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ABSTRACT

This study was carried out during 2018 and 2019
seasons at the Experimental Farm of the Water Studies
and Research Complex (WSRC) Station, National Water
Research Center, Toshka Region, Egypt (22°32'16"N,
31°30'40"E), to study the effect of two amino cat fertilizer
concentrations (AAi1: 100 cm?® fed! and AA2: 200 cm?® fed
1), six different combinations of mineral NPK and nano-
fertilizers (F1= 0.0 fertilizers-control treatment, F2= 100%
mineral NPK (120:30:24 kg fed?), F3= 100% Nano NPK
(10 kg fed?), F4=75% mineral NPK +25% Nano NPK,
F5=75% Nano NPK +25% mineral and F6= 50% mineral
NPK +50% Nano NPK) on grain production and its
attributes as well as net economic return on two yellow
maize hybrids (M1: T.W.C. 353 and M2: T.W.C. 360). The
experiment was laid out in a strip split-plot design with
three replications, where amino cat fertilizer allocated in
vertical-plots, fertilization treatments were arranged in
horizontal-plots and maize hybrids were occupied the sub-
plots. Studied traits were number of days to 50% tasseling,
number of green leaves plant?, ear leaf area, plant height,
ear length, number of ears plant? and grain yield fed™.
Obtained results showed that maize hybrids, amino cat
fertilizer, fertilization treatments, and their interactions
significantly influenced most studied traits in both seasons.
TWC 353 hybrid gave the maximum mean values of all
studied traits in both seasons. Foliar spraying with 200 cm?
amino cat fertilizer was significantly associated with
corresponding increases in all studied traits especially
grain yield (3.02 and 3.06 ton fed?) in the 1t and 2™
seasons, respectively. Maximum average values of studied
traits were obtained using 50% mineral fertilization +
50% nano- NPK fertilization in both growing seasons.
Foliar appliction of TWC 353 hybrid with 200 cm® amino-
fertilizer, beside fertilization by 50% mineral NPK+50%
NPK nano-fertilizers (M1AAzFg), recorded the highest
values for net farm incom (12926 L.E fed™), net farm
return (6360 L.E fed!), BCR (1.97) and economic
efficiency (net return/total costs=0.97). This result is due to
the highest grain yield prodictivity under this treatment
(3.77 ton fed) as an average of the two seasons compared
with other treatments. Generally, it could be concluded
that foliar spraying of maize hybrid TWC 353 with 200
cm?® fed? amino cat fertilizer plus 50% mineral
fertilization + 50% nano-NPK fertilization resulted in
highest growth, production and net farm return under the
environmental conditions of Toshka region.
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INTRODUCTION

In worldwide and Egypt, maize (Zea mays L.) is
considered as one of the most important cereal crops
after wheat and rice. Its demand is incessant food item
in human diet, fodder for livestock, and feed for poultry,
fuel, and many other industrial purposes (Tajul et al.,
2013). Maize can be consumed directly as a green ear,
roasted ear, or in other various ways, such as corn meal
and fried grain.

Total production of maize in Egypt is about 7.45
million tons in 2019 produced from an area of 2.368
million feds, with an average yield of 3.15 ton fed
(FAOSTAT, 2019). The total production supplies 80 %
of the required consumption with a reduction gap of 20
% especially during the last two decades which was to
be filled via importation. Concerted efforts are needed
to increase maize production through using new maize
hybrids which are characterized by high production
under conditions of newly reclaimed sandy soils
characterized with low fertility, high pH value, different
climatic conditions, and low organic matter content as
Toshka region for maximizing yield per unit area and
reduce the gap between consumption and local
production. Egyptian maize cultivars may be differed in
their assimilation capacity and distribution of
photosynthates among the various plant organs which
could be attributed to "source and sink relation"
compared with any other cereal crops. Maize is
popularly called "King of cereals" because of its carbon
pathway (C4), wider adaptability and superior
transpiration efficiency (Kannan et al., 2013 and EL-
Hosary et al., 2019).

Many investigators documented significant maize
hybrids variations regarding growth, yield and its
attributed, as Hassaan (2018) who showed that the TWC
352 hybrid had higher number of rows ear™ and higher
grain yield in both seasons compared with the other
tested hybrids. El-Hassanin et al. (2015), Awadalla and
Morsy (2016), Eyasu et al. (2018), Ali and Abdelaal
(2020), Casimir et al. (2020) and Yasser et al. (2020)
found similar results.

Recently, some studies have proved that Amino
acids (AA) a well-known bio-stimulant that play



328 Ahmed.S.M.Morsy and Abdelmoniem.A.O.Ahmed-. Response of Two Yellow Maize Hybrids to Amino Acids, .....

multiplier roles in the plant, where building blocks for
proteins, which is constituted of amino acids, that
involved in a plethora of cellular reactions and
therefore, they had effect on several physiological
processes such as plant growth and development,
generation of metabolic energy or redox power and
resistance to both abiotic and biotic stress, (Pratelli and
Pilot, 2014). The addition of amino acids to plants
causes increased quality, efficiency, and have direct or
indirect effects on the physiological functions. Ahmed
et al., (2019) showed that sorghum treated with amino
acids significantly improved growth characters, yield,
and its components.

The same results were recorded on maize (Zaki et
al., 2014), sweet-corn (Ragheb, 2016), wheat (Kandil
and Marie, 2017), soybean (Abd El-Aal and Eid, 2018)
and wheat (Al-juthery et al., 2019).

