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Supplements that contain nutrients, amino acids and plant extracts, have been called growth promoters
or biostimulants. One of them is the growth promoter VIUSID agro, it acts as a natural bioregulator and it
composed of amino acids, vitamins and minerals. VIUSID agro would be taken into consideration as an
alternative to increase the production of plants. The present investigation was carried out in the
experimental field of Agric. Res. Stat. of Fac. of Agric., Cairo Univ., Giza, Egypt in 2015 and 2016
seasons. The objectives were to study the effect of VIUSID agro on maize yield and agronomic traits
and to study the relationship among grain yield and the different dosages of VIUSID agro. Five maize
cultivars were evaluated under four dosages i.e. 0.0, 0.96, 1.44 and 2.0 L/ha of foliar spraying of VIUSID
agro. A split-plot design in a randomized complete block arrangement was used with four replications.
Grain yield/ha under the dosage of 0.96 L/ha was significantly exceeded the control by 26.0%. Results
showed that yield increases for studied cultivars were 81.53 % (SC-30k8), 37.34% (SC-30k9), 28.1%
(SC-110), 9.63% (TWC-310) and 7.20% (Cairo-1) by applying the dosage of 0.96 L/ha. The three way
cross TWC-310 showed a quadratic relationship with the highest grain yield/ha (8.62 ton/ha) at the
dosage of 1.44 L/ha. In contrast, the single cross hybrids SC-30k9, SC-110, SC-30k9 and the open
pollinated composite Cairo-1 showed a cubic relationship, with the highest grain yield/ha at the dosage
of 0.96 L/ha for SC-30k9 (13.24 ton/ha), Cairo-1 (12.5 ton/ha), SC-110 (8.17 ton/ha) and SC-30k8 ( 7.37
ton/ha). This study concluded that increasing maize grain yield was obvious for most studied cultivars by
applying the dosage of 0.96 L/ha of VIUSID agro than other dosages.

Keywords: Maize, Amino acids, VIUSID agro, Zinc, Relationship.

INTRODUCTION maize is not sufficient to ensure the local

Maize (Zea mays L.) is one of the most
important cereal crops worldwide. It cultivated for
several purposes such as human nutrition, poultry
and animal feed, biofuel production,
manufacturing starch and cooking oils as well as
fermentation industries. Maize is also grown for
green fodder and silage. The total harvested area
of maize in Egypt in 2014 was 1,039,241 hectares
with a total production about 8,059,906 tons of
grains; with an average vyield of 7.76 tones/ha
(FAOSTAT). However, the local production of

consumption and Egypt imports every year about
six million ton of yellow maize grains for poultry
industry. Maximizing total production of maize in
Egypt could be achieved through raising
productivity per land unit area under the good
weather, irrigation system and soil conditions that
suit maize crop in Egypt.

It is important to find alternatives to increase
the production of maize per land unit area. One of
the newly methods should be taken into
consideration is the use of growth promoters that
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do not affect humans or the environment
adversely. Supplements that contain nutrients,
amino acids and plant extracts have been called
"growth promoters" or "biostimulants” (Pefa et al.
2017). Using biostimulants to promote plant
growth has recently acquired expanding attention
worldwide (Ertani et al. 2013). Biostimulants when
it applied in small amounts, able to stimulate
nutrient uptake and use efficiency by plants and
improve crop quality (Calvo et al. 2014). Nardi et
al. (2009); Giannattasio et al. (2013) reported that
biostimulants can increase the activity of
rhizospher microbes and soil enzymes, the
production of hormones and/or growth regulators
in soil & plants, and the photosynthetic process.
The addition of biostimulants to plants also modi-
fies the morphology of plant roots in a similar way
to indole acetic acid (IAA), suggesting that they
induce a “nutrient addition response” that favors
the uptake of nutrients via an increase in the
absorptive surface area (Ertani et al. 2012). These
effects on growth appear to be featured from the
nutritional effect of an additional nitrogen source
(Ertani et al. 2009, 2014). The mode of action of
biostimulants is often unknown and hard to
identify, because they derive mainly from complex
sources containing several bioactive components
that, together, may contribute to specific effects in
plants (Ertani et al. 2011a, b).

