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Abstract

Many agro-technical factors are of great importance concerning the
amount of crop in corn production. One of these factors is nutrient sup-
ply. Plants are supplied with macro-, meso — and microelements. Nowa-
days cultivated plants cannot always obtain enough microelements from
the soil, therefore the importance of foliar fertilization increased. Applied
at the right time, foliar fertilization might increase the resistance of corn
against biotic and abiotic factors as well. In the experiment the authors
examined the effect of three foliar fertilizer products and their combina-
tions on the important elements of the crop development of corn, and their
application from economic point of view. The experiment was set in three
repeats in random blocks on meadow soil in 2015. The nitrogen supply of
the soil is good, the phosphorus and potassium supply is very good, how-
ever the zinc content of the soil is low. The corn yield without foliar fertil-
isation was 6.39 t/ha. The highest yields were achieved after the following
treatments: Amalgerol + Fitohorm Turbo Zn (7.50 t/ha), Fitohorm Turbo
Zn (7.35 t/ha), and Algafix + Fitohorm Turbo Zn (6.94 t/ha). Treatments
with products containing Zn resulted in the best amounts of yields indi-
cating that the low Zn levels of the soil in this area might hinder a higher
corn yield. The Zn uptake might be hindered by the too much phosphorus
in the soil because of the antagonism between the two elements. As for the
generative factors, the results of the treatments with Algafix and Fitohorm
Turbo Zn were the best. Based on the economic evaluation, it was the
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experiment with Fitohorm Turbo Zn treatment that provided the highest
profit (24,455 HUF/ha). In addition, applying Algafix treatment turned out
to be also profitable (470 HUF/ha).

The results of the test concern the conditions of the experimen-
tal area. As for other areas, soil tests and, where possible, plant tests
should be made to select the best available foliar fertilizer products.

Key words: Zea, mays L., micronutrients, grain yield, thousand grain
weight, shelling rate, zinc

INTRODUCTION

Corn is one of the plants grown on the largest areas in the world and in
Hungary as well. Its production is vital since it is a kind of grain that can be used
in many ways. The genetic productivity of the newest corn hybrids is continu-
ously growing. In order that the potential of hybrids productive capacity can be
utilized as much as possible, the harmony of the agro-technical factors is neces-
sary (Kovacs et al. 2016).

The nutrient supply is one of the production factors, which plays a signifi-
cant role in shaping the size of the crop. To provide an efficient nutrient supply,
the necessary nutrients should be dispensed in accordance with plant require-
ments. In addition to the primary nutrients, plants also need meso — and micro-
elements. These latter are required in relatively small amounts, however several
factors might hamper them to be taken up from the soil. In order to obtain a more
effective uptake of the latter, foliar fertilisation is applied, which is an effective
method of supplementing meso — and microelements. The utilisation is also bet-
ter with this method, because there are no losses like in the uptake of nutrients
through soil. (Hoffmann et al. 2014, Ratonyi et al. 2014).

The authors wanted to know what effect the various foliar fertilizer formu-
lations and combinations have on corn yield, and which treatments and treatment
combinations bring economic benefits.

The supply of nutrients is effective, economical and environment-pro-
tective when the expertise and harmony of all production technology elements
are provided (Nagy 2007). Fertilisation is an important agro-technical factor,
which can help moderate the quality and quantity anomalies between the various
production years and production areas (Arendas 2006, Pepo 2006, Doka et al.
2007, 2014, Pepd et al 2016, Futo et al 2015). The low yield averages in corn
production can be due to the fall-back of chemical fertilisation; this is why the
use of fertilisers must be increased in order to reach higher and more consistent
amounts of crop (Popp 2000, Komarek 2007a, 2007b, 2007¢c, 2008).

924



The effect of foliar application of different fertilizers...