Farmers mainly use mineral fertilizers NPK to
increase and sustain crop yields. The nutrients in these
fertilizers are poorly utilized because of environmental
and soil-related factors that led to phosphorous fixation,
leaching, and volatilization of nitrogen. Excess
application of fertilizers decrease soil micro-flora and
lessens nitrogen-fixation. Thus, it is essential to test the
other methods to provide the necessary nutrients for
productivity of the crop while keeping soil structure in
great shape and environmentally clean (Miransari,
2011). Soil application of 100% mineral NPK gave the
highest production on all studied traits (El-Hassanin et
al., 2015). Nano-fertilizers offer an opportunity for
efficiently improving plant mineral nutrition, increase
food production whilst simultaneously reducing adverse
environmental impacts. It is necessary to develop new
fertilizers that release nutrients at a rate that more
closely matches plant demand (Kopittke et al., 2019).
The emergence of engineered Nano-materials and their
actions within the frame of sustainable agriculture have
revolutionized world agriculture canvass dramatically
by novelty, fast growth, and enormity meet the

projection of global food demand (Shang et al., 2019).
Using nanotechnology in agriculture, has beneficial
values to improve crop growth, yield, and quality traits
with increase nutrient use efficiency, reduce wastage of
fertilizers, and cost of cultivation which arise from their
small size that ranging among from 1 to 100 nm, shape
and surface area (Singh et al., 2017). Foliar spraying
with NPK Nano-fertilizers increased the yield and its
components of wheat as well as nano-fertilizers have an
enormous impact on the soil and can reduce fertilizer
application frequencies (Gomaa et al., 2018). Using
nanoparticles (NPs) with N nutrients increased growth,
yield, and quality of maize compared with conventional
urea. (Manikandan and Subramanian, 2016). The
objectives of this investigation were to study the effect
of amino cat fertilizer application and different
combination between mineral NPK and nano-fertilizers
on grain production and its attributes as well as
economic return of two yellow maize hybrids under
Toshka conditions.

MATERIALS AND METHODS

Study site, objective, and Soil analysis:

A field study was carried out at the Experimental
Farm of the Water Studies and Research Complex
(WSRC) Station, National Water Research Center, in
Abu Simbel, Toshka region, Egypt (22°32'16"N,
31°30'40"E) during 2018 and 2019 seasons in sandy
loam soil. This work aimed to study the impact of
different rates of mineral NPK and nano-fertilizers,
Amino acids, and their interaction on grain production
and its attributes as well as economic return of two
yellow maize hybrids i.e. T.W.C 353 and T.W.C 360
under drip irrigation system. Maize hybrids were
obtained from Maize Research Section, Agriculture
Research Center, Giza, Egypt. Soil samples were
collected from the experimental site to determine some
soil physical and chemical properties according to Page
et al. (1982) Table 1.

Table 1. Soil physical and chemical analysis of the experimental farm at Toshka (Average of the two seasons)

Soil Particle size distribution (%)
depth Sand Silt Clay Soil texture
0-30 82.19 13.16 4.65 Sandy Loam
Chemical properties
Soil Soluble cations (meL™?) Soluble anions (meL) Y EC oM N
depth Na* K* Ca** Mg*™ CI CO;” + HCO3- S04~ P (%)  ppm
0-30 370 01 610 043 28 0.2 7.33 875 006 061 351
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Experimental design and treatments:

The experiment was laid out in strip-split plot design
with three replications using Randomized Complete
Block Design (RCBD). Treatments included two Amino
acids rates in the form of amino cat fertilizer (A;: 100
cm® fed? and A 200 cm® fed?) were allocated in
vertical-plots, six fertilization treatments (F1: 0.0
control treatment, F2: 100% mineral NPK (120:30:24
kg fedl,(F3: 100% NPK Nano-fertilizer (10 kg fed™),
F4:75% mineral NPK +25% Nano NPK, F5:75% Nano
NPK +25 % mineral and F6: 50% mineral NPK +50%
Nano NPK) occupied the horizontal-plots. While, the
sub-plots were devoted to two yellow maize hybrids
(M1: T.W.C 353 and M2 T.W.C 360). Nitrogen at the
level of 120 kg N fed as ammonium nitrate (33.5% N)
was added with irrigation in eight equal doses, the first
one after seven days from sowing and the final dose
before flowering stage, phosphorus at 30 kg P,Os fed™
as calcium super-phosphate (15.5% P,0s) was added
during soil preparation and potassium at 24 kg KO fed*
as potassium-sulphate (48% K.0O) was added at
planting. Nano-compound namely: Hyper feed
motawazen 19:19:19 NPK was obtained from (Bio Nano
Tech for fertilizer development, Egypt) at rate of 10 kg
fedt. Amino cat fertilizer and Nano-fertilizer were
added as a foliar application at two times i.e., after 30
and 45 days from sowing using hand operated air
compressed sprayer. The analysis of the two fertilizer
compounds is shown in Table 2. The area of
experimental unit was 10.50 m? (5 rows x 0.60 m width
x 3.5m length).

Agriculture practices:

Seeds of the two maize hybrids were hand planted in
hills around the drip point (at spacing of 30 cm on the
irrigation lines) on 1% August in both seasons and
harvested on 15" and 17" December in 2018 and 2019
seasons, respectively. Thinning was done to one plant
hill-* after 20 days from sowing when the crop attained
3-4 leaves stage. The preceding winter crop was faba

bean in both seasons. Drip irrigation was applied as
needed. All other agronomic practices were don for all
treatments as recommended for maize production in
Toshka region, except the factors under study.

Studied traits:

A-Earliness and vegetative characteristics: flowering
date, the time of tasseling was estimated as the
number of days from sowing to 50% tasseling. Five
guarded plants were taken randomly at 80 days after
planting from each plot to determine number of
green leaves plant™ and ear leaf area (dm?). Ear leaf
area was calculated from the following equation:
Leaf area = leaf length x greatest width of ear leaf x
0.75, according to Gardner et al. (1985).

B-Yield and its attributes: At harvest ten guarded
plants were taken out at random from the middle two
ridges of each plot and the following yield traits
were recorded: plant height (cm), ear length (cm)
and number of ears plant™. All plants of each plot
were harvested to estimate grain yield and converted
to (ton fed?) adjusted to 15.5% moisture content.

C-Economic feasibility: was made using the inputs and
outputs prices of local market by calculating all
operations cost, net farm income, net farm return,
and benefit to cost ratio. The economic evaluation
was done using the method described by CIMMYT
(1988).

Data analysis:

The collected data were subjected to analysis of
variance (ANOVA) for the strip-split plot design
according to Gomez and Gomez (1984) by using
MSTAT computer program, LSD method was used to
test the differences between treatment means at 5%
level of probability as described by Sendecor and
Cochran (1990).

