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Abstract: The field experiment was performed during the autumn growing season
2019 in Al Khyoot village of the Qurna town which is located at 75 km northern
Basrah city centre. For improving the maize growth and yield, the effect of foliar
spraying with iron and zinc and the most important technological characteristics of
the knapsack sprayer such as nozzle types was studied. Three nozzle types were
investigated as standard Flat fan nozzle, Hollow cone nozzle, and Tip nozzle (as
reference nozzle in this study). Three foliar concentrations (0, Zn30 + Fel00 and
Fel00+ Zn30) as well as a 16- litre capacity of the knapsack sprayer were used for
fertilizer spraying experiments. All field experiments were carried out using the
complete randomized block design (RCBD) with three replications. The results of the
statistical analysis showed that there was a significant effect of the nozzle type and
foliar spraying on the plant growth and yield characteristics as plant height, stem
diameter, number of leaves, leaf area, number of grains, and yields (152.39 cm, 1.88
cm, 13.98, 4559 cm? 376.51 and 5.51 Mg ha? respectively). Also, these
characteristics showed an increase percentage as following (2.79%, 2.25%, 0.60%,
3.11%, 3.70%, and 1.73% respectively) when the hollow cone nozzle was used
compared to the reference nozzle. In addition, an interaction between the studied
factors also appeared a significant difference in the grain number and vyield

characteristics.
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Introduction

Maize crop (Zea mays L.) considers one of
the most important cereal crops grown in
the large areas of Irag. It is a global and
local economic crop coming as a third plant
after wheat and barley crops and the first in
the term of grain yield (FAO, 2015). It is
also estimated as multi-benefit crop for
human and animal nutrition containing high
amounts of vitamins (Al-Dogachi et al.,
2015; Mandic et al., 2016). However, this
crop is sensitive for nutrients deficiency
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especially the micronutrients during the
growth, flowering, and harvest stages (Palai
et al., 2020). Among of the most important
micronutrients  required in  sufficient
quantities during the crop growth stages are
iron and zinc. They are essential elements
for the metabolic processes of the plant
(Marschner, 2012). The role of zinc is
necessary for nitrogen building, absorption,
protein quality, chlorophyll synthesis, and
carbonic anhydrase enzyme activity
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(Suganya et al., 2020). It also has an
effective role in the production of biomass
as a consequence of its resistance against
oxidative damage. For iron, it plays a
prominent role in the chlorophyll building
and synthesis of the electron- transporting
proteins such as cytochrome (Soleymani &
Shahrajabian, 2012 ).

The maize crop cultivation directly
relates to variety of factors including
environmental conditions, crop variety,
physical and chemical soil properties, and
others. Therefore, the crop production still
diminishes in the Iraqgi fields compared to
the global production. In Iraq, the total
cultivation area of this crop was estimated
at approximately 515,160 donums with a
total yield of about 1.1757 tons. don™(CSO,
2019). Improving the total yield should
compensate for the deficiency of necessary
nutrients at the different growth stages
using traditional or foliar spraying
methods. The foliar method is directly
applied on the leaves of the plant and has
advantages  including  reducing  the
percentage of the losses and increasing the
absorption rate especially in suitable
conditions for spraying as temperature,
relative  humidity, and wind speed
(Ferandez et al., 2013). During the foliar
spraying, the spray droplet size determines
the deposited amount of the micronutrients
to deliver into the plant. On the other hand,
selecting the appropriate nozzle type for
spraying is another important factor to
compensate for the deficiency of nutrients
(Rajawat, 2019; Farias et al., 2020) as a
result of controlling droplets size and
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impacted droplet numbers. There are three
common nozzle types used in the fields
including a flat fan nozzle, hollow cone
nozzle, and tip nozzle. The first type
produces droplet sizes ranged from medium
to coarse with a low coverage percentage in
comparison to other types; The second type
is characterized by smaller droplet sizes
with greater coverage percentage than the
first type; The third nozzle type produces
droplet characteristics intermediate
between the two previous types (Grisso et
al., 2013). Thus, the aim of present study is
focusing on the foliar spraying method
using different nozzle types that play
important role in the micronutrients
absorption by the plants as a first attempt
for improving the characteristics of maize
growth and yield

Materials & Methods

Site of the field experiments

A field experiment was performed in one of
the farmers' fields located in the Al-Khyoot
Village, Qurna town, northern Basrah city
(31°02'27"N, 47°25'37"E), during the
autumn agricultural season 2019 to study
the effect of the factors represented by the
different nozzle types and foliar spraying
using zinc and iron for improving the
characteristics of maize growth and yield
(Zea mays L.). For the cultivation of the
maize, the field was prepared then the soil
samples were randomly taken at a depth
from 0-30 cm to investigate some physical
and chemical properties of the soil as
shown in table ().
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Table (1): Some physical and chemical properties of the studied soil

