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ABSTRACT

A field study was carried out at the Experimental Farm Station of  Faculty of Agriculture,
Moshtohor, Benha University, Kalubia Governorate, Egypt, during the successive summer seasons of 2016
and 2017. This experiment was conducted to study the effect of foliar application with lithovit at 250 and 500
mg/l and amino acids at 2 and 4 ml/l on some growth aspects, biochemical constituents, anatomical and yield
characteristics of soybean plants cv. Giza 111. The obtained results indicated that foliar application with lithovit
at a rate of 500 mg/ L and amino acids at a rate of 4 ml/l caused significant increases in all vegetative growth
characteristics expressed as plant height, stem diameter, number of leaves/ plant, total branches/plant, total leaf
area/ plant, shoots fresh and dry weights g/plant and specific leaf weight/plant as compared with the control
treatment. Data also indicated that the application of lithovit at a rate of 500 mg/l and amino acids at 4 ml/I
treatments gave the highest values of photosynthetic pigments (chlorophyll a, b and carotenoids),
phytohormones concentration and leaf chemical compositions (N, P, K, Ca, Mg %, Fe ppm, total carbohydrates,
crude protein %) as well as enhancing leaf and stem anatomical features of soybean plant. Also, the obtained
results showed that foliar application with lithovit at 500 mg/l and amino acids at 4 ml/l treatments caused
significant increases in flowering and yield characteristics i.e., number of flowers/plant, nhumber of setted
pods/plant, pods yield/plant, number of seeds/pod, weight of seeds/pod, 100 seeds weight, weight of seeds/plant
(9) in the two growing seasons as well as seeds oil percentage and unsaturated fatty acids % as compared with
the control.

Generally, it could be concluded that foliar application with growth stimulators as lithovit at 500 mg/l and
amino acids at 4 ml/l could be recommend in soybean cultivation for improving its growth, productivity and
quality.
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Introduction

Soybean (Glycine max L.) is a legume and one of
the most commonly cultivated crops in the world.
Soybean seeds are an important source for human
food, cooking oil and animal feed due to its content
of the useful compounds such as unsaturated fatty
acids, protein, mineral salts and plant secondary
metabolites such as isoflavin. It is also used as feed,
flour, soap, cosmetics, resins, paints, solvents and
biodiesel, (Kim et al., 2016).

Nano-technology can consider and represent
solution to increase the value of agricultural products
and minimize environmental problems. With using
nano-particles and nano-powders, we can produce
controlled or delay released fertilizers. Nano-par-
ticles have high reactivity because of their more
specific surface area, more density of reactive areas,
or increased reactivity of these areas on the particle
surfaces. These features simplify the absorption of
fertilizers that produced in nano scale size, (Zhu et
al., 2008).

Nano-fertilizers are used recently as an
alternative to conventional fertilizers for slow release
and efficient use by plants. Nano-fertilizers could
enhance nutrient use efficiency and decrease the
costs of environmental protection, (Naderi and
Danesh Shahraki, 2013).

Previous studies showed that nano-particles can
be beneficial for growth and development of plant,
(Khaledian et al., 2014).

Lithovit is a natural calcium carbonate (hano-
CaCOQ3) foliar fertilizer supplemented with calcium
which delivers fine particles (<10 um) that can easily
be adsorbed directly through the stomata of plant
leaves. The micronutrients supplied with lithovit
influence plant metabolism and cell wall formation
Ca), resulting in a product that has potential to
increase and sustain improved plant metabolism.
Inside the leaf intercellular spaces lithovit particles
break down and release gaseous CO enhancing the
CO; concentration at the photo-synthetically active
area within the plant leaves. The normal
concentration of CO, in the atmosphere is
approximately 0.04 vol. %, which means that most
cultivated plants fail to achieve the optimum level of
photosynthetic rate, which is achieved at near to 0.1
vol. % CO..The lithovit particles that enter the
intracellular “compartment” dock, with its negative
surface of the cell membrane, where they produce a
negative potential. Lithovit’s mode of action is to
increase CO- levels within the plant leaf structure and
by implication enhance photosynthetic efficiency.
The additional supply of micronutrients from the
lithovit complex provides a source of key plant
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available elements required to aid photosynthetic
activity, (Thorn and Rogan, 2015).

Also, Lithovit contains nano-lron which is one of
the essential elements for plant growth and plays an
important role in the photosynthetic reactions. Iron
activates several enzymes and contributes to RNA
synthesis and improves the performance of
photosystems, (Malakouti and Tehrani, 2005).
(Sheykhbaglou et al., 2010) on soybean plant
concluded that nano-iron oxide increased leaf and
pod dry weight. The highest grain yield was observed
with using nano-iron oxide that showed 48% increase
in grain yield in comparison with control.

Lithovit also contains nano-Mg, magnesium is an
essential nutrient for plant growth and plays an
important role in many plant physiological processes
such as photosynthesis (Mg is the central element of
the chlorophyll molecule), sugar synthesis, starch
translocation, formation of plant oils and fats, control
of nutrient uptake, increase iron utilization and aid
nitrogen fixation in legume nodules. It also works as
an enzyme activator, a constituent of many enzymes
and a carrier of phosphorus in the plant,
(Marschner, 1995; Allison et al., 2001 and Haq
and Mallarino 2005).