Table 2. Structure of Amino Cat fertilizer and Nano-fertilizer (as the foliar application)

Element N P0Os KO Fe Mg Mn B Cu Algal Am_mo Mo Co
extract  acids ppm  ppm
Value %
NPK Nano- 19 19 048 080 024 035 005 008 052 11 - 100 100
fertilizer
Amino Cat 3 1 1 i i i ) ) ) 10 18 ) )

fertilizer
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RESULTS AND DISCUSSION

I- Earliness and vegetative characteristics:
Hybrid differences (M):

Results in Table 3 showed that the two yellow maize
hybrids TWC 353 (Mi) and TWC 360 (M) were
significantly differed in number of days from sowing to
50% tasseling, number of green leaves plant™ and ear
leaf area at 80 days after planting in the two seasons.
Data revealed that maize hybrid TWC 353 produced the
highest average values of number of green leaves plant?
(12.77 and 12.71 leaves), ear leaf area (7.39 and 7.48
dm?) and the shortest number of days from planting to
50 % tasseling (62.92 and 62.69 days) in 2018 and 2019
seasons, respectively. The hybrid differences in each of
the above-mentioned characters may be attributed to
their genetic make-up. EI-Mekser et al. (2020) and Abd-
Elaziz et al. (2020) they revealed that the three way
cross 353 was the earliest hybrid for number of days to
50% tasseling (58.3 days) and (62.62 days),
respectively. These results are in line with those
reported by Zaki et al. (2016), Hassaan (2018), and El-
Hosary et al. (2019) and Yasser et al. (2020).

Amino cat fertilizer (AA):

The illustrated data in Table 3 reveal that foliar
spraying of amino acids significantly increased above
mentioned traits of maize in both seasons. Foliar
spraying of maize with 200 cm? fed* amino cat fertilizer
gave the highest values of number of green leaves plant’
1(12.73 and 12.69 leaves), ear leaf area (7.28 and 7.39
dm?), while, the same concentration gave the shortest
period from sowing to 50% tasseling (63.63 and 63.46
days) in the two respective seasons. The increments in
growth traits by foliar spraying with 200 cm? fed* might
be attributed to their role in the synthesis of some
hormones like auxins, increasing chlorophyll
concentration, hence increasing photosynthesis, which
is reflected in increases in number of leaves plant™ and
ear leaf area. Moreover, amino acids can directly or
indirectly affect the physiological activities and
development of plants (Ragheb, 2016), and increase the
antioxidant content of the leaves (Ardebili et al., 2012).
Many investigators recorded the beneficial influence of
amino acids on growth parameters of maize (Zaki,
2014), on wheat (Kandil and Marie, 2017) on wheat
(Al-juthery et al., 2019), on soybean (Abd El-Aal and
Eid, 2018) and sorghum (Ahmed et al., 2019).

Fertilization treatments (F):

Obtained data in Table 3 revealed that the influence
of combinations of mineral NPK and Nano fertilizer
were significant on earliness and vegetative traits during
2018 and 2019 seasons. Application of 50% Nano NPK
fertilizer (NPs) + 50% mineral NPK fertilizer (Fs)

recorded the highest mean values of number of days
from sowing to 50% tasseling (62.96 and 62.75 days),
number of green leaves plant? (13.33 and 13.29 leaves)
and ear leaf area (7.85 and 7.95 dm?) in 2018 and 2019
seasons, respectively, followed by (Fs) which include
75% Nano NPK + 25% mineral NPK as compared to
other treatments. The impact of fertilization treatments
on growth traits could be arranged in descending order
of Fe>Fs>F;>F,>F4>F.. The applied Fs, F5, and F3
treatments caused increases of growth parameters which
may be due to the essential role of NPK mineral and
Nano-fertilizers in physiological and biochemical
processes of maize through increasing the availability of
nutrients to the growing plant which consequently
increases chlorophyll formation, photosynthesis rate,
metabolic processes, promoting meristematic activities
and increased vegetative growth rates and consequently
increase in the number and size of leaves (Valizadeh
and Milic 2016).

Reported similar results showed that foliar
application of mineral fertilizers combined with Nano
NPK increased the growth of wheat leaves, which was
obtained by enhanced availability of nutrients by easy
penetration of nano-formulation of NPK through
stomata of leaves via gas uptake (Abdel-Aziz et al.,
2018). Similar results were also reported by
Manikandan and Subramanian (2016), Al-juthery et al.,
(2019), Gomaa et al., (2020) and Mehrez et al., (2020).
Yasser et al. (2020) found that applying 75% N mineral
along with 25% N nano significantly increased number
of green leaves plant? and leaf area index.

Interaction effect:

Interaction between maize hybrids and amino cat
fertilizer (MxAA):

Results in Table 3 showed significant effects of
(MxAA) on number of green leaves plant™ and ear leaf
area, except number of days from sowing to 50%
tasseling in the two seasons. Highest number of green
leaves plant? (12.91 and 12.85 leaves) and ear leaf area
(7.80 and 7.90 dm?) was obtained from MixAA, (T.W.
C. 353 x 200 cm?® fed!) in 2018 and 2019 seasons,
respectively. Similarly, Zaki et al. (2014) also showed
that the effective treatments for growth characters were
obtained from spraying maize SC 10 with 200 cm? fed™!
amino cat fertilizer in both seasons. Ahmed et al. (2019)
support these results.

Interaction between maize hybrids and fertilization
treatments (MxF):

Results in Table 3 pointed out that the influence of
interaction among (MxF) had a significant effect on
growth characters in the two seasons. When TWC
hybrid maize 353 (M) fertilized by Fs: 50% Nano plus
50% mineral NPK recorded the highest values of
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number of green leaves plant? (13.59 and 13.52 leaves)
and ear leaf area (8.50 and 8.59 dm?), shortest number
of days from sowing to 50% tasseling (61.90 and 61.81
days), respectively.

El-Hosary et al. (2019) found that number of days to
50% tasseling and number of green leaves plant™® not
significantly affected by the interaction among N
fertilizer rates and maize hybrids in both seasons.

