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ABSTRACT
A Field experiment was carried out during the season 2021-2022 in two
locations, the first location was in Gleokhan within the borders of Mosul Center and

KEY WORDS: the second was in administrative borders of Namrod district, which is 45 km from the
bread wheat, compound center of Mosul, in order to know the effect of the NPK 20:20:20 fertilizer nano on
fertilizer, NPK, nano, growth and yield of four varieties of wheat. The experiment was carried out, which
varieties, consisted of two factors, a randomized complete block design with three replications.

The first factor was NPK nano fertilizer levels (1, 2, and 3 gm.L™}), in addition to
comparison treatment, which was the traditional farmer’s method of fertilization
(adding urea and dap fertilizer according to times and quantities recommended by the

Received: 28/12/12022  raqi of Ministry Agriculture). Second factor was four varieties of wheat (Bhoth 22,
Revision: 15/03/2023  Apu Ghraib, Rashid and Jihan). The most important results of the study were as
Proofreading: ~ 20/04/2023  follows: Control treatment excelled in total chlorophyll content at Gleokhan site and
Accepted: 21/03/2023  number of spikes , weight of 1000 grains at Namrod site(28.41 Spad, 267.75 spikes.m-

Available online: 31/06/2024 2 and 44.91 g), respectively. (1 g) treatment excelled in number of tillers, number of
spikes, spike length, grain yield, and weight of 1000 grains at Gleokhan site, leaf area
and spike length in Namrod site, (178.17 tiller.m?, 100.08 spikes.m?, 8.58 c¢m |,

© 2024.This is an open access article  128.83 g.m2, 35.20 g, 34.46 cm? and 10.85 cm) respectively. (3 g) was superior in

Et':g_‘/?/fcreaﬁtceiomn%ﬁs Orq%’cense';fbe\zje; plant height for both sites, number of days up to 50% flowering, and grain yield in

' ' = Namrod site(54.42 cm, 80.77 cm, 135.83 days, and 332.17 g.m?), respectively. Bhoth
O 22 excelled in total chlorophyll content, weight of 1000 grains at Gleokhan site,
number of tillers, number of days up to 50% flowering, number of spikes, and grain
yield in Namrod site(27.29 Spad, 34.23 g, 302.75 tiller.m?, 134.92 days, 290.17
spike.m? and 405.42 g m) respectively. Abu Ghraib achieved superiority in number
of grains per spike at Namrod site (46.43 grains.spike™). Rashid excelled in number of
tillers, number of spikes, and spike length at Gleokhan site, flag leaf area and spike
length at Namrod site (169.08 tiller.m?, 104.58 spike.m?, 8.56 cm, 34.55 cm? and
12.98 cm) respectively. Jihan achieved superiority number of days up to 50%
flowering and grain yield at Gleokhan site, with values of (131 days and 108.08 g.m)
respectively. Interaction of (1 g) with Jihan recorded the highest average grain yield at
Gleokhan site, and (3 g) with Bhoth 22 had the highest average grain yield at Namrod
site with values of (301 and 487.67 g.m) respectively.
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INTRODUCTION
Bread wheat (Triticum aestivum L.) is a cereal crop belonging to the Poaceae family.

It is one of the oldest crops cultivated and improved by humans thousands of years ago to the
present day (Wolde et al.,, 2019). The crop ranks second in terms of global grain production
after maize, and ranks first in terms of cultivated areas in the world, which reached in the
season (2021-2022) is (222.19) million hectares, with a yield rate of (3.1) t.h, with a
productivity of (779.24) million tons. The countries of the European Union, China, India,
Russia, United States of America, Canada and Australia are among the most producing
countries for it (USDA ,2022).

The wheat crop was called king of cereals, because it has a good balance between
proteins and carbohydrates, as it supplies the human body with approximately 25% of its
need for protein and calories. and adequate amounts of essential amino acids (Costa et al.,
2013). Varieties are one of the important factors that have a direct impact on growth,
productivity and quality traits, as well as their ability to adapt to various surrounding
environmental conditions, as it was found in many recent scientific studies and researches
that the overlap between environmental conditions, varieties and balanced management of
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nutrients have a significant impact on increasing production and improving its quality. (Maes,
2016). Al-Fahdawi (2021) found when studied five varieties of wheat, was A significant
difference between them, as the variety (Sham 6) excelled in yield traits and its components
(number of grains per spike, total grain yield, and biological yield), while the variety
outperformed (Bhoth 22) and recorded the highest mean for the characteristic of spike length,
which was (12.85) cm. Al-Saadoun et al.,(2022) they found discrepancies between the
varieties included in the study, which are sixteen Iraqgi varieties and six Egyptian varieties
introduced to all the studied traits, where the variety (Jamiza 7) excelled in the characteristic
of flag leaf area.