In practice, foliar fertilisers are able to meet only a few percent of the main
macroelement demands of plants. Foliar fertilisation cannot provide nutrient up-
take through the soil, just supplements it. The foliar fertiliser can get directly to
the place of use, the leaf cells and can act immediately without the mediation
of the soil. Nutrient uptake can be sustained even in drought, with little water.
Under ideal conditions, the nutrient utilisation might reach 100% (Kadar 2002).

Foliar fertilisation can only be effective if the missing nutrient elements are
replaced indeed in the right way at the right time. Foliar fertilisation tests and ex-
periments must be conducted to check the effect of the substances (Kadar 2008).

Today, cultivated plants cannot always get enough microelements from the
soil to achieve high yields, therefore the significance of foliar fertilization in-
creases. Timing is vital, as crop losses or loss of quality can be avoided by rapid
and effective intervention. However, with the use of foliar fertilisers, and under
favourable conditions, yield increase and quality improvement can be reached as
well. With foliar fertilisation carried out at the right time the resistance to envi-
ronmental stress factors, pathogens and pests can be increased. Corn is sensitive
to zinc deficiency. On large areas of plough land there is not enough zinc for the
plant. In the absence of zinc the growth of the corn is restrained, the generative
organs are damaged, the flower-forming is delayed, or perhaps it will not happen
at all. The soil examination results show that due to the intensive production the
zinc supply fell back sharply on the good-endowed corn growing districts of
Hungary (Hoffmann et al. 2014). Relative zinc deficiency can occur even when
there is a good supply of zinc in the soil, which can be caused by the antagonism
of phosphorus and zinc uptake in the areas where there are good or very good
(sometimes too much) phosphorus supplies (Hoffmann et al. 2014, Kincses et
al. 2002, 2005).

Foliar fertiliser products might be suitable to improve the crop-forming el-
ements and the amount of the yield. When applying these fertilisers, yield stabil-
ity can be increased and they might affect the nutrient parameters as well (Jakab
et al. 2014a, 2014b, 2016).

The aim of the study to determine how different foliar fertilizers and their
combinations is authors wanted to know what affect corn yield; furthermore,
which treatments and treatment combinations bring economic benefits.

MATERIAL AND METHODS

Weather and soil characteristics

The experiments were set on the area of Tangazdasag Ltd. in Hod-
mezovasarhely. The soil was meadow with good nitrogen and very good phos-
phorus and potassium contents. However, the Zn content, which is the most im-
portant microelement for corn, was low (Table 1).
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Table 1. Main soil properties of the experimental field

pH CaCo, PO, K,0 Zn Humus K
(KCL) (%) (mg/kg) (mg/kg) (mg/kg) (%) B
7.17 3.33 336 620 1.76 3.39 48

Source: Bacskalabor Ltd. (2015)

The year 2015 was unfavourable for corn production. In April, May and
September the amount of precipitation was lower than the long term average.
The low amount of rainfall in June was especially unfavourable for corn since
the flowering of the plants started at that time. The lack of precipitation in Sep-
tember did not affect the development of the plants as they became fully mature
by then. Considering the whole vegetative period, the rainfall deficit was 83.6
mm, which is a considerable value. The average temperature exceeded the 50-
year average in each month of the vegetation period of corn. In July and August
particularly high positive deviations compared to the long-term average were
observed (1.9°C and 2.8°C) (Table 2). The positive deviation of average temper-
ature together with rainfall deficit had a negative effect on the development of
corn, which resulted in low yields.

Table 2. Precipitation and temperature in the vegetation period of corn in
Hodmezovasarhely (2015)

Total /
Months Apr. May June July Aug. Sept. Average
Precipitation 2015 (mm) 7.6 755 122 61.6 51.8 29.0 237.7

Precipitation 50-year average (mm)  39.9 58.0 753 587 48.7 40.7 3123
Difference from the average (mm)  -32.3 17.5 -63.1 29 3.1 -11.7  -83.6

Temperature 2015 (°C) 11.8 183 21.6 245 249 192  20.05
Temperature 50-year average (°C) 1.7 175 203 226 221 173 1858

Difference from the average (°C) 0.1 0.8 1.3 1.9 2.8 1.9 8.8
Source: SZTE Tangazdasag Ltd.

