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Abstract

The current work aimed to study the effect of some new technological fertilizers in combination with mineral nitrogen
fertilizer levels on wheat yield (Var. Msr1) and grain quality in clayey soil. Two field experiments were conducted in a Private
Farm, Qutaiyifet El-Aziziya Village, Minya Elgamh District, Sharkia Governorate, Egypt, during the two successive winter
seasons of 2021/2022 and 2022/2023. Split plot arrangements replicated three times, within randomized complete block design.
The main plots allotted to liquid compound fertilizer (1L fed), commercial bio-fertilizers (at the rate of 1 kg fed™ from Cerialine,
Phosphourine and Potassiummag) and N, P, K Nano-fertilizer (400-ppm fed). While sub plots assigned to five mineral N-
fertilizer rates (0.0, 40, 60, 80 and 100 kg fed') as Ammonium nitrate. The results revealed that application of liquid compound
fertilizer led to a significant increase in grain yield, number of spikes / m?, straw yield, nitrogen use efficiency, N-uptake of grains
and carbohydrates and protein (%) in grains compared to bio and nano fertilizers treatments. Wheat grain yield, number of spikes /
m2, straw yield, as well as protein (%) and carbohydrates (%) in grains showed gradual significant increases with raising mineral
nitrogen fertilizer rate from zero up to 100 kg N fed. On the other hand, nitrogen use efficiency decreased significantly with
increasing N-fertilizer rate up to 100 kg fed. Regarding the interaction effect between studied factors, the treatment of liquid

compound fertilizer and 100 kg N fed* was recorded the highest values of most studied characters.
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1. Introduction

Wheat (Triticum aestivum L.) is one of the most
important staple food crops for more than 35% of the
world's population. In Egypt, wheat is considered one of the
most important food grain crops, which its grains are used to
produce bread and pasta. Livestock breeders also use wheat
straw as a basic roughage food for animals. Wheat comes in
first place of cereal grains, due to its grain containing 12%
protein, 1.72% fat, 69.60% carbohydrate and 27.20%
minerals. Egypt area of wheat is estimated by about 3.4
million feddan, with production of 8.9 million ton, while it
imports 10 million tons of wheat [1]. Increasing productivity
can be achieved in several ways, including adding mineral
fertilizers and various nutrients for plants to increase grain
productivity and grain quality. Nitrogen is the important
nutrient for growth and production of common wheat that
effects on the plant growth and increases grain yield. Soil N
supply must be sufficient for tillering, stem elongation,
booting, heading and grain filling, as well as accumulation
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of proteins in the grains. Nitrogen application increased total
grain yield of wheat, biological yield, as well as the
percentage of protein and carbohydrates in grains [3,4,5,6].
[7] reported that wheat grain yield showed a significantly
increases with increasing nitrogen fertilizer levels (0, 20, 30
and 40 Kg ha?). Wheat yield were significantly higher about
30% with N and P fertilization over the non-fertilized plots.
Protein and gluten contents in wheat grains had the positive
affected by N and P fertilizer applications [8]. Many
investigators reported that, foliar fertilization at different
growing stages of wheat increased grain yield over than the
control [9,10,11].

The new technological fertilizers as nanotechnology
are one of the recent innovative sciences that have
tremendous potential to revolutionize agriculture and allied
fields, such as crop production [12,13]. Wheat plants
showed a significant response to spraying NPK-nano
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fertilizer, all abovementioned agronomic traits (plant length,
number of spikes, straw and grain yield) and chemical
composition of grains (protein and carbohydrates)
significantly increased with foliar application of NPK-nano
fertilizer [14,7]. Bio-fertilizer is a substance, which contains
living microorganisms applied to seed, plant surfaces or soil.
Bio-fertilizers add nutrients through the natural processes of
nitrogen fixation, solubilizing phosphorus and stimulating
plant growth through the synthesis of growth promoting
substances. Bio- fertilizers can be expected to reduce the use
of chemical fertilizer and pesticides. The micro-organisms
in bio-fertilizers restore the soil's natural nutrient cycle and
build soil organic matter. Through the use of bio-fertilizers
healthy plants could be grown while enhancing the
sustainability and the health of soil. Also, bio-fertilizers are
eco-friendly organic agro-input and more cost effective than
chemical fertilizers. Inoculants are recommended mainly for
wheat [15].