Nanomaterials include materials whose particle diameters range between 1-100
nanometers (Liu and Lal, 2015). Nanomaterials are characterized by the fact that their surface
area-to-volume ratio is greater than that of their volumetric materials due to the small size of
their particles (Servin et al., 2015) which leads to a difference in chemical, physical and
mechanical properties. Nano fertilizers are considered an effective alternative to traditional
fertilizers due to their ease of absorption and entry into cells, improving their vital functions
and the efficiency of their effect due to their small size and the ability of nanoparticles to bind
to protein carriers and penetrate the cell wall, thereby encouraging an increase in the transfer
of nanomaterials between cells (Grover et al., 2012). Among the recent studies on nano-
fertilizers and in the experiment of Aziz and Nasser (2020) to know the effect of planting
distances and spraying with integrated nano-fertilizer on growth and yield of bread wheat, it
was noted that the treatment of nano-spraying fertilization with a concentration of 4.5 ml.I-1
had a significant superiority and recorded the highest averages compared with other
concentrations ( 0, 2.5, 3.5, 4.5) mL.I"! for traits of number of spikes (650.22 spikes.m™), grain
yield (7.96 ton.h™), and weight of 1000 grains (44.87 g). Reza (2022) explained in her study
to find out the genetic variation of genotypes of bread wheat under different concentrations of
NPK nano- fertilizer, that the spray concentration (4) gm.I"* was superior to rest of spray
levels in traits of plant height (93.85 cm) and leaf area (27.47 cm?), chlorophyll content
(25.38 Spad), number of tillers (562.47 tiller.m?), spike length (10.57 cm), number of spikes
(466.76 spike.m?), and grain yield (6045.43 kg.h') The variety (Fayyad) which its
interaction with spraying treatment (4) gm.I"* was superior in terms of number of spikes (474
spikes.m™) and grain yield (7229 kg.h™%). Therefore the purpose of this research is to study
the effect of growth and yield traits of four bread wheat varieties for spraying with NPK nano
fertilizer.

MATERIALS AND METHODS

A Field experiment was carried out in two locations within Nineveh Governorate. The
first location inside the center of Mosul (Gleokhan) and second location (Balawat village)
within the administrative boundaries of Namrod sub-district of Nineveh Governorate, which
is 45 km from the center of Mosul district. Both locations are located below the Moderate
rain areas, and supplementary irrigation (as needed). Three random soil samples were taken
from different places for two experimental sites at a depth of (30 cm) before planting, and
they were mixed with each other and mixed for the purpose of analyzing them and knowing
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their contents of elements and physical traits. Soil samples were analyzed in the laboratories
of the Nineveh Directorate of Agriculture, and the results shown in the table (Table 1).

Table (1) Results analysis of soil samples for two experiment sites

Traits Gleokhan site Namrod site
Electrical conductivity ( ds.m-1) 0,90 1,08
PH 7,1 7,5
Organic matter % 1,03 1,72
Nitrogen ppm 1,16 1,23
phosphors ppm 9,06 13,08
Potassium ppm 5,54 9,14
Sand % 43,93 42,68
Silty % 33,38 33,38
Clay % 22,70 23,95
Texture sandy sandy

Nineveh Agriculture Directorate laboratories

The land prepared for cultivation was prepared by plowing the land using a disc plow,
then smoothed by using a plow, after which the land was divided into experimental units with
an area of (2 m?) for each unit, then each experimental unit was divided into five lines for
sowing, the distance between one line and other was (20 cm), leaving first and last 10 cm
from each experimental unit to achieve symmetry, in addition to leaving a 50 cm walk after
one experimental unit and another, with (75 cm) between blocks. Cultivation took place on
12/2/2021 in the first site (Gleokhan) and 12/8/2021 in the second site (Namrod). With the
adoption of the seeding rate (300 grains.m?) live it was adopted on the basis of the
germination test and according to what was stated by (Alrijabo and Hassan, 2011), in the
stage of vegetative growth and after the appearance of the weeds, the two experimental fields
were controlled using the herbicide Atlantis in order to eliminate the narrow and broad
weeds.

As for the factors of the study, it consisted of three levels of NPK nano- fertilizer (1, 2
and 3 gm.I") that were added in two stages, the first stage at the basal tillers according to the
Zadoks scale (Z.2-1) and the second before the boating on the scale of Zadoks (Z.4-0)
(Zadoks, 1974), using a knapsack sprinkler with a capacity of (16 liters) and spraying was in
the early morning, fourth addition level represented by the control treatment (the traditional
method of the farmer by fertilization), which is the addition of urea and dap fertilizers in
quantities and times Recommended by the Iragi Ministry of Agriculture (Urea fertilizer (40
kg.donum) was added in two stages, half of the amount at planting and the second at the
tillering, with dap fertilizer was added in full recommendation (25 kg.donum) when
planting). The second factor was four varieties of wheat, which are (Bhoth 22, Abu Ghraib,
Rashid and Jihan). At harvest, an area of (1 m?) was harvested from each experimental unit.

A Factorial field experiment was carried out with two factors according to the
randomized complete block design (R.C.B.D) with three replications, where the levels of the
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first factor (levels of nano-fertilizer) and the second (wheat varieties) were randomly
distributed, thus the number of experimental units is (48 experimental units) in each site.

