * efficiency of Total system % (Oe) 56.248 48.75 7.66 0.0003
4 * Uniformity coefficient% (UC) 77.402 68.628 7.35 0.0003

*It is referred to the presence of significant differences between the two averages.
The tabular value of the T-test corresponding to the degree of freedom 4 and the probability level of 0.05 = 2.77.
P significant differences in T-test at the probability level of 0.05.
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Figure (2) shows that the pattern of water
distribution for the Canadian sprayer nozzle is
close to the triangular shape. Figure (3) shows
that the pattern of water distribution for the
Turkish sprayer nozzle is close to the oval
shape, and by comparing the two patterns, we
notice that the Canadian sprayer nozzle

o N

Drainage

)
(o)
©

=
©
1.

)

1 P

represents an ideal pattern in water distribution
more than The Turkish sprayer nozzle,
Whenever  the  water  distribution s
homogeneous, it approaches the ideal pattern,
this is reflected on the traits of the yield and its
components of the plant, as in the following
tables, and this agrees with (2, 3, 5, 8).

The distance between the measuring cases is 1 m
Figure 3: the pattern of water distribution under the service area for one sprayer of the Turkish type.
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2- The effect of the two types of sprayers
nozzles, the cultivars, and the interaction
between them on the yield traits and their
components.

2-1-  Plant height (cm).

Table (2) shows the effect of the two types of
sprayers nozzles and the cultivars and the
interaction between them on the trait of plant
height. The Canadian sprayer nozzle was
significantly excelled on the Turkish sprayer
nozzle at the 5% level by giving averages
amounted to (69.75 cm, 67.15 cm),
respectively. Table (1) also shows that there is a
significant excelling of the Canadian sprayer
nozzle on the Turkish sprayer nozzle for the
efficiency of adding water. As for the cultivars,
the Syrian / Erbil cultivars were significantly
excelled by giving it the highest plant height at
levels 5 and 1% amounted to (80.26 cm) while
the Syrian / Baghdad cultivar gave the lowest
plant height amounted to (58.73 cm). The
difference in plant height between flax cultivars
is due to the genetic nature of the cultivar and
its ability to express itself in the environmental

conditions prevailing in the area of cultivation.
The results agree with (7, 18). As for the
interaction between the two types of sprayers
nozzles and the cultivars, the interaction
treatment between the Canadian sprayer nozzle
and Sakha 4 cultivar was significantly excelled
by giving it the highest plant height at the levels
5 and 1% amounted to (81.53 cm) while the
interaction treatment between the Turkish
sprayer nozzle and the Syrian / Baghdad
cultivar gave the lowest average amounted to
(58.13 cm). Table (1) shows a significant
superiority of the Canadian sprayer nozzle over
the Turkish sprayer nozzle for the trait of the
efficiency of adding water, leading to a
decrease in the temperature of plants, providing
favorable conditions for plant growth, which
reflected positively on the period of vegetative
growth for the stem and the availability of
water and nutrients for the plant during the
photosynthesis process, which led to the
superiority of cultivars under the service area of
the Canadian sprayer nozzle. This result agrees
with (15).

Table 2: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of plant height.

Type of sprayer
Cultivar nozzle A;/jlr t?g:rOf LSDo.0s
CA TU
local 62.46 59.76 61.11 sprayers nozzles = 2.49
Syrian / Baghdad 59.33 58.13 58.73 cultivar = 4.51
Giza 10 59.46 58.30 58.88 SPrayers ”OZg'?f; X cultivar =
Sakha 4 81.53 75.96 78.75
Syrian / Anbar 73.56 68.83 71.20 LSDo.01
Poland 70.66 69.76 70.21 sprayers nozzles = 5.74
Syria / Erbil 81.23 79.30 80.26 cultivar = 6.12
Average of sprayers 60.75 6715 sprayers nozzles x cultivar =
nozzles 8.66

2-2-  The number of secondary branches
per the plant (branch.plant?).