Lithovit has a very significant positive influence
on the growth i.e. stem height, crown diameter, and
leaves number of Zea maize (Azevedo Neto et al.,
2005; Koelreuteria paniculata Sabina 2013,
Triticum aestivum Maswada and Abd El-Rahman
2014; Hayward kiwifruit Thorn and Rogan 2015
and Lycopersicon esculentum MoisaR 2015). In
addition, Abdel Nabi et al., (2017) recommended
that foliar spraying of lettuce plants with nano
materials (lithovit at the rate of 0.5 g/liter) gave the
maximum means of all studied characters as total
leaf area, total yield and dry matter percentage .
Also, it gave the highest values of total soluble solids
(TSS), total sugars, total carbohydrates, crude protein
percentages, chlorophyll a, b and total chlorophylls
content.

Amino acids are organic molecules that contain
nitrogen, carbon, hydrogen and oxygen and have an
organic side chain in their structure, a characteristic
that distinguishes the different amino acids,
(Buchanan et al., 2000). Amino acids can play
different roles in plants; they can act as stress-
reducing agents, source of nitrogen and hormone
precursors, (DeLille et al., 2011; Maeda and
Dudareva 2012. Also, Sadak et al., 2015) indicated
that amino acid application as foliar spray
significantly improved all the parameters (shoot
length, number of leaves per plant, fresh and dry
weight of shoots, photosynthetic pigments, total
carbohydrates, polysaccharides, nucleic acid DNA
and RNA contents and also, increased of K*, K*:Na*,
Ca?*, Mg?* and P contents of faba bean leaves.

The importance of amino acids, that build blocks
for proteins, cannot be overlooked. Besides their role
as protein constituents; amino acids are also involved

in a plethora of cellular reactions and therefore, they
influence a number of physiological processes such
as plant growth and development, intracellular pH
control, generation of metabolic energy or redox
power and resistance to both abiotic and biotic stress,
(Pratelli and Pilot, 2014). Also, amino
acids are known as biostimulant which have
positive effects in plant growth and vyield,
(Kowalczyk and Zielony, 2008). (Saeed et al.,
2005) on soybean found that treating plants with
amino acids significantly improved growth
parameters of shoots and fresh weights as well as
pods yield. (Liu Xing et al., 2008) revealed that
foliar application with a mixture of amino acids to
radish plants increased N content of shoots. El-
(Zohiri and Asfour, 2009) on potato found that
spraying amino acids significantly increased
vegetative growth as plant height and dry weights.
(Abo Sedera et al., 2010) revealed that spraying
strawberry plants with amino acids significantly
increased total nitrogen, phosphorus and potassium
in plant foliage as well as total fruit yield, TSS,
vitamin C and total sugars content of fruits compared
to control.

Therefore, the present work aimed to evaluate the
effect of foliar application of lithovit (Ca, Mg and Fe
nano or micro particles) fertilizer and amino acids on
the growth, chemical constituents, anatomical and
yield characteristics of soybean plant.

Material and Methods

A field study was carried out at the
Experimental Farm Station of the Faculty of
Agriculture,  Moshtohor,  Benha  University,
Kalubia Governorate, Egypt, during the two
successive summer seasons of 2016 and 2017 to
investigate the effect of growth stimulator materials:
lithovit at 250 and 500 mg/l and amino acids
(delfan) at 2 and 4 ml/l on growth, chemical
constituents, anatomical and yield characteristics of
soybean plant Cv. Giza 111. Seeds of soybean
(Glycine max L.) were obtained from Agricultural
Research Center, Ministry of Agriculture, Giza,
Egypt.

Lithovit is used as nano particales (Ca, Mg and
Fe nano particles) compound containing calcium
carbonate (80%), magnesium carbonate (4.6%) and
Fe (0.75%), (Carmen et al., 2014).

DELFAN 10% L-a free amino acids is a liquid
with pH of 5-5.5 and specific gravity of 1.12 g/mL.
Also, it contains 18.4 % w/w Organic matter, 10%
wi/w free amino acids, 3% w/w total nitrogen and 3%
w/w organic nitrogen was used as a source for amino
acids mixture. It is produced by Trade Corporation
International Company, Madrid and imported by
Techno Green Comp. Group, Cairo, Egypt.

Delfan amino acid contents (g amino acids/ 100 g
muestra) as follows:
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aspartic 2.3 glutamic
glycine 4.6 histidine
threionine 1.2 alanine
tyrosine 0.9 cystine
methionine 0.2 isoleucine
phenylalanine 1.1 hidroxiproline

Seeds of soybean were sown on 15" May in the
two successive seasons, in open field. Four seeds/hill
were sown at 3 cm depth on one side of the ridge at
25 cm apart, after complete germination (21 days
after sowing in both seasons) plants were thinned
into two plants per hill.

The experimental unit was (3x3.5) meter
including five rows. Calcium superphosphate (15.5%
P,0s) and potassium sulphate (48% K,0O) were added
before sowing in both seasons at the rates of 100 and
50 kg/fed respectively. Also, nitrogen fertilizer at
rate of 20 kg/fed. was applied before the first
irrigation in form of urea (46%N). The other cultural
practices for growing soybean plants were carried out
as recommended by Egyptian ministry of agriculture.
The experiment was arranged in a randomized
complete block design with five replicates.

The experimental treatments were five treatments
i.e., lithovit at 250 and 500 mg/l and amino acids at 2
and 4 ml/l in addition to the control treatment
(distilled water). Plants were sprayed three times
after 30, 50 and 70 days from sowing using hand
operated compressed air sprayer.

Sampling and collecting data
1. Growth characteristics:

Ten plants from each treatment were randomly
taken at 85 days after sowing to measure plant
growth characteristics  i.e., plant height, stem
diameter, number of leaves and branches/plant, fresh
and dry weights of shoots (Leaves and stems) /plant,
total leaf area/ plant (cm?), specific leaf weight /plant
(mg/cm?). The samples of the vegetative parts were
dried in the oven for 48 h at 75°C to a constant
weight and then the dry weight per plant was
calculated. These dry samples of leaves were kept for
chemical analyses.