One of the alternative to take into
consideration to increase the production of plants
is the growth promoter VIUSID agro since,
according to Catalysis (2014), it acts as a natural
bioregulator and is basically composed of amino
acids, vitamins and minerals (Pefa et al. 2017 ).
In addition, as a relevant aspect, all of its
components are subjected to a bio catalytic
process of molecular activation that allows the use
of low dosages with good results. Experiments
were conducted in several crops where VIUSID
agro application lead to an increase in production.
One was for beans (Phaseolus vulgaris L.) (Pefa
et al. 2015 a). It was also found that it increased
the quality of the leaves of the anthurium
(Anthurium andreanum Lind. ) and the start of
flowering (Pefia et al. 2015 b), as well as the
germination of the seed and the production of
tomatoes (Solanum lycopersicum L.) (Pefia et al.
2016). Pefia et al. (2017) evaluated the effect of
VIUSID agro in the productive performance of
lettuce (Lactuca sativa L.), Swiss chard (Beta
vulgaris var. cicla.), beetroot (Beta vulgaris L.) and
radish (Raphanus sativus L.) in terms of
organoponics or urban agriculture. Yields
increased in the most favorable treatments by

30.66% in lettuce, 25.90% in chard and over 50%
in beetroot and radish.

Amino acids is well known biostimulant which
has positive effects on plant growth and yield as
well as helping the plants to overcome the harmful
effect caused by abiotic stress (Kowalezky and
Zielong 2008). In addition, amino acids have
several other roles in plants e.g. they regulate ion
transport and stomatal opening and affect the
synthesis and activity of enzymes and gene
expression (Rai, 2002). Oaks (1994) reported that
the amino acids are the first stable products of
inorganic N assimilation and are the building
blocks for proteins. Changes in the concentration
of several amino acids or total amino acids have
been shown to be involved in the regulation of
many processes related to the nitrogen
metabolism of the plant. Bioactive compounds,
such as glycyrrhizin is usually produced as a
mixture of potassium and calcium salts in plants
(Zhang et al. 1995; Paolini et al. 1999) and was
identified to be the major active component for its
commercial value (Shibata 2000; Liu et al. 2007).
In respect to the zinc element, it is a member of
more than 300 enzymes in plants and it can be
incorporated in the protein solution (Coleman,
1992). There are no references in respect to the
use and effect of VIUSID agro on maize
production. In this aspect, the present
investigation is the first attempt in the use of
VIUSID agro on maize especially in Egypt,
therefore the objectives of the present study were:
() to study the effect of VIUSID agro on maize
yield and agronomic traits (ii) to determine the
optimal dose of VIUSID agro which improve grain
yield in maize (iii) to study relationship among
grain yield and the different dosages of VIUSID
agro for each studied cultivar.

MATERIALS AND METHODS

Two field experiments were carried out at the
Agricultural Research and Experiment Station, of
Faculty of Agriculture, Cairo University, Giza,
Egypt (30°02' N and 31°13' E, with an altitude of
30 meter) during the two successive seasons of
2015 and 2016. The climatic variables in the two
successive seasons are presented in Table 1. Soil
properties of 2015 and 2016 seasons (Table 2)
were analyzed at Reclamation and Development
Center Desert Soils, Faculty of Agriculture
Research Park, Cairo University.
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Table 1. Some climatic variables recorded at Giza location in 2015 and 2016 seasons.

Month 2015 2016
Temperature ("C) | Relative humidity | Temperature ("C) | Relative humidity
(%) (%)
June 29.1 44.9 29.9 47.4
July 32.2 46.5 28.9 57.5
August 33.2 46.6 29.3 57.9
September 32.8 46.7 27.8 56.2

* Data obtained by the Central Laboratory for Agricultural Climate (CLAC), Agricultural Research Center
(ARC), Egypt. Precipitation was not detected in both seasons.

Table 2. Some physical and chemical properties of soil at the experimental site in 2015 and 2016

seasons.
Soil analysis 2015 2016
Physical properties

Sand (%) 33.3 33.2
Silt (%) 30.2 315
Clay (%) 36.5 35.3
Texture class Clay loam Clay loam
Chemical properties

PH (1.1 7.5 7.7
Ecaay (ASm™) 1.9 1.9
Organic matter (%) 2.3 2.2
Total Ca Cos (%) 3.4 35
Available N (mg kg™) 35.4 40.9
Available P (mg kg™) 9.0 9.9
Available K (mg kg™) 210.0 230.0
Irrigation water analysis

Ec of Irrigation water (ds/m) 0.78 0.86
pH of Irrigation water 7.02 7.50
Irrigation system Flooding Flooding

Table 3. Cultivar name and institution of development of five studied maize cultivars.

Cultivar Name | Institution

SC-30k9 Pioneer : Pioneer International Company in Egypt

SC-110 ARC : Agricultural Research Center

SC-30k8 Pioneer

TWC-310 ARC

Cairo-1 Local open-pollinated composite developed at Agronomy
Department, Faculty of Agriculture, Cairo university.
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Plant material

The genetic materials used in this investigation
included five maize cultivars, namely the single
cross hybrids SC-30k9, SC-110, SC-30k8, , the
three way cross hybrid TWC-310 and the open-
pollinated composite Cairo-1 (Table 3).

