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ABSTRACT

The aim of the study was to calculate the “multiplication effect” between the included gross energy (crude
protein) with the seeds and the same, obtained with the grain yields in the eco-technical system “seed
material — soil — grain yield”, so as the influence of some foliar fertilizers Lebozol® on it.

For variants were investigated — control without foliar fertilizers and three experimental — trated with
Aminosol + Lebosol Zin, Nutriplant 36 and Mix for maize respectively. The multiplication effects were:

- For the Gross energy: Control —1048.7 times (with variations from 833.36 to 1287.73); First experimental
—1099 times (with variations from 876.49 to 1343.75) — 4.55% exceeding the control; Second experimental
—1093.3 times (with variations from 863.57 to 1341.62) — 4.08% exceeding the control; Third experimental
—1078.8 times (with variations from 862.5 to 1322.54) — 2.80% exceeding the control.

- For the crude protein: - Control — 997.2 times (with variations from 803.28 to 1224.43); First experimental
- 1050 times (with variations from 837.58 to 1284.1) — 11.86% exceeding the control; Second experimental
—1131.3 times (with variations from 893.7 to 1338.42) - 11.86% exceeding the control; Third experimental

-1047.7 times (with variations from 837.71 to 1284.57) — 4.83% exceeding the control.
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INTRODUCTION

The energy and protein supply of people and
animals is a matter of primary importance (1).
The concept of ‘yields per unit of area’ is a key
characteristic in crop breeding. However, when
crop production is intended for direct human or
animal consumption, the term acquires a
different meaning, i.e. ‘nutrient supply’. That is
necessary because humans and animals receive
energy from food for supporting their life
processes, as well as proteins, which are the
major building blocks of life (2-6). Studies of
maize cultivars with high protein content in the
grain show the complex nature of research for
obtaining high-yielding hybrids with high levels
of protein in the grain (7). That can be
compensated by the use of foliar fertilizers,
which exert an effect on the protein content of
grain.
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When an extra energy is supplied to an
ecosystem by man, no matter in what way, with
the aim of increasing the yields obtained from
it, then the system turns from ‘ecological’ to
‘eco-technical’ (8-10).

Foliar fertilizers are an up-to-date practice for
supplying plants with the necessary elements
for their proper growth (11) and at the same
time those fertilizers have little effect on soil, as
they are applied directly to plant leaves (12-18).

The aim of the present study was to determine
the effect of the foliar fertilizers Lebosol
(Aminosol + Lebosol Zn), Nutriplant 36 and
Mix for maize on the gross energy (GE) and
crude protein (CP) yields from maize grain.

MATERIAL AND METHODS

The study was carried out in the experimental
field of the Institute of Agriculture and Seed
Science ‘Obraztsov Chiflik’ in Ruse in three
consecutive years (2014-2016). The maize
hybrid Ruse 464 was used in the experiment,
grown under non-irrigated conditions. A non-
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standard scheme with a sequential arrangement
of the variants was applied and each variant was
in 3 replications. The experimental design
included 4 wvariants with a size of the
experimental plot of 42 m?, the seed rate being
8.52 kg/ha and the harvested plot — 30 m?
During the study period, basic fertilization was
applied in all the variants with triple
superphosphate at a rate of 150 kg/ha and
potassium sulfate at a rate of 150 kg/ha. Pre-
sowing fertilization with ammonium nitrate at a
rate of 250 kg/ha was carried out. A variant
untreated with Lebosol products was used for
control. Treatment in all the other variants was
performed with foliar fertilizers of Lebosol
during the vegetation period, at the growth stage
of the crop 4-5 leaf.

Variants:
1. Control — untreated with foliar fertilizers
2. First experimental — treatment with a

combination of Aminosol + Lebosol Zin 700 SC
at rates of 1000 ml/ha + 1000 mi/ha.

