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ARTICLE INFO ABSTRACT
Article History Two field experiments were conducted at the Experimental Farm

iecei\{[eg:_ gg/égig of Faculty of Agriculture (Saba- Basha), Abess Region, Alexandria
ceepted: University, Egypt, during two seasons of 2016/2017 and 2017/2018 to

Keywords: study the response of some wheat cultivars to mineral and nano-
Egyptian; Iraqi; wheat; fertilization. The experimental design was split- split plot system with
cultivars; yield; three replicates. The main plots were occupied by the three soil mineral
mineral; Nano; fertilizer NPK treatments at the rate of “100, 75, and 50% .”While, sub-
fertilization plots contain three foliar application of nanofertilizer NPK fertilizer

treatments “100, 75 and 50%”. Meanwhile, the four wheat cultivars
“Sakha 93, Gemmeiza 11, AL-Rasheed and Abu Ghareb” are distributed
at random in sub- subplots. plant height, spike length (cm), number of
spikes/m?, number of spikelets /spike, number of grains/spike, 1000-
grains weight (g), grain yield, straw yield (t/ha.), harvest index (HI %)
and protein content were recorded in both seasons. The obtained results
revealed that fertilized wheat cultivar Sakha 93 by 75 % soil application
of mineral fertilization by NPK with foliar application of Nano- fertilizers
(NPK) increased yield and its components of the wheat crop under the
environmental conditions of Alexandria Governorate.

INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most important cereal crops in the
world. It is the main food for more than one-third of the world population; it contributes
more calories and protein in the world diet than any other food crops. There is a need to
increase wheat grain yield to enhance food security. The government in Egypt aimed to
face the human needs. In this respect, it can be increased the wheat production by
horizontal and vertical extension. Wheat cultivation in Egypt is about 1.3 million ha and
the average yield of wheat reached about 6.6 t/ha. While, the cultivated area in Iraq is
about 920 thousand ha

with an average yield about 3.3 t/ha. On the otherwise, the cultivated area in the
World reached about 220.1 million ha with an average of 3.4 t/ha (FAO, 2016)
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Conventional fertilizers are generally applied on the crops by either spraying or
broadcasting. Excess utilizes of fertilizers decrease soil micro-flora lessens nitrogen-
fixation. Subsequently, it is important to optimize the utilization of chemical fertilization to
full fill the crop nutrient supplement and to reduce the risk of environmental pollution
(Tilman et al. 2002). In this manner, it is necessary to test the other methods to provide the
necessary nutrients for growth and yield of the crop, while keeping the soil structure in the
great shape and environment clean (Miransari, 2011).

Use Nano-fertilizer for control of nutrient release could be considered as an
effective way to achieving sustainable agriculture and environment. Nanotechnology has
provided the feasibility of exploring the nanoscale or nanostructured materials as a
fertilizer carrier or controlled - release vector for the building of the so-called smart
fertilizers as new facilities to enhance the nutrient use efficiency and reduce the cost of
environmental pollution (Chinnamuth and Boopati, 2009). A nano fertilizer alludes to a
product in nanometer regime that delivers nutrient to the crops. For, example
encapsulation, inside nanomaterials coated with a thin protective polymer film or in the
form of particles or emulsions of nanoscale dimensions. Surface coating of nanomaterials
on fertilizer particles hold the material more strongly due to the surface tension than the
ordinary surfaces and in this way made a difference in the controlled release (Brady and
Weil, 1999). Using nano- potash fertilizer as the source of potassium in rice, which
resulted in an increasing number of grains/panicle. They conducted that wheat and corn
with nano coating fertilizer and slow release of the same to crops has improved yield as
well as effective recovery of N fertilizer (Subbarao et al., 2013).