Experimental design and treatments

A split-plot design in a randomized complete block
arrangement was used with four replications. The
main plots were allotted to the four foliar spraying
doses of VIUSID agro and genotypes were
devoted to sub-plot. Each sub-plot consists of 20
ridges of 0.70 m in width and 4.0 m in length, i.e.
the experimental plot area was 56 mZ. Each main
plot was surrounded with a wide ridge (1.5 m) to
avoid interference of the four doses of VIUSID
agro. The composition of VIUSID agro is
presented in Table 4. The four doses of VIUSID
agro were applied by foliar spraying after ten days
from sowing date as presented in Table 5.

Cultural practices

The preceding crop was wheat (Triticum aestivum
L.) in both seasons. Sowing dates were on June 3
and 6 in 2015 and 2016 seasons, respectively.
Seeds were sown in hills at 25 cm apart by hand,
thereafter (before the 1% irrigation) were thinned to
one plant per hill. Calcium super phosphate
fertilizer (15.5% P,0s5) at the rate of 60 kg
P,Os/hectare was applied uniformly before
sowing. Ammonium nitrate (33.5% N) at the rate
of 240 kg N/hectare was added in two equal
doses before the first and second irrigations.
Standard agricultural practices were followed
throughout the growing seasons. The weed
management was carried out during the growing
season by hoeing twice times, before the 1* and
the 2" irrigations and the pest control, if
necessary, was done according to practices used
at the experimental station. The other cultural
practices were applied as recommended by the
Agricultural Research Center (ARC), Giza, Egypt.

Data collection

At harvest, 50 guarded plants were randomly
sampled from each plot to determine plant height
in cm, measured from soil surface up to point of
flag leaf, ears/plant and number of leaves/plant.
Shelling%, calculated by dividing grain weight on

ear weight and multiplied by 100, ear diameter
(mm) and 100-kernel weight (g) were determined
on 50 random ears from each plot. Grain yield in
kg was weighed from whole area of each
experimental unit (sub-plot) and then adjusted into
ton per hectare (ton/ha). The grain yield per
hectare was adjusted on the basis of 15.5% grain
moisture content.

Statistical analysis

Test of normality distribution was carried out
according to Shapiro and Wilk, method (1965), by
using SPSS v. 17.0 (2008) computer package.
Also, data were tested for violation of assumptions
underlying the combined analysis of variance by
separately analyzing of each season and then
combined analysis across the two seasons was
performed if homogeneity (Bartlet test) was
insignificant. Estimates of LSD were calculated to
test the significance of differences among means
according to Snedecor and Cochran (1994).
Relationship among grain yield and the different
dosages of VIUSID agro was done according to
Steel et al. (1997). The trend analysis was used to
identify the treatments showing optimum value for
each cultivar by using SPSS v. 17.0 (2008)
computer package.

Table 4. Components % of VIUSID agro used
in 2015 and 2016 seasons.

Components %
Potassium phosphate 5.00
Malic acid 4.60
Glucosamine 4.60
Arginine 4.15
Glycine 2.35
Ascorbic acid 1.15
Calcium pantothenate 0.115
Pyridoxal 0.225
Folic acid 0.05
Cyanocobalamin 0.0005
Monoammonium 0.23
glycyrrizinate

Zinc sulphate 0.115

All these compounds subjected to a molecular
activation process, according to the manufactures.
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Table 5. Characterization of VIUSID agro treatments
Treatments Dose per Interval of Number of Total dose
application applications applications (L/ha)
(L/ha) (days)

Control 0 0 0 0

Low 0.192 14 5 0.96

Medium 0.206 10 7 1.44

High 0.200 7 10 2.00

Effect of VIUSID agro

RESULTS The effect of different doses of VIUSID agro

Basic statistical estimates

The data recorded on seven traits were
subjected to descriptive statistics of studied traits
such as mean, and measures of dispersion
(Range, standard deviation, standard error and
coefficient of variation). The descriptive statistics
of the seven studied traits is presented in Table 6.
Variability measures including range, standard
deviation, standard error and coefficient of
variation. In plant breeding, these measures are
commonly used for the assessment of variability.
Data showed that the coefficient of variation was
lowest for all traits, except grain yield. Low values
of C.V were recorded for 100- kernel weight
(14.61 %), sheling % (6.69%), ear diameter
(13.76%), number of leaves/plant (8.63%) and
plant height (8.10%). On the other hand, a wide
range of 11.42, 16.70, 23.26, 28.50, 4.25 and
68.00 for grain vyield/ha, 100-kernel weight,
shelling%, ear diameter, number of leaves/plant
and plant height revealing a high level of diversity
among the cultivars for these traits.