2. Chemical compositions:
2.1. Photosynthetic pigments:

Chlorophyll a, b and carotenoids were
colorimetrically determined in leaves of soybean
plants at 85 days after sowing during 2016 and 2017
seasons according to the methods described by
(Wettestein, 1957) and calculated as mg/g fresh
weight.

2.2. Determination of leaf mineral
concentrations:

Total nitrogen was determined by using

microkjeldahl method as described by (Horneck and

Miller, 1998); phosphorus and potassium were

4.2 serine 2.8
0.3 argnine 2.6
2.5 proline 2.8
0.2 valine 1.8
1.1 leucine 21
2.7 lysine 11

determined according to (Sandell, 1950) and
Horneck and Hanson (1998), respectively.

Leaves crude protein was calculated according to
the following equation: Crude protein = Total
nitrogen x 6.25 (A.O.A.C., 2005). Total
carbohydrates were determined according to the
method described by (Dubois et al., 1956).

Determination of calcium and magnesium in
soybean leave digests were carried out by using
ammonium versinate parporate and erichrome black
T as indicator according to (Jackson, 1967). Also,
iron was determined by using the atomic absorption
spectorophotometer (Perkin Elmer 3110).

2.3. Endogenous Phytohormones:

Endogenous phytohormones were quantitatively
determined in Glycine max L. shoots at 85 days after
sowing during season 2017 using High- Performance
Liquid Chromato-graphy (HPLC) according to
(Koshioka et al., 1983) for auxin (IAA), gibberellins
and abscisic acid (ABA), while cytokinins were
determined according to (Nicander et al., 1993).

2.4. Determination of seed oil concentration:
2.4.1. Crude Fat:

Oil percentage was extracted by Soxlet apparatus
using petrolium ether as a solvent according to
(A.O.A.C., 2005).

2.4.2. Fatty Acids:

Fractionation, identification and quantification of
different fatty acids of soybean seeds oil were carried
out during season of 2017. The fatty acids were
converted to methyl esters according to (Sink et al.,
1964). The fatty acids methyl esters were analyzed
using Gas Liquid Chromatography (GLC)/HP (6890)
GC capillary equipped with flame ionization
detectors and coiled glass column each (DB-23
capillary column), Dimension:60 m x 0.32 mm x
0.25 pm.

2.5. Anatomical studies:

The samples of stems and leaves were taken from
the 4" internode from top of the main stem of all
treatments at 85 days after sowing during season
2017. The samples specimens were taken, then killed
and fixed in FAA, washed in 50% ethyl alcohol,
dehydrated in series of ethyl alcohols, infiltrated in
xylene, embedded in paraffin wax with a melting
point of 60-63°C, sectioned to 20 microns in
thickness according to (Sass, 1951) stained with the
double stain method, cleared in xylene and mounted
in Canada balsam according to (Johanson, 1940).
Sections were read to detect histological
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manifestation of any noticeable responses resulted
from the applied treatments.

2.6. Flowering, yield and its components:
2.6.1.Flowering characteristics:

Ten plants per each treatment were randomly
chosen and labeled in the field from the start of
flowering to harvest time and the following
characters were studied and recorded:

a) No. of opened flowers/ plant: Counting was
started at 60 days of plant age with 3 days intervals
until 100 days.

b) No. of setted pods/ plant: Counting was started at
75 days of plant age with 3 days intervals until 125
days.

c) No. of survived (mature) pods/ plant: It was
recorded at harvest time.

d) % of flower shedding =

Total No. of flowers/plant - No. of setted

pods/plant % 100

Total No. of flowers/plant

2.6.2.Yield and its components:

At harvest, samples were taken at 125 days after
sowing from each treatment to estimate vyield
characters, i.e., number of setted pods/plant, pods
weight/plant, number of seeds/pod, weight of
seeds/pod, 100 seeds weight (g), seeds yield/plant
(9).

3. Statistical Analysis

The obtained data in both seasons of study were

subjected to analysis of variance as a simple

experiment in randomized complete block design.

LSD was used to evaluate the differences between
means according to (Snedecor and Cocharn, 1991).

Results and Discussion

1. Vegetative growth characteristics:

Data in Table (1) indicate that spraying soybean
plants with lithovit at 250,500 mg/lI and amino acids
at 2 and 4ml/I three times during the growing seasons
significantly increased all measured growth aspects
i.e., plant height, stem diameter, number of leaves,
branches/plant and total leaf area per plant as well as
fresh and dry weights of shoots (leaves and stems)
compared with the control treatment in both seasons
2016 and 2017. In this connection, generally the
highest values of these parameters were recorded as a
result of spraying plants with the highest used
concentrations of lithovit at 500 mg/l and amino
acids at 4 ml/l in comparison with the other
treatments and control plants. Also, the increases in
plant growth traits as a result of using biostimulators
may be attributed to the increases of photosynthetic
pigments and the absorption of mineral nutrients. In
this regard, on snap bean plants, (El- Atabany, 2015)
found that spraying snap bean plant with micronized
calcium carbonate significantly increased all

measured growth aspects expressed as plant height,
number of leaves plant, fresh and dry weights as well
as leaf area/plant compared with the control.