An increase in yield due to foliar application of Nano particles640 mg/ha
application of foliar application (40ppm concentration) of Nano phosphorus gave 80kg/ha
P equivalent yield of Cluster bean and pearl millet under the arid environment (Tarafdar et
al., 2014). Nano- fertilizers on the growth and yield of selected cereals observed that the
full recommended rate of conventional dose Nano fertilizers (FRR-CF+FRR-NF) enhanced
the plant height, chlorophyll content, number of reproductive tillers, panicles and spikelet’s
in rice (Jyothi et al., 2017). Significant increases in plant height, spikes number/mz2,
spikelets number/spike, grains number/spike, 1000- kernel weight, grain, straw, and
biological yields/fed., as well as harvest index (%) using nano- fertilizer + amino acids
during both growing seasons. Meanwhile, the applied mineral fertilizer, alone; gave the
lowest mean values of the studied traits. However, “Sids 12” cultivar recorded the highest
means values of the studied characters. Spray “Sids 12 cultivar by nano- fertilizer and
amino acids; recorded the highest mean values of yield and its components. On the other
hand, “Giza 168” cultivar, possessed the lowest ones (Kandil and Marie 2017).

The objective of this investigation is to estimate some wheat cultivars productivity
under the effect of mineral and nano-fertilization.

MATERIALS AND METHODS

Two experiments were carried out at the Experimental Farm of Faculty of
Agriculture (Saba Basha), Abess Region, Alexandria University, Egypt, during two
seasons of 2016/2017 and 2017/2018. This study aimed to investigate the response of four
wheat cultivar to mineral and nano- fertilization.

The preceding crop was maize in the two growing seasons. Soil samples of the
experimental sites were taken at the depth of (0-30 cm). Physical and chemical analysis are
presented in Table (1) and were determined according to the method described by
Chapman and Pratt (1978).



Response of Some Egyptian and Iragi Wheat Cultivars to Mineral and NanFertilization 21

Table 1. Some physical and chemical properties of the experimental soil in 2016/2017 and

2017/2018 seasons
Soil properties Season
2016/2017 | 2017/2018
A) Mechanical analysis:
Clay % 39.0 38.0
Silt % 32.0 34.0
Sand % 29.0 28.0
Soil texture Clay loam soil
B) Chemical properties
PH(1:1) 8.20 8.31
E.C. (ds/m) 3.60 3.70
1) Soluble cations (1:2) (cmol/ kg soil)
K* 1.52 1.54
Ca™* 9.40 8.70
Mg** 15.00 15.60
Na** 10.50 11.00
2) Soluble anions (1 : 2) (cmol/ kg soil)
CO; ™+ HCOy 5.20 5.30
Cr 18.00 19.00
SO, 13.50 12.50
Calcium carbonate (%) 6.50 7.00
Total nitrogen % 1.00 0.91
Available phosphorus (mg/ kg) 3.70 3.55
Organic matter (%) 141 1.40

Each experimental design was a split-split plot design with three replicates, the
main plots contain three Soil mineral NPK fertilizer treatments “100, 75, and 50%) form
the recommended rates. While, sub-plots contain three foliar application of nanofertilizer
NPK fertilizer treatments (100, 75 and 50%) form the recommended rates. Meanwhile, the
four wheat cultivars “Sakha 93, Gemmeiza 11, AL-Rasheed and Abu Ghareb are
distributed at random within the sub- subplots.

Treatments (100, 75 and 50 %) of mineral Nitrogen fertilizer at the rate of 168, 126

and 84 kg N/ha., was added in two doses. The first dose (1/3 of dose from N/ha.) was
added with the first irrigation (25 days after sowing), the second dose (2/3 of dose N/ha.)
was added with the second irrigation (25 days after the first dose). In the two experiments
N- fertilizer was added on the form of urea (46.5 % N). Super phosphate fertilizer (100, 75
and 50%) was applied before sowing at the rates of 60, 45 and 30 kg P,Os/ha. Potassium
fertilizer treatments (100, 75 and 50 %) were applied before sowing (during seedbed
preparation) at rate of 60, 45 and 30 kg K,O/ha. (100%) in the form of potassium sulphate
(48 % K,0). Foliar application of Nano- fertilizer for NPK was sprayed two times at the
rate of (5 kg/ha.).

Each subplot size was 10.50 m? (3 m in length and 3.5 m in width). The grains of
the tested two Egyptian and two Iragi wheat cultivars were obtained from wheat Research
Section of Agriculture Research Center, Ministry of Agriculture in Egypt and Iraq,
respectively.