Analysis of variance

Combined analysis of variance (Table 7)
showed that highly significant differences existed
among all cultivars for all studied traits, except
ears/plant. Mean squares due to doses of VIUSID
agro were also highly significant for all studied
traits, except ears/plant. Mean squares due to
years were highly significant only for one trait,
namely plant height. Significant or highly
significant mean squares due to doses x years
interaction were observed for all studied traits,
except ears/plant and shelling%. Mean squares
due to cultivars x years interaction were
significant or highly significant for all traits, except
grain yield/ha, ears/plant and shelling%. In
addition, mean squares due to cultivars x doses
interaction were highly significant for all traits,
except ears/plant. Mean squares due to cultivars x
years x doses interaction were also highly
significant for all traits, except ears/plant

on studied traits is presented in Fig. (1). Grain
yield/ha under the dose of 0.96 L/ha of VIUSID
agro was significantly exceeded the control by
26.0%. Yield increasing due to 0.96 L/ha of
VIUSID agro was accompanied by significant
increasing in 100-kernel weight (6.0%), ear
diameter (25.0%) and number of leaves/plant
(4.0%) compared with control. On the other hand,
grain yield/ha was significantly decreased due to
the doses of 1.44 and 2.0 L/ha of VIUSID agro
compared to control by 6.0 and 21.0%,
respectively. Yield reductions due to the doses of
144 and 2.0 L/ha were accompanied by
reductions in 100-kernel weight (5.0 and 21.0%,
respectively) and shelling% (3.0 and 9.0%,
respectively) compared with control (Fig. 1). In
contrast, significant increasing was observed in
ear diameter (30.0%), number of leaves/plant
(10.0 and 17.0%) and plant height (6.0 and 2.0%)
due to 1.44 and 2.0 L/ha of VIUSID agro. It is
interesting to note that number of ears/plant did
not affected by applying different doses of VIUSID
agro.

It was cleared that the dosage of 0.96 L/ha of
VIUSID agro had significant effect on increasing
grain yield/ha as well as increasing 100-kernel
weight, ear diameter and number of leaves/plant.
Therefore, the dosage of 0.96 L/ha of VIUSID
agro could be recommended for increasing maize
grain yield in the present investigation. On the
other hand, the dosages of 1.44 and 2.0 L/ha of
VIUSID agro had significant effect on increasing
number of leaves/plant, plant height and ear
diameter. In contrast, these two dosages (1.44
and 2.0 L/ha) had significant reductions on maize
grain yield. Therefore, the dosages of 1.44 as well
as 2.0 L/ha could be used for increasing number
of leaves/plant and plant height that would be
taken into consideration for increasing maize
fodder yield for animal feeding.
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Table 6. Mean, range, standard deviation, standard error and coefficient of variation for studied
traits across 2015 and 2016 seasons.

Trait Mean Range Std. Deviation Std. Error C.V%
Grain yield (ton/ha) 7.53 11.42 2.81 0.31 37.32
100- kernel weight (g) 30.72 16.70 4.49 0.50 14.61
Ears / plant 1.00 0.00 0.00 0.00 0.00
Shelling % 78.45 23.26 5.24 0.59 6.69
Ear diameter (mm) 43.56 28.50 5.99 0.67 13.76
Number of leaves/ plant 12.30 4.25 1.06 0.12 8.63
Plant height (cm) 189.09 68.00 15.31 1.71 8.10

Table 7. Combined analysis of variance of a split plot design for all traits of five maize cultivars
evaluated under spraying four doses of VIUSID agro across 2015 and 2016 seasons

S.0V d.f Grain 100- Kernel | Ears/plant | Shelling Ear Number Plant
yield weight % diameter of height
leaves/
plant
Years (Y) | 1 0.14 0.69 0.00 11.56 7.23 0.40 1050.63**
R(Y) 6 0.67 0.24 0.00 3.61 4.45 0.42 10.27
Doses 3 96.08** 579.05** 0.00 544.66** | 1061.49** | 29.92** | 889.29**
A
g(A)\ 3 0.88* 2.81* 0.00 151 22.49** 0.88** 345.09**
Errorg 18 0.25 0.29 0.00 4.85 2.90 0.17 8.39
Cultivars | 4 | 163.71** 250.74** 0.00 257.17** 95.50** 6.19** | 5425.41**
B
g(B) 4 0.26 1.88** 0.00 6.88 10.60* 2.60** 183.94**
AB 12 | 15.82* 35.07** 0.00 117.16** | 156.37** 4.34** 974.73**
YAB 12 1.38** 0.87** 0.00 17.32* 22.70** 1.25** 248.65**
Error ) 96 0.53 0.33 0.00 4.20 3.78 0.16 14.73

*and** indicate significant at 0.05 and 0.01 levels of probability, respectively.