Table (3) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the

number of secondary branches per the plant.
The Canadian sprayer nozzle was significantly
excelled on the Turkish sprayer nozzle at the
levels of (1, 5%) by giving it averages
amounted to (11.33 and 9.29 branches.plant™?),
respectively. Table (1) also shows that there is a
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significant excelling of the Canadian sprayer
nozzle on the Turkish sprayer nozzle for the
trait of the distribution uniformity for the
lowest quarter. As for the cultivars, the Sakha 4
cultivars were significantly excelled by giving
it the highest number of secondary branches per
the plant at levels 5 and 1% amounted to (13.31
branches.plant™) on the Giza 10 cultivar which
gave the lowest number of secondary branches
per the plant amounted to (7.70 branches.plant’
). The reason for the superiority of the Sakha 4
cultivar in the number of secondary branches
per plant is due to the superiority of the same
cultivar in the trait of the number of the main
branches per plant. This led to the stimulation
of the lateral buds and the apical meristem to
stimulate the plant to form a greater number of
secondary branches in the plant and the
response of the cultivar to environmental
conditions led to an increase in the number of
secondary branches per plant (20). As for the

interaction between the two types of sprayers
nozzles and the cultivars, the interaction
treatment between the Canadian sprayer nozzle
and Poland cultivar was significantly excelled
by giving it the highest number of secondary
branches per the plant at the levels 5 and 1%
amounted to (16.03 branches.plant™®) while the
interaction treatment between the Turkish
sprayer nozzle and the Giza 10 cultivar gave the
lowest average for the trait of the number of
secondary branches per the plant amounted to
(6.36 branches.plant?). Because the Canadian
sprayer nozzle was significantly excelled on the
Turkish sprayer nozzle for the trait of the
distribution uniformity for the lowest quarter, it
reflected positively on the vegetative growth
stages of the plant, which led to the superiority
of the cultivars under the Canadian sprayer by
increasing the number of secondary branches
per the plant as shown in Table (1). These
results agree with (4).

Table 3: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the number of secondary branches per the plant.

Type of sprayer
Cultivar nozzle Agﬁlrt?ggff LSDo.os
CA TU
local 9.60 8.86 9.23 sprayers nozzles = 0.74
Syrian / Baghdad 9.60 8.36 8.98 cultivar = 1.02
Giza 10 9.03 6.36 7.70 sprayers ”0212'22 X cultivar =
Sakha 4 13.70 12.93 13.31
Syrian / Anbar 11.73 10.66 11.20 The lowest S'i?'ﬂ;)am difference
Poland 16.03 9.33 12.68 sprayers nozzles = 1.71
Syria / Erbil 9.63 8.53 9.08 cultivar = 1.39
Average of sprayers 11.33 9.29 sprayers nozzles x cultivar =
nozzles 1.96

2-3- the number of capsules per plant

(capsule.plant™)

Table (4) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the
number of capsules per plant. The Canadian
sprayer nozzle was significantly excelled on the
Turkish sprayer nozzle in the trait of the
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number of capsules per plant at the level of
(5%) by giving it averages amounted to (48.81
and 36.88 capsules.plant™®), respectively. Table
(1) also shows that there is a significant
excelling of the Canadian sprayer nozzle on the
Turkish sprayer nozzle for the trait of the
overall efficiency of the system. As for the
cultivars, the Sakha 4 cultivars were
significantly excelled by giving it the highest
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number of capsules per plant at levels 5 and 1%
amounted to (53.95 capsules.plant®) on the
Giza 10 cultivar which gave the lowest number
of capsules per plant amounted to (30.98
capsules.plant™). The reason for the increase in
the number of capsules per plant for the Sakha
4 cultivar, as a result of the superiority of the
same cultivar in the trait of the number of
secondary branches per plant as shown in Table
(3), this led to an increase in the leaves' content
of manufactured nutrients, thus increasing the
number of capsules per plant, this result agrees
with (6). As for the interaction between the two
types of sprayers nozzles and the cultivars, the
interaction treatment between the Canadian
sprayer nozzle and Poland cultivar was