Experiment description

The experiment was set in three repeats in random blocks. The size of the
parcels was 7.6 m? each (10 m x 0.76 m). The fore-crop was corn and after the
harvest the tillage involved deep ploughing at 30 cm depth in autumn. After the
spring soil works and the seedbed preparation, sowing took place on 13th April.
The plant number was 72,000/ha. The corn hybrid in the experiment was DKC
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4025 (FAO 340). Foliar fertilization was applied twice (31 May and 6 June) with
a dose suggested by manufacturers.

o The fertilisers were put out with back-pack-sprayers. The applied
products were the following:

e Algafix (AL) (microbiological bio-stimulator, that contains live algae
which produce cytokinin, a plant hormone to help the shoot-growth of
the plant),

*  Amalgerol (AM) (a product containing plant oils, herb extracts, trace
elements and essence), and

e Fitohorm Turbo Zn solution (FZn) (containing Zn, the most important
microelement for corn).

The above mentioned products were sprayed out individually and com-
bined with each other as well, so there were six treatments and the control to be
examined. The control (untreated) parcels were not sprayed with any of foliar
fertilizer products. Apart from foliar fertilisation the parcels received the same
agro-technology. The plots were harvested by hand, then the yield of the parcels,
grain humidity, shelling rate and thousand-grain weight were measured, out of
which the shelled grain yield in May was calculated.

Data processing and statistical methods

In order to perform the analysis, one-way analysis of variance (ANOVA)
and Tukey test were applied. ANOVA was used to clarify whether the means of
the different treatments (groups) differ significantly. If ANOVA, based on the
F-test, detects significant difference among these means, another test is then ap-
plied to determine exactly which means differ significantly from the others. Sig-
nificant differences between the means of different treatments may highlight the
impact of the individual treatments on the analyzed parameter. There are several
versions available for comparing means calculated from subsamples of a sample.
A relatively simple but effective way is to use the Tukey test (Tukey 1985, Makra
etal 2010, 2013).

RESULTS

The effect of foliar fertilisation on the generative factors of corn

The thousand grain weight is a generative factor, the size of which can be
changed best with agro-technical activities. This statement is especially true for
the nutrient uptake. Out of the generative factors, thousand grain weight changed
most (Figure 1) as a result of foliar fertilisation. Compared to the control (K)
the highest increase was reached by spraying with the products not combined
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with another one. The thousand grain weight was increased most by the products
Algafix (AL) (24.17 g) and Fitohorm Turbo Zn (FZn) (14 g) compared to the
untreated parcel. When combining the products, the rate of increase was lower
(1.5-7.34 g).

Thousand grain weight (g)
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Figure 1. The thousand grain weight (g) of corn after different treatments
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Figure 2. The shelling rate (%) of corn after different treatments

The average yield of corn is significantly influenced by the shelling rate of
the hybrids. The larger the weight of grain, compared to the weight of the corn-
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cob, the higher the yield is. One important objective for breeding is to increase
the proportion of the grain. The shelling rates of the new hybrids exceed 80%,
sometimes approach 90%. The DKC 4025 type in the research can be described
as a hybrid with very good shelling rate, since in the control treatment (K) this
value was 89%. The shelling rates of hybrids are greatly influenced by the ge-
netic traits of the hybrids, which can be altered only to a slight extent by vari-
ous agro-technical treatments. It is also proved by the experiment results, as the
value of the control treatment (K) did not change in several cases after the foliar
fertilisation. The shelling rate of the tested corn hybrid increased most by Alga-
fix (AL) (1%) as well as Fitohorm Turbo Zn (FZn) and the Algafix+Amalgerol
(AL+AM) treatments (0.7%) (Figure 2).