This study aims to investigate the effect of modern
technological fertilizers and different levels of nitrogen
fertilization on vyield and grain quality of wheat variety
Misr-1 under Egyptian conditions.

2. Materials and Methods

Two field experiments were conducted at a Private
Farm, Qutaiyifet El-Aziziya Village, Minya Elgamh
District, Sharkia Governorate, Egypt during the two
successive winter seasons of 2021/2022 and 2022/2023
using split plot arrangements replicated three times within
randomized complete block design. The main plots assigned
to three new technological fertilizers plus control treatment
as follows:

1- Control treatment (without any technological
fertilizers application).

2- Liquid compound fertilizer composed of N 20,
P20s 20, K> O 20, Fe 0.3, Cu 0.5, Mg 5, Zn 0.3, Mn
0.3, S 1, B 0.01and Mo 0.01% at the rate of 1 L
fed.

3- Three commercial bio-fertilizers, i.e. the first is
Cerialine (free-living bacteria fixing nitrogen), the
second named  Phosphourine  (phosphorus
dissolving bacteria) and the third is Botassiummag
(potassium solubilizing bacteria) at the rate of 1 kg
fed™* from each.

4- Nano - fertilizer in liquid form contains N, P, and
K at concentrations of 10, 10 and 10 %,
respectively at the rate of 400-ppm fed™.

The sub plots were occupied by five mineral nitrogen
fertilizer levels (0.0, 40, 60, 80 and 100 kg N fed?) as
Ammonium nitrate (330 g N kg). Wheat seeds (Triticum
aestivum L.) var. Misr-1 grown broadcasting on a plot size
of 3 x 2 m. The recommended rates of phosphorus (7 kg P
fed') as Ca — superphosphate (68 g P kg ) and potassium
(20 kg K fed™) as potassium sulphate (400 g K kg) were
added during soil preparation. Wheat seeds wetted by arabic
gum solution and then mixed with bio-fertilizers directly
before sowing in rows 20 cm apart on November 12 1 in
both growing seasons. Both of liquid compound and nano —
fertilizer as foliar application was splitted into two equal
doses and applied after 45 (tillering stage) and 75 (flowering
stage) days from sowing. Nitrogen fertilizer applied in three
equal splitting doses and applied after 25, 55 and 85 days
from sowing. Land irrigation method was used. The normal
agricultural practices for wheat crop were carried out
perfectly. Soil samples randomly taken before planting, air —
dried, ground to pass through a 2- mm sieve. The principle
chemical and physical properties for the studied soil were
determined according to the standard methods described in
[16,17] as shown in Table 1.

Table (1). Some physical and chemical properties of the experimental sites at 30 cm soil depth (in the two seasons)

Soil fertility characteristic First Season (2021/2022) ‘ Second Season (2022/2023)
Mechanical analysis
Sand % 11.02 10.96
Silt % 28.89 25.33
Clay % 60.09 63.71
Soil texture Clay Clay
Chemical analysis
pH (1: 2.5susp.) 7.57 8.03
EC. ( Soil paste at 25°C) 0.92dS/m 0.97dS/m
Soil-CEC (cmol kgt) (Amm. acetate ext.) 45.20 44.80
O.M % (Wakely & Black method) 1.35 1.47
Available N (mg/kg) (K2SO4 ext.) 30.01 29.75
Auvailable P (mg/kg) (Olsen ext.) 9.59 9.13
Available K (mg/kg) (Amm. acetate ext.) 321 297
Available Zn ( mg/kg) 0.27 0.23

Notes:1- Soil analyses were done using representative composite samples.
2- Extraction solution for available N (KCI), P (Na-bicarbonate), K (NHs-acetate).
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One square meter (1m length of 5 central rows) area
was harvested in each plot. After harvest, number of spikes
m2 were count, grain yield and straw yield were estimated
as ton per fedden. Wheat grains N content was determined
by wet digestion using the standard methods as reported by
[18]. Crude protein content (%) was calculated by
multiplying N content x 5.83 according to [19].
Carbohydrates content (%) in grains was determined
according to [20]. Nitrogen use efficiency and N-uptake
were calculated as the following equations according to the
method described by [21] as follows:

grain yield (kg/fed)
NUE =
N-applied (kg/fed)
N (%) x grain yield (kg/fed)
N-uptake =

100

The proper statistical analysis of split plot design was
used combined analysis was performed for the characters
recorded in both seasons. The collected data were
statistically analyzed using the Analysis of Variance
(ANOVA) to detect significance if any at treatment level.
Differences among treatments were judged according to
[22]. Using the COSTAT system for windows, version
6:311 (cohort software, Berkeley, CA, USA) [23].