Sowing dates were 10Mand 5™ November in both seasons, respectively, while,
seeding rate was 168 kg grains/ha., first irrigation was applied at 25 days after sowing and
then plants were irrigated every 25 days till the dough stage.
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Table (2). Structure of nano fertilizer (as the foliar application)

Element Compound name (nano- fertilizer)
Potacrystal Phospho one

K,0 36 % 28 %

P,Os 2% 40 %
Amino acids 5% 5%
Seaweed extracts - 2%
Vitamins 1% 1%

Total nitrogen 5% 5%
Micronutrients (Br, Zn, Mn, Co, and Mo) 2% -

Recorded data include plant height, spike length (cm), number of spikes/m?
number of spikelets /spike, number of grains/spike, 1000-grains weight (g), grain yield,
straw yield (t/ha.), harvest index (HI %) and protein content.

All collected data were subjected to analysis of variance according to Gomez and Gomez
(1984). All statistical analysis was performed using analysis of variance technique by means of
CoStat computer software package (CoStat, Ver. 6.311., 2005). The least significant differences
(LSD at 0.05) were used to compare the treatment means.

RESULTS AND DISCUSSION

The data in Table (3) reveals the effect of soil application of mineral fertilization
(NPK) and foliar application of Nano- fertilizer and their interaction during 2016/2017 and
2017/2018 seasons on plant height (cm), number of spikes/m?, number of grains/spike and
1000- grain weight (gm) for four wheat cultivars.

The results are shown in Table (3) indicated that the rate (100 %) produced
significantly highest values of plant height (84.9 and 95.1cm), number of spikes/m? (247.6
and 317.9 spikes), number of grains/spike (61.2 and 62.1 grains) and 1000- grain weight
(52.4 and 51.4 gm) in both seasons, respectively. While the lowest ones for plant height
(83.9 and 93.9 cm), number of spikes/m? (207.4 and 247.3 spikes), number of grains/spike
(51.8 and 54.3grains) and 1000- grain weight (54.3 and 46.8 gm) was resulted from 50 %
mineral fertilizer in the first and second seasons, respectively.

In addition, 75 % nano- fertilizer (NPK) gave the highest values of plant height
(89.8 and 100.1 cm), number of spikes/m® (252.5 and 305.1 spikes), number of
grains/spike (55.7 and 56.7 grains) and 1000- grain weight (50.0 and 49.8 gm) in both
seasons, respectively. Meanwhile, the lowest ones for plant height (83.3 and 92.9 cm),
number of spikes/m? (211.9 and 262.3 spikes), number of grains/spike (55.1 and 56.0
grains) and 1000- grain weight (48.0 and 47.9 gm) was resulted from 50 % mineral
fertilizer in the first and second seasons, respectively as shown in (Table 3). Foliar
application of micronutrients achieved the significant effect on yield and protein content.
They are needed in trace amounts, but their adequate supply improves nutrients availability
and positively affects the cell physiological that is reflected in yield (Toyama et al., 2001).
These results are in agreement with those reported by Subbarao et al. (2013); Tarafdar et
al. (2014); Kandil and Marie (2017) who indicated that using nano- fertilizer increased
growth of wheat.

Table (3) indicated that wheat cultivar Sids 12 gave the highest plant height (87.6
and 97.5 cm), number of spikes/m? (233.2 and 286.7 spikes), number of grains/spike (57.1
and 58.6 grains) and 1000- grain weight (50.9 and 50.3 gm) in both seasons, respectively.
On the other hand, AL-Rasheed cultivar recorded the lowest plant height (83.5 and 92.1
cm), number of spikes/m? (227.0 and 278.6 spikes), while Abu- Ghraib cultivar recorded
the lowest number of grains/spike (54.1 and 56.6 grains) and 1000- grain weight (45.2 and
45.1 gm) in the first and second seasons, respectively. These differences between wheat
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cultivars may be due to genetic differences makeup between the three cultivars. Raza et al.
(2012); Al-Temimi et al. (2013); Bakry et al. (2013) found highly significant differences
between wheat cultivars under their studies for yield and its components.

