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The effect of zinc application on the yield and zinc uptake of maize in Xerochrept and
Haploxeralf soils
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Abstract. The aim of this study is to determine the effect of increasing the amount of zinc applied to soil on the yield and zinc uptake of corn plant in Xerochrept
and Haploxeralf soils. For this purpose, a research was carried out under greenhouse condition by growing corn plant in soils taken from different areas of
Tekirdag region. In the experiment, the zinc was applied at an amount of 0, 2.5, 5, 10 and 20 ppm Zn levels in the form of ZnSO4.7H20. Dry matter yield and zinc
content of corn plant were evaluated in the experiment. According to the obtained results, soil samples were found to be insufficient in organic matter and zinc
content. According to the analysis results, zinc and dry-matter content of maize plant increased with the increase of Zn application. The optimum zinc content is
obtained from 20 ppm Zn application (Zn4). With 20 ppm zinc application, the dry-matter content of maize in Xerochrept and Haploxeralf soils is increased

124,6 % and 148,28 % on average, respectively, and zinc content of maize in Xerochrept and Haploxeralf soils is increased 292.73 % and 270.48 %,
respectively. It is found that there are increases in the amounts of dry-matter content and zinc uptake of maize with the application of different levels of zinc to

the soils in subject. Determining the maximum yield of maize which has a wide planting area among cereals after wheat and barley in Turkey has a great

importance.

Keywords: zinc, maize, yield, Xerochrept, Haploxeralf.

Introduction

One of the most important factors in agricultural production is
the conditions of the amounts and availabilities of plant nutrients in
soils. Availability of plant nutrients is closely related to the soil
properties. To pay attention to the factors that negatively affect the
availability in plant production and soil management is compulsory
for a balanced nutrition (Aydin et al, 1997). Modern agricultural
development is predicated upon favorable ecological conditions with
adapted high-yielding varieties and chemical inputs, particularly
fertilizers, together with good soil and crop management (Stewart et
al., 2005).

Plant nutrition elements are necessary for the plant for its
growth and normal development and the roles of the nutrition
elements cannot be substituted by other chemical elements. Zinc is
a required element for plants, animals and humans. It is usually
found in low concentrations in the soils.

The availability of micro nutrition elements is within the limit
level in Turkey, especially in crop plantation areas because of the
negative soil properties such as high values of CaCQ, pH and clay
and low levels of organic matter. Zinc has an important place among
these micro nutrition elements. It is known that half of the agricultural
areas in Turkey are deficient in zinc and this deficiency is increasing
especially in the soils of some areas. Tekirdag is also one of the
places where zinc deficiency is seen. Plants take zinc as Zn2+. The
amount of zinc for the plants to grow normally is very low. The
amount of zinc in the plant is 25-150 mg kg-1 however it is
determined that when this amount decreases to under 20 mg kg-1,

* e-mail: kbelliturk@nku.edu.tr

this element becomes insufficient (Yilmaz et al., 1997). Maize and
rice are the most sensitive plants to zinc deficiency among the field
crops (Selimoglu, 1995).

In a study where the effect of fertilizers with phosphorus and
zinc applied in different doses to hybrid maize in Campus area of
Konya is researched, it is seen that there are significant increases in
the amount of phosphorus uptaken by grain with the increase in zinc
level and these increases are found to be significant at the level of
p<0.05 (Akay, 1997). Maize is in the third rank after wheat and barley
among the crops according to plantation area and production and in
the first rank according to the average yield of crops with 800
thousand hectare plantation area, 3.5 million tones production and
average yield of 4375 kg/ha in our country (Anonymous, 2006).
Although maize is a plant whose physiology and morphology is well
known, the production of new types with high yield every year,
requires determination of suitable production techniques oriented
researches.

The aim of this research is to determine the effect of the
application of increasing levels of zinc in greenhouse conditions on
dry-matter yield and zinc content of maize grown in two different soils
which are zinc deficient and commonly found in the Thrace region.