Lithovit application improves photosynthesis
process that may be related to its high content of
carbonates, as source of CO; and calcium. However,
it was found that elevated CO, and exogenous
calcium application have positive effects on
photosynthesis improvement. Also, lithovit acts as a
long term reservoir supplying plants with CO;; thus
it can enhance growth of plants, particularly Cs-
plants as wheat and cotton by increasing P
(photosynthesis net) because higher CO. can
suppress ribulose-1,5-bisphosphate (RuBP)
oxygenase activity; decrease photorespiration; and
increase carbon assimilates for plant growth and
development. Elevated CO; concentrations generally
increase plant growth through increased carbon
assimilation, biomass and leaf area of plants,
(Maswada and Abd El-Rahman, 2014).

(Abo Basha and El-Aila, 2015) reported that
spraying the radish plants with amino acids had
statistically effect on fresh and dry weights of shoot
and root, root length and diameter as well as
nutrients content and uptake. The obtained results are
in agreement with those of (Zewail, 2014) who
demonstrated that foliar application with amino acids
at 4 ml/l increased estimated growth characteristics
i.e., plant height, stem diameter, number of branches
and leaves/ plant, total leaf area /plant, dry weight of
shoots and specific growth rate of common bean
plant. (Sadak et al., 2015) reported that amino acids
are well known biostimulant which have positive
effects on plant growth of faba bean plant besides
they play a key role in secondary metabolism in
plants, (Hildebrandt et al., 2015).

2. Leaf chemical compositions:

2.1. Photosynthetic pigments

Data presented in Table (2) show that the
concentration of chlorophyll a, b, total chlorophyll
and carotenoids of plants sprayed with lithovit at
250, 500 mg/l and amino acids at 2 and 4 ml/l were
increased compared with control plants.

This is may be due to lithovit particles can
enhance the growth of crops by means of increasing
the natural photosynthesis. Such results are
connected with those reported by (Maswada and
Abd EI-Rahman, 2014; Agrawal and Deepak,
2003 and Wang et al., 2013). (Carmen et al., 2014)
suggested that lithovit fertilizer particles sprayed on
tomato plants were absorbed and transformed into
COq.. Therefore, lithovit fertilizer could significantly
enhance photosynthesis because the external factor
that limit photosynthesis is the natural content of
CO, in the air. Also, (Maswada and Abd ElI-
Rahman, 2014) showed that lithovit treatment
significantly increased total chlorophyll and total
carotenoids of wheat plant.
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Table 1. Effect of lithovit and amino acids on some growth characteristics of soybean plants at 85 days after sowing during 2016 and 2017 seasons.

Characteristics Plant Stem Numbelr of Number of Sterrr: Leavgs Main Ztem L%aves Totaldry  Total leaf  Specific leaf

height diameter b totah leaves fre_sh fre_sh b an h r yh weight area /plant  weight /plant

(cm) (cm) r/anc es plant weight weight ranches weight o/plant (cm?) (mg/em?)
Treatments plant g/plant g/plant dry weight g/plant

1%t season (2016)
Control 98.2 0.9 8.3 51.1 88.9 118.2 19.2 25.3 445 2456.53 10.30
Lithovit at 250 mg/I 119.5 1.2 9.9 80.5 112.2 142.3 31.1 37.2 68.3 3160.68 11.77
Lithovit at 500 mg/I 131.7 1.3 14.1 97.0 128.6 178.2 38.3 48.1 86.4 4125.41 11.66
Amino acids at 2 ml/l 107.4 1.1 114 69.4 109.2 147.6 29.5 34.1 63.6 2907.61 11.73
Amino acids at 4 ml/l 124.0 1.3 12.3 93.7 121.4 153.0 33.3 45.9 79.2 3014.25 15.23
L.S.D. 0.05 7.35 0.14 1.12 10. 84 13.09 21.05 5. 40 7.16 8.73 219.98 0.26
2" season (2017)

Control 107.7 1.1 10.4 64.0 103.6 91.6 23.9 28.5 50.4 2454.46 11.61
Lithovit at 250 mg/I 116.2 1.3 12.0 68.9 123.6 117.8 31.1 35.1 66.2 2878.73 12.19
Lithovit at 500 mg/I 128.6 1.4 13.3 82.5 138.7 197.3 36.0 39.5 75.5 3377.02 11.70
Amino acids at 2 ml/l 112.2 1.2 11.2 67.3 120.9 132.0 30.8 31.9 62.7 2704.95 11.79
Amino acids at 4 ml/l 127.3 1.3 12.6 79.2 126.1 162.1 32.2 34.4 66.6 3154.52 10.90
L.S.D. 0.05 5.92 0.11 1.03 3.12 16. 84 18.27 7.04 3.09 8.50 288. 17 0.17
Table 2. Effect of lithovit and amino acids on photosynthetic pigments (mg/g F.W.) of soybean leaf at 85 days after sowing during 2016 and 2017 seasons.

o Chlorophyll Carotenoids
Characteristics Chl. a Chlb (a+b) (a+b) % relative mglg FAW. % relative to the
Treatments mg/g F.W. mg/g F.W. mg/g F.W. to the control control