The first and second order of the interaction were shown in Table (3), as significant
or not significant at LSD at 0.05 in both seasons.

Table 3. Plant attributes for four wheat cultivars as affected by the application of soil mineral, foliar nano-
fertilizers and their interaction during 2016/2017 and 2017/2018 seasons

Treatments Plant height (cm) Number of spikes/m? Number of grains/spike 1000- grain weight (gm)
2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018
Minearl
100 % 89.1a 97.2a 2476 a 3179a 6l.2a 62.1a 524a 514a
75 % 84.9b 95.1b 2349b 279.3b 53.9b 54.7b 47.3b 48.0b
50 % 83.9b 939b 2074c¢ 2473 ¢ 51.8¢ 54.3¢ 46.8b 46.3b
Nan
100 % 84.8b 93.2b 2255b 277.3b 56.0 a 584 a 48.4b 48.1b
75 % 89.8a 100.1a 2525a 305.1a 55.7a 56.7 a 50.0a 49.8a
50 % 83.3b 929b 2119¢c 262.3¢c 55.1b 56.0 b 48.0b 479b
Sids 12 87.6a 975a 233.2a 286.7a 57.1a 58.6 a 509a 50.3a
Gemmeiza 11 86.1a 96.0a 227.0b 2786 b 57.0a 57.3a 50.5a 50.1a
Al-Rasheed 835b 92.1b 229.5b 279.7b 54.3b 55.7b 486 b 48.7b
Abu-Ghraib 86.6 a 96.1a 233.2b 281.2b 54.1b 56.6 b 452¢ 451c
A X B * * * * * * * *
AxC ns ns * * ns ns * *
BxC ns ns * * * ns * *
AxBxC * * * ns ns ns * *

Means of each factor designated by the same letter are not significantly different at 5% using least
significant difference (L.S.D.) ns: Not Significant *: Significant at 0.05 level of probability

The results in Table (4) revealed the effect of soil application of mineral
fertilization (NPK) and foliar application of Nano- fertilizer on straw yield (t/ha), grain
yield (t/ha), harvest index (HI %) and grain protein % for four wheat cultivars and their
interaction during 2016/2017 and 2017/2018 seasons.

Table (4) cleared that the rate 100 % of soil application of mineral NPK produced
significantly highest values of straw yield (7.6 and 7.5t/ha), grain yield (5.2 and 5.1t/ha),
harvest index (42.6 and 40.5 %) and grain protein (9.8 and 10.1 %)in both seasons,
respectively. While the lowest ones for straw yield (7.6 and 7.5 t/ha), grain yield (4.7 and
39.7 t/ha), harvest index (39.7 and 37.6 %) and grain protein (8.1 and 8.4 %)has resulted
from 50 % mineral fertilizer in the first and second seasons, respectively. Soil application
is the ideal method of nutrient supplement use different fertilizers. It could be needed
attention when selecting method of fertilizer applications are how long the fertilizer will
last in the soil, soil texture, soil salinity and plant sensitive, salt content and pH of the
amendment. It is well known that the negative soil particles affect the adsorption of
mineral nutrients. The anion exchange capacity of the most agricultural soils is small
compared to exchange capacity. Phosphate ions bind to soil particles containing Al or iron
because the positively charged Fe**, Fe** and AI** have OH™ group that exchange with
phosphate. (Taiz and Zeiger, 2010).

In addition, foliar application of 100 % nano- fertilizer (NPK) gave the highest
values of straw yield (7.5 and 7.4 t/ha), grain yield (5.4 and 5.3 t/ha), harvest index (42.1
and 39.5 %) and grain protein (9.9 and 10.1 %) in both seasons, respectively. Meanwhile
the lowest ones for straw yield (7.2 and 7.0 t/ha), grain yield (4.9 and 4.8 t/ha), harvest
index (40.4 and 38.0 %) and grain protein (8.3 and 8.6 %) was resulted from 50 % mineral
fertilizer in the first and second seasons, respectively (Table 4). These results are in
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harmony with those reported by Subbarao et al. (2013); Jyothi et al.(2017); Kandil and
Marie (2017) who indicated that using nano- fertilizer increased the growth of the crop.