Material and methods
Two different soils commonly found in Tekirdag which are in

Xerochrept (Soil No 1) and Haploxeralf (soil N: 2) major groups of
Soil Taxonomy are chosen for the research. One of the soil samples
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(Soil No 1) is taken from Altinova district of Tekirdag and the other
sample (Soil No 2) is taken from Koseilyas village. Both of the soil
samples used in the research are taken from 0-30 cm depth of the
Tekirdag province (Jackson, 1965). Textures of the soil samples
were determined by Bouyoucos Hydrometer method (Tuzuner,
1990), pH (1:2.5 soil: distilled water) was measured by pH meter with
glass electrodes (Bayrakli, 1987). Organic matter of the soil samples
was analyzed by Walkley-Black method (Greweling and Peech,
1960), salinity was measured (1:2.5 soil: distilled water) by electrical
conductivity instrument, exchangeable cations (Ca2+, Mg2+, K+) by
flame photometer and lime with Scheibler calcimeter method, vapor
distillation (Kjeldahl) method is used to determine the amounts of
total N as stated and available phosphorus with blue color method in
spectrophotometer (Saglam, 2008) and available Fe, Mn, Zn and Cu
content of the soil samples are determined with ICP-OES instrument
by Kacar (2009).

This study is conducted in greenhouse conditions in 40 plastic
pots with 2 soils, 5 different zinc doses (Zn0= Control, Zn1= 2.5 ppm
Zn, Zn2=5 ppm Zn, Zn3= 10 ppm Zn and Zn4= 20 ppm Zn) and with
4 repetitions according to factorial experiment design. 2 kg of soil

Results and discussions

When pH value of the soil samples are analyzed (Table 1), soil
sample with soil No 1 is in slightly acidic class, soil sample with soil
No 2 is in neutral class (Kacar, 2009). All the soils are in “unsalted”
class when the salt values of the soil samples are examined
(Saglam, 2008). CaCO, values of the soil No 1 and soil No 2 samples
were found 3.21% and 1.20%. For lime content the soils are in the

Table 1. Some physical and chemical properties of the soils.

according to air-dry weight principle are put into every pot after sifted
from 4 mm sieves. In order to supply normal development of the
plants, fertilizers are given to every pot before the plantation as 100
ppm N (in the form of NH4NO3), 80 ppm P and 100 ppm K (in the
form of KH2PO4). In the experiment, Kermess hybrid seed is used
and 5 maize seeds are planted in every pot and then, 3 plants are left
after the germination. Plants are harvested after 50 days from
germination by cutting at 2 cm above the soil and are prepared for
analysis by cleaning with pure water. The harvested plants are
washed with tap water first, then two times with pure water, and then
dried at 65 oC and their dry-matter weights are determined. Total
nitrogen in dried maize plant samples burned dry and wet are
determined with vapor distillation (Kjeldahl) method, available
phosphorus with yellow color method in spectrophotometer
(Saglam, 2008) and other available Ca, Mg, K, Fe, Mn, Zn, Cu
contents with ICP-OES instrument (Kacar, 2009).

The experimental data were analyzed by ANOVA and the
differences were compared by Least Significant Difference (LSD)
test (p<0.01). For all investigated parameters, analysis of variance
was performed using the MSTAT-C computer software program.

“little limy” class and this is in the quality for maize (Kacar, 2009). The
organic material content of the soil No 1 and soil No 2 samples were
found 1.49 % and 1.17 %. It appeared that the soil samples are in
“poor” class when organic material and total nitrogen amounts are
examined (Ulgen and Yurtsever, 1995). Organic matter and nitrogen
results resemble the previous studies carried out in the soils of the
region (Belliturk et al., 2007). It is determined that the soil No 1 and
soil No 2 samples are in “sand loam (SL) and loam (L)” class when

. Texture
Soil No (1/2,F%)3HH 0 Salt (dS/m) Ca(IOCA)())3 Organ(& ;\/Iatter
: Clay (%) Silt (%) Sand (%) Class

1 7.16 0.145 3.21 1.49 14.27 24.58 61.15 SL
2 6.25 0.122 1.20 1.17 16.32 33.37 50.31 L

Table 2. Some available macro nutrition elements (ppm).