1%t season (2016)
Control 1.116 0.877 1.993 100.00 1.230 100.00
Lithovit at 250 mg/I 1.135 0.946 2.081 104.42 1.313 106.75
Lithovit at 500 mg/I 1.605 1.211 2.816 141.29 1.822 148.13
Amino acids at 2 ml/I 1.209 0.864 2.073 104.01 1.794 145.85
Amino acids at 4 ml/I 1.208 0.941 2.149 107.83 1.514 123.09
2" season (2017)
Control 1.116 0.684 1.800 100.00 0.827 100.00
Lithovit at 250 mg/I 1.132 0.793 1.925 106.94 0.946 114.39
Lithovit at 500 mg/I 1.605 0.872 2.477 137.61 0.984 118.98
Amino acids at 2 ml/I 1.209 0.761 1.970 109.44 0.924 111.73
Amino acids at 4 ml/I 1.428 0.812 2.240 124.44 0.941 113.78
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In addition, (Zewail, 2014) indicated that foliar
application with amino acids at 4 ml/l increased
photosynthetic pigments and total chlorophyll SPDS
of common bean. Also, (El- Atabany, 2015)
reported that spraying snap bean plants with the
growth stimulant lithovit increased photosynthetic
pigments (chlorophyll a, b, total chlorophyll and
carotenoids). Also, (Shallan et al., 2016) showed
that spraying cotton plants with lithovit (nano-
CaCOg) fertilizer caused increases of pigment
contents. In this regard, (Abd El Ghafer et al., 2016)
mentioned that foliar application with lithovit
significantly increased chlorophyll and carotenoids
of onion plant. Also, (Abdel Nabi et al., 2017)
revealed that foliar spraying lettuce plants with nano
materials (lithovit) gave the highest values of
chlorophyll a, b and total chlorophyll contents.

2.2. Nutrient, protein and carbohydrate %o:

Data in Table (3) clearly indicate that minerals
(N, P, K, Ca, Mg % and Fe mg kg?), total
carbohydrates and crude protein% in soybean leaves
highly increased with different applied treatments
during 2017 season at 85 days after sowing
compared with those of the control. The same data
cleared that the most effective treatments which
maintained the highest values were amino acids at 4
ml/l treatment followed by lithovit at 500 mg/l and
amino acids at 2 ml/l, respectively compared with the
control.

In this respect, the increases in nutrients, total
carbohydrates and protein % with different applied
treatments are considered as a direct result of
increasing both photosynthesis rate and efficiency
(Table,2) also, that was preceded with large
photosynthetic area (Table,1) as well as
enhancement of minerals translocation from roots to
leaves. In addition, increments of those
bioconstituents in soybean leaves with different

applied treatments considered a direct result of the
obtained vigorous growth, thereby, plants with this
case of growth and entire feeding system could be
give high yield with high quality.

Our results indicate that the application of lithovit
and amino acids as a foliar spray caused increases in
the content of soybean leaf bioconstituents.

Such results showed similar trend to those
obtained by many investigators worked on nano-
fertilizers and amino acids. In this concern, amino
acids have a chelating effects on micronutrient , that
make the absorption and transportation of
micronutrients inside the plant easier due to its effect
on cell membrane permeability, (Marschner, 1995).
(Abo Sedera et al., 2010) revealed that spraying
strawberry plants with amino acids significantly
increased total nitrogen, phosphorus and potassium
in plant foliage as well as total sugars content of
fruits compared with control treatment. Also,
(Zewail, 2014) indicated that foliar application with
amino acids at 4 ml/l increased biochemical
constituents N, P, K, Mg, Ca, Fe, Zn, total
carbohydrates and crude protein of common bean
leaves. (Sadak et al., 2015) reported that amino acid
application as foliar spray significantly induced
higher contents of  total carbohydrates,
polysaccharides, total protein, K*, Ca?*, Mg?* and P
contents of faba bean leaves.

Similar promoting effects of lithovit were
observed by other investigators, The use of nano
calcium carbonate on peanut plants increased the
soluble sugar and protein, (Liu et al., 2005). (Tousi
et al.,, 2014) concluded that spray application of
nano-Fe chelate increased the quality of soybean
plant. (Shallan et al., 2016) showed that
pretreatment of cotton plants with lithovit (nano-
CaCOs3) fertilizer caused increases in total soluble
sugars and total soluble protein contents.

Table 3. Effect of lithovit and amino acids on some nutrients, total carbohydrates and crude protein % in

soybean leaf during 2017 season.

Characteristics

Nutrients in leaves

Fem Crude Total
Treatments N% P% K% Ca% Mg% kgt g protein% carbohydrates%
Control 321 034 215 1.15 0.25 54 20.06 53.25
Lithovit at 250 mg/I 3.68 045 255 291 0.35 73 23.00 55.75
Lithovit at 500 mg/I 371 047 258 3.00 0.39 80 23.19 57.50
Amino acids at 4 ml/| 390 048 2.86 1.80 0.36 68 24.38 56.63
3. Endogenous phytohormones: promoters and decreases in growth inhibitor

Data in Table (4) illustrate the effect of spraying
soybean plants with Lithovit at 250, 500 mg/l and
amino acids at 2 and 4ml/l on endogenous
phytohormones during the growing season of 2017.
The obtained results indicate that foliar application
with amino acids at 4 ml/l and lithovit at 500 mg/I
caused highly increases in the endogenous growth

substance may be attributed to their effects on
enhancing the biosynthesis of growth promoters and
decreasing the biosynthesis and action of growth
inhibitor (ABA) compared with the control
treatment.

In general, total phytohormones that promote
growth aspects (i.e., growth promoters, auxins,
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gibberellins and cytokinins) increased with all
applied treatments. Also, amino acids at 4ml/lI gave
the highest value of total promoters followed by
lithovit at 500 mg/l in soybean shoots during 2017
season. Such increases in growth promoters (IAA,
GAs and cytokinins) in shoots of soybean treated
with biostimulators (amino acids and lithovit) were
in parallel with the increase in growth (Table,1) and
yield characters (Table,7). That may be attributed to

enlargement. These results are in agreement with the
results of (Schwab and Raab, 2004) who suggested
that spraying the plants with amino acids stimulated
cytokinins and auxins content of strawberry plant.
Also, (EI-Ghamry et al., 2009) pointed out that
amino acids could directly or indirectly influence the
physiological activities of plant growth and
development through their regulatory effects in
production of phytohormones in plant tissues.

the stimulation in cell division as well as

Table 4. Effect of lithovit and amino acids on endogenous phytohormones concentration (ug/g F.W.) in shoots
of soybean at 85 days after sowing during 2017 season.