Character Mean Measuring
value unit
Electrical Conductivity (EC) 8.20 ds. m?
Soil pH 8.12 -
Organic Matter (OM) 1.03 g. kg
N 31.02 g. kg’
P 15.32 g. kgt
Total available of K 76.46 0. kg
Fe 2.26 g. kg
Zn 0.32 g. kg’
: Sand 214.20 g. kg
S(gl'LStlrg;:#r)e Silt 326.19 g. kgt
y Clay 459,61 g. kgt

Knapsack sprayer properties

The foliar spraying application was carried
out using a knapsack sprayer with a
capacity of 16 litres in all field experiments
as shown in fig. (1). This sprayer is
available in the local Iraqi markets, cheap

price, easy to maintain, and has small
number of moving parts, in addition to its
large use by farmers in the small and
medium fields. The most important
characteristics of the knapsack sprayer are
shown in table (2).

Fig. (1): A side view of the knapsack sprayer.

Table (2): Main characteristics of the knapsack sprayer.

Model Max._tank Number of Power type Piston pump Color
capacity (1) nozzle location
XF-
16B 16 1 Manual Internal Blue
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According to the study of Alheidary et
al. (2019), all spraying processes in the
present study using knapsack sprayer

e

achieved at a nozzle height of 25 cm from
the top of plant as shown in fig. (2) and 2
bar as a maximum operating pressure.

—  Top layer

\ —> Middle layer

\\Y —3 Bottom layer

Fig. (2): Diagram of the maize plant and the nozzle height during field spraying.

Experimental setup of the treatments

The field experiment included
experimental units for maize cultivation on
1/8/2019. The recommended traditional
fertilization was applied by adding 240 kg
N. hal with 100 kg. K. ha! to the soil in
three equal steps. The first addition was
supplemented at soil preparing for
cultivation. The second and third additions
were done at the vegetative growth stage
(after 21 days of planting) and at the
beginning of flowering stage respectively
(Elsahookie & Cheyed, 2013). For the
phosphorus, 120 kg P ha® was added one
time to the soil at planting.

After that, the spray was performed
using foliar spraying. The spray treatments
consisted of four different concentrations
of zinc and iron as following: Control (F1)
contains water only, the second
concentration (F2) contains 30 mg. Lt
Zinc, the third (F3) contains 100 mg. L1
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Fe, and the fourth (F4) contains 30 mg. L1
Zn and 100 mg. L1 Fe. The plant was
treated with these concentrations three
times at different growth stages. When the
plant contained 6-8 leaves, the first spray
was accomplished. While, the second spray
was carried out in the flowering stage (the
plant contains about 12-15 leaves). When
the plant reached to the stage of grains (12-
15 leaves), the fourth spray was carried
out. All foliar spraying processes were
performed during the early morning
because of a low temperature, a high
relative humidity and a stable wind speed
to reduce the spray evaporation at the time
of spraying or after. Thereby, this allows
the stomata on the leaves to absorb the
droplets.

The second factor in this study was the
nozzle type which was mounted on the
knapsack sprayer. Three nozzles types
were investigated including a Tip nozzle
(N1) considered as a reference nozzle in
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the present study. The other types were
standard flat fan nozzle (N2) and hollow
cone nozzle (N3). These nozzle types have
differences in the flow rate, droplet size,

® &

Tip nozzle 80 04
(Reference nozzle N1)

Flat fan nozzle 110 03

spray pattern, and application rate (Table
3). All these types are shown in the fig. (3).
At the end of agricultural season, the maize
harvesting was on 16/11/2019.

>
R

Hollow cone nozzle 80 03
(N3)

Fig. (3): A side view of the nozzle types used in the foliar spraying.

Table (3): Nozzles characteristics.

Nozzle angle spray swath (cm) application rate
Nozzle type size Theoretical Actual (L. ha")
Flat fan 110-03 71.41 70 453.65
Hollow cone 80-03 41.95 39 224.39
Tip nozzle(Reference) 80-04 41.95 40 41951

Properties of the spray droplets

The properties of spray droplets were
measured using water paper cards (5 x 8.5
cm) in both the field and laboratory. White
paper cards (WPCs) were placed on the

plant at different levels (top, middle, and
bottom) as shown in the fig. (4) to
calculate the sedimentation rate obtained
on the plant and determine the density of
the droplets.