significantly excelled by giving it the highest
number of capsules per plant at the levels 5 and
1% amounted to (62.70 capsules.plant®) while
the interaction treatment between the Turkish
sprayer nozzle and the Giza 10 cultivar gave the
lowest average for the trait of the number of
capsules per the plant amounted to (23.83
capsules.plant®). The reason may be due to the
superiority of the Canadian sprayer nozzle for
the trait of the overall efficiency of the system
on the Turkish sprayer nozzle, which is
positively reflected on the trait of the number of
capsules per plant, which led to the superiority
of the Poland cultivar by giving it the highest
average as shown in Table (1). This result
agrees with (5).

Table 4: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the number of capsules per the plant.

Type of sprayer
Cultivar nozzle Ac\:/SIrt?\?grOf LSDo.os
CA TU
local 43.53 35.23 39.38 sprayers nozzles = 6.67
Syrian / Baghdad 38.16 37.83 38.00 cultivar = 8.86
Giza 10 38.13 23.83 30.98 Sprinkler heads x items = 12.53
Sakha 4 58.30 49.60 53.95
Syrian / Anbar 57.73 42.73 50.23 The lowest Slg?lf%ant difference
Poland 62.70 39.53 51.11 sprayers nozzles = 15.39
Syria / Erbil 43.10 29.40 36.25 cultivar = 12.01
Average of sprayers 48.81 36.88 sprayers nozzles x cultivar =
nozzles 16.98
2-4-  Number of seeds per capsule coefficient of water distribution. As for the

(seeds.Capsule™).

Table (5) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the
number of seeds per capsule. The Canadian
sprayer nozzle was significantly excelled on the
Turkish sprayer nozzle in the trait of the
number of seeds per capsule at the level of (5%)
by giving it averages amounted to (8.92 and
7.93 seed.Capsule™), respectively. Table (1)
also shows that there is a significant excelling
of the Canadian sprayer nozzle on the Turkish
sprayer nozzle for the trait of the uniformity
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cultivars, the Syrian/Anbar cultivars were
significantly excelled by giving it the highest
number of seeds per capsule at levels 5 and 1%
amounted to (9.10 seeds.capsule™) on the Giza
10 cultivar which gave the lowest number of
seeds per capsule amounted to (7.85
seeds.capsule™). The reason for the differences
in the number of seeds per capsule between
cultivars is due to genetic differences between
cultivars and the different response of cultivars
to environmental conditions prevailing in the
cultivation area. this result agrees with (7). As
for the interaction between the two types of
sprayers nozzles and the cultivars, the
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interaction treatment between the Canadian
sprayer nozzle and Syrian / Anbar cultivar was
significantly excelled by giving it the highest
number of seeds per capsule at the levels 5 and
1% amounted to (9.60 seeds.capsule™) while
the interaction treatment between the Turkish
sprayer nozzle and the Poland cultivar gave the
lowest average for the trait of the number of
seeds per capsule amounted to (7.33
seeds.capsule). Table (1) shows the significant
superiority of the Canadian sprayer nozzle for

the trait of the uniformity coefficient of water
distribution on the Turkish sprayer nozzle,
which was positively reflected on the number of
seeds per capsule for the cultivars under the
service area of the Canadian sprayer nozzle
compared to the same cultivars under the
service area of the Turkish sprayer nozzle,
which led to the superiority of the Syrian /
Anbar cultivar by giving it the highest Average
number of seeds per capsule. This result agree
with (2).

Table 5: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the number of seeds per capsule.