Genotypic differences

The studied maize cultivars showed a significant
difference in their absolute mean values under
different doses of VIUSID agro compared with
control for all studied traits, except ears/plant
(Table 8). Therefore, ranks of all studied cultivars
under the doses of 0.96, 1.44 and 2.0 L/ha of
VIUSID agro were different from that under
control. The highest mean values of grain yield/ha
were achieved by Cairo-1 (11.66 and 12.5 ton/ha)
and SC-30k9 (9.64 and 13.24 ton/ha) under
control and under the dosage of 0.96 L/ha,
respectively. Under the dosages of 1.44 and 2.0
L/ha the single cross hybrid SC-30k9 exhibited
the highest mean values of grain yield (9.40 and
8.75 ton/ha, respectively) among studied
cultivars. The second best cultivars under the
dosage of 1.44 L/ha were TWC-310 (8.62 ton/ha)

and Cairo-1 (8.02 ton/ha). Under the dosage of
2.0 L/ha the second best cultivars were TWC-310
(7.72 ton/ha) and Cairo-1 (6.41 ton/ha). It is
interesting to mentioned that TWC-310 occupied
the 3" high yielding cultivar under control and the
2" high yielding cultivar under the dosages of
0.96, 1.44 and 2.0 L/ha of VIUSID agro. In
respect to Cairo-1 it occupied the 3" high yielding
cultivar under the dosage of 2.0 L/ha (Table 8).

It is worth noting to note that the dosage of 0.96
L/ha of VIUSID agro increased grain Yyield
compared with control by 81.53 and 37.34% for
SC-30k8 and SC-30k9, respectively (Table 8).
Also, the dosage of 0.96 L/ha increased grain
yield for SC-110, TWC-310 and Cairo-1 by 28.1,
9.63 and 7.20%, respectively. On the other hand,
the dosage of 1.44 L/ha increased grain yield
compared to control by 14.0% (SC-110) and
16.96% (TWC-310). In contrast, the dosage of
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2.0 L/ha of VIUSID agro decreased grain yield/ha
for all cultivars compared to control with the
exceptions of two cultivars, namely TWC-310 and
SC-30k8. These two cultivars slightly increased
under the dosage of 2.0 L/ha of VIUSID agro
compared to the control for grain yield/ha by 4.8
and 7.4%, respectively.

Superiority of SC-30k9, Cairo-1 and
TWC-310 under different dosages of VIUSID agro
in the present study were accompanied by
superiority of these cultivars in 100-kernel weight,
shelling% and ear diameter and by superiority in
number of leaves/plant and plant height in some
cases (Table 8).

Table 8. Mean performance of all cultivars for all traits under spraying four doses of VIUSID agro
0.0 (control), 0.96, 1.44 and 2.0 L/ha (data are combined across 2015 and 2016 seasons)

VIUSID | Cultivar Grain 100- Ears/ | Shellin Ear Number of Plant
agro yield kernel plant g% diameter | leaves/ plant height
(ton/ha) | weight (9) (mm) (cm)
Control | SC-30k9 9.64 35.4 1 79.92 22.5 11.5 188.25
SC-110 6.38 35.2 1 79.61 38.75 10.75 198.25
SC-30k8 4.06 29.12 1 80.08 34.5 12.25 184.25
TWC-310 7.37 30.7 1 86.93 42.5 115 157.5
Cairo-1 11.66 31.35 1 76.92 41.5 11 199.5
0.96 SC-30k9 13.24 36.07 1 83.32 44 12.63 189.5
L/ha SC-110 8.17 34.98 1 80.82 45.25 12.25 220.25
SC-30k8 7.37 32.13 1 86.93 46.5 11.38 174.75
TWC-310 8.08 32.52 1 80.9 45.5 11.38 160.5
Cairo-1 12.5 35.58 1 76.78 43 11.63 186
1.44 SC-30k9 9.4 32.73 1 84.4 47.75 13 197
Liha  sci11o 7.29 33.67 1 75.28 455 11.63 198.75
SC-30k8 35 24.17 1 69.55 47.75 12.5 187.5
TWC-310 8.62 29 1 81.78 45.75 115 177
Cairo-1 8.02 34.73 1 78.36 47 14.25 219
2.0 SC-30k9 8.75 30.73 1 78.48 48 14.63 187.5
Liha  sci11o 35 23.98 1 7223 | 47.25 13.13 188
SC-30k8 4.36 20.23 1 73.24 46 13.13 186.25
TWC-310 7.72 26.6 1 75.42 45 13 185
Cairo-1 6.41 25.48 1 68.09 47.25 13 197
LSD g5 1.01 0.79 ns 2.88 2.73 0.56 5.38
Bioscience Research, 2017 volume 14(3): 604-615 610