Fig. (4): Positions of the WPCs on the plant.
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For measuring the properties of the spray
droplets in the control treatment (size; pm,
density; number. cm?, coverage
percentage) that deposited on the WPCs,
brilliant sulfa flavin tracer (1gm. L) was
used. After completing the foliar spraying
in the field, the WPCs were left on the plant
for 15min to dry the deposited droplets and
then the data were recorded. After that, the
WPCs were kept in a box and then analyzed
in the laboratory using Image J software
after scanner it with a HP scanner. The

spray droplets properties were calculated
according to the studies of Alheidary (2018,
2019)

Meteorological conditions

The  weather conditions such as
temperature, relative humidity, and wind
speed were recorded at the same time of
foliar spraying using the meteorological
device (Anemometer), Model MS 6253B
with accuracy of +0.02 (Fig. 5).

Fig. (5): A side view of the anemometer device.

This device has important features
including data storage in the device’s
memory, transferring and storing data on a
computer through a special program, and it

is possible to deal with data statistically.
The weather data were represented in the
table (4).

Table (4): Weather data during foliar spraying.

Date of the field Average Average relative | Average wind speed
spraying temperature °C humidity (%) (km.h™)
1 Sept. 2019 31 44 15
2 Oct. 2019 29 42 11
23 Oct. 2019 28 36 10

Statistical analysis

The experiments were designed using a
complete random block design (R.C.B.D)
then data were analyzed using Genstat
software and the differences between the
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treatments were statistically analyzed using
L.S.D test at a level 0.05 to show the
significant differences among them.
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Results & Discussion
Properties of spray droplets

Table (5) illustrated the results of spray
droplets properties including size, coverage
percentage, and d density on the WPCs
samples at three positions of the plant (top,
middle, and bottom). There were significant
differences in these properties due to the
differences in nozzle types. Higher droplet

size (240pm) and lower spray coverage
percentage (5.54%) recorded in the samples
of WPCs using flat fan nozzle that led to
reduce in the density of droplet per
centimeter square (4.26 droplet. cm?)
comparing to other nozzles. The reason
behind that is the large size and high speed
of droplets leading to acceleration them
then the spray droplets have not a sufficient
time to impact WPCs.

Table (5): The average and SD values of the spray droplet properties at different
positions of the plant based on nozzle type.

Droplet size  Spray coverage Droplet densit

Nozzle type (rl)Jm) P % ’ (nufnber.cm‘%l
Top 240%+3.63 10.6%+0.67 4.26°+0.75
Flat fan nozzle  Middle 165%+9.25 7.66%+0.56 4.26°+0.58
Bottom  137.66™+3.64 5.54°+0.67 7.34°+0.51
Top 199°+4.05 33.36%+2.72 8.02°+1.84
Hollow cone Middle 133.7'+7.6 21.26+0.25 8.02°+0.73
Bottom  120.6"+4.05 18.67°+2.72 10.922+0.93
Top 214°+7.28 12.06°+0.18 5.25%+0.87
Tip nozzle Middle 154°+7.2 8.2298+0.46 5.25%+0.87
Bottom  126.29+7.28 7.96%+0.19 9.53°+1.28

Whereas, the smallest spray droplets can
impact WPCs (Minov et al., 2016;
Alheidary, 2019). The results also showed
that these properties were significantly
affected by the positions of WPCs on the
plant. Higher values of the droplet size,
coverage percentage, and droplet density
were observed on the top WPCs compared
to other positions (42.65%, 47.73%, and
41.96% respectively) for all studied nozzle
types. This result is axiomatic; the top
position of the plant is closed to the nozzle
orifice.
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Characteristics of the plant growth and
yield

Plant height

The results of statistical analysis showed
that plant height was significantly affected
by adding zinc, iron, or both together
(136.72, 142.44, and 152.39 cm)
respectively. These values exceeded from
the control treatment with increase
percentages 6.15, 1.60, and 18.32%
respectively. These increases are due to the
effective role of the zinc and iron in many
vital processes of the plant including
chlorophyll  synthesis, maintaining the
chloroplasts composition, building and
activating many enzymes such as
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cytochrome which is necessary for
photosynthesis, and tryptophan synthesis
which is responsible for the oxen hormone
production and stimulation of the cell
elongation (Taghi Tavakoli et al., 2014).
Also, the outcomes appeared no significant
difference between the foliar spraying of F2
(zinc only) and F4 (zinc and iron). As well
as, the F2 did not significantly differ from
F3 (iron only). This result agrees with the
results of many researchers (lgbal et al.,
2019; Xia et al., 2019). For the nozzle type
effect, the table (6) illustrated that the
nozzle type has a significant effect on the
plant height. The highest average of the
height (143.66 cm) was recorded by using a
hollow cone nozzle (N3) with a significant