Interaction between amino cat fertilizer and
fertilization treatments (AAxF):

For the interaction among (AA x F) illustrated in
Table 3, disclosed that (AAz + Fe) achieved the highest
values for number of days from sowing to 50% tasseling
(62.58 days) in the 1% season, number of green leaves
plant® (13.57 and 13.53 leaves) and ear leaf area (8.28
and 8.41 dm?) in both seasons, followed by (AA; plus
Fs). On the other hand, the lowest mean values for these
traits were recorded by (AA1 x Fy).

Interaction between three factors (MxAAXxF):

The three-way interaction among maize hybrids,
amino acids, and fertilization treatments (MxAAXF)
showed significant effects on growth traits at 80 days
after sowing Table 3. Maize hybrid T.W.C. 353 (M)
gave the highest values for number of green leaves
plant?® (14.00 and 13.95 leaves), ear leaf area (9.19 and
9.32 dm?) and the shortest number of days from sowing
to 50% tasseling (61.80 and 61.60 days) under foliar
spraying with 200 cm?® fed* amino cat fertilizer (AA>)
combined with 50% Nano plus 50% mineral NPK
fertilizers (Fs) in the 1 and 2" seasons, respectively.

11- Yield and its attributes:
Hybrid differences (M):

Yield traits showed significant differences among
the two tested hybrids in both seasons (Tables 4 and 5).
Hybrid "T.W.C. 353" recorded the highest values for
plant height (215.2 and 214.4 cm), ear length (17.45 and
17.35 cm), number of ears plant® (1.12 and 1.13 ear)
and grain yield (3.21 and 3.26 ton fed™). Growing maize
hybrid TWC 353 increased grain yield (kg fed?) by
20.67 and 21.19%, over that of TWC 360 hybrid in the
2018 and 2019 seasons, respectively. The superiority of
T.W.C. 353 on T.W.C. 360 in yield and its components
might be attributed to its superiority in growth traits
(Table 3), yield components (Tables 4 and 5), or could
be explained by the fact that photosynthates translocate
from the leaves to the storage organs (grain) were great
enough to fill all the grains of TWC 353 hybrid which is
reflected the final grain yield fed. Moreover, these
differences in hybrids may be due to the differences in
growth habits and the response of each one to
environmental conditions controlled by genetic factors.
Yasser et al. (2020) explained that S.C.168 hybrid had

the highest grain yield and its components followed by
SC 176, then TWC 321 maize hybrid. These results are
in harmony with those reported by Zaki et al. (2016),
Gomaa et al.(2017), Hassaan (2018), Ahmed et al.
(2019), El-Hosary et al.(2019) Ali and Abdelaal (2020),
El-Mekser et al. (2020) and Casimir et al. (2020).
Amino cat fertilizer (AA):

Concerning the influences of the foliar application
by amino cat fertilizer on yield and yield components,
data in Tables 4 and 5 indicated that foliar application of
AA significantly increased plant height (212.7 and
212.8 cm), ear length (17.74 and 17.67 cm), number of
ears plant? (1.09 and 1.10 ear) and grain yield of maize
(3.02 and 3.06 ton fed') by increasing AA
concentrations up to 200 cm? fed* in the 2018 and 2019
seasons, respectively. The superiority of 200 cm?® fed™
over 100 cm? fed* from amino cat fertilizer on maize
plants might be attributed to its greatest positive effect
on growth traits (Table 4), and more dry matter
accumulation and stimulated the building of metabolic
products that translocated to grains. Moreover, the
advantageous influences of amino cat in improving
original ultrastructure of cell especially the plastids in
mesophyll tissue consequently, improving
photosynthetic efficiency leading to the production of
more assimilates needed for formation of new cell
reflected to increase plant height, leaf area as well as
yield and its components. Amino acids play a positive
role on plant growth by increasing chlorophyll
concentration leading to a higher degree of
photosynthesis, and consequently increased yield
(Kasraie et al., 2012 and Seadh et al., 2015). Many
results are in harmony with these results are obtained by
Zaki (2014), Ragheb (2016), Abd El-Aal and Eid (2018)
Al-juthery et al. (2019), and Ahmed et al. (2019).

Fertilization treatments (F):

The differences among fertilization treatments on
plant height, ear length, number of ears plant* and grain
yield were significant in both seasons (Tables 4 and 5).

The increases in previous traits in maize plants
which fertilized by F¢ (50% NPK mineral + 50% NPK
nano-fertilization) more than control (F1) by (7.01 and
6.92%), (7.54 and 7.45%), (12.87 and 12.75%) and
(22.81 and 22.64%) in 2018 and 2019 seasons,
respectively. These increments may be due to the
improving role of NPK mineral and NPK nano-
fertilizers for encouraging biosynthesis, cell division,
and cell enlargement and finally reflected in dry matter
accumulation as well as enhance the rate of the
photosynthesis which results in more production and
translocation of photosynthates to different parts of
plant.
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Table 3. Mean of earliness and vegetative traits as influenced by two maize hybrids, fertilization treatments, and amino cat fertilizer during the 2018 and 2019 seasons