Atta et al. Influence of biostimulants on maize yield and agronomic traits

Grain yield (ton/ha) 100- kernel weight (g)
126%
10 a 40 a2 106%
b 100% c95%
30 d79%
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10 -
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Control | 0.96 1.44 |2.0L/ha
Control | 0.96 | 1.44 |2.0Ll/ha L/ha | L/ha
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Figure. 1. Relative change of studied traits across all cultivars under spraying four doses of
VIUSID agro 0.0 (control), 0.96, 1.44 and 2.0 L/ha (data are combined across 2015 and 2016
seasons). Relative change = ((control — dosage) / control) x 100)
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Fig. 2. Relationships between grain yield per hectare (GYPH) of SC-30K9, SC-110, SC-30k8, TWC-
310 and Cairo-1 under spraying four doses of VIUSID agro 0.00 (control), 0.96, 1.44 and 2.0 L/ha

(data are combined across 2015 and 2016 seasons).
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These two cultivars slightly increased under the
dosage of 2.0 L/ha of VIUSID agro compared to
the control for grain yield/ha by 4.8 and 7.4%,
respectively.

Superiority of SC-30k9, Cairo-1 and
TWC-310 under different dosages of VIUSID agro
in the present study were accompanied by
superiority of these cultivars in 100-kernel weight,
shelling% and ear diameter and by superiority in
number of leaves/plant and plant height in some
cases (Table 8).

Relationships among grain yield and the
dosages of VIUSID agro

Data of the present investigation were reanalyzed
to evaluate grain yield/ha responses of cultivars
under different dosages of VIUSID agro. The
trend analysis was used to identify the treatments
showing optimum value for each cultivar. The
relationships among grain yield and the dosages
of VIUSID agro are presented in Fig.2. The
cultivar  TWC-310 showed a  quadratic
relationship, with the highest grain yield/ha (8.62
ton/ha) at the dosage of 1.44 L/ha of VIUSID agro.
In contrast, the cultivars SC-30k9, SC-110, SC-
30k8 and Cairo-1 showed a cubic relationship,
with the highest grain yield/ha at the dosage of
0.96 L/ha for SC-30k9 (13.24 ton/ha), Cairo-1
(12.5 ton/ha), SC-110 (8.17 ton/ha) and SC-30k8
(7.37 ton/ha).

DISSCUSSION

Maximizing total production of maize in Egypt
could be achieved by raising productivity per land
unit area. One of the newly methods should be
taken into consideration to increase the
production of maize per unit area is the use of
biostimulants. Biostimulants are supplements that
contain nutrient, amino acids and plant extracts
that do not affect humans or the environment
adversely (Pefia et al. 2017). One alternative
would be taken into consideration is the use of
VIUSID agro since, according to Catalysis (2014),
it acts as a natural bioregulator and it composed
of amino acids, vitamins and minerals (Pefia et al.
2017). In addition, all of its components are
subjected to a biocatalytic process of molecular
activation that allows the use of low dosages with
good results. The present study indicated that the
studied genotypes and dosages of VIUSID agro
had a significant effect on all studied traits, except
ears/plant. Ranks of maize cultivars differ from
one dose of VIUSID agro to another indicating
that the studied dosages had significant effect on
the studied genotypes, suggesting the possibility

of selection for improved performance of such
traits under a specific dosage of VIUSID agro.

The obvious increasing in grain yield/ha due to
foliar spraying 0.96 L/ha of VIUSID agro indicating
that biostimulants when it applied in small
amounts, able to stimulate nutrient uptake and
use efficiency by plants and improve crop quality
as reported by Calvo et al. (2014). Furthermore,
biostimulants can increase the activity of
rhizospher microbes and soil enzymes, the
production of hormones and /or growth regulators
in soil and plants, and the photosynthetic process
(Nardi et al. 2009; Giannattasio et al. 2013). Ertani
et al. (2012) reported that the addition of
biostimulants to plants also modifies the
morphology of plant roots in a similar way to
indole acetic acid (IAA), suggesting that they
induce a “nutrient addition response” that favors
the uptake of nutrients via an increase in the
absorptive surface area. It is worth noting that
VIUSID agro acts as a natural bioregulator and
composed of amino acids, vitamins and minerals
and all of its components are subjected to a
biocatalytic process of molecular activation that
allows the use of low dosage with good result
(Pefia et al. 2017). Increasing maize yield/ha
under the low dosage (0.96 L/ha) of VIUSID agro
in the present investigation suggesting that the
dosage of 0.96 L/ha could be recommended for
maximizing maize grain yield and proved that the
biocatalytic process of molecular activation of the
components of VIUSID agro allows the use of low
dosage with good result.