increase percentage from tip nozzle (N1)
and flat fan nozzle (N2) (2.79% and 4.98%
respectively). The variation in the values is
due to the different designs of the nozzles
that led to differences in the properties of
spray droplets deposited on the leaves of
the plant. Thereby, the N3 exceeded
because it can provide the leaves with an
appropriate size, density, and coverage
percentage of the droplets included the iron
and zinc that are easily absorbed via
stomata for critical processes of the plant
(Rodrigues, 2018). The results also
appeared no interactive effect on the plant
height between the foliar spraying and
nozzle types.

Table (6): Correlation between foliar spraying and nozzle types in the plant height.

. . Nozzle type
Foliar spraying
N1 N2 N3 Average SD CV%
F1 129.72"9  129.60M  127.059  128.79° +1.23 0.96%
F2 136.65°" 133.57°0 139.93%%® 136.72°¢  +2.59 1.90%
F3 142.03d  137.69%" 147.61°°  142.44P 14.06 2.85%
F4 150.62° 146.50°¢ 160.05%  152.392 15.67 3.72%
Average 139.75°  136.84°  143.66°
7.95 3.34 ns

N1: Tip nozzle, N2: Flat fan nozzle, N3: Hollow cone nozzle, and CV: Coefficient variance

Stem diameter

Stem diameter was significantly influenced
by the foliar spraying, nozzle types, and
their interaction (Table 7). The foliar
spraying with a mixture of zinc and iron
(F4) significantly increased the stem
diameter (1.88 cm as the highest average)
with an increased percentage (13.25%)
compared to others. This increase is similar
to the findings of some studies (Kumar &
SR, 2018; Sudhagar et al, 2019;
Rafsanjani et al., 2019) as a consequence
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of the enhancement of plant efficiency to
absorb the water and necessary nutrients
via stomata for critical vital processes such

as increasing the photosynthesis and
nitrogen thereby increasing vegetative
growth.

For the nozzle type effect, the stem
diameter was also affected by the nozzle
type. The hollow cone nozzle type (N3)
recorded the highest average (1.82 cm) of
stem diameter with an increasing
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percentage of 2.25% in comparison to
others. The optimal size, density, and
coverage percentage of droplets deposited
on the leaves by using a hollow cone

nozzle in the spraying enhance the
absorption of important nutrients to
increase the vegetative growth including
stem diameter (Forney et al., 2017).

Table (7): Correlation between foliar spraying and nozzle types in the stem

diameter.
Nozzle type
Foliar spraying P
N1 N2 N3 Average SD CV%
F1 1.679 1.639 1.669 1.66¢ +0.02 1.00%
F2 1.75%f 1.70¢f 1.79% 1.75¢ 10.04 2.19%
F3 1.80% 1.75%f 1.86" 1.80P 10.04 2.49%
F4 1.89%  1.78%® 1.97 1.882 +0.08  4.00%
Average 1.782 1.72° 1.822

N1: Tip nozzle, N2: Flat fan nozzle, N3: Hollow cone nozzle, and CV: Coefficient variance

The same table (7) also showed that there
was no interaction between the foliar
spraying and nozzle type in their effecting
on the stem diameter.

Number of leaves

The results as shown in the table (8)
showed significant differences in the
leaves number using foliar sprayings and
different nozzle types. The spraying with
Zn and Fe (F4) recorded the highest
average of the leaves number (13.98)
compared to the others, but F4 did not
significantly differ from spraying of the
iron only (F3). This result is in agreement
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with the results of(Eskandari, (2011) and
Arak (2017). It is normal, the leaves
number increases by absorbing the zinc
and iron which supports photosynthesis.

Also, the results in table (8) revealed the
prominent role of the nozzle type in
influencing the leaves' number. As usual,
the hollow cone nozzle type (N3)
significantly appeared the largest number
of leaves compared to the others. The
results of Guler et al. (2012) conformed to
the results of this study. It is noteworthy
there was no interaction between the foliar
spraying and nozzle type in the effecting
on the leaves number.
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Table (8): Correlation between foliar spraying and nozzle types in the number of leaves

. : Nozzle type
Foliar spraying 228 P
N1 N2 N3 Average SD CV%
F1 12.269 12.229 12.249 12.244 +0.02 0.14%
F2 13.31° 13.11"  13.43%  13.28° +0.13 0.99%
F3 13.59%  13.39®¢  13.69°  13.56° +0.13 0.92%
F4 14.017 13.79° 14.13% 13.982 +0.14 1.03%
Average 13.29®  13.13°  13.37

N1: Tip nozzle, N2: Flat fan nozzle, N3: Hollow cone nozzle, and CV: Coefficient variance

Leaf area

As shown in table (9), leaf area was
significantly affected by foliar spraying
and nozzle type. The highest average of
leaf area recorded 4559 cm? and 4243 cm?
for F4 (the foliar spraying with zinc and
iron) and N3 (hollow cone nozzle)
respectively in comparison to the others.