3. Results and Discussion
3.1. Effect of Technological Fertilizers

Data in Tables 2, 3 and 4 show that number of
spikes m2 (NS), straw yield (SY), grain yield (GY),
carbohydrates and protein (%) in grains, N-uptake by grains
and nitrogen use efficiency (NUE) significantly affected by
applying new technological fertilizers. Application of liquid
compound fertilizer led to a significant increase in grain
yield (ton fed?). These results are true in both growing
seasons. This increase compared to control treatment, nano
and bio fertilizers amounted to 29.48%, 10.81% and 14.73%
respectively, in the combined. Increases in number of spikes
m-2 and straw yield followed a pattern similar to that of the
grain vyield. Data also showed that applying liquid
compound fertilizer gave the highest values of N-uptake by
grains, nitrogen use efficiency, as well as carbohydrates and
protein (%) in grains followed by nano and bio fertilizers.
As an average, the increments of (2.21, 1.87 & 1.75 %),
(27.17, 12.47 & 10.02 %), (16.45, 13.30 & 9.26 %) and
(6.56, 5.54 & 4.78 %) for N-uptake by grains, nitrogen use
efficiency, carbohydrates and protein (%) in grains due to
application of liquid compound, nano and bio fertilizers,
respectively compared to control treatment in the combined
of both seasons. These significant increases were probably
due to content of liquid compound fertilizer on
micronutrients, which have the promoting effect on plant
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growth and productivity throughout raising enzymes
activity, enhancing cell physiology and improving
photosynthetic process [24]. These finding are in accordance
with those obtund by [25,26,27,28,29,14,24].

3.2. Effect of mineral nitrogen fertilizer levels

The results in Table 2 show that NS m2, SY (ton fed
1 and GY (ton fed?) markedly affected by N-fertilizer level.
As an average, the increments of (6.45, 10.54, 14.40 &
17.14 %), (12.32, 21.53, 29.59 & 33.88 %) and (18.90,
36.61,51.63 & 56.24 %) for spikes m?, straw yield and
wheat grain yield due to application of 40, 60, 80 and 100 kg
N fed™, respectively compared to N fertilizer rate without
any addition in the combined. These findings may be due to
that nitrogen as a major nutrient for plants enhanced the
vegetative growth of wheat plant, increased photosynthetic
activity and metabolites required to produce the higher grain
yield [7]. These results are in accordance with those by
[30,28,31,6,7,32]. In respect to grain quality, data presented
in Tables 3 and 4 reveal that gradually raised with N-
fertilizer rates from 40, 60, 80 to 100 kg cased a
significantly increases of N-uptake (kg fed?) as well as
protein (%) and carbohydrates (%) in wheat grains. The
highest N-uptake, carbohydrates and protein percentage
(40.75 kg fed?, 77.35% and 9.24%) with increments of
(49.15, 16.26 and 12.63 %), respectively were recorded with
applying 100 kg N fed! as the average of two growing
seasons. This result may be due to the enhancement of soil
nitrogen availability to the plant with increasing N-fertilizer
rate. Concerning the nitrogen use efficiencies, data show
that the values of N use efficiency (NUE) significantly
decreased with increasing N-fertilizer rate up to 100 kg fed
1. Many researchers have reported that NUE values are
usually greater at lower dose of N fertilizer application. This
depressed effect may be attributed to the reduction in the
rates of increase of grain yield versus the increase in N
fertilization rates. This result is agreement with those
obtained by [33,34,35].