Type of sprayer
Cultivar nozzle A(\;IS{ t?sgrOf LSDo.os
CA TU
local 8.53 7.90 8.21 sprayers nozzles = 0.72
Syrian / Baghdad 8.76 7.46 8.11 cultivar = 0.34
Giza 10 8.30 7.40 7.85 Sprinkler heads x items = 0.49
Sakha 4 8.63 8.16 8.40
Syrian / Anbar 9.60 2.60 9.10 The lowest mg:ulf(l)zant difference
Poland 9.40 7.33 8.36 sprayers nozzles = 1.67
Syria / Erbil 9.23 8.70 8.96 cultivar = 0.47
Average of sprayers 8.9 793 sprayers nozzles x cultivar =
nozzles 0.66

2-5-  Weight of 1000 seeds (g)

Table (6) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the
weight of 1000 seeds. The Canadian sprayer
nozzle was significantly excelled on the
Turkish sprayer nozzle in the trait of the weight
of 1000 seeds at the level of (5%) by giving it
averages amounted to (11.32 and 9.05 g),
respectively. As for the cultivars, the
Syrian/Erbil  cultivars  were  significantly
excelled by giving it the highest weight of 1000
seeds at levels 5 and 1% amounted to (11.13 g)
on the Poland cultivar which gave the lowest
weight of 1000 seeds amounted to (8.71 g).
The increase in the weight of 1000 seeds of the
Syrian / Erbil cultivar is due to the small
number of capsules per plant as shown in Table
(4) led to an increase in the seeds' access to the
largest amount of (metabolic) nutrients, which
led to an increase in the weight of the seeds,

this result agrees with (14, 17, 19). As for the
interaction between the two types of sprayers
nozzles and the cultivars, the interaction
treatment between the Canadian sprayer nozzle
and Giza 10 cultivar was significantly excelled
by giving it the highest weight of 1000 seeds at
the levels 5 and 1% amounted to (12.10 @)
while the interaction treatment between the
Turkish sprayer nozzle and the Poland cultivar
gave the lowest average for the trait of the
weight of 1000 seeds amounted to (6.83 g). The
reason may be due to the superiority of the
Canadian sprayer nozzle on the Turkish sprayer
nozzle for the trait of the uniformity coefficient
for water distribution reflected on the cultivars
under the service area of the Canadian sprayer
nozzle positively. This led to the superiority of
Giza 10 cultivar on the rest of the cultivars with
a weight of 1000 seeds to provide suitable
growth conditions for plant growth as shown in
Table (1). This result agrees with (5).
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Table 6: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the weight of 1000 seeds (g).

Type of sprayer
Cultivar nozzle A(\:/S;[?ggr()f LSDo.0s
CA TU
local 11.73 8.33 10.03 sprayers nozzles = 4.27
Syrian / Baghdad 11.40 8.73 10.06 cultivar = 1.46
Giza 10 12.10 8.90 10.50 Sprinkler heads x items = 2.07
Sakha 4 11.63 10.13 10.88
Syrian / Anbar 10.46 9.56 10.01 The lowest S'%?'L';)am difference
Poland 10.60 6.83 8.71 sprayers nozzles = 9.87
Syria / Erbil 11.63 10.90 11.13 cultivar = 1.98
Average of sprayers 11.32 9.05 sprayers nozzles x cultivar =
nozzles 2.81

2-6-  seed yield per plant (g)

Table (7) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the seed
yield per plant. The Canadian sprayer nozzle
was significantly excelled on the Turkish
sprayer nozzle in the trait of the seed yield per
plant at the level of (5%) by giving it averages
amounted to (2.97 and 2.32 g), respectively.
Table (1) also shows that there is a significant
excelling of the Canadian sprayer nozzle on the
Turkish sprayer nozzle for the trait of the
uniformity coefficient of water distribution. As
for the cultivars, the Sakha 4 cultivars were
significantly excelled by giving it the highest
seed yield per plant at levels 5 and 1%
amounted to (3.30 g) on the Giza 10 cultivar
which gave the lowest seed yield per plant
amounted to (2.32 g).  The superiority of
Sakha 4 cultivar in the seed yield of the plant
due to its superiority in the number of
secondary branches of the plant and the number
of capsules per plant as shown in Table (3, 4),
which led to an increase in the nutrient
accumulated inside the seeds, which led to an