Grain humidity (%)
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Figure 3.The effect of different treatments on the grain humidity (%) of corn

The grain humidity of corn at harvest is one of the most important mea-
sures of value. The reason is that among the costs of corn production the cost of
drying is a considerable sum. It is important that the hybrids should have low
grain humidity at harvest, because in this way the cost of drying can be reduced
and at the same time the profitability of corn production can be increased. There
are several agro-technical factors influencing the grain humidity of corn at the
time of harvest, and one of these factors is the nutrient supply. In the very dry
year of 2015 there were low grain humidity values at the time of the harvest. The
control parcels (K) dried soon, it was there that the plants became ripe the soon-
est, and the lowest grain humidity (12.85%) was also measured there (Figure
3). Due to the foliar fertilisation the ripening of the plants was a little later and
at the same time higher grain humidity was measured at the time of the harvest
(13.40-14.39%). Compared to the control treatments (K), increased grain humid-
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ity (0.51-1.54%) was measured in each foliar fertilisation treatment. However,
these higher values did not differ significantly from those of the control treat-
ment (K) and drying the corn was not necessary.

The effect of foliar fertilisation on the yield of corn

The yield of the control treatment (K) was low due to unfavourable weath-
er conditions, 6.39 t/ha (Figure 4). Compared to that, higher averages could be
measured in all treatments. The rate of yield increase could not be justified sta-
tistically in any of them, however.

The certain foliar fertilisers applied individually resulted in 0.12-0.96 t/ha
surplus yield compared to the untreated parcel (K). The highest yield increase
was achieved by applying Amalgerol (AM) (0.44 t/ha) and Fitohorm Turbo Zn
(FZn) solution (0.96 t/ha).

Corn yield (t/ha)
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7 6.39 6.51 683 5.68 >
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Source: Authors’ calculation
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Figure 4. The effect of the tested foliar fertilisers on corn yield (t/ha)

When the products were applied in combination, there was 0.29-1.11 t/ha
surplus yield compared to the untreated parcel (K). The highest yield increase
was measured in the treatments with Algafix + Fitohorm Turbo Zn (AL+FZn)
(0.55 t/ha) and Amalgerol+Fitohorm Turbo Zn (AM+FZn) (1.11 t/ha) (Figure 4).

The economic examination of foliar fertilisation

It was examined if the surplus yields of the treatments, compared to the
yield of the control treatment, cover the costs of the application of foliar fertil-
isers (price of product + spraying costs). As far as the product prices are con-
cerned, the price list of an agricultural input distribution company was used. The

930



The effect of foliar application of different fertilizers...

spraying cost was 5,000 HUF/ha and two sprayings were calculated. The price
of the corn was 44,000 HUF/t.

Table 3. The economic examination of foliar fertilisation

Surplus income from  Price of the products  Profit/loss

Treatments surplus yield (HUF/ha) (HUF/ha) (HUF/ha)
Amalgerol 5,280 42,995 -37,715
Algafix 19,360 18,890 470
Fitohorm Turbo Zn 42,387 17,932 24,455
Algafix+Amalgerol 12,760 51,885 -39,125
Algafix+Fitohorm Turbo Zn 24,200 26,822 -2,622
Amalgerol+Fitohorm Turbo Zn 48,840 50,927 -2,087

Source: Authors calculation

On the basis of Table 3 it can be seen that the profit was positive at only
two treatments. In case of the treatment with Algafix there was a minimal profit
of 470 HUF/ha, while in case of the Fitohorm Turbo Zn treatment 24,455 HUF/
ha profit was achieved, compared to the control. It was due to the amount of the
surplus yields: 0.96 t/ha surplus in Fitohorm Turbo Zn treatment and 0.12 t/ha
in Algafix treatment. Moreover, in those cases the products were not excessively
expensive either. Although a surplus yield of 0.44 t/ha was reached in case of
the Amalgerol, the treatment was not profitable because of the high price of the
product. When combined treatments were applied, the prices of the products
would add up, therefore the additional income from surplus yield did not cover
the investment.