Soil No N P K Ca Mg
1 720 4.49 228.77 6747.28 308.97
2 572 10.43 189.16 3421.92 717.14

Table 3. Some available micro nutrition elements (ppm).

Soil No Fe Mn Zn Cu
1 7.82 11.79 0.31 1.83
2 31.05 65.90 0.29 1.90
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the texture classes of the soil samples are examined.

Total N content is found to be inadequate, K content adequate
and Ca content in excess for both of the soils when Table 2 is
examined. P content of the soil with No1 is found to be low, P content
of the soil with No2 is found to be adequate. The soil with No1l is
found to be adequate in terms of Mg content whereas the soil with
Noz2is found to be in excess. When available micro nutrition element
contents of the soils in Table 3 are examined, Fe, Mn and Cu

contents are found to be in excess, Zn content is found to be low for
both of the soils (Gunes etal., 2007).

It is declared that there is a significant relation between
phosphorus content and available zinc in soils. Former studies state
that generally the plants grown in phosphorus rich soils show zinc
deficiency. The zinc deficiency seen in maize grown in phosphorus
rich soils can be removed by giving zinc to the soil (Kacar, 2009)

Table 4. Amount of dry-matter of maize with different levels of zinc application (g/pot) and significance groups.

Amount of Dry-Matter (g/pot)*

Soil No
Zn0 Znl n2 Zn3 n4 Aver.”
1 1.83d 1.86d 207D 2.22a 2.28a 2.05a
2 1.45f 1.47f 1.66e 192¢ 2.15ab 1.73b
Aver *** 1.64d 1.67d 1.87¢c 207b 222a 1.89

“The values are the average of 4 repetitions of 3 maize in the pots.

- LSD,,: 0.24; LSD,,: 0.07; LSDO.Ol(ln(erac(lan): 0.09

The results show that the maximum amount of dry-matter of
Zn4 (2.22 glpot) was observed in maize. The lowest amount of dry-
matter of Zn0 and Zn1 (1.64 and 1.67 g/pot) were obtained in maize
(Table 4). Dry matter content of maize is increased from 1.83 grams
to 2.28 grams (124.6 %) in Xerochrept soil and it is increased from

1.45 gto 2.15 g (148.28 %) in Haploxeralf soil with 20 ppm Zn (Zn4)
application in comparison with control (Zn0). The researchers
Ozguven and Katkat (1997) state that dry matter content has been
increased 37 % with 10 ppm zinc application in comparison with
control.

Table 5. Zinc content of maize with different levels of zinc application (ppm)

Zinc Content of Maize (ppm)*

Soil No
Zn0 Znl n2 n3 n4
1 11.0 13.8 17.0 19.7 32.2
2 10.5 13.0 16.0 18.8 28.4

* The values are the average of 4 repetitions of 3 maizes in the pots

Zinc content of maize is increased to 32.2 ppm from 11 ppm
(292.73 %) in Xerochrept soil and it is increased from 10.5 ppm to
28.4 ppm (270.48 %) in Haploxeralf soil with 20 ppm Zn (Zn4)
application in comparison with control (Zn0). The researchers
Ozguven and Katkat (1997) state that zinc content has been
increased 51 % with 10 ppm zinc application in comparison with
control and zinc uptaken from the soil is increased 110 %.