Aminosol foliar fertilizer is an organic NK-
fertilizer, liquid, with the following nutrients:
9.4% total nitrogen (N) 115 g/l and 1.1% total
potassium oxide (K20) 15 g/l and pH: 5.0 — 7.0.
Foliar fertilizer Lebosol Zinc 700 SC is a
suspension of zinc fertilizer containing the
nutrient: 40% total zinc (Zn) and zinc oxide 700
g/l and pH: 8.0 —9.0.

3. Second experimental — Nutriplant 36 at a rate of
5000 ml/ha.

Nutriplant 36 is a solution containing the
nutrients: 27% total nitrogen (N) 350 g/l, 4%
ammonium nitrogen (N), 5% nitrate nitrogen (N),
18% amide nitrogen (N), 3% water-soluble
magnesium (MgO) 40 g/l and pH: 6.0 — 8.0.

4. Third experimental — Mix for maize at a rate of
1000 ml/ha.

That fertilizer is a liquid mixture of trace
elements with boron (B), manganese (Mn) and
zinc (Zn), respectively. Nutrients: 4.3% total
boron (B) as calcium borate 70 g/l, 9.2% total
manganese (Mn) as manganese carbonate 155
o/l, 4.8% total zinc (Zn) as zinc oxide 80 g/l and
pH: 8.0.

In all the variants, the grain moisture at harvest
was measured in % with an electronic
hygrometer, the 1000 grain weight was
determined in grams and the yield in kg.ha* was
reported.

The chemical analysis of the seed material and
of the average sample from the three years by
variants was determined by Weende method
(29).
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The gross energy values of the seed material and
of the yields were calculated according to the
formula of (20):
GE (MJ) =
0.0242*CProtein+0.0366*CFats+0.0177*CFib
er+0.0170*NPExtract

The multiplication coefficients were calculated
by the formula:

[Gross energy (crude protein) in the yield] *
[gross energy (crude protein) in the seed
material™?]

The results were statistical processed method by
“Excel — Descriptive Statistics”.

RESULTS AND DISCUSSION

Table 1 shows the chemical composition and
energy value of the seed material and the
averaged three-year samples from the control
and the experimental variants. The table shows
that foliar fertilizers did not have a significant
effect either on the crude protein content
(variations in the different variants were
between 8.19 (control) and 8.94% in the dry
matter (second experimental variant), or on the
other organic ingredients.

On that basis, the gross energy (GE) contents
were also insignificant and they ranged from
18,470 (control) to 18,647 MJ/kg dry matter
(DM), (first experimental variant). Their values,
as well as the crude protein and gross energy
contents in the seed material — 8.52% and
18.284 MJ/kg DM, respectively, were very
close to the cited averaged data for maize grain
in Bulgaria (21-23).

Yields by years and in average for the 3
experimental years are presented in Table 2.

The lowest yield on average for the whole
experimental period was obtained from the control
— 7609.6 kg/ha and the highest yield — from the
variant treated with Nutriplant — 7909.1 kg/ha.
Despite the large differences in the average yields,
no statistical significance was established between
them (P>0.05), mainly due to the very low yields
from all the four variants in the second year and
the high variation between the different
experimental years. Considered for each year
separately, the differences between the control
and the three experimental variants were
statistically significant (P<0.05). Significance
between the differences (P<0.05) was observed in
all the three experimental variants within the same
year, but they were quite controversial.
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Table 1. Chemical composition and Gross energy values of sown grain and grain obtained from
control and experimental varants (averaged samples)

Crude Crude fats—  Crude fiber Gross energy —
Dry  protein —g g -9 Crude NPE -g MJ
Indexes  matter- | | | | | | | |
% n n n n n n n n
DM native DM native DM native In DM native In DM native
CONTROL
Mean 86.50 819 708 44 3806 25 21.63 8341 72149 18.470 15.976
from 3
years
I-st experimental
Mean 86.63 83.1 7199 43 3725 24 20.79 845.01 732.03 18.647 16.154
from 3
years
I1-nd experimental
Mean 86.50 894 7733 44 38,06 25 21.63 825.6 714.14 18524 16.023
from 3
years
I11-rd experimental
Mean 86.38 838 7239 45 3887 23 19.87 8332 719.72 18,501 15.982
from 3
years