Traits studied
Traits of vegetative growth
1- Plant height (cm): The lengths of 10 plants were calculated randomly from the base of
plant at the soil surface to the end of the spike (without the top), then the average height of
one plant for each experimental unit was calculated.
2- Number of tillers (m?): The total number of tillers.m? was calculated within each
experimental unit.
3- Leaf area (cm?): It was calculated from an average of ten plants from each experimental
unit, by using the following formula:
Flag leaf area (cm?) = leaf length x maximum leaf width x 0.95 (Thomas, 1975).
4- Total Chlorophyll Content Index (SPAD): This trait of the flag leaf was measured by
the Chlorophyll Content meter, its trademark Optics-sciences, and its index CCI (Chlorophyll
Content) unit according to (Al-Obaidi ,2021).
5- Number of days until 50% flowering (day)
The number of days from sowing to 50% flowering was calculated.
Traits of the yield and its components
6- Number of spikes (spike.m?)
The number of spikes.m for each experimental unit was calculated randomly.
7- Spike length (cm): The lengths of 10 spikes were calculated randomly from each
experimental unit, as the measurement was taken from the base of the spike to the top of
spike, then the average lengths were calculated.
8- Number of grains per spike (grain.spike?): Calculated from the average number of
grains for 10 spikes taken randomly from each experimental unit.
9- Grain yield (g.m?): The thrashing was done for all spikes that were harvested of the field,
then the grains were cleaned and weighed.
10- The weight of 1000 grains (g): 1000 grains from each experimental unit were counted at
random and then weighed using a sensitive scale.

The trial data for both sites were analyzed using the Statistical Analysis System (SAS
9.0) program (Antar and Al-Waka'a, 2017) and the coefficients' averages were compared
using Duncan's multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Table (2) shows the effect of NPK nano fertilizer, varieties and the interaction
between them on the vegetative growth traits of Gleokhan site, in terms of plant height (cm)
and the effect of nano fertilizer levels. It is noted that the highest height of the plant was
(54.42 cm) in treatment (3 g) without significant difference from the (1 g) coefficient
recorded an average of (54.37 cm), while the comparison treatment recorded the lowest plant
height reached (48.91 cm), which did not differ significantly from the (2 g). This result is
consistent with what (Burhan ,2018) found, which showed that the use of fertilizer Nano-
NPK led to a significant increase in plant height, and the reason may be the increase in the
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efficiency of the transport of synthetic compounds that contribute to an increase in the
diameter of the stem and the number of transport vessels (Grover et al., 2012). As for effect
of varieties on this trait, it was observed that were no significant differences between four
varieties. As for the interaction between fertilizer and varieties, the treatment of (1 g) and
Jihan variety recorded the highest average for the trait reached (62.13 cm) compared to the
comparison treatment with two varieties Abu Ghraib and Rashid, who recorded the lowest
averages of the trait which were (46.1 and 46.37 cm) respectively.

The number of tillers (tiller.m™2) and in the effect of fertilizer levels, it was found that
the highest number of tillers was in (1 g) which reached (178.17 tiller), while the lowest
number of tiller reached (126.25 tiller) was recorded by (3 g). The reason for the superiority
of (1 g) may be due to the use of nano-fertilizer which is characterized by its rapid
penetration into the plant cell which contributed to the processes of division of meristematic
tissue cells, which in turn led to an increase in the growth rate of the root and vegetative
system (Al-Obaidi, 2021). These results are consistent with (Abdel-Aziz et al., 2016 and
Burhan, 2018).

The effect of varieties, Rashid variety excelled and recorded the highest average for
the trait (169.08 tiller), and outperformed the rest of the three varieties, which did not differ
significantly among themselves, with the Abu Ghraib variety recording the lowest average
for the trait (142.17 tiller), perhaps the reason for the superiority of Rashid variety to the
genetic nature of the variety because that the number of tillers is one of the traits that are
mainly governed by genetic genes, this result agrees with (Zenhom et al., 2018 and Al-Jabri,
2020), who showed that the difference in varieties in number of tillers due to the genetic
nature of the variety. As for the interaction of two factors, (1 g) with Rashid was superior and
the highest average was recorded for this trait which amounted (224 tiller), while the lowest
value of the trait was recorded by (3 g) with Rashid (112.33 tiller).

Leaf area (cm?), it is noted that no significant differences were recorded between the
fertilizer levels as well as between the varieties for this trait. And for interaction between two
factors, (2 g) treatment with Jihan recorded highest mean for this trait (25.41 cm?) without a
significant difference for all interactions except for (2 g) with Abu Ghraib, which achieved
the lowest mean for the trait (16.47 cm?).

In total chlorophyll content (SPAD) and for effect of fertilizer levels, it was found that
the highest mean for the trait amounted to (28.41 SPAD), was in comparison treatment,
without significant difference of (1 g), while the treatment of (2 g) recorded the lowest value
for the trait (23.65 SPAD). Perhaps the reason for the superiority both of comparison
treatment and (2 g) treatment is due to the provision of the necessary elements needed by the
plant such as nitrogen, phosphorus and potassium, because comparison treatment used two
types of fertilizers (the traditional urea and dap) as the availability of the phosphorous
element had a vital role in the plant and a key to physiological processes such as the process
of photosynthesis, respiration, energy storage, plant cell division and increase in size
(Marschner, 2011). As for the availability of nitrogen, it had a role in increasing the length of
the leaf and duration of its greenness stay. Spray treatment also provided major elements
through fertilizer. The nanoparticles, which in turn led to an increase in the chlorophyll
content in the science paper, and this result is consistent with what found (Al-Fahdawi,
2019). The nuclei have the ability to penetrate plant cells and sustain their survival, which
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provides the meristematic tissues with the requirements of building and division, and thus
activating the building metabolism in the whole plant, including photosynthesis and its
requirements for chlorophyll pigment, and this was confirmed by (Al-Mutairi, 2012 and
Siddiqui et al., 2014) that the addition of nano fertilizer to the plant is reflected In improving
vital activities and increasing the speed of enzymatic activities of photosynthesis.