Plant hormones Promoters ug/g F.wt Inhibitors

. % - %

. . Auxins - Total . Abscisic .
Gibberellins gl Cytokinins Promoters relative acid pig/g relative
Treatments Holg Fwt F.wit. Ho/g F.wt Ho/g F.wt to the F.wt to the
control control
Control 103.04 59.24 159. 16 321.44 100.00 5.87 100.00
Lithovit at 250 mg/I 152. 03 87.07 217. 07 456.17 141,91 4.59 78.19
Lithovit at 500 mg/I 182.90 132.16 262. 37 577.43 179.64 1.66 28.28
Amino acids at 2 ml/I 137.37 131.78 252. 62 521.77 162.32 3.37 57.41
Amino acids at 4 ml/| 174.81 188.14 266. 67 629.62 195.87 1.38 23.51

4. Anatomical characteristics:

Data in Tables (5 and 6) and Figs. (1 and 2)
obviously indicate the effect of different applied
treatments on different anatomical traits of soybean
leaf and stem. In this respect, most of these applied
treatments showed  positively impacts on most
studied histological characteristics of soybean stem
(i.e., stem diameter, thickness of cuticle layer,
thickness of epidermis, collenchyma layers thickness
, parenchyma layers thickness, thickness of cambial
region, thickness of phloem, thickness of xylem,
number of xylem rows/vascular cylinder, No. of
xylem vessels/row, diameter of the widest xylem
vessel, thickness of parenchymatous pith) as
compared with the control. In addition, the studied
histological features of soybean leaf (i.e., thickness
of upper epidermis, thickness of lower epidermis,
thickness of palisade tissue, thickness of spongy
tissue, blade thickness, upper collenchyma layers
thickness, lower collenchyma layers thickness,
phloem thickness, xylem tissue thickness, number of
xylem rows, thickness of widest xylem vessel, length
of midrib vascular bundle, width of midrib vascular
bundle, leaf midrib thickness) were increased with
different applied treatments compared with the
control. Lithovit at 500 mg/l and amino acids at 4
ml/l treatments appeared to be the most effective
treatments compared with the other applied and
control treatments. In brief, application treatments of
lithovit at 500 mg/l and amino acids at 4 ml/l
recorded the highest values of the stem and leaf
anatomical characteristics.

In general, the stimulatory effects of applied
treatments upon the anatomy features of treated
plants could be attributed to their effects upon
cambium activity. Increases of cambium activity

could mainly attributed to the increase of endogenous
hormones level especially cytokinins and auxins
(Ismaeil and Abd EI-All, 2011) as well as the
findings of the present study (Table,4).

These  positive  responses  of  different
anatomical aspects to treatments were completely
reversed upon vegetative and reproductive growth of
treated plants. So, the present study revealed those
increases of the vascular tissues i.e., xylem tissue, the
route of nutrients and water translocation from roots
to leaves and the phloem tissue, the pathway of
different assimilates from leaves to seeds and other
plant sinks, thereby, improvement of translocation
events directly could be considered a direct reason
for increment in the final seed yield.

Our results are in harmony with those reported
by (Abd El-Aal, 2009) who found that foliar
application with amino acids increased leaf and stem
anatomical features of tomato plant. Also, (El-
Badawy and Abd EIl-Aal, 2013) found that
tryptophan foliar spray enhanced most of the leaf
anatomical features of mango plant.
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Table 5. The mean counts and measurements of certain histological features of soybean (Glycine max L.) stems
at 85 days after sowing during 2017 season.

Histological Treatments Control Lithovitat Lithovitat Aminoacids Amino acids
Characteristics (micron) 250 mg/I 500 mg/I at2 ml/l at4 ml/l
Stem diameter 3943 4374 5180 4391 5465
Thickness of cuticle layer 5 5 4 4 4
Thickness of epidermis 14 13 15 15 14
Collenchyma layers thickness 174 229 228 187 214
Parenchyma layers thickness 295 360 397 271 366
Thickness of cambial region 15 19 24 17 20
Thickness of phloem 176 213 272 188 241
Thickness of xylem 441 465 607 594 672
Number of xylem rows/Vascular cylinder 192 250 292 228 284
No. of xylem vessels/row 7 13 14 10 12
Diameter of the widest xylem vessel 45 38 40 31 42
Thickness of parenchymatous pith 1534 1537 1885 1628 2113

Table 6. The mean counts and measurements of certain histological features of soybean (Glycine max L.) leaves
at 85 days after sowing during 2017 season.