Chemical composition and gross energy of the grain used as sowing material (sowing rate 8.52
native kg / ha // 7.33 kg dry matter / ha)

Mean 86.00 852 7327 44 37.84 24 2064 8345 717.67 18.284 15.72
from 3
years

Table 2. Yield of grain/ha (in DM) for each year and mean from 3 years (kg)

Variants
Control | experimental Il experimental 111 experimental
Years

I 9343.9+30.1 9657.8+51.6*a 9706.53+15.2*ab  9580.4+17.2*ab
I 6041.5+47.3 6299.5+54.3*a 6247.9+12.90*a 6247.9+30.1*a
i 7477.7+8.60 7763.7+23.7*a 7763.7+6.50*b 7699.2+6.50*ab
Mean from 3 7609.6+468.8 7899.1+481.8 7909.1+499.4 7814.5+483.1
years

Significance by P<0.05: *-* between control and the experimental variants; a-a between |-st experimental and 2-
nd and 3-rt experimental variant; b-b between I1-nd and I11-rd experimental variant

Table 3 shows the gross energy and crude The average gross energy yield from the control
protein values at the input and output of the variant was the lowest — 140549.31 MJ/ha and
different eco-technical systems that were the the foliar fertilizers had a positive effect in all
subject of the present experiment. three experimental variants. The highest yield

was reported in the first experimental variant —
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147294.52, followed by the second — 146519.28 average Yield in the second experimental year,
and the third - 144576.06 MJ/ha. The which presupposed the high overall variation of
differences were statistically insignificant yields.
(P>0.05) but that was primarily due to the low

Table 3. Yield of gross energy (GE) — MJ) and crude protein (CP) — kg) from ha for each of
the variants (exit of the system) and invested GE and CP through sown seeds (entrance of the
system)

Variants

Control | experimental Il experimental 111 experimental

Years

Yield of Gross energy (GE) — MJ/ha
I 172581.83+£555.95 180089.00+962.19*a  179803.76+281.56*h 177246.98+318.22*ab
I 111686.31+873.63 117466.78+1012.53*a 115736,10+238.96*a 115592.40+556.88*a

I 138113.12+158.84 144769.71+441.93*ab  141962.38+120.41*a 142442.90+120.26*ab

Mean 140549.31+8658.7  147294.52+8984.12  146519.28+9250.89  144576.06+8937.83
from 3
years

Yield of crude protein (CP) — kg/ha
I 765.274+2,47 802.56+4.29*a 867.76+1.36™ab 802.84+1.44%b
I 502.05+3.87 523.49+4.51*a 558.56+1.15%ab 523.57+2.52%b
1l 612.42+0.704 645.16+1.97*a 694.01+0.58*ab 645.19+0.54*b
Mean 623.23+38.39 656.42+40.04 707.07+44.64 654.81+£40.48
from 3
years

Gross energy and crude protein input through the sown seeds
Gross energy input in the system — 134.02 MJ/ha

Crude protein input in the system — 0.625 kg/ha

Significance by P<0.05: *-* between control and the experimental variants; a-a between 1-st experimental and 2-
nd and 3-rt experimental variant; b-b between I1-nd and I11-rd experimental variant

Observed by years, the differences between the
experimental variants and the control followed
the general tendency of the average yields, but
for each year the differences by variants were
significant (P<0.05), especially between the
control and each of the experimental variants.
That is the reason to conclude that the
application of the foliar fertilizers Aminosol +
Lebosol Zn, Nutriplant 36 and Mix for maize

SC had a significant positive impact on gross
energy yields. Similar effect with increased
yields and efficiency as a result the application
of the  foliar  fertilizer LEBOSOL
NUTRIPLANT 36 in winter wheat were
reported by (24).