Table (2): Effect of nano-fertilizer levels and Varieties and interaction between them for
vegetative growth traits for Gleokhan site

levels number of total days to
e L plant . leaf area chlorophyll 50%
fertilization  Varieties hei tillers 9 .
1 eight(cm) (tiller.m?) (cm?) content flowering
g (Spad) (day)
Bhoth 22 49.03cd 131.67de 21.89ab 34.6 a 133 a
Control Abu Ghraib 46.1d 155b-e 2229ab 24.55bcd 133 a
Rashid 54.13bc 180b ¢ 20.63ab 23.13cd 134 a
Jihan 46.37d 133.33cde 20.74ab 31.35ab 131a
Bhoth 22 503bcd 172.67bcd 22.28ab 2347bcd 133 a
Abu Ghraib 529bcd 122 e 23.05ab 29.6abc 132 a
1 Rashid 52.13bcd 244 1722ab  244bcd 134a
Jihan 62.13 a 194ab 23.15ab 252bcd 131 a
Bhoth 22 514bcd 149.67 b -e 22.83ab 25.07bcd 133 a
Abu Ghraib 5423 bc 148.67 b -e 16.47b 2493bcd 132 a
2 Rashid 49.7cd 160b-e 22.09ab 19.8d 134 a
Jihan 47.87cd 119¢e 2541 a 248bcd 131a
Bhoth 22 54.17bc 115e 253 a 26.03bcd 133 a
3 Abu Ghraib 53.6bcd 143cde 22.14ab 2387bcd 132a
Rashid 57.8ab 112.33 e 25.37a 2455bcd 134 a
Jihan 52.1bcd 134.67cde 22.88ab 2427bcd 131 a
Bhoth 22 4891 b 150 b 21.39a 2841 a 132.75 a
mli%%?SOf Abu Ghraib 5437a 178.17 a 2143 a 25.67ab 132.50 a
fertilization Rashid 50.80 b 11433 bc 21.70 a 23.65b 132 a
Jihan 5442 a 126.25 ¢ 2392 a 24.68 b 132.50 a
Bhoth 22 51.23 a 142.25b 23.08 a 2729 a 133ab
means of Abu Ghraib 51.71a 142.17b 20.99 a 2574 ab 132.25bc
Varieties Rashid 5344 a 169.08 a 21.33a 2297b 134 a
Jihan 52.12 a 14525 b 23.05a 2640ab 131 ¢

Means followed by the same letter are not significantly at the probability level 5%

As for the effect of varieties, Bhoth 22 recorded the highest mean for trait, (27.29
SPAD), without a significant difference from the rest of varieties, except for the Rashid
variety, which recorded the lowest mean (22.97 SPAD). The interaction between comparison
treatment and Bhoth 22 variety achieved highest averages for the trait (34.6 SPAD) without a
significant difference from between the comparison treatment and Jihan variety, the
interaction between (1 g) with Abu Ghraib variety, while the lowest averages for the trait
were recorded in (2 g) with Rashid, (19.8 SPAD).

The trait number of days up to 50% flowering (day). It is noted that there were no
significant differences between the fertilizer levels, in addition to the interaction between the
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fertilizer levels with varieties. As for the effect of varieties, it is noted that the Jihan excelled
by recording a significant decrease and needed the least number of days to reach the stage of
50% flowering reached (131 days), while Rashid needed the longest period to reach the same
stage with an average of (134 days) recording a un superiority for trait without a significant
difference from Bhoth 22, perhaps the reason for the superiority of Jihan in this trait to
flowering due to its difference in the amount of its response to temperature and the length of
the photoperiod, and to the difference in the duration of the time periods of the stages of
vegetative and reproductive growth, starting from the stage of germination to full maturity
This in turn is caused by the fact that the trait is under the influence of the genetics of the
variety. This conclusion agreed with (Wahid, 2017, Al-Saidan, 2019 and Al-Ghanmi, 2021)
who indicated that the difference in number of days up to 50% flowering is due to the
difference in the genotypes of the varieties.

Table (3) which shows the effect of NPK nano fertilizer, varieties and the interaction
between them on the vegetative growth traits of the Namrod site, in the plant height (cm), it
was found in effect of fertilizer levels that the highest average of trait was in the treatment (3
g) without a significant difference from comparison treatment and (1 g), while the (2 g)
recorded the lowest values of the trait with averages of (80.77, 80.48, 80.11 and 73.13 cm),
respectively.

As for the effect of varieties, Rashid recorded the highest mean which reached (81.85
cm), without a significant difference from two varieties Abu Ghraib and Jihan, which
recorded averages of (81.23 and 78.57 cm), while the lowest mean for the trait was (72.84
cm), and it was in Bhoth 22. In the interaction of two factors, (1 g) with Rashid recorded the
highest average (88.5 cm) without significant difference from most of interactions, while (2
g) with Bhoth 22 recorded the lowest mean (66.05 cm).