Earliness and vegetative traits

Traits Number of days to 50%o tasselling Number of green leaves plant Ear leaf area (dm?)
M: ) ilizati AA: Amino acids AA: Amino acids AA: Amino acids AA: Amino acids AA: Amino acids AA: Amino acids
Maize F tl;s;:;zz;on AA;  AA2 Mean AA1  AA2 Mean AAL AA2 Mean AAL AA2  Mean AA: AA2  Mean AA: AA2  Mean
hybrids Season 2018 MxF Season 2019 MxF Season 2018 MxF Season 2019 MxF Season 2018 MxF Season 2019 MxF
F1: 0.0 control 64.67 63.77 6422 63.70 63.27 6349 1194 1198 1196 11.89 1193 1191 6.04 6.50 6.27 6.11 6.60 6.36
) F2: 100 Mineral 63.00 62.70 6285 62.83 6240 6262 1264 13.00 12.82 1255 1292 1273 7.05 7.57 7.31 7.09 7.71 7.40
8 F3: 100 Nano 6290 6250 6270 62.77 6227 6252 1286 13.08 1297 1284 13.02 1293 7.30 8.04 7.67 7.36 8.10 7.73
E F4: 75 Min.+25 Nano 64.00 63.20 6360 63.87 63.00 6344 1207 1217 1212 1202 1213 12.08 6.56 7.17 6.87 6.70 7.26 6.98
o Fs: 75 Nano.+25 Min. 6250 62.00 62.25 6260 6201 6231 13.01 13.2 1311  13.00 1318 13.09 7.15 8.32 7.74 7.20 8.42 7.81
= Fs: 50 Min.+50 Nano 62.00 6180 6190 6201 6160 6181 13.17 1400 1359 13.10 1395 1352 7.80 9.19 8.50 7.86 9.32 8.59
Mean of M x AA 63.18 62.66 6292 62.96 6242 6269 1262 1291 12,77 1257 1285 1271 6.98 7.80 7.39 7.06 7.90 7.48
F1: 0.0 control 66.70 6590 66.30 66.00 6553 65.77 11.71 11.70 11.71 1162 11.67 11.65 5.79 6.17 5.98 6.00 6.25 6.13
3 F2: 100 Mineral 65.00 64.93 6497 64.99 6440 6470 1253 12,60 1257 1245 1256 1251 6.15 6.40 6.28 6.28 6.50 6.39
8 F3: 100 Nano 64.77 6440 6459 6473 64.67 64.70 12,71 12.75 12.73 12.67 1273 1270 6.48 7.00 6.74 6.58 7.08 6.83
E F4: 75 Min.+25 Nano 65.70 65.02 6536 65.00 65.00 6500 1201 1211 12.06 12.00 12.09 12.05 6.04 6.41 6.23 6.11 6.60 6.36
< Fs: 75 Nano.+25 Min. 64.80 64.00 6440 6460 6401 6431 12.97 13.00 12.98 1289 13.00 1294 6.98 7.20 7.09 7.06 7.29 7.18
= Fe: 50 Min.+50 Nano 64.67 63.37 6402 6400 6340 63.70 13.00 13.13 13.07 13.00 1311 13.06 7.07 7.37 7.22 7.13 7.50 7.31
Mean of M x AA 65.27 64.60 6494 6489 6450 64.70 12.49 12.55 12.52 1244 1253 12.49 6.42 6.76 6.59 6.53 6.87 6.70
F1: 0.0 control 65.68 64.83 6526 6485 6440 64.63 11.83 11.84 11.83 11.75 1180 11.78 5.92 6.33 6.13 6.06 6.43 6.24
(AA) F2: 100 Mineral 64.00 63.82 6391 6391 6340 6366 1259 1280 12.69 1250 1274 12.62 6.60 6.98 6.79 6.69 7.11 6.90
y F3: 100 Nano 63.83 6345 63.64 63.75 6347 63.60 12.79 12.92 12.85 12.76 12.88 12.82 6.89 7.52 7.21 6.97 7.59 7.28
(F) Fa: 75 Min.+25 Nano 64.85 64.11 6448 6443 6400 64.22 12.04 12.14 12.09 12.01 1211 12.06 6.30 6.79 6.55 6.41 6.93 6.67
Fs: 75 Nano.+25 Min. 63.65 63.00 6333 63.60 6301 6331 12.99 13.10 13.04 1294 13.09 13.02 7.07 7.76 7.41 7.13 7.86 7.49
Fs: 50 Min.+50 Nano 63.33 6258 6296 63.01 6250 6275 13.09 1357 1333 13.05 1353 1329 7.43 8.28 7.85 7.50 8.41 7.95
Mean of Amino (AA) 6423 6363  ------ 6393 6346  ---—--- 1255 1273  ------ 1250 1269  ------ 6.70 728 - 6.79 739 -
M =0.26 M =0.02 M =0.02 M =0.02 M =0.01 M =0.01
AA=0.24 AA=0.15 AA =0.03 AA=0.03 AA=0.34 AA =0.007
F=013 F=0.10 F=0.01 F=0.03 F=0.04 F =0.009
LSD at 0.05 M x AA = NS M x AA =NS M x AA =0.05 M x AA =0.06 M x AA=0.10 M x AA =0.02
MxF=0.18 MxF=0.14 M x F=0.016 M x F=0.04 M x F=0.05 M x F=0.01
AA xF=0.18 AA x F=NS AA x F=0.016 AAxF=0.04 AA x F=0.05 AA xF=0.01

M x AAxF=0.26

M x AA x F=0.20

M x AA x F =0.023

M x AA x F=0.06

M x AA x F =0.07

M x AA x F=0.02

100%NPK mineral fertilizer = (120:30:24 kg fed™)

100% NPK Nano-fertilizer (Hyper feed motawazen fertilizer) = (10 kg fed™)
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Gomaa et al. (2017) illustrated that foliar application
of KP Nano- fertilizers and KP mineral fertilization in
soil increased yield and its components of maize crop.
Applying 75% N mineral along with 25% N nano
significantly increased growth, yield, and yield
components of maize in both seasons (Yasser et al.,
2020). These results had the same trend with those
reported by Gomaa et al. (2018), Khalil et al. (2019)
and Gomaa et al. (2020) who revealed that the
application of 50% mineral NPK fertilizer plus 50%
NPK nano-fertilizer increased all traits of sorghum in
both seasons. The same trend was resulted by Yasser et
al. (2020)

Interaction effect:

Interaction between maize hybrids and amino acids
(MxAA):

Results in Tables (4 and 5) showed that significant
effect of interaction between maize hybrids and amino
cat fertilizer were obtained for ear length, number of
ears plant* and grain yield in both seasons, while plant
height was not significantly influenced by the same
interaction in both seasons. Maize hybrid TWC 353
treated with 200 cm® fed? amino cat fertilizer is
distinguished by its superiority in all studied characters
while maize hybrid TWC 360 gave the lowest values for
yield and its attributes under foliar spraying of 100 cm?®
fed. Zaki et al. (2014) indicated that spraying maize
hybrid SC 10 with amino cat fertilizer at 200 cm? fed
increased yield and yield components. Also, Ahmed et
al. (2019) showed that sorghum shandawell cultivars
sprayed with 400 cm® fed? amino cat fertilizer out
yielded the greatest mean values for yield and yield
components in two growing seasons.

Interaction between maize hybrids and fertilization
treatments (MxF):

The interaction between maize hybrids and
fertilization treatments had a significant effect on plant
height, ear length, number of ears plant™ and grain yield
in both seasons as shown in Tables 4 and 5.