Exactly the same tendency was observed in the
crude protein yield per hectare. The average
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yield per hectare for the three years was 623.23
kg in the control. The highest yield was reported
in the second experimental variant — 707.07 kg,
followed by the first — 656.42 kg and the third —
654.81 kg.

While the differences in the average three-year
yields between the control and the experimental
variants were statistically insignificant, the
control gave significantly lower yields of crude
protein by years, compared to all the
experimental variants (P<0.05). It can be
concluded that foliar fertilizers had a positive
effect on crude protein yield per hectare.

Since the seeding rate (8.52 native kg/ha / 7.33
kg dry matter/ha) was the same both by years
and by variants, the input gross energy (134.02
MJ/ha) and crude protein (0.625 kg/ha) were
also the same and when calculating the
multiplier effect (Table 4), the same tendencies
were observed as in Table 3.

IVANOV L., et al.
The multiplier effect in gross energy on average
for the three years in the control variant was the
lowest — 1048.7 times and the highest in the first
experimental variant — 1099 times (4.55%
exceeding the control), followed by the second
experimental variant — 1093.3 times (4.08%
exceeding the control) and the third
experimental variant — 1078.8 times (2.80%
exceeding the control).

The multiplier effect in crude protein was again
the lowest in the control variant — 997.2 times;
the highest was reported in the second
experimental variant — 1131.3 times (11.86%
exceeding the control), followed by the first
experimental variant — 1050 times (5.13%
exceeding the control) and the third
experimental variant — 1047.7 times (4.83%
exceeding the control).

Table 4. Multiplication effect (times) of gross energy and crude protein from control and experimental

variants (average of three-year experiments)

Groups
Multiplication Control | experimental Il experimental I11 experimental
effect
For the Gross energy (GE)
| year 1287.73+0.43 1343.75+0.72*a 1341.62+0.21*ab 1322.54+0.24*ab
Il year 833.36+1.05 876.49+1.16*a 863.57+0.28*a 862.50+0.65*a
11 year 1030.54+0.15 1080.21+0.41*a 1059.26+0.11*ab 1062.85+0.11*ab
Mean from 3 1048.7+64.6 1099.0+67.0 1093.3+£69.0 1078.8+66.7
years
For the Crude protein (CP)
I year 1224.43+£0.002  1284.10+0.003*a  1388.42+0.001*ab  1284.57+0.001*b
Il year 803.28+0.004 837.58+0.005*a 893.70+0.001*ab 837.71+0.003*b
111 year 979.87£0.001  1032.26+0.002*a  1110.42+0.001*ab  1032.30+0.001*b
Mean from 3 997.2+6.14 1050.0+36.4 1131.3£71.4 1047.7+64.7
years

Significance by P<0.05: *-* between control and the experimental variants; a-a between |-st experimental and 2-
nd and 3-rt experimental variant; b-b between I1-nd and I11-rd experimental variant
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Although the differences between the control
and the experimental variants on average for the
three experimental years were statistically
insignificant (P>0.05) for both gross energy and
crude protein, the significance of the differences
between the variants for each experimental year
gave the reason to draw significant conclusions
about the positive effect of the foliar fertilizer
combinations on gross energy and crude protein
yields.

The transformation coefficients obtained were
compatible with those reported by (3) for gross
energy but higher for crude protein.

CONCLUSIONS

The following multiplier effects were found in
the present experiment:

For the gross energy:

- Control — 1048.7 times (with variations from
833.36 to 1287.73);

- First experimental (Aminosol + Lebosol Zin)
— 1099 times (with variations from 876.49 to
1343.75) — 4.55% exceeding the control;

- Second experimental (Nutriplant 36) — 1093.3
times (with variations from 863.57 to 1341.62)
— 4.08% exceeding the control;

- Third experimental (Mix for maize) — 1078.8
times (with variations from 862.5 to 1322.54) —
2.80% exceeding the control.