Number of tillers (tiller.m), it is noted in the effect of fertilizer levels that the highest
mean for the trait was (270.08 tiller), without a significant difference from rest of the
fertilizer treatments, except for (1 g) which recorded the lowest mean (217.92 tiller). In the
effect of varieties, Bhoth 22 recorded an average of (302.75 tiller) achieving a significant
superiority over the rest of varieties that did not differ significantly among them, while Jihan
recording the lowest average (222.67 tiller). The interaction between two factors, (3 g) with
Bhoth 22 achieved the highest mean for the trait (385.33 tiller) compared to the (1 g) with
Jihan which recorded the lowest mean (176.33 tiller).
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Table (3): Effect of nano-fertilizer levels and Varieties and interaction between them for
vegetative growth traits for Namrod site

levels number of total days to
fertilization  Varieties .plant tillers leafarea  chlorophyll 50%
height(cm) . 2 (cm?) content flowering
11 (tiller.m=)
g (Spad) (day)

Bhoth 22 76.6cd 32333 b 31.51bcd 23.45d 135ef

Control Abu Ghraib 82.7a-d 221de 28.5d 2437cd 136cd

Rashid 86.9ab 231.33cde 32.04bcd 32.65a 137ab

Jihan 75.7d 251.33cd 3595b 31.13ab 136cd

Bhoth 22 68.13 e 216.67de 33.72bcd 3347 a 135ef

Abu Ghraib 83.33a-d 252.33cd 29.69cd 2643 cd 136cd

1 Rashid 88.5a 22633 cde 41.75a 25.57cd 137ab

Jihan 80.47a-d 176.33 e 32.66bcd 28.23bc 136cd
Bhoth 22 66.05 e 285.67bc 3436bc 31.35ab 13533 de
Abu Ghraib 80.67a-d 250.67 cd 29.21cd 329a 13633 bc

2 Rashid 67.8 ¢ 222.67de 3455bc 284bc 13733 a
Jihan 78 cd 274bcd 28.5d 26cd 13633 bc

Bhoth 22 80.57a-d 385.33 a 31.12bcd 263 cd 13433 f

3 Abu Ghraib 782cd 233cde 31.03bcd 22.77d 136 cd

Rashid 842abc 273bcd 29.85cd 26.8¢cd 137ab

Jihan 80.1bcd 189 e 30.31bcd 2473 ¢cd 136 cd

Bhoth 22 80.48 a 256.75 a 32b 27.90 a 136 ab

mlean? of Abu Ghraib 80.11 a 21792 b 3446 a 2843 a 136ab
.€‘\./e S. Rashid 73.13 b 258.25a 31.66b 29.66 a 136.33 a
fertilization 5 - 80.77 a 270.08 a 30.58 b 25.15b 135.83 b
Bhoth 22 72.84 b 302.75 a 32.68ab 28.64 a 13492 c

means of Abu Ghraib 81.23 a 239.25b 29.61¢c 26.62 a 136.08 b
Varieties Rashid 81.85a 238.33 b 3455a 28.35a 137.08 a
Jihan 78.57 a 222.67b 31.86bc 2753 a 136.08 b

Means followed by the same letter are not significantly at the probability level 5%

The leaf area (cm?) in effect of fertilizer levels, it was found that the highest mean for
this trait (34.46 cm?) achieved by (1 g) and it was significantly superior to the rest of the
treatments, in which no significant differences were recorded with the (3 g) which recorded
the lowest mean (30.58 cm?). The reason for superiority of (1 g) may be to stimulate the nano
fertilizer to increase the area of flag leaf and its role in the vegetative seedling to the late
stages of the crop’s life, so that it contributes to increasing the area of the flag leaf as well as
the possibility of its direct penetration into the plant cells, this conclusion agrees with (Al-
Obaidi, 2021). In effect of varieties, Rashid recorded the highest mean (34.55 cm?), without
any difference Significant for Bhoth 22, which recorded an average of (32.68 cm 2), while the
lowest average recorded by Abu Ghraib (29.61 cm?).

In interaction between two factors, (1 g) with Rashid achieved the highest average
(41.75 cm?) while control treatment with Abu Ghraib, and (2 g) with Jihan recorded lowest
mean (28.5 cm?) for both interactions.

Total chlorophyll content (Spad) it was found no significant differences were
observed between varieties. As For effect of fertilizer levels, (2 g) treatment recorded the
highest average of the trait with a value of (29.66 SPAD) without significant difference from
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the rest of the treatments except for (3 g) which recorded the lowest levels (25.15 SPAD). In
the interactions, (1 g) with Bhoth 22 achieved highest mean without a significant difference
from control treatment with Rashid, and (2 g) with Abu Ghraib, (33.47, 32.65, and 32.9
SPAD) respectively, while the lowest levels of the trait were recorded by control treatment
with Bhoth 22, and (3 g) with Abu Ghraib, (23.45 and 22.77 SPAD) respectively.