The presented results are shown in Table (4) revealed that wheat cultivars have
differed significantly on studied characters in both seasons. Whereas, the cultivar Sids 12
achieved the highest straw yield (7.5 and 7.3 t/ha), grain yield (5.3 and 5.2 t/ha), and
harvest index (41.4 and 38.9 %) but Gemmeiza 11 gave highest grain protein (9.5 and 9.8
%)in both seasons, respectively. On the other hand, AL-Rasheed cultivar recorded the
lowest straw yield (7.2 and 7.1 t/ha), grain yield (5.0 and 4.9 t/ha), harvest index (40.5 and
38.2 %) and grain protein (9.8 and 10.1 %), while Abu- Ghraib cultivar recorded the
lowest straw yield (7.6 and 7.5 t/ha), grain yield (5.2 and 42.6 t/ha), and harvest index
(42.6 and 40.5 %) but Al- Rasheed cultivar recorded the lowest value of grain protein (8.9
and 9.2 %) in the first and second seasons, respectively. These findings were in harmony
with those obtained by these differences between wheat cultivars may be due to genetic
differences make up between the three cultivars. Raza et al. (2012); Al-Temimi et al.
(2013);Bakry et al. (2013) found highly significant differences between wheat cultivars
under their studies for yield and its components. There were significant differences between
the two varieties for most studied characteristics (Abd EI-Ghany et al., 2013).

Foliar fertilizers sprayed directly on to leaves. It is used for the supply of trace
elements. The foliar application can reduce the time lag between application and uptake by
the plant during the rapid growth phase. It can also circumvent the problem of restricted
uptake of a nutrient from the soil. Uptake of nutrients may be more efficient with this
method as compared to soil application where they get absorbed on soil particles and hence
are less available to the root system (Taiz and Zeiger, 2010)

The first and second order of the interaction were shown in Table (4), as significant

or not significant at LSD at 0.05 in both seasons.

Table 4. Plant attributes for four wheat cultivars as affected by the application of soil
mineral, foliar nano- fertilizers and their interaction during 2016/2017 and
2017/2018 seasons.

Treatments Straw yield (t/ha.) Grain yield (t/ha.) Harvest index (%) Grain protein %
2016/2017 | 2017/2018 2016/2017 | 2017/2018 2016/2017 | 2017/2018 2016/2017 | 2017/2018
100 % 76a 75a 52a 51b 426a 405a 9.8a 10.1a
75 % 73a 74a 54a 55a 409b 37.7b 9.7a 99a
50 % 7.1b 6.9b 4.7b 4.8c 39.7b 37.6b 8.1b 8.4b
100 % 75a 74a 54a 5.3a 42.1a 39.5a 99a 10.1a
75 % 73a 72a 51b 50b 40.7b 38.3b 9.8a 99a
50 % 72b 70b 49c 48b 404 b 38.0b 8.3b 8.6b
Sids 12 75a 73a 53a 52a 414a 38.9a 9.3ab 9.6ab
Gemmeiza 11 74a 720 5.1ab 51a 409a 385a 95a 9.8a
AL-Rasheed 7.3ab 72b 5.1ab 50b 413a 38.9a 9.1bc 9.4 bc
Abu-Ghraib 72b 71c 50b 49b 405b 38.2b 89c 9.2¢c
A X B * * * * * * * *
A X C * * * * * * * *
BxC ns ns * * * * * *
AxBxC ns ns * * * * ns ns

Means of each factor designated by the same letter are not significantly different at 5% using least significant
difference (L.S.D.)
ns: Not Significant
*: Significant at 0.05 level of probability.

CONCLUSION

It was concluded from the present results that sowing wheat cultivar Sakha 93 with

fertilizing 75 % as soil application of mineral fertilization by NPK with foliar application



Response of Some Egyptian and Iragi Wheat Cultivars to Mineral and NanFertilization 25

of Nano- fertilizers (NPK) which increased yield and its components of the wheat crop
under Alexandria Governorate conditions.
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