For the crude protein:

- Control — 997.2 times (with variations from
803.28 to 1224.43);

- First experimental (Aminosol + Lebosol Zin)
- 1050 times (with variations from 837.58 to
1284.1) — 11.86% exceeding the control;

- Second experimental (Nutriplant 36)) —1131.3
times (with variations from 893.7 to 1338.42) -
11.86% exceeding the control;

- Third experimental (Mix for maize) - 1047.7
times (with variations from 837.71 to 1284.57)
— 4.83% exceeding the control.

REFERENCES

1. FAO Nutrition Meetings Report Series, No.
52; WHO Technical Report Series, No. 522,
(Energy and protein requirements: report of
a Joint FAO/WHO Ad Hoc Expert
Committee), 1973.

2. Kirchev, Chr. and D. Penkov, Yield of total
and digestible amino acids from triticale by
experiments with Muscovy ducks, Scientific
works Agricultural University Plovdiv, 55,
1, 113-118, 2010.

3. Delibaltova, V.and D. Penkov, Yield of
energy and protein from grain maize hybrids

IVANOV L., et al.
using agrotechnical system, optimal for the
conditions in the Plovdiv region, J. of
Central European Agric., 11, 3, 265-270,
2010.

4. Yanchev, I, D. Penkov and J. Terziev, Yield
of crude nutritional substances and energy
from maize — second culture in compacted
land use, Bulgarian Journal of Crop
Science, 36, 475-477, 1999.

5. Tarighaleslami, M., Zarghami, R., Boojar,
M. M. A.and M. Oveysi, Effects of drought
stress and different nitrogen levels on
morphological traits of proline in leaf and
protein of corn seed (Zea mays
L.). American-Eurasian Journal of
Agricultural and Environmental
Sciences, 12, pp 49-56, 2012.

6. Camen, D., Sumalan, R., Beinsan, C.,
Viliga, F., Suciu, L.and D. Bruznican,
Research regarding the main p roduction and
quality indices of some corn hybrids
cultivated in the Banat area. Agronomy
Series of Scientific Research/Lucrari
Stiintifice Seria Agronomie, 54(2), pp 50-52,
2011.

7. Igniatovic-Micic D., M. Kostadinovic, G.
Stankovic, Markovic, K., J. Vancetovic, S.
Bozinovic and V. Andjelkovic, Biochemical
and agronomic performance of quality
protein maize hybrids adapted to temperate
regions. Maydica, 58(3-4), 311-317, 2013.

8. Baykov, B., An objective method for
assessment of the movement of the chemical
elements in anthropogenic ecosystem
(domestic animal farms). Toxicology
Environmental Chemistry, 42, 227-233,
1994,

9. Reza-Bagheri, G. A., Mohammad, H., Zinol,
A. S. and H. Mehdi-Younessi, The effect of
pellet fertilizer application on corn yield and
its  components. African  Journal  of
Agricultural Research, 6 (10), 2364-2371,
2011.

10.Petrov P., I. Hristov, and E. Davidkov, The
role of the fertilization on the nutrition and
energy values of grain maize in calcareous
chernozem  environment, Science &
Technologies, Volume I, Number 6, Plant
studies, pp 175-179.(Bg), 2011.

11.Koteva V., S. Kostadinova and Yo. Popova,
Effectiveness of Mineral Fertilization on
Corn for Grain, Cultivated in Pellic Vertisol,
FAO in Southeastern Bulgaria in Favorable
and Risky Meteorological Conditions, Soil
science agrochemistry and ecology, vol.
XLVIIL, Ne 2, pp 34-43. (Bg), 2014.