This increase is caused by the same
effective role previously mentioned of both
zinc and iron deposited on the leaves by
using a hollow cone nozzle. This result is
in agreement with some previous studies
(Anees et al., 2016; Liu et al., 2016;
Saleem et al., 2016; Shivay et al., 2016;
Alheidary, 2019).

Table (9): Correlation between foliar spraying and nozzle types in the leaf area.

. . Nozzle type
Fol
ollar spraying N1 N2 N3 Average  SD  CV%
F1 3584¢°f 3561° 3439 3528.00¢  +63.63 1.80%
F2 4042cde 38379 43213c¢  4066.67° +198.36 4.88%
F3 432]30c 4151Pcd  44673°¢  4313.00% +129.13 2.99%
F4 451323 44213¢ 47443 4559.332  £135.87 2.98%
Average 4115% 3992° 42432

N1: Tip nozzle, N2: Flat fan nozzle, N3: Hollow cone nozzle, and CV: Coefficient variance

In the context of the interaction, the
foliar spraying and nozzle type no
significantly interaction between them in
effecting on the leaf area. Although, the
highest percentage (32.35%) was between
F4 and N3 compared to the others.

Grains number and yield

The finding of this study related to grains
number and yield as shown in the tables
(10 and 11) revealed a significant effect of
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F4 (the foliar spraying with zinc and iron)
and N3 (the hollow cone nozzle type) on
both of the number and yield of the grains.
The largest number (376.51 as average)
and vyield amount (5.51Mg. hal as
average) of grains using foliar spraying in
comparison to the others. When the nozzle
type studied by fixing the foliar spraying,
the hollow cone nozzle scored the largest
average of the number (374.19) and the
yield (5.15 Mg. hal) comparing to the
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other nozzles. For explanation, this result,
increasing the vegetative growth as a result
of the abundance of nutrients using F4 and
N3 that led to an increase in the number
and vyield of the grains (Czaczyk, 2012;
Farshid, 2012; Alheidary, 2018; Filipovi¢
et al., 2019). Herein, the foliar spraying

and nozzle type also interacted in their
effect on both the number and yield of the
grains. The largest average of number and
yield recorded 392.51 and 5.66 Mg. ha*
respectively for the interaction between the
F4 and N3.

Table (10): Correlation between foliar spraying and nozzle types in the grain number.

Foliar Nozzle type
spraying N1 N2 N3 Average SD CV%
F1 300.649 295.569 310.77%  302.32¢  #6.32 2.09%
F2 332.75% 321.54°"  337.55%  330.61" +6.71 2.03%
F3 340.87 329.51%  357.87¢ 34275 #1165  3.40%
F4 374.57° 362.46° 392.51° 376.512 #1234  3.28%
Average  337.21° 327.27° 349.672

N1: Tip nozzle, N2: Flat fan nozzle, N3: Hollow cone nozzle, and CV: Coefficient variance

Table (11): Correlation between foliar spraying and nozzle types in the grain yield

Nozzle type
Foliar spraying yP

N1 N2 N3 Average SD CV%
F1 4.15° 4.07° 4.21° 4.14¢ +0.06 1.38%
F2 4.63% 4,519 4.70% 4.62° +0.08 1.67%
F3 4.72¢4  4,63% 4.80° 4.72° +0.07  1.44%
F4 5.53%® 5.34° 5.66% 5.51@ 10.13 2.39%

Average 4.76° 4.64° 4,842

N1: Tip nozzle, N2: Flat fan nozzle, N3: Hollow cone nozzle, and CV: Coefficient variance

Conclusions

This current study unveiled from the robust
correlation between the foliar spraying and
nozzle type in effecting positively on the
growth and yield characteristics of the maize
crop. The foliar spraying with zinc and iron
by using a hollow cone nozzle emerges as a
potential method for improving the vegetative
growth and yield. These results will
contribute to enhancing the qualitative
production of the maize crop by selecting the
appropriate nozzle type for foliar spraying.
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