Trait of number of days up to 50% flowering (day) and for effect of fertilizer levels, it
was observed that the treatment (2 g) recorded the highest number of days achieving
undesirable superiority without significant difference from control treatment and (1 Q)
treatment, while (3 g) treatment recorded the lowest number of days for flowering achieving
a desirable decrease it has the trait with averages of (136.33, 136, 136 and 135.83 days) in the
aforementioned order. As for the effect of varieties, Bhoth 22 achieved significant, desirable
decline and needed the least number of days to reach the stage of 50% flowering, with an
average (134.92 days), compared to Rashid, which needed (137.08 days) to reach the same
stage recording an undesirable superiority for this trait. In interaction between two factors, it
is noted that (2 g) with Rashid had the highest average of the trait, recording an undesirable
height with an average (137.33 days) and without a significant difference from control
treatment with (1, 3 g) treatments, as they interaction with Rashid, with an average of (137
day) for the three aforementioned interactions, while (3 g) with Bhoth 22 needed the least
number of days recording a desirable decrease with an average (134.33 days).

Table (4) data of the trait number of spikes (spike.m™) in effect of fertilizer levels, it
was found that the highest average for the trait was recorded by (1 g) treatment (100.08
spike), while (3 g) treatment recorded the lowest levels without a significant difference for
control and (2 g) with averages of (81.17, 84.92 and 82.75 spike) respectively, the reason for
the superiority of (1 g) may be due to the treatment’s superiority in number of tillers (Table
2) in addition to the effect of NPK nano particles in contributing to the activation of the
system transportation in the phloem tissue, which helps in transporting processed foodstuffs
from their sources to the estuaries, which reflected positively on the trait of number of spikes,
the conclusion agrees with what found (Burhan, 2018 and Al-obeidi, 2021). In effect of
varieties, it was found that the highest average recorded by Rashid (104.58 spike) and
significantly superior to the rest of the varieties, while Abu Ghraib recorded the lowest levels
of the trait (71.33 spike). The reason for the superiority of Rashid in this trait may be due to
the genetic nature of the variety addition It indicates its superiority in the number of tillers
(Table 2) as an increase in the number of tillers will lead to an increase in the number of
spikes. This conclusion is consistent with (Bager, 2018 and Al-Ghanmi, 2021). As for
interaction between factors, it was found that the highest value of the trait was recorded by (1
g) treatment with Rashid (132.67 spike) compared to the (1 g) treatment with Abu Ghraib
which recorded the lowest mean (46.67 spike).

The trait of spike length and the effect of fertilizer levels, (1 g) recorded the highest
average of the trait (8.58 cm) and a significant difference from rest of the fertilizer levels,
while the control treatment and (2 g) recorded the lowest levels (6.73 and 6.58 cm),
respectively. The superiority of (1 g) treatment in spike length may be a result of the effect of
the nano fertilizer as the increase in the length of the spike is associated with an increase in
cell elongation and growth as a result of the availability of nitrogen. These results are
consistent with what was found by( Abdel-Aziz et al., 2016) when spraying wheat plants with
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the treatment 10% of Recommendation of nanoparticle NPK as they obtained the highest
spike length. In the effect of varieties, Rashid achieved the highest spike length (8.56 cm) and
a significant difference from the rest of the varieties, while Bhoth 22 recorded the lowest
average (6.75 cm). The reason for the superiority of Rashid may be due to the genetic
composition of the variety because this trait is more related to the genetic factor, this result is
consistent with what was confirmed by (Abu Al-Nader ,2019) that the significant difference
between wheat varieties is due to their genetic difference. In the interaction between factors,
(1 g) with Rashid achieved the highest mean for the trait reached (10.8 cm). ) and
significantly outperformed the rest of the interactions, while the lowest mean of the trait it
was recorded (3 g) with Bhoth 22 (6.03 cm).

Number of grains per spike (grain.spike™) and for the effect of fertilizer levels, it is
noted that no significant differences were recorded between fertilizer levels, as well as
between varieties included in the study. As for the interaction between fertilizer levels and
varieties, it was found that the highest average of the trait was recorded by (2 g) with Jihan
(27.33 grain) and without a significant difference from most of the interactions, while control
treatment with Jihan recorded the lowest average trait (20.07 grains).

Grain yield (gm.m?), it is noted in the effect of fertilizer levels that the highest
average of the trait was recorded by (1 g) which reached (128.83 g) with a significant
difference from the rest of the fertilizer levels, while (2 g) recorded the lowest values (41.83
g). Perhaps the reason for the superiority of (1 g) treatment is due to the superiority of the
treatment in terms of number of spikes and spike length, which may be due to the positive
role of nano-fertilizer in facilitating nutrients and making them more available to the plant,
which helped in increasing the components of the yield, which led to an increase in grain
yield. This result is in line with what he reached (Al-Zaboun, 2013, Al-Saedan, 2019, and Al-
Shammari, 2021). In the effect of varieties, Jihan achieved the highest mean for the trait
(108.08 g) and a significant difference from the rest of the varieties, while the lowest average
for the trait was (53.33 g) recorded by Abu Ghraib. In the interaction between two factors, it
is noted that the highest value of the trait amounted (301 g) and was recorded (1 g) with
Jihan, while the lowest average was (33.33 g) and recorded by (2 g) with Bhoth 22.