CONCLUSIONS

In the study, the effects of three foliar fertilizer products and their com-
binations on the corn yield and the generative factors were researched. Their
application was examined from economic perspective as well.

It was found that owing to the drought in summer, which is unfavourable
for corn, relatively low yield was obtained in each treatment (6.39-7.5 t/ha). The
Amalgerol + Fitohorm Turbo Zn (7.5 t/ha), the Fitohorm Turbo Zn (7.35 t/ha),
and the Algafix + Fitohorm Turbo Zn (6.94 t/ha) treatments had the greatest in-
fluence on the quantity of the yield.

Treatments with Zn influenced the size of the yield the most, which indi-
cates that the soil of this area is low in Zn and that might block the achievement
of higher yields. The uptake of Zn is also prevented by the very good phosphorus
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supply of the soil, because of the antagonism between the two elements. Con-
sidering the generative factors, the results of Algafix and Fitohorm Turbo Zn
treatments were the best.

The products were also evaluated from the economic point of view. It was
examined how much surplus yield can be obtained with the treatments com-
pared to the yield of the control parcel, and whether this surplus can cover the
price of the product and spraying. Based on the economic analysis it was found
that under the experimental conditions it was the application of Fitohorm Turbo
Zn treatment that ensured the highest profit (24,455 HUF/ha). In addition, the
application of Algafix treatment was also profitable (470 HUF/ha). In case of
Amalgerol the treatment was not recovered because of the high price of the prod-
uct. Presumably, each treatment and their combinations will be able to result in
a higher income in a wet year that is more favourable for the corn.

Considering the results it is obvious that before using any of the products,
the nutrient content of the soil must be known and farmers must endeavour to
supplement the minimum amounts of nutrients, because this is how they can
improve best the efficiency of corn production.

The results of the experiment provide information only in case of the given
test area; no general conclusions can be drawn. To make adequate statements,
several-years experiment is necessary. The authors wish to know what results
they would be able to reach with the treatments in an average as well as in a wet
year. Therefore they plan to continue the research.

REFERENCES

Arendas T. (2006): Novénytapldalds Gj szemlélettel. Gyakorlati Agroforum. 17 (12): 8-10.

Doka L. F., Pep6 P. (2007): Role of water supply in monoculture maize (Zea mays L.)
production. Cereal Research Communications. 35 (2): 353-356.

Doka L. F., Szabo A. (2014): The effect of fertilization and some agrotechnical elements
on maize yield. Novénytermelés (Supplement). 63: 23-26.

crer

Szent Istvan Egyetemi Kiadd, G6dol116. 108.

Hoffmann R., Karika Cs., Varga Cs. (2014): Levéltragyazas a gyakorlatban. Agrarium.
7:169.

Jakab P, Siili A., Nagy P., Kristo . (2014a): The effect of foliar fertilization on the
yield, chemical composition and nutrient value of maize. Lucrari Stiincifice Management
Agricol. 16 (1): 202-205.

Jakab P., Nagy P., Krist6 1. (2014b): Environmentally friendly nutrient supply of maize.
Review on Agriculture and Rural Development. 3 (1): 320-323.

932



The effect of foliar application of different fertilizers...

Jakab P., Zoltan G., Komarek L. (2016): The effect of foliar fertilization on the yield and
generative factors of maize. Review on Agriculture and Rural Development. 5 (1-2):
158-161.

Kadar . (2002): Levéltragyazas jelentdsége és szerepe a névénytaplalasban. Az elméleti
alapok 6sszefoglalasa. Gyakorlati Agroforum. 12: 7-10.

Kadar 1. (2008): 4 levéltragyazas jelentdsége és szerepe a novénytdpldaldsban. Acta
Agronomica Ovariensis. 50: 19-27.

Kincses S-né., Filep T., Loch J. (2002): Az NPK-tragyazas hatisa a kukorica
tapelemfelvételének dinamikajara ontdzott és nem Ontdzott viszonyok kézott. Acta
Agraria Debreceniensis. 1: 23-27.