3.3. The interaction effect

Regarding the interaction effect of the studied
factors, the statistical analysis of variance for obtained data
clearly indicate that the interaction effect gave a positive
response on wheat yield and its components, as well as N-
uptake, grains quality and nitrogen use efficiency (figures;
1-7). The best interaction treatment that achieved the highest
values of (489.8, 5.32, 3.26, 83.05, 9.44 & 53.96) for spikes
number m?2, straw vyield, grain yield (ton fad?),
carbohydrates and protein (%) in grains and N-uptake (kg™)
by grains, respectively was (100 kg N fed® + liquid
compound fertilizer at rate of 1L fed?) in both growing
seasons. With respect to N use efficiency, all interaction
treatments contained liquid compound fertilizer gave higher
values than that contained with nano and/or bio fertilizers.
The treatment of (40 kg N fed* + liquid compound fertilizer
at the rate of 1L fed™) recorded the maximum NUE value of
(66.3 kg Y / kg N) which may be due to the reduction in the
rates of increase of grain yield versus the increase in N
fertilization rates. Fig. (1-7): The interaction effect of some
technological fertilizers and nitrogen fertilizer levels on
wheat yield and its quality (combined of two seasons).
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Table (2). Number of spikes /m?, Straw yield (ton/fed.) and wheat grain yield (ton/fed.) as affected by some technological
fertilizers and nitrogen fertilizer levels in 2021/2022 and 2022/2023 winter seasons and their combined

Characters

Number of spikes /m? Straw yield (ton/fed.) Grain yield (ton/fed.)
First Second . First Second . First Second
Combined Combined .
season season season season season season Combined
Treatments 2021/22 2022/23 2021/22 2022/23 2021/22 | 2022/23

A-Technological Fertilizers
Control 440.3d* | 436.5d 438.4d 4.493 d 4.260d 4.377d 2.275d 2.189d 2.232d

Bio. 457.7 ¢ 450.5¢ 454.1¢ 4.609 ¢ 4.456 ¢ 4533 ¢ 2.546 ¢ 2.491c 2.519¢c

Liquid 462.1a 458.3 a 460.2 a 4.999 a 4.561 a 4.780 a 2.953 a 2.826 a 2.890 a

Nano 459.4 b 456.4b 457.9b 4.661 b 4.488 b 4575b 2.649b 2.566 b 2.608 b

LSD (0.05) 0.3592 0.9263 0.6428 0.0122 0.005 0.0086 0.0041 0.0033 0.0037
F test ** ** ** ** ** ** ** ** **

B- Nitrogen Fertilizer Levels (kg/fed.)

0 413.8¢e 4114 e 4126¢e 3.914¢e 3.730 e 3.822¢ 1.958¢ 1.904 ¢ 1.931e

40 440.7d 437.7d 439.2d 4511d 4.074d 4.293d 2.346d 2.245d 2.296d

60 458.6 ¢ 453.6 ¢ 456.1 ¢ 4779 ¢ 4510 ¢ 4.645¢ 2.688 c 2.588 ¢ 2.638c

80 476.1b 467.9b 472.0b 5.051 b 4.855b 4.953 b 2.985h 2.870b 2.928 b

100 485.2 a 481.3 a 483.3a 5.197 a 5.036 a 5117 a 3.051a 2.983 a 3.017a

LSD (0.05) 0.4016 1.0357 0.7187 0.0136 0.0056 0.0096 0.0045 0.0037 0.0041
F test ** ** ** ** ** ** ** ** **

C- Interaction

A*B (F o

.test)

LSD (0.05) 0.8044 2.0745 1.4395 0.0273 0.0112 0.0193 0.0091 0.0073 0.0082
* Means followed by Unlike Alphabet(s) within a treatment Column and Period are Significantly Different DMRT (p=0.05).