When Table 4 and Table 5 are examined, the lowest Zn content
is obtained by Zn0 application and the highest Zn content s obtained
by Zn4 application in maize grown in both soils. It is determined that
Zn content of maize grown in Xerochrept soil (soil no: 1) is higher
than that of grown in Haploxeralf soil (soil no: 2). According to Table 4
and Table 5, increase in dry matter and zinc content of the plant is
seen with the increase of added zinc to the soils. Itis stated that if the

Zn content of maize is under 20 ppm, then it is inadequate and if Zn
content of maize is between 20 and 60 ppm then it is adequate
(Kacar and Inal, 2008). According to this, the adequate Zn content
for maize is obtained from Zn, (20 ppm Zn) application. The
importance of Zn element for maize is introduced once again by such
studies. Similar results are obtained in former studies (Yalcin and
Usta, 1992; Selimoglu, 1995).

Conclusion

As aresult, it is determined that there are significant increases
in dry matter and zinc content of maize depending on different levels
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of zinc application when compared with control (Zn0). These results
obtained related with zinc content of maize are very important. There
has been a cultivation turn as sunflower-wheat in the Thrace region
for years. This cultivation turn damages the nutrition balance in soils
and it causes especially phosphorus accumulation in soil and
causes increases in micro element deficiencies. It turned out that
fertilization containing zinc in zinc deficient agricultural areas is
necessary for balanced plant nutrition and fertilization as cited in this
study. Such studies in which making up zinc deficiency, which is a
great problem for Turkey, is handled should be increased.
Otherwise, the amount and quality of the product is negatively
affected.

The studies in recent years show that nutrition problems
relative to micro nutrition elements in World and Turkey soils are very
common. Agriculture is getting narrow while population is
increasing. Therefore, it is necessary to fertilize soils in a balanced
and controlled manner considering soil types in the light of science
and technology in order to meet food demand of the rapidly
increasing World population.

References

Akay A, 1997. The Effect of Phosphorus and Zinc Fertilization of
Maize “TTM-813" Grown on Konya Kampus Area Soils. Selcuk
University, The Journal of Agricultural Faculty, 11,15, 126-139,

Konya.
Anonymous, 2006. FAO Production Year Book,
http://www.faostat.org

Aydin A, Sezen Y and ve Gultepe Nz, 1997. Effects of Zn and S
Application on Growth of Rice in Soils with Different pH (Abstract).
National Zinc Congress (Agriculture and Health), 12-16 May,
Eskisehir.

Bayrakli F, 1987. Soil and Plant Analysis. Ondokuz Mayis
University, Agriculture Faculty Press No 17, Samsun.

Belliturk K, Danisman F and Yilmaz F, 2007. The Effect of the
Application of Urea on the Formation of Ammonium and Nitrate in
Soils, Journal of 0.M.U. Agriculture Faculty, 22, 1, 64-72, Samsun.
EkinciH, 1990. Study of Possibility of Edition of General Soil Map of
Turkey According to Soil Taxonomy. C. U. Institude of Natural and

94

Applied Sciences, Soil Science, Doctorate Thesis, 218 s. Adana.
Greweling T and Peech M, 1960. Chemical Soil Tests. Cornell
Univ. Agric. Exp. Stn. Bull. No 960, USA.

GunesA, Alpaslan Mand Inal A, 2007. Plant Nutrition and Fertility.
Ankara University, Agriculture Faculty Publication No 1551, Lesson
Textbook No 504. Ankara.

Jackson ML, 1965. Soil Chemical Analysis, NJ: Prentice Hall, Inc.
Englewood Cliffs, 111-117.

Kacar Band Inal A, 2008. Plant Analysis. Nobel Press. Ankara.
Kacar B, 2009. Soil Analyses (Second Press). Nobel Publication No
1387, 1SBN 978-605-395-184-1, Nobel Publication, Ankara.
Ozguven N and Katkat AV, The Effect of Increasing Amount of Zinc
on the Yield and Zinc Uptake of Corn Plant. Journal of Agriculture
Faculty of Uludag University,15, 85-97, Bursa.

Saglam MT, 2008. Chemical Analysis Methods of Soil and Water.
Namik Kemal University Agriculture Faculty Publication No 2,
Auxiliary Textbook No 2. Tekirdag.