Significant increase in yield and its attributes were
realized by the interaction between maize TCW 353 and
50% N mineral +50% N nano fertilization. This result
may be due to the increased growth traits and positive
effect on yield characters under combination of mineral
and nano-fertilizers. Similar results have been reported
by Khalil et al. (2019) who noted that fertilized single
hybrid maize by 75% mineral plus 25% nano N
fertilizers gave the highest values for plant height, ear
length, and grain yield. Likewise, Gomaa et al. (2017)
found that the application of mineral fertilizer in the soil
combined with foliar application of nano-fertilizer gave
the highest mean values of number of grains row,
number of grains ear!and 100-grain weight for single
maize hybrid. Yasser et al. (2020) supported these
results.

Interaction between amino cat fertilizer and
fertilization treatments (AAXF):

Significant interaction between each of the amino
act fertilizer and fertilization treatments was obtained
for all studied traits in both seasons, except plant height
in 2018 (Tables 4 and 5). Maximum values of these
traits were obtained from spraying maize plants by 200
cm?® fed of amino cat fertilizer and fertilized with 50%
NPK mineral plus 50% nano NPK fertilizers (AA2xFg).
While applied lowest amino cat level without
fertilization treatments (AAi1xF;) resulted the lowest
values of all studied characters in 2018 and 2019
seasons.

Interaction between three factors (MxAAXF):

Plant height, ear length, number of ears plant?, and
grain yield were significantly affected by the interaction
between maize hybrids, amino cat fertilizer levels, and
fertilization treatments in the two seasons Tables (4 and
5). The highest values of the corresponding data were
(224.8 and 223.5 cm), (19.01 and 18.95 cm), (1.22 and
1.23 ears) and (3.73 and 3.80 ton fed™) were recorded
by foliar spraying TWC 353 hybrid with 200 cm?® fed?
amino cat fertilizer and combined with 50% NPK
mineral plus 50% nano NPK fertilizers (M1xAA2xFs) in
2018 and 2019 seasons, respectively.



334

Ahmed.S.M.Morsy and Abdelmoniem.A.O.Ahmed-. Response of Two Yellow Maize Hybrids to Amino Acids, .....

Table 4. Means of plant height and ear length as influenced by two maize hybrids, fertilization treatments, and amino cat fertilizer during the 2018
and 2019 seasons

Yield attributes

Traits Plant height (cm) Ear length (cm)
M: o AA: Amino acids AA: Amino acids AA: Amino acids AA: Amino acids
Maize F:tE:;mZﬁ?son AAT  AAr Mean . AAL AAY Mean . AAl AA:  Mean _ AAI AA2  Mean
hybrids Season 2018 MxF Season 2019 MxF Season 2018 MxF Season 2019 MxF
F1: 0.0 Control 2005 207.1 203.8 198.9 206.2  202.6 16.13 17.25 16.69 16.07 17.17 16.62
[ F2: 100 Mineral 2119 2185 2152 211.8 218.6 2152 16.80 18.12 17.46 16.72 18.01 17.36
8 F3: 100 Nano 213.7 220.4 217.1 213.3 220.1 216.7 17.03 18.21 17.62 16.94 18.11 17.52
= F4: 75 Min.+25 Nano 2108 2181 2145 210.2 217.8  214.0 16.43 17.80 17.11 16.31 17.65 16.98
'.:. Fs: 75 Nano.+25 Min. 215.6 2237 2197 215.0 2225  218.8 17.00 18.10 17.55 16.80 18.05 17.43
= Fe: 50 Min.+50 Nano 216.9 2248 2209 215.3 2235 2194 17.45 19.01 18.22 17.36 18.95 18.15
Mean of M x AA 2116 2187 215.2 210.7 218.1 214.4 16.81 18.08 17.45 16.70 17.99 17.35
F1: 0.0 Control 1915 199.3 195.4 1924 200.1 196.3 15.88 17.03 16.45 15.83 17.01 16.42
3 F2: 100 Mineral 199.4 2074 2034 200.1 208.3  204.2 16.12 17.31 16.72 16.05 17.26 16.66
8 Fs: 100 Nano 200.1 2089 204.0 201.1 209.2  205.2 16.40 17.55 16.98 16.33 17.51 16.92
= F4: 75 Min.+25 Nano 198.7 206.4  202.6 199.5 206.1 2028 16.11 17.21 16.66 16.01 17.17 16.59
':. Fs: 75 Nano.+25 Min. 201.4 2085  205.0 202.0 209.5  205.8 16.21 17.34 16.77 16.11 17.26 16.68
= Fe: 50 Min.+50 Nano 2024 2105 2065 202.9 2115  207.2 16.92 17.95 17.54 16.76 17.93 17.35
Mean of M x AA 1989 2066 202.8 199.3 207.4  203.4 16.27 17.40 16.84 16.18 17.36 16.77
F1: 0.0 Control 196.0 2032 199.6 195.7 203.2 199.5 16.01 17.14 16.58 15.95 17.09 16.52
(AA) F2: 100 Mineral 205.6 2109 209.3 205.9 2134  209.7 16.46 17.72 17.09 16.38 17.64 17.01
o Fs: 100 Nano 2069 2142 2105 207.2 2147 2110 16.72 17.88 17.30 16.63 17.81 17.22
(F) F4: 75 Min.+25 Nano 204.8 212.3 208.5 204.9 211.9 208.4 16.27 17.51 16.89 16.16 17.41 16.79
Fs: 75 Nano.+25 Min. 2085 2161 2123 208.5 216.0 2123 16.61 17.72 17.16 16.46 17.66 17.06
Fs: 50 Min.+50 Nano 209.7 217.6 213.6 209.1 217.5 213.3 17.18 18.48 17.83 17.06 18.44 17.75
Mean of Amino (AA) 205.2 2127 - 205.2 212.8 - 16.54 1774 -—--- 16.44 17.67  --—---
M =0.79 M =0.44 M =0.02 M =0.01
AA =0.64 AA =0.18 AA =0.02 AA =0.06
F=0.32 F=0.23 F=0.03 F=0.03
LSD at 0.05 M x AA = NS M x AA = NS M x AA =0.03 M x AA =0.03
M x F =0.45 M x F=0.33 M x F =0.05 M x F =0.05
AA X F=NS AA x F=0.33 AA x F=0.05 AA x F=0.05