259

increase in the weight of the seed, thus an
increase in the yield of seeds in the plant in
addition to the extent of the genetic cultivar in
expressing itself in  the environmental
conditions prevailing in the cultivation area.
This result agrees with (7, 19). As for the
interaction between the two types of sprayers
nozzles and the cultivars, the interaction
treatment between the Canadian sprayer nozzle
and Sakha 4 cultivar was significantly excelled
by giving it the highest seed yield per plant at
the levels 5 and 1% amounted to (3.60 g) while
the interaction treatment between the Turkish
sprayer nozzle and the Giza 10 cultivar gave the
lowest average for the trait of the seed yield per
plant amounted to (1.70 g). The superiority of
the Canadian sprayer nozzle for the trait of the
uniformity coefficient for the distribution of
water on the Turkish sprayer nozzle had a
positive effect on the Sakha 4 cultivar grown
under the service area of the Canadian sprayer
nozzle for the same cultivar grown under the
service area of the Turkish sprayer nozzle as the
seed yield of the plant as shown in Table (1),
This result agrees with (13).
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Table 7: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the seed yield per plant (g).

Type of sprayer
Cultivar nozzle A(\:/Elr t?g:rOf LSDo.os
CA TU
local 2.76 2.66 2.71 sprayers nozzles = 0.04
Syrian / Baghdad 2.60 2.10 2.35 cultivar = 0.33
Giza 10 2.83 1.70 2.26 Sprinkler heads x items = 0.48
Sakha 4 3.60 3.00 3.30
Syrian / Anbar 303 543 )73 The lowest sgrt'ui‘:;)ant difference
Poland 3.20 2.10 2.65 sprayers nozzles = 0.09
Syria / Erbil 2.80 2.26 2.53 cultivar = 0.46
Average of sprayers 597 539 sprayers nozzles x cultivar =
nozzles 0.65

2-7-  Biological yield per plant (g)

Table (8) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the
Biological yield per plant. The Canadian
sprayer nozzle was significantly excelled on the
Turkish sprayer nozzle in the trait of the
Biological yield per plant at the level of (5%)
by giving it averages amounted to (9.38 and
7.21 ), respectively. Table (1) also shows that
there is a significant excelling of the Canadian
sprayer nozzle on the Turkish sprayer nozzle
for the trait of the efficiency of adding water.
As for the cultivars, the Sakha 4 cultivars were
significantly excelled by giving it the highest
Biological yield per plant at levels 5 and 1%
amounted to (11.30 g) on the Giza 10 cultivar
which gave the lowest Biological yield per
plant amounted to (5.61 g). The reason for the
increase in the biological yield of plants for the
Sakha 4 cultivar is due to its superiority in the
traits of growth and the yield, the number of
secondary branches in the plant as shown in
Table (3), the number of capsules per plant, and
the seed yield of the plant as shown in Table (4

and 7), which led to an increase in the
biological yield of the plant, this result agrees
with (6). As for the interaction between the two
types of sprayers nozzles and the cultivars, the
interaction treatment between the Canadian
sprayer nozzle and Sakha 4 cultivar was
significantly excelled by giving it the highest
Biological yield per plant at the levels 5 and 1%
amounted to (12.36 g) while the interaction
treatment between the Turkish sprayer nozzle
and the Giza 10 cultivar gave the lowest
average for the trait of the Biological yield per
plant amounted to (4.56 g). The reason for the
increase in the biological yield of the cultivars
grown under the service area of the Canadian
sprayer nozzle on the same cultivars grown
under the service area of the Turkish sprayer
nozzle because the Canadian sprayer nozzle
was superior in the efficiency of adding water,
which led to an increase in the bioactivity
represented by an increase in the vegetative
growth of plants leading to an increase in dry
weight and an increase in biological yield as
shown in Table (1), This result agrees with
(22).
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Table 8: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the Biological yield per plant (g).