Kincses S-né., Nagy P. T., Ballané Kovacs A., Filep T. (2005): Az NPK-tragyazas hatdsa
a buza (Triticum aestivum) és a kukorica (Zea mays) Zn felvételére. Acta Agronomica
Ovariensis. 47 (1): 239-252.

Komarek L. (2007a): 4 foldhasznositas rendszervaltozas utani modosulasai a Dél-
Alféldon. pp.325-332.In: Kovacs Cs., Pal V. (szerk.): A tarsadalmi foldrajz vilagai. [Becsei
Jozsef professzor 70. sziiletésnapjara]. SZTE-TTIK Gazdasag — és Tarsadalomfoldrajz
Tanszék, Szeged. 510.

Komarek L. (2007b): The structural changes in the agriculture of the South Great
Plain since the regime change. pp. 329-339. In: Kovacs Cs. (szerk.): From villages to
cyberspace. In commemoration of the 65th birthday of Rezsé Mészaros, Academician.
SZTE-TTIK Gazdasag — ¢s Tarsadalomfdldrajz Tanszék, Szeged. 471.

Komarek L. (2007c): A Dél-Alfoldi Régio sulyanak, szerepének alakuldsa a hazai
agrartermelésben. Comitatus — Onkormanyzati Szemle. 17 (9): 52-64.

Komarek L. (2008): A Dél-Alfold agrarszerkezetének sajatossagai. Csongrad Megyei
Agrar Informacios Szolgaltato és Oktatasszervezd Kht, Szeged. 143.

Kovacs P., Sarvari M. (2016): The effect of some agrotechnical factors on the yield of
maize hybrids with different genetic base. Novénytermelés. 65. (Supplement) 103-106.

Makra L., Santa T., Matyasovszky 1., Damialis A., Karatzas K., Bergmann K. C., Vokou
D. (2010): Airborne pollen in three European cities: Detection of atmospheric circulation

pathways by applying three-dimensional clustering of backward trajectories. Journal of
Geophysical Research-Atmospheres, 115 (24): 16

Makra L., Ionel L., Csépe Z., Matyasovszky 1., Lontis N., Popescu F., Siimeghy Z. (2013):
The effect of different transport modes on urban PM10 levels in two European. Science
of the Total Environment. 458-460: 36-46.

Nagy J. (2007): Kukoricatermesztés. Akadémiai Kiado. Budapest. 393.

Pepd P. (2006): Fejlesztési alternativak a magyar kukoricatermesztésben. Gyakorlati
Agroforum Extra. 13: 11-17.

933



Péter Jakab, Levente Komarek

Pepé P., Sarvari M., Tétin A., Vad A. (2016): Kukoricatermesztés korszeriien. Magyar
Mezogazdasag. 71 (13): 24-26.

Popp J. (2000): 4 f6bb mezdgazdasagi dgazatok fejlesztési lehetbségei, kiilonds tekintettel
az EU csatlakozasra. Gazdalkodas. 44 (4): 1-12.

Ratonyi T., Nagy O., Baké6 K., Fejér P, Harsanyi E. (2014): Effects of fertilization on
grain quality and bio-ethanol production of maize. Novénytermelés. 63. 31-34.

Tukey J. W. (1985): The problem of multiple comparisons (1953) (unpublished
manuscript). In: The Collected Works of John W. Tukey, Volume II: Time Series, 1965-
1984. Wadsworth Advanced Books & Software, Monterey, CA.

Peter Jakab PhD

University of Szeged

Institute of Plant Sciences and Environmental Protection
H-6800 Hodmezdvasarhely

Andrassy street 15.

E-mail: jakabpeter@mgk.u-szeged.hu

Levente Komarek PhD DSc

University of Szeged

Institute of Economics and Rural Development
H-6800 Hédmez6vasarhely

Andrassy street 15.

E-mail: komarek@mgk.u-szeged.hu

Received: 15.11.2016
Accepted: 03.03.2017