Weight of 1000 grains (g), the effect of fertilizer levels. It is noted that the highest
mean for the trait amounted (35.20 g) and was recorded by (1 g) with a significant difference
from the rest of the fertilizer levels that did not differ significantly between them, while (3 g)
recorded the lowest rate amounted (31.24 g), and the reason for the superiority of the (1 g)
may be due to the role of nano-fertilizer particles in entering into metabolic reactions
efficiently and effectively which resulted in achieving the necessary requirements of
phosphorus which directly contributed to the increase in grain weight, This result is
consistent with what he reached (Al-Shammari, 2021). Effect of varieties, Bhoth 22 recorded
the highest mean for the trait (34.23 g), which did not differ from two varieties Abu Ghraib
and Rashid, but differed from Jihan, which recorded the lowest mean (31.20 g). It is noted in
the effect of interaction between two factors that the highest average for the trait was (40.01
g) recorded by (1 g) with Bhoth 22, which was significantly superior to the rest of the
interactions, while the lowest average was (29.4 g) which was recorded by (3 g) with Rashid.
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Table (4): Effect of nano-fertilizer levels and Varieties and interaction between them for
yield and its components traits for Gleokhan site

total days to
f I.e\./els. L plant number of leaf area  chlorophyll 50%
ertilization Varieties hei tillers ) .
1 eight(cm) (tiller.m?) (cm?) content flowering
J (Spad) (day)
Bhoth 22 84.67c-g 6.3gh 216 b 65cd 31.5bcd
Control Abu Ghraib 86.33c-f 7.03efg 22.8ab 71.67cd 34.65bcd
Rashid 110a-d 7efg 236ab 66.67cd 32.32bcd
Jihan 58.67fgh 6.57gh 20.07 b 40 f 2998bcd
Bhoth 22 121 ab 8¢ 242ab 79¢ 40.01 a
1 Abu Ghraib 46.67 h 7.57c-f 2493 ab 36.67 f 32.07bcd
Rashid 132.67 a 10.8 a 21.13b 98.67 b 3395bcd
Jihan 100b-e 7.93cd 20.13b 301 a 3475bc
Bhoth 22 55¢gh 6.67gh 21.13 b 3333 f 342bcd
2 Abu Ghraib 75e-h 6.83fgh 21.73 b 4733 ef 31.27bcd
Rashid 88.33c-f 6.5gh 21.13 b 41.67 f 351D
Jihan 112.67abc 6.33gh 27.33a 45¢f 29.5¢cd
Bhoth 22 82.33d-g 6.03 h 21.87ab 74.33 ¢ 312bcd
3 Abu Ghraib 7733 efg 7.83cde 22.53ab 57.67de 33.8bcd
Rashid 8733 c-f 993D 23.27ab 67.67cd 29.4d
Jihan 77.67efg 7.1d-g 24.4ab 4633 ef 30.55bcd
means of Bhoth 22. 84.92b 6.73¢C 22.02a 60.83 b 32.11b
levels Abu Gh_ralb 100.08 a 8.58 a 22.60 a 128.83 a 3520 a
fertilization Rc’_;lshld 82.75b 6.58¢C 22.83a 4183 c 32.52b
Jihan 81.17b 7.73 b 23.02 a 61.50b 31.24b
Bhoth 22 85.75b 6.75¢C 22.20a 62.92b 3423 a
means of  Abu Ghraib 7133 ¢c 7.32b 23a 53.33 ¢ 3295ab
Varieties Rashid 104.58 a 8.56 a 22.28 a 68.67b 32.69ab
Jihan 87.25b 6.98bc 22.98 a 108.08 a 31.20b

Means followed by the same letter are not significantly at the probability level 5%

Table (5) show number of spikes (spike.m), for effect of fertilizer levels it was found
that the highest mean was recorded in control treatment without significant difference
between (2 ,3 g), while the lowest was in (1 g) (267.75, 242.58, 259.17 and 198.67 spike)
respectively, in effect of varieties Bhoth 22 scored highest mean reached (290.17 spike) and
was significantly superior to the rest of the varieties, while Jihan recorded the lowest mean
(205.25 spike). In interactions, (3 g) with Bhoth 22 recorded highest levels of the trait
(376.33 spike) and a significant difference from the rest of the interactions, while (1 g) with
Jihan recorded the lowest mean (155 spike).

Spike length (cm), the effect of fertilizer levels. It is noted that the highest mean was
recorded by the (1 g) without significant difference from control treatment and (2 g), while (3
g) recorded the lowest levels of the trait (10.85, 10.02, 9.95 and 9.68 cm) respectively. In
effect of varieties, Rashid achieved the highest average for the trait reached (12.98 cm) with a
significant difference from the rest of the varieties that did not differ significantly among
themselves, while Bhoth 22 recorded the lowest levels (8.8 cm). The reason for the
superiority of Rashid, as previously mentioned may be due to the genetic nature of the variety
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(Abu Al-Nader, 2019). In interaction of fertilizer levels with varieties, (1 g) with Rashid had
the highest average for the trait reached (16.2 cm) and was significantly superior to the rest of
the interactions, while (2 g) with Bhoth 22 had the lowest mean (7.9 cm).

Number of grains per spike (grain.spike™), no significant differences were recorded
between fertilizer levels in this trait. As for effect of varieties, Abu Ghraib excelled by
achieving the highest average for the trait (46.43 grain), and was significantly superior to the
rest of the varieties, while Bhoth 22 and Jihan recorded the lowest averages (36.79 and 37.43
grain), respectively. In interactions, (2 g) with Abu Ghraib achieved the highest mean reached
(53.2 grain) without a significant difference between control treatment and (3 g) with Abu
Ghraib, while (3 g) with Bhoth 22 recorded the lowest average (30.87 grain).