Type of sprayer
Cultivar nozzle A(\:/S;[?ggr()f LSDo.os
CA TU
local 8.76 6.80 7.78 sprayers nozzles = 1.79
Syrian / Baghdad 7.46 6.76 7.11 cultivar = 0.86
Giza 10 6.66 4.56 5.61 Sprinkler heads x items = 1.22
Sakha 4 12.36 10.23 11.30
Syrian / Anbar 9.03 730 216 The lowest significant difference
at 1%
Poland 12.20 6.50 9.35 sprayers nozzles = 4.13
Syria / Erbil 9.20 8.36 8.78 cultivar = 1.17
Average of sprayers 9.38 791 sprayers nozzles x cultivar =
nozzles 1.66

2-8- Harvest index in plant (%0).

Table (9) shows the effect of the two types of
sprayers nozzles, the cultivars, and the
interaction between them on the trait of the
Harvest index. The Canadian sprayer nozzle
was significantly excelled on the Turkish
sprayer nozzle in the trait of the Harvest index
at the level of (5%) by giving it averages
amounted to (36.35 and 32.31 %), respectively.
As for the cultivars, the Giza 10 cultivars were
significantly excelled by giving it the highest
Harvest index at levels 5 and 1% amounted to
(40.48 %) on the Poland cultivar which gave
the lowest Harvest index amounted to (32.13
%). The reason for giving Giza 10 the highest
average for the harvest index in plant may be
due to the fact that the Giza 10 cultivar took the
lowest average in the two traits of the seed yield
of the plant and the biological yield of the plant
as shown in tables (7 and 8), which was
reflected in this trait as a result of the plant's
transition from the vegetative stages to the
reproductive stages faster than The rest of the
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cultivars led to the superiority of the cultivar by
giving it the highest harvest index, this result
agrees with (7, 18, 19). As for the interaction
between the two types of sprayers nozzles and
the cultivars, the interaction treatment between
the Canadian sprayer nozzle and Giza 10
cultivar was significantly excelled by giving it
the highest Harvest index at the levels 5 and 1%
amounted to (42.66 %) while the interaction
treatment between the Turkish sprayer nozzle
and the Poland cultivar gave the lowest average
for the trait of the Harvest index amounted to
(29.26 %). The reason for the increase in the
Harvest index of the cultivars grown under the
service area of the Canadian sprayer nozzle on
the same cultivars grown under the service area
of the Turkish sprayer nozzle because the
Canadian sprayer nozzle was superior in the
efficiency of adding water, which is reflected in
the superiority of the Giza 10 cultivar grown
under the service area of the Canadian sprayer
nozzle with the highest harvest index as shown
in Table (1), This result agrees with (15, 12).
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Table 9: The effect of the two types of sprayers nozzles and the cultivars and the interaction between
them on the traits of the harvest index of plant (%).

Type of sprayer
Cultivar nozzle A(\:/S;[?ggr()f LSDo.0s
CA TU
local 37.86 31.76 34.81 sprayers nozzles = 7.30
Syrian / Baghdad 35.86 34.00 34.93 cultivar = 3.68
Giza 10 42.66 38.30 40.48 Sprinkler heads x items = 5.21
Sakha 4 34.40 30.36 32.38
Syrian / Anbar 33.10 | 3270 32.90 The lowest S'%?'L';)am difference
Poland 35.00 29.26 32.13 sprayers nozzles = 16.85
Syria / Erbil 35.56 29.76 32.66 cultivar = 4.99
Average of sprayers 36.35 3931 sprayers nozzles x cultivar =
nozzles 7.06
CONCLUSIONS AND 4- The introduction of the Sakha 4 cultivar

RECOMMENDATIONS in cross-breeding programs to transfer its

1. Conclusions.
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