** ** ** ** ** ** ** **

Table (3). carbohydrates and protein percentages in grain as affected by some technological fertilizers and nitrogen fertilizer
levels in 2021/2022 and 2022/2023 winter seasons and their combined

Characters Carbohydrates (%) Protein (%)
First season Second season | Combined First season | Second season | Combined
Treatments 2021/2022 2022/2023 2021/2022 2022/2023
A-Technological Fertilizers

Control 65.89d * 64.52d 65.21d 8.448d 8.314d 8.381d
Bio. 72.17¢ 70.38 ¢ 71.28¢ 8.850 C 8.727 ¢ 8.789 ¢c
Liquid 76.55 a 75.32a 75.94 a 9.002 a 8.859 a 8.931a
Nano 75.24 b 7252 73.88b 8.914b 8.788 b 8.846 b
LSD (0.05) 0.0544 0.1333 0.0939 0.0395 0.0286 0.0341
F .test *k *k ok *x ok ok

B- Nitrogen Fertilizers Levels

0 Kg/fed. 66.70 e 66.36 € 66.53 e 8.284 e 8.121e 8.203 e
40 Kg/fed. 69.12 d 68.58 d 68.85d 8.500 d 8.399 d 8.450 d
60 Kg/fed. 71.06 ¢ 70.03 ¢ 70.55 ¢ 8.802 ¢ 8.655 ¢ 8.729 ¢
80 Kg/fed. 76.05 b 73.17b 74.61b 9.138b 9.001 b 9.070 b
100 Kg/fed. 79.40 a 75.29 a 77.35a 9.293 a 9.185a 9.239a
LSD (0.05) 0.0609 0.1491 0.105 0.0441 0.032 0.0381
F .test ok ok ok ok *x ok
C- Interaction
A*B (F .test) ok ok ok >k *x ok
LSD (0.05) 0.1219 0.2986 0.2103 0.0884 0.0641 0.0763

*Means followed by Unlike Alphabet(s) within a treatment Column and Period are Significantly Different DMRT (p=0.05).
Abdrl-Mohsen et al., 2023 589
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Table (4). N-uptake (kg/fed) and Nitrogen Use Efficiency Kg Y /kg N as affected by some technological fertilizers and nitrogen
levels in 2021/2022 and 2022/2023 winter seasons and their combined

Characters N-uptake (kg/fed) Nitrogen Use Efficiency kg Y /kg N
First season Second season | Combined First season Second season Combined
Treatments 2021/2022 2022/2023 2021/2022 2022/2023
A-Technological Fertilizers
Control 14,215 * 13.544 13.880 30.517 29.305 29.911
Bio. 38.872 37.503 38.188 33.274 32.543 32.908
Liquid 45.813 43.173 44.493 38.986 37.092 38.039
Nano 40.736 38.902 39.819 34.243 33.040 33.641
LSD (0.05) 0.3592 0.9263 0.6428 0.0041 0.0033 0.0037
F .test sk sk ok ok s s
B- Nitrogen Fertilizers Levels
0 Kg/fed. 27.981 26.663 27.322 0.000 0.000 0.000
40 Kg/fed. 29.910 28.432 29.171 58.656 56.131 57.394
60 Kg/fed. 35.091 33.407 34.249 44.804 43.138 43.971
80 Kg/fed. 40.079 37.881 38.980 37.306 35.878 36.592
100 Kg/fed. 41.484 40.020 40.752 30.508 29.828 30.168
LSD (0.05) 0.4016 1.0357 0.7187 0.0045 0.0037 0.0041
F .test *k *k *k *k *k >k
C- Interaction

A*B (F .test) *k *k *k *k *k >k
LSD (0.05) 0.1219 0.2986 0.2103 0.0884 0.0641 0.0763

*Means followed by Unlike Alphabet(s) within a treatment Column and Period are Significantly Different DMRT (p=0.05).
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Fig. 1. Number of spikes/m?
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Fig. 7. Nitrogen Use Efficiency Kg Y /kg N
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4, Conclusions

The current study demonstrates that applied the
diversifying of new technological fertilizers systems
improved wheat crop and quality. Liquid compound
fertilizer was superior to nano and bio fertilizers in relation
to its effect on NS m2, GY, carbohydrates and protein (%)
in grains and N-uptake, as well as NUE. The positive
association between improving wheat crop and fertilization
by liquid compound fertilizer can be explained based on the
importance of micronutrients for the formation and
functioning of several enzymes, activity of chlorophyll and
growth hormones. Therefore, it can be recommended that
the co-addition of the N-fertilizer and liquid compound
fertilizer as foliar application under clayey soil conditions, at
Sharkia Governorate, Egypt.
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