220 Trakia Journal of Sciences, Vol. 19, Ne 3, 2021


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjR18yjo6bvAhUMahQKHUh6AcsQFjAAegQIARAD&url=https%3A%2F%2Fcropscience-bg.org%2Fpage%2Fbg-topmenu.php&usg=AOvVaw1D2otIq9GCSFRUdpEaOxi2
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjR18yjo6bvAhUMahQKHUh6AcsQFjAAegQIARAD&url=https%3A%2F%2Fcropscience-bg.org%2Fpage%2Fbg-topmenu.php&usg=AOvVaw1D2otIq9GCSFRUdpEaOxi2

12.Dyakova G., R. Mincheva and S. Stojanova,
Influence of LEBOSOL - BOR foliar
fertilizer on some agrobiological and
technological parameters Prista dessert
cultivar, Field Crop Studies, XII(1): pp 27-
34. (Bg), 2019.

13.Delchev, G. and A. Stoyanova, Changes at
the Sowing Properties of the Durum Wheat
Sowingseeds by use of Foliar Fertilizers,
Stimulators and Antitraspirants Science &
Technologies, 3 (6), 213 — 218 (Bg), 2013.

14.Enchev, S., G. Kikindonov and K. Slanev,
Reaction of Different Sugar Beet Genotypes
to Organic Fertilization Journal of Mountain
Agriculture on the Balkans, 20 (2), 182-191
(Bg) , 2017.

15.Yakimov, D. and L. Ivanov, Influence of
New Foliar Organic Fertilizers on the Yield
and the Value-Added of Maize (Zea mays
L.). IV. International Balkan and Near
Eastern Social Sciences Congress Series -
Russe / Bulgaria, pp. 251-255. (Bg), 2017.

16.Marinova, D. and I. Ivanova, Effect of Foliar
Fertilization With Total Care on Some
Morphological ~ Traits and  Forage
Productivity in Prista 5 alfalfa (Medicago
sativa L.) Variety, Journal of Mountain
Agriculture on the Balkans, 21(4), 118-131
(Bg), 2018.

17.Marinova. D., I. lvanova and G. lvanova —
Kovacheva, Study on the Impact of
Aminobest Organic Product on
Morphological and Economic Traits in
Prista 5 Alfalfa (Medicago sativa L.)

IVANOV L., et al.

Variety. Field Crop Studies, 12 (1): 161-174
(Bg), 2019

18.Stamatov, S. and N. Velcheva, Effect of Leaf
Fertilizers and Biostimulators on
Productivity of Wheat and Sunflower, New
Knowledge Journal of Science / Novo
Znanie , 9 (1) 101-108 (Bg), 2020.

19.A0AC international. Official methods of
analysis of AOAC (18 edition, rev. 2),
Association of Official Analytical Chemists,
Gaithersburg, MD, USA, 2007.

20.Schiemann, R., K. Niering, L. Hoffmann, W.
Jench and A. Chudy, Energetische
Fuetterung und Energienormen. VEB
Deutscher Landwirtschaftsverlag, Berlin,
1971.

21.Todorov, N., Girginov, D., Shindarska, Z.,
lichev, A. and Penkov, D. Animal Nutrition,
ISBN 9789543053100, Cota print, St.
Zagora, (In Bulgarian), 2017.

22.Todorov, N., Krachunov, I., Djuvinov and
A., Alexandrov, A. Reference book of
animal nutrition, Matcom, Sofia, ISBN
9789549930474, (In Bulgarian), 2007.

23.Todorov, N., B. Marinov and A. Alexiev,
Basic animal nutrition, ISBN 9544670122,
(In Bulgarian), 1995.

24.Gore, A. and V. Rotaru, Efficiency of using
LEBOSOL NUTRIPLANT 36 and
LEBOSOL NUTRIPLANT 6-12-6Y
fertilizers in some winter wheat feeds under
the conditions of the Republic of Moldova.
In Stiinta in Nordul Republicii Moldova:
realizari, probleme, perspective (pp. 127-
131), (Rs), 2019.

Trakia Journal of Sciences, Vol. 19, Ne 3, 2021 221