Amino acids that involved in the
components of VIUSID agro have several roles in
plants, such as they have positive effects on plant
growth and yields as well as helping the plants to
overcome the harmful effect caused by abiotic
stress (Kowalezky and Zielong, 2008). In addition,
they regulate ion transport and stomatal opening
and affect the synthesis and activity of enzymes
and gene expression (Rai, 2002) as well as they
are the first stable products of inorganic N
assimilation and are the building blocks for
proteins (Oaks, 1994). In respect to glycyrrhizin, it
is a bioactive compound and it usually produced
as a mixture of potassium and calcium salt in
plants (Zhang et al. 1995; Paolini et al. 1999).
Glycyrrhizin was identified to be the major active
component for its commercial value (Shibata,
2000; Liu et al. 2007). The zinc element has a
great importance that is a member of more than
300 enzymes in plants and it can be incorporated
in the protein solution (Coleman, 1992). There are
no references about the effect of VIUSID agro on
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maize production. However, some experiments
were conducted in several other crops where
VIUSID agro application lead to an increase in
production. It was found that it increased the
quality of the leaves of the anthurium (A.
andreamum) and the start of flowering (Pefia et al.
2015 b), as well as the germination of the seed
and production of tomatoes (S. lycopersicum)
(Pefia et al. 2016). In addition, Pefia et al. (2017)
conducted some experiments aimed to evaluate
the effect of VIUSID agro in the productive
performance of lettuce (L. sativa), Swiss chard (B.
vulgaris var. cicala), beetroot (B. vulgaris L.) and
radish. Yields increased in the most favorable
treatments by 30.66% in lettuce, 25.90% in chard
and over 50% in beetroot and radish

Maximum yield increasing was observed by
applying the dosage of 0.96 L/ha for SC-30k8,
SC-30k9, SC-110 and Cairo-1 in descending
order, suggesting that the dosage of 0.96 L/ha of
VIUSID agro is suitable for most studied cultivars
with the exception of TWC-310 that the dosage of
1.44 L/ha was more suitable for it.

CONCLUSION

Foliar spraying of VIUSID agro increased grain
yield and improved performance of maize.
Increasing maize grain yield was obvious for most
studied cultivars by applying the dosage of 0.96
L/ha of VIUSID agro than other dosages.

CONFLICT OF INTEREST
The present study was performed in absence of
any conflict of interest.

ACKNOWLEGEMENT

The authors acknowledge Agronomy Department,
Faculty of Agriculture, Cairo University, Egypt for
providing technical and financial support for
completing this research. Thanks are also given to
Catalysis Company to provide for the VIUSID
agro. Thanks are also given to Prof. Dr. Kolima
Pefia from Faculty of Agricultural Sciences,
Agronomy Department, Universidad de Sancti
Spiritus José Marti Pérez., Cuba for revising the
manuscript.

AUTHOR CONTRIBUTIONS

This work was carried out in collaboration
between all authors. Author MMM Atta wrote the
protocol and wrote the first draft of the manuscript.
Authors HM Abdel-Lattif designed and performed
data analyses and Ragab Absy managed the
literature searches. All authors designed the
study, managed the experimental process, read

and approved the final manuscript.

Copyrights: © 2017 @ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Calvo P, Nelson L, Kloepper JW, 2014.
Agricultural uses of plant biostimulants. Plant
and Soil 383: 3-41.

Catalysis, 2014. VIUSID agro, promoter del
crecimiento. Internet (cited 2014 March 20.
Available from: http:// www.catalysisagro.com/

Coleman JA, 1992. Zinc proteins: enzymes,
storage proteins, transcription factors and
replication proteins. Annu. Rev. Biochem.
61:897-946.

Ertani A, Cavani L, Pizzeghello D, Brandellero E,
Altissimo A, Ciavatta C, Nardi S, 2009.
Biostimulant  activity of two  protein
hydrolysates on the growth and nitrogen
metabolism in maize seedlings. Journal of
Plant Nutrition and Soil Science 172: 237-244.

Ertani A, Francioso O, Tugnoli V, Righi V, Nardi S,
2011a. Effect of commercial Lignosulfonate-
Humate on Zea mays L. metabolism. Journal
of Agricultural and Food Chemistry 59: 11940-
11948.

Ertani A, Nardi S, Altissimo A, 2013. Long-term
research activity on the biostimulant
properties of natural origin compounds. Acta
Horticulture 1009: 181-188.

Ertani A, Pizzeghello D, Baglieri A, Cadili V,
Tambone F, Gennari M, Nardi S, 2012. Agro-
industrial residues and their biological activity
on maize (Zea mays L.) metabolism. Journal
of Geochemical Exploration 129: 103-111.

Ertani A, Pizzeghello D, Francioso O, Sambo P,
Sanchez-Cortes S, Nardi S, 2014. Capsicum
chinensis L. growth and nutraceutical
properties are enhanced by biostimulants in a
long-term period: chemical and metabolomic
approaches. Frontiers in Plant Science 5: 1-
12.

Ertani A, Schiavon M, Altissimo A, Franceschi A,
Nardi S, 2011b. Phenol-containing organic

Bioscience Research, 2017 volume 14(3): 604-615 614


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Atta et al.