Treatments

Histological Control Lithovit Lithovit Amino acids  Amino acids
- . at 250 mg/I at 500 mg/I at2mi/l at4 ml/l

Characteristics (micron)

Thickness of upper epidermis 19 20 17 18 19
Thickness of lower epidermis 16 13 15 14 15
Thickness of palisade tissue 105 140 117 123 126
Thickness of spongy tissue 208 305 298 283 260
Blade thickness 348 478 447 438 420
Upper collenchyma layers thickness 433 419 441 370 507
Lower collenchyma layers thickness 351 220 267 305 316
Phloem thickness 109 154 195 187 171

Xylem tissue thickness 411 516 587 422 538
Number of xylem rows 13 16 18 17 19
Thickness of widest xylem vessel 38 44 43 39 41
Length of midrib vascular bundle 520 670 782 609 709
Width of midrib vascular bundle 736 895 912 850 906
Leaf midrib thickness 1451 1472 1680 1458 1637
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Fig. (1): Transverse sections (X = 40) through 4" internode of Glycine max L. main stem at 85 days after sowing as affected by different applied treatments.
Where: (1): Control (2): Lithovit at 250 mg/I (3): Lithovit at 500 mg/I (4): Amino acids at 2 ml/I (5): Amino acids at 4 ml/|

ep= epidermis co= Cortex ph= phloem tissue xy= Xylem tissue ca= cambium pi= pith



(4) (5)
Fig. (2): Transverse sections (X = 40) through 4" apical leaf of Glycine max L. plant at 85 days after sowing as affected by different applied treatments.
Where: (1): Control (2): Lithovit at 250 mg/| (3): Lithovit at 500 mg/I (4): Amino acids at 2 ml/I (5): Amino acids at 4 ml/l
Ue = Upper epidermis le = Lower epidermis  pt = Palisade tissue st = Spongy tissue  ph = phloem tissue  xy = Xylem tissue
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5. Yield and its components:
5.1. Flowering and seed yield attributes

Recorded data in Table ( 7)) illustrate that foliar
application with lithovit at 250 and 500 mg/l and
amino acids at 2 and 4 ml/l caused stimulatory
effects on yield characteristics expressed as; number
of flowers/plant, number of setted pods/plant, pods
yield/plant, number of seeds/pod, weight of
seeds/pod, 100 seeds weight (g) and weight of
seeds/plant (g) compared with the control treatment
in both seasons 2016 and 2017. These increases of
yield attributes were gradually increased with
increasing lithovit and amino acid rates.

In other words, lithovit and amino acids foliar
applications enhanced soybean yield by influencing
the number of seeds per plant and seed weight.
lithovit and amino acids improved photosynthesis
and assimilates transportation to sinks and finally
increased seed yield.

In this respect, the most superior treatments were
the lithovit at 500 mg/l followed by amino acids at 4
ml/I then lithovit at 250 mg/l, respectively at the two
seasons.

This stimulation of seed yield production is
considered as a direct result of the vigorous growth
including the photosynthetic area (Table,1) and
photosynthetic pigments in leaves (Table,2) and
growth promoters (Table,4) of soybean plants during
different stages of growth.

These results are in agreement with those of
(Vahedi, 2011) who reported that soybean higher
yield could be obtained by foliar spray by nutrient
elements. (Tousi et al., 2014) showed that spray
application of nano-Fe chelate produced the highest
grain and yield of soybean.

(Zewail, 2014) showed that foliar application on
common bean plant with amino acids at 4 ml/l
increased yield components i.e., number of
pods/plant, pod weight (g), number of seeds per pod,
number of fully seeds /plant, weight of 100 seeds
(9), number of seeds/ plant, seed yield (g) /plant and
the harvest index. (Sadak et al., 2015) stated that
amino acid application at 1500 mg L as foliar spray
significantly improved seed yield of faba bean plant.

(Abd EI Ghafer et al., 2016) mentioned that
foliar application with lithovit 0.5 g/l significantly
increased yield aspects of onion plants.

Table 7. Effect of lithovit and amino acids on flowering and yield and its components of soybean plant during
2016 and 2017 seasons.

composition of soybean oil:

Data in Table (8) reveal that foliar spraying of
soybean plants with lithovit at 250 and 500 mg/I and
amino acids at 2 and 4 ml/l caused increases in seed
oil % compared to unsprayed plants in the growing
season of 2017. Also, spraying of lithovit at 500 and
250 mg/l, respectively produced higher values than
spraying as amino acids at 2 and 4 ml/l in the
aforementioned character.

In summary, under the nano-treatments, the
highest oil yield was obtained from the lithovit at 500
mg/l application. The effect of nano-particles on oil
yield was associated with fertilization rate. The oil
yield decreases associated with increasing rate of

Characteristics Number Shedding  Number Setted qus Number . Sgeds 100

of % of f setted q weight Weight of  yield seeds
60 of sette pods ;

flowers/ flower  pods/plant % Iplant seeds/pod seeds/pod  /plant weight

Treatments plant (@) (©) (@

15t season (2016)
Control 253.87 52.26 121.20 47.74 72.40 2.30 0.356 23.17 15.94
Lithovit at 250 mg/I 260.97 37.73 162.51 62.27 86.29 2.71 0.471 47.72 17.80
Lithovit at 500 mg/I 275.22 35.86 176.53 64.14  134.46 2.78 0.582 50.36 20.13
Amino acids at 2 ml/| 272.48 48.85 139.38 51.15 83.13 2.42 0.455 27.95 19.00
Amino acids at 4 ml/I| 268.63 42.56 154.29 57.44 11451 2.58 0.560 48.56 21.50
L.S.D. 0.05 8.20 11.34 16.45 6.17 11.03 0.22 0.105 13.95 2.01
2" season (2017)

Control 205.31 43.25 116.52 56.75 80.67 211 0.338 30.51 16.14
Lithovit at 250 mg/I 226.22 31.12 155.81 68.88 90.21 2.28 0.407 33.48 17.54
Lithovit at 500 mg/I 258.41 33.15 172.76 66.85 123.41 2.93 0.594 52.28 20.77
Amino acids at 2 ml/| 262.13 44.91 144.40 55.09 98.72 2.15 0.405 45.57 18.46
Amino acids at 4 ml/| 279.33 43.35 158.25 56.65 122.33 2.79 0.578 43.09 20.33
L.S.D. 0.05 21.07 5.82 12.16 4.14 8.75 0.18 0.087 11.40 1.56
5.2. Seed oil percentage and fatty acids amino acids application compared with nano treated

plants.