M x AA x F=0.64

100%NPK mineral fertilizer = (120:30:24 kg fed™)

100% NPK Nano-fertilizer (Hyper feed motawazen fertilizer) = (10 kg fed™)

M x AA x F=0.47

M x AA x F=0.06

M x AA x F=0.07
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Table 5. Means of number of ears plant-1 and grain yield as influenced by two maize hybrids, fertilization treatments, and amino cat fertilizer during
the 2018 and 2019 seasons

Yield attributes

Traits Number of ears plant* Grain yield (ton fed™)
M: F- Fertilization AA: Amino acids AA: Amino acids AA: Amino acids AA: Amino acids
Maize ) treatments AAL AA Mean AAL AA Mean AAL AA Mean AAL AA: Mean
hybrids Season 2018 MxF Season 2019 MxF Season 2018 MxF Season 2019 MxF
F1: 0.0 Control 1.01 1.02 1.02 1.02 1.03 1.03 2.79 2.82 2.81 2.81 2.84 2.83
B F2: 100 Mineral 111 1.14 1.13 1.12 1.14 1.13 3.02 3.35 3.19 3.05 3.41 3.23
8 F3: 100 Nano 1.13 1.20 1.17 1.14 1.21 1.18 3.23 3.59 341 3.25 3.61 3.43
= F4: 75 Min.+25 Nano 1.06 1.10 1.05 1.09 1.12 1.11 2.93 3.18 3.06 3.00 3.20 3.10
'.:. Fs: 75 Nano.+25 Min. 1.10 1.16 1.13 1.11 1.18 1.15 3.15 3.43 3.29 3.19 3.49 3.34
= Fs: 50 Min.+50 Nano 1.16 1.22 1.19 1.17 1.23 1.20 3.40 3.73 3.57 341 3.80 3.61
Mean of M x AA 1.10 1.14 1.12 1.11 1.15 1.13 3.09 3.35 3.21 3.12 3.39 3.26
F1: 0.0 Control 1.00 1.00 1.00 1.00 1.01 1.01 2.45 2.44 2.45 2.47 2.46 2.47
2 F2: 100 Mineral 1.03 1.04 1.04 1.04 1.05 1.05 2.60 2.63 2.62 2.62 2.66 2.64
8 F3: 100 Nano 1.04 1.05 1.05 1.05 1.07 1.06 2.74 2.82 2.78 2.77 2.85 2.81
= F4: 75 Min.+25 Nano 1.02 1.03 1.03 1.03 1.04 1.04 2.51 2.58 2.55 2.54 2.62 2.58
':. Fs: 75 Nano.+25 Min. 1.04 1.06 1.05 1.05 1.08 1.07 2.56 2.77 2.67 2.68 2.82 2.75
= Fs: 50 Min.+50 Nano 1.07 1.10 1.09 1.07 1.10 1.09 2.86 2.93 2.90 2.89 2.90 2.90
Mean of M x AA 1.03 1.05 1.04 1.04 1.06 1.05 2.62 2.70 2.66 2.66 2.72 2.69
F1: 0.0 Control 1.00 1.01 1.01 1.01 1.02 1.02 2.62 2.63 2.63 2.64 2.65 2.65
(AA) F2: 100 Mineral 1.07 1.09 1.08 1.08 1.10 1.09 2.81 2.99 2.90 2.84 3.04 2.94
N Fs: 100 Nano 1.09 1.12 1.11 1.10 1.14 1.12 2.99 3.21 3.10 3.01 3.23 3.12
(F) F4: 75 Min.+25 Nano 1.04 1.07 1.06 1.06 1.08 1.07 2.72 2.88 2.80 2.77 291 2.84
Fs: 75 Nano.+25 Min. 1.07 111 1.09 1.08 1.13 1.11 2.86 3.10 2.98 2.94 3.16 3.05
Fs: 50 Min.+50 Nano 1.12 1.16 1.14 1.12 1.17 1.15 3.13 3.33 3.23 3.15 3.35 3.25
Mean of Amino (AA) 1.06 109 - 1.07 110 ------ 2.86 3.02 - 2.89 306  ------
M =0.007 M =0.002 M =0.03 M = 0.007
AA =0.004 AA =0.004 AA =0.02 AA =0.007
F =0.006 F =0.006 F=0.02 F=0.01
LSD at 0.05 M x AA =0.006 M x AA =0.01 M x AA =0.05 M x AA=0.01
M x F =0.006 M x F =0.008 M x F=0.03 M x F =0.02
AA x F=0.006 AA x F=0.008 AA x F=0.03 AA xF=0.02
M x AA x F=0.01 M x AA x F=0.01 M x AA x F=0.05 M x AA x F =0.03

100%NPK mineral fertilizer = (120:30:24 kg fed)
100% NPK Nano-fertilizer (Hyper feed motawazen fertilizer = (10 kg fed)
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I11- Correlation among traits:

Correlation coefficient values among most studied
parameters i.e. growth, yield, and yield components
(over the tested amino cat fertilizer, maize hybrids, and
fertilization treatments), as of the two growing seasons,
are presented in Table 6. The interrelationship among
mean performances was positive and highly significant
for the following traits, number of days to 50%
tasseling, number of green leaves plant?, ear leaf area,
plant height, ear length, number of ears plant* and grain
yield in both seasons. Reversely, number of days to
50% tasseling had high significant and negative
correlation coefficients with each of number of green
leaves plant (r=-0.729" and -0.670™), ear leaf area (r= -
0.873™and -0.833™), plant height (r= -0.944™ and -
0.892™), ear length (r= -0.731"and -0.683"), number of
ears plant(r= -0.904"and -0.894™) and grain yield (r=
-0.909"and -0.954™) in the 2018 and 2019 seasons,
respectively. Grain yield also exhibited positive and
highly significant linear relationship of all studied traits,
except for number of days to 50% tasseling which was
negatively correlated in both seasons.