Influence of biostimulants on maize yield and agronomic traits

substances stimulate phenylpropanoid
metabolism in Zea mays. Journal of Plant
Nutrition and Soil Science 174: 496-503.

FAOSTAT, Food and Agriculture Organization of
the United Nations, Database collections,
Rome; 2017. Available: http://
www.faostat.fao.org (Assessed 27 May 2017).

Freed RSP, Einensmith S, Gutez S, Reicosky D,
Smail VW, Wolberg P, 1989. MSTAT-C
analysis of agronomic research experiments.
Michigan Univ. East Lansing, USA.

Giannattasio M, Vendramin E, Fornasier F,
Alberghini S, Zanardo M, Stellin F, Concheri
G, Stevanato P, Ertani A, Nardi S, Rizzi V,
Piffanelli P, Spaccini R, Mazzei P, Piccolo A,
Squartini A, 2013. Microbiological features
and bioactivity of a fermented manure product
(Preparation 500) wused in biodynamic
agriculture. Journal of Microbiology and
Biotechnology 23: 644-651.

Kowalczyk K, Zielony T, 2008. Effect of
Aminoplant and Asahi on yield and quality of
lettuce grown on
rockwool.Conf.ofbiostimulators in  modern
agriculture, 7-8 Febuary 2008, Warsaw,
Poland.

Liu J, Wu L, Wei S, Xiao X, Su C, Jiang P, Song
Z, Wang T, Yu Z, 2007. Effects of
arbuscularmycorrhizal ~ fungi  on  growth,
nutrient uptake and glycyrrhizin production of
licorice (GlycyrrhizauralensisFisch).Plant
Growth Regul. 52:29-39.

Nardi S, Carletti P, Pizzeghello D, Muscolo A,
2009. Biological activites of  humic
substances, in biophysico-chemical processes
involving natural nonliving organic matter in
environmental systems. In: Senesi, N.; Xing,
B.; Huang, P.M., eds. Part I. Fundamentals
and impact of mineral-organic-biota
interactions on the formation, transformation,
turnover, and storage of natural nonliving
organic matter (NOM). John Wiley, Hoboken,
NJ, USA.

OAKS A, 1994.Primary nitrogen assimilation in
higher plants and its regulation. Can. J. Bot.
72,739-750.

Paolini M, Barillari JM, Broccoli L, Perocco P,
Cantelli-Forti G, 1999. Effect of liquorice and
glycyrrhizin -~ on rat liver  carcinogen
metabolizing enzymes. Cancer Lett 145:35-
42,

Pefa K, Rodriguez JC, Meléndrez JF, 2015b. The
VIUSID agro an alternative in the increase of
tomato production (Solanumlycopersicum
L.).Revista Granma ciencia 19(2): 1-12.

Pefia K, Rodriguez JC, Meléndrez JF, 2016.
VIUSID agro an alternative in the increase of
tomato production (Solanumlycopersicum L.).
RevistaCaribefia de Ciencias
Sociales.http://www.eumed.net/rev/caribe/
2016/05/viusid.html.

Pefia K, Rodriguez JC, Olivera D, Melendrez J,
Rodriguez L, Garcia R, Rodriguez L, 2017.
Effects of a growth promoter on different
vegetable crops. International J. of
Development Res. 7(2):11737-11743.

Pefia K, Rodriguez JC, Santana M, 2015a.
Productive behavior of the bean (Phaseolus
vulgaris L.) treaty with a promoter of the
growth activated molecularly.
RevistaCientificaAvances, 17(4): 327-337.

Rai VK, 2002. Role of amino acids in plant
responses to stresses.BiologiaPlantarum. 45

(4): 481-487.
Shapiro SS, Wilk MB, 1965. Analysis of variance
test for normality (complete samples),

Biometrika 52 (3/4): 591-611

Shibata S, 2000. A drug over the millennia:
pharmacognosy, chemistry and pharmacology
of licorice. YakugakuZasshi-J Pharma Soc.
Jpn. 120(10):849-862.

Snedecor GW, Cochran WG, 1994. Statistical
Methods.9" Ed., lowa State Univ. Press,
Ames, lowa, USA.

SPSS  Statistics 17.0,
Windows.SPSS Inc. 2008.

Steel RGD, Torri JH, Dickey DA, 1997. Principles
and Procedures of Statistics: A Biometrical
Approach, 3" ed., McGraw-Hill, New York.

Zhang, Y.H., Kato, M. and Isobe, K. 1995.
Dissociated control by glycyrrhizin  of
proliferation and IL-2 production of murine
thymocytes. Cell Immunol. 162(1):97-104.

2008.SPSS  for

Bioscience Research, 2017 volume 14(3): 604-615 615