In few words, the opposite trend was observed for
oil yield with increasing amino acids application rate,
confirming the inverse relationship between protein
content as abovementioned in (Table,3) and oil
percentages (Table,8). There are several reports on
decreased seed oil content with increasing nitrogen
uptake (Zheljazkov et al., 2009 and Mohammadi
and Rokhzadi 2012). High availability of nitrogen
decreased the carbohydrate availability for oil
synthesis, but protein synthesis is increased, (Rathke
et al., 2005). Change in nitrogen sources during seed
maturation affects the synthesis of fatty acids and,
therefore, their final proportion in the oils of mature
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seeds. The reason for this correlation relates to the
competition for carbon skeletons during carbohydrate
metabolism, (Bhatia and Rabson, 1976). The
synthesis of amino and fatty acids requires carbon
compounds  from  the  decomposition  of
carbohydrates. Since the carbohydrate content of
proteins is lower than that of oil, (Lambers and
Poorter, 1992) increased N supply intensifies the
synthesis of proteins at the expense of fatty acid
synthesis and thus reduces the oil content of the seed.

Seed composition constituents were reported to
be genetically controlled, (Helms and Orf, 1998).
However, seed composition have also shown to be
affected by nutrients, (Bellaloui et al., 2009).

The concentration of unsaturated fatty acids in

soybean is important with respect to its final uses and
market price. Oleic, linolenic and linoleic acids are
considered as unsaturated fatty acids. The same data
in (Table, 8) show the effect of different applications
on the saturated fatty acids myristic, palmitic,
arachidic, behenic and stearic acids (TS) compared
with the unsaturated fatty acids oleic, linoleic,
linolenic and cicosotonoic (US). Higher ratio means
higher unsaturated fatty acids were produced. For
amino acids at 2 ml/l, lithovit at 500 mg/l and lithovit
at 250 mg/l applications, the ratios were 1: 5.62, 1:
5.56 and 1: 5.51while, the control had the lowest
ratio (1: 5.07). Lower ratios means lower % of oleic,
linoleic and linoleic acids and higher percentage of
palmitic and stearic acids produced. Applications of
different treaments increased the unsaturated to
saturated fatty acids ratios compared with the
control.
The increase of oil % and the unsaturated fatty acids
with the lithovit and amino acids application rates
compared with the control indicate that the different
applications had positive effects on seed composition
constituents.

The increases in seed oil and unsaturated fatty
acids % may be attributed to the enhancing effect of
lithovit (nano particles) and amino acids on the
enzymes of biosynthetic and desaturation pathways
of fatty acids metabolism of soybean oil. In this
respect, Iron is necessary for the formation of
ferredoxin which play an important role in NADPH
as electron donor to stearyl desaturase in higher
plants, (Marschner, 1995). Many investigators
obtained similar results, (Vahedi, 2011) concluded
that soybean higher yield and quality as well as its oil
could be obtained by foliar spray of nutrient
elements. (Tousi et al., 2014) showed that spray
application of nano-Fe chelate produced the highest
oleic acid and oil yield of soybean plants. (Khater,
2015) showed that spraying Mentha piperita L. plant
with magnetic- nanoparticles (MNPs) increased
significantly  the essential oil  composition.
(Mohammadi, 2015) observed that treating soybean
plant with nano-iron chelate fertilizer significantly
increased oil content and fatty acids (oleic, linoleic
and linolenic acids (%).

Conclusion: This study demonstrated that
Lithovit as nano particles (Ca, Mg and Fe nano
particles) and amino acids foliar applications played
a critical role in enhancing growth, yield and seeds
oil production of soybean plant. Therefore, Lithovit
at 500 mg/l and amino acids at 4 ml/l foliar
application is recommended in soybean fields. The
fatty acid composition was affected by applied
treatments. Our results suggest that the amino acids
at 2 ml/l and Lithovit at 500 mg/l treatments
increased the unsaturated fatty acids of soybean.
Therefore, this agronomic factor could be used to
produce soybean oil with a decreased saturated fatty
acids.

Table 8. Effect of lithovit and amino acids on oil % and fatty acids composition of soybean oil in 2017 season.

% of fatty acid composition

seed Total Total TS:US

Treatments  j| o4 C C C C C C C C C  saturated unsaturated :
140 160 180 20:0 22:0 181 182 183 201

Control 2059 013 1012 522 056 029 2324 5330 598 030 16.32 82.82 510:
Lithovitat ) 27 (15 1004 442 046 026 2371 5414 632 034 1533 84.51 L
250 mg/l 5.51
Lithovitat  »5 95 (15 980 450 048 027 2374 5402 633 036 1520 8445 L
500 mg/l 5.56
Aminoacids ,, ze 615 1000 424 044 027 2362 5404 626 032 1510 84.24 L
at 2 ml/i 5.62
':trz'pnc:/flc'ds 2167 014 992 466 045 027 2352 5396 622 035 1544 8405  1:544
Where:
Myristic (C 14:0) Palmitic (C 16:0) Stearic (C 18:0) Arachidic (C 20.0) Behenic (C 22:0) Oleic (C 1s:1)
Linoleic (C 1s:2) Linolenic (C 18:3) Cicosotonoic (C 20.1) TS: Total saturated US: Total unsaturated
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