IV- Economic feasibility:

Sustainable agriculture involves maximizing net
return which farmer, receives from agricultural
production. When estimating the total of cultivation

costs, net farm income, net farm return, and benefit: cost
ratio for the two maize hybrids treated with amino cat
fertilizer foliar application and using fertilization
treatments (presented in Table 7). Data showed that
total costs of maize production fed? as influenced by
applied different treatments as an average of the two
seasons.

The combination between treatments that included
M1AAF; and M,AAzF, (TWC 353 or TWC 360, 200
cm® amino cat fertilizer and 100% mineral NPK
fertilizer) gave maximum total costs which were 6691
L.E fed!. Whereas, maize hybrid under study which
received foliar application with 100 cm3 amino cat
fertilizer or the control treatment exhibited the lowest
costs 6040 L.E fed! (M1AA;F;) and (M2AA;F1). Results
in Table 7 indicated that the foliar application of TWC
353 hybrid with 200 cm?® amino fertilizer (M1AA;Fs),
beside fertilization by 50% mineral NPK + 50% NPK
nano-fertilizers, recorded the highest values for net farm
income (12926 L.E fed?), net farm return (6360 L.E
fed') and BCR (1.97) as well as, the economic
efficiency (net farm return / total costs = 0.97). This
result is due to the highest grain yield productivity
under this treatment (3.77 ton fed™) as an average of the
two seasons compared with the other treatments.

Table 6. Simple correlation coefficients (r) for 7 characteristics of two maize hybrids grown under foliar
application of amino cat fertilizer and fertilization treatments during 2018 and 2019 seasons

Traits (NT)  (NGL) (ELA)  (PH) (EL) (NE) (GY)

No. of days to 50% tasseling -0.729"  -0.873" -0.944™ -0.731" -0.904" -0.909"
(NT)

No. of green leaves plant? (NGL)  -0.670™ 0.645™  0.799™  0.547"
Ear leaf area (ELA) -0.833"  0.866™ 0.942™  0.785™
Plant height (PH) -0.892"  0.690" 0.903™  0.886™
Ear length (EL) -0.683™  0.638™ 0.879™ 0.778™  0.649™
Number of ears plant® (NE) -0.894™  0.775™  0.932" 0925  0.759" 0.871™
Grain yield (GY) -0.954™  0.550™ 0.795™  0.871™ 0.635™  0.899™

Season 2018 (above diagonal)

Season 2019 (below diagonal)
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Table 7. The total cost of cultivation, *net farm income, **net farm return, and ***benefit: cost ratio of maize production as influenced by different
treatments (average of the two successive seasons)

Treatments An economic evaluation of maize production
M_: F- Fertilization Total costs L.E fed! Net farm income L.E fed? Net farm return L.E fed™ BCR

Mal_ze treatments Amino acids AA Mean Amino acids AA Mean Amino acids AA Mean Amino acids AA Mean
hybrids AAL AA; MxF AAL AA, MxF AAL AA;  MxF AAL AA; MxF
Fi: 6040 6080 6060 9600 9703 9652 3560 3623 3592 1.59 1.60 1.60

Fo: 6651 6691 6671 10423 11589 11006 3772 4898 4335 1.57 1.73 1.65

My TWC Fa: 6400 6440 6420 11109 12343 11726 4709 5903 5306 1.74 1.92 1.83
353 Fa: 6589 6629 6609 10183 10937 10560 3594 4308 3951 1.55 1.65 1.60
Fs: 6463 6503 6483 10869 11863 11366 4406 5360 4883 1.68 1.82 1.75

Fe: 6526 6566 6546 11691 12926 12309 5165 6360 5763 1.79 1.97 1.88

Mean of M x AA 6445 6485 6465 10646 11560 11103 4201 5075 4638 1.65 1.78 1.72

Fi: 6040 6080 6060 8434 8400 8417 2394 2320 2357 1.40 1.38 1.39

Fa: 6651 6691 6671 8949 9086 9018 2298 2395 2347 1.35 1.36 1.36

M,: TWC Fa: 6400 6440 6420 9463 9737 9600 3063 3297 3180 1.48 151 1.50
360 Fa: 6589 6629 6609 8674 8914 8794 2085 2285 2185 1.32 1.34 1.33
Fs: 6463 6503 6483 8983 9600 9292 2520 3097 2809 1.39 1.48 1.44

Fe: 6526 6566 6546 9874 10011 9943 3348 3445 3397 151 1.52 1.52

Mean of M x AA 6445 6485 6465 9063 9291 9177 2618 2807 2713 1.41 1.43 1.42

Fi: 6040 6080 6069 9017 9052 9035 2977 2972 2975 1.50 1.49 1.50

Fo: 6651 6691 6671 9686 10338 10012 3035 3647 3341 1.46 1.55 1.51

(AA) Fa: 6400 6440 6420 10286 11040 10663 3886 4600 4243 1.61 1.72 1.67

( ; ) Fa: 6589 6629 6609 9429 9926 9678 2840 3297 3069 1.44 1.50 1.47
Fs: 6463 6503 6483 9926 10732 10329 3463 4229 3846 1.54 1.65 1.60

Fe: 6526 6566 6546 10783 11469 11126 4257 4903 4580 1.65 1.75 1.70

Mean of (AA) 6445 6485  ---—---- 9855 10426  --—----- 3410 3941 - 1.53 161 -
F1: 0.0 Control F,: 100 Mineral F3: 100 Nano-fertilizer F4: 75 Min.+25 Nano Fs: 75 Nano.+25 Min. Fe: 50 Min.+50 Nano

*okk

“Net farm income=Price (L.E ton) x grain yield (ton fed?)  "Net farm return=Net farm income — Total costs RCB=Net farm income / Total costs
To calculate the total return and the average of maize grain price presented by Bulletin of agriculture Statistical Cost Production and Net Return, 2018.
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CONCLUSION AND RECOMMENDATIONS

From this study, it could be concluded that spraying
maize hybrid TWC 353 with 200 cm® amino cat
fertilizer and added 50% mineral NPK + 50% NPK
nano-fertilizers led to improve its performance,
increased grain yield fed! and net economic return as
well as maximizing productivity per unit area and
reduce production costs and environmental pollution
under Toshka conditions.
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