Grain yield (g.m™) in terms of effect of fertilizer levels, it was found that the highest
rate for the trait was (332.17 g) without significant difference for the control treatment and
(19), while the lowest rate was (284 g) and was recorded by (2 g). In effect of varieties, it is
noted that the highest rate for the trait was recorded by Bhoth 22 (405.42 g) and a significant
difference from the rest of the varieties, while the lowest average recorded by Jihan (250 g).
The reason for the superiority of Bhoth 22 in yield may be due to its superiority in number of
spikes, which ultimately led to an increase in yield, this conclusion is consistent with (Al-
Obaidi, 2021), which indicated that the increase in the components of the yield leads to an
increase in the yield. As for the effect of interaction between two factors, (3 g) with Bhoth 22
recorded highest averages without a significant difference from control treatment with Bhoth
22, while (2 g) with Jihan recorded lowest level of the trait (487.67, 471 and 212 g ) in the
aforementioned order.

Weight of 1000 grains (g), and for effect of varieties, no significant differences were
recorded between them. As for the effect of fertilizer levels, it was found that the highest
rates of the trait were recorded by control treatment, without a significant difference from (1
and 2 g) treatments, with a significant difference from (3 g) which recorded the lowest rates
of the trait (44.91, 43.95, 43.33, and 42.65 ), respectively. In interactions, control treatment
with Rashid recorded highest levels without significant superiority over control treatment
with Abu Ghraib and Jihan, (3 g) with Bhoth 22 (48.03, 45.08, 47.37, and 44.93 Q)
respectively, while (3 g) with Abu Ghraib was recorded lowest average for the trait, (40.77

9)-
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Table (5): Effect of nano-fertilizer levels and Varieties and interaction between them  for
yield and its components traits for Namrod site

levels total days to
e i plant nur_nber of leaf area chlorophyli 50%
fertilization  Varieties hei tillers 9 .
[ eight(cm) (tiller.m?) (cm?) content flowering
g (Spad) (day)
Bhoth 22 303 b 9.13cd 409de 471 a 4272 cd
Abu
. 11 . 49. 12b- 45,
Control Ghraib 311b 99cd 95abc 312b-e 5.08abc
Rashid 219de 119b 315f 274.33d-g 48.03 a
Jihan 238cde 9.13cd 40.7de 255efg 4737 ab
Bhoth 22 205def 9cd 4133de 311.33b-e 43.1cd
Abu
1 Ghraib 22733 cde 9.13cd 3233 f 370 b c 4253 cd
Rashid 207.33def 16.2 a 437cd 303.33b-f 428cd
Jihan 155 f 9.07cd 419de 294c-g 4355cd
Bhoth 22 27633 bc 79d 34.07 f 351.67bcd 41.73 cd
Abu
2 Ghraib 236cde 9.73cd 53.2a 316b-¢e 4422 bcd
Rashid 211.33de 12.7b 41.1de 256.33efg 438cd
Jihan 246.67 cd 947cd 31.5f 2129 42.15cd
Bhoth 22 376.33 a 9.17cd 30.87 f 487.67 a 4493 abc
Abu
3 Ghraib 21733 de 9.07cd 50.7ab 218.67fg 40.77d
Rashid 261.67bcd 11.13bc 453bcd 383.33 b 4275cd
Jihan 181.33ef 933cd 35.6ef 239efg 4272 cd
Bhoth 22 267.75 a 10.02ab 40.65 a 328.08 a 4491 a
means of Abu 198.67 b 10.85a 3982a  319.67ab  43.95ab
levels Ghraib
fertilization Rashid 242.58 a 9.95ab 3997 a 284 b 4333 ab
Jihan 259.17 a 9.68b 40.62 a 332.17 a 42.65b
Bhoth 22 290.17 a 8.8b 36.79 ¢c 40542 a 4422 a
means of Gﬁ?el:ib 24792 b 946 b 46.43 a 304.17 b 43.12 a
Varieties Rashid 22483 bc 12982 404D 30433 b 43.15a
Jihan 205.25¢ 925b 3743 ¢ 250 ¢ 4435 a

Means followed by the same letter are not significantly at the probability level 5%

CONCLUSIONS
As a result of superiority (1 g) in number of tillers, number of spikes, spike length, grain
yield, and weight of 1000 grains at the Gleokhan site, it is preferable to adopt the above
concentration under the conditions of the region, while adhering to the dates that were used in
the study (tillering and boating stage) as the use of half of the recommended amount provides
a yield for the farmer. As for (3 g) which exceeded in plant height, number of days up to
50% flowering and grain yield in the Nimrud site, therefore it is recommended to use the
above concentration in the conditions of the region, while adhering to the dates that were
sprayed in the study (tillering and boating stage). The superiority of Jihan variety in number
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of days up to 50% flowering and grain yield is noted at the Gleokhan site, and Bhoth 22 in
number of tillers , number of days up to 50% flowering and grain yield at the Namrod site.
Based on the results obtained, it is preferable to adopt the cultivation of Jihan variety in the
first site and Bhoth 22 in the second site as a result of the superiority of the level of fertilizer
and variety in each site. Depending on the results obtained, it is recommended to adopt the
spray concentration of (1 g) with Jihan in first site s(Gleokhan), and (3 g) with Bhoth 22 in
second site (Namrod).
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