Selimoglu F, 1995. Zinc Condition of Orange Areas in Aydin and
Mugla Cities and The Methods That Can Be Used in The Analysis of
Uptakenable Zinc Amounts in These Soils. Prime Ministry Rural
Services Head Office Publications. Publication No 210, Report
Series: R-126, Ankara.

Stewart WM, Dibb DW, Johnston AE and Symth TJ, 2005. The
Contribution of Commercial Fertilizer Nutrients to Food Production.
Agronomy Journal, 97, 1-6.

Tuzuner A, 1990. Laboratory handbook of soil and water analysis.
T.C. Ministry of Agriculture and Rural Affairs, General Directorate of
Rural Services Publishing, Ankara.

Ulgen N and Yurtsever N, 1995. Guide of Turkey fertiliser and
fertilisation., 4" Ed., Institute of Soil and Fertiliser Research, General
Publication No 209, Technical Publication No T-66, Ankara.

Yalcin SR and ve Usta S, 1992. The Effect of Zinc Application on
The Development and on Zinc, Iron, Manganese and Copper
Content of Maize. A. U. Yearbook of Agriculture Faculty, 4, 1-2, 195-
204.

Yilmaz A, EkizH, Torun B, Gultekin I, Karanlik S , Bagci S and
Cakmak |, 1997. Effect of different zinc application methods on
grain yield and zinc concentration in wheat cultivars grown on zinc-
deficient-calcareous soils. Journal of Plant Nutrition, 180, 165-172.



Instruction for authors

Preparation of papers

Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)

The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods, Results, Discussion,
Conclusion, Acknowledgements (if any),
References, Tables, Figures.

The title needs to be as concise and
informative about the nature of research. It
should be written with small letter /bold, 14/
withoutany abbreviations.

Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
authorisindicated with *,

Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.

Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.
The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?

Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
Acriterion of sufficient information is to be

possible for others to repeat the
experimentin order to verify results.
Results are presented in understandable
tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.

Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. lllustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.

Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important conse-
quences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:

In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into Englishisindicated in

parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, if in the Cyrillic, Mongolian =
Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:

Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74,39-50

Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.

Book chapter or conference proceedings:
Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:

Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.

Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive
performance in dairy cows, IX
International Conference on Production
Diseases in Farm Animals, Sept.11 — 14,
Berlin, Germany, p. 302 (Abstr.).
Thesis:

Penkov D, 2008. Estimation of metabolic
energy and true digestibility of amino acids
of some feeds in experiments with muscus
duck (Carina moshata, L). Thesis for DSc.
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.



ALHISUITTO g Voune BN
SCIENCE AND TECHNOLOGY

CONTENTS

Genetics and Breeding

Comparative analysis of genome positioning of invert repeats of (AG),Cand 59
(GA),C in bovinae and caprinae species

V. Glazko, A. Kushnir, T. Glazko

Path analysis of body weight and morphometric traits of Nigerian indigenous 64
Muscovy ducks
A. Yakubu, |.S. Musa-Azara, V.E. Aya, R.E. Barde, H.K. Abimiku

A test for connectedness between the classes in two-way classification 71
models
G. Dimov

Maternal variance of the traits characterizing body development of weaned 76
Arabian foals
. Sabeva

Nutrition and Physiology
The effect of pregnancy on milk yield in Bulgarian Murrah buffalo cows 81
P. Penchey, Y. llieva, Tz. Peeva

Production Systems

Loading of integrated fishponds with organic matter under different 87
approaches of mule ducks (Anas platyrhynchos x Cairina moschata) feeding

L. Nikolova

Agriculture and Environment

The Effect of Zinc Application on the Yield and Zinc Uptake of Maize in 91
Xerochrept and Haploxeralf Soils

K. Belliturk, B. Sozubek

Tomato leaf miner, Tuta absoluta (Povolny) (Lepidoptera: gelechiidae) — first 95
record in Bulgaria
V. Harizanova, A. Stoeva, M. Mohamedova

Quality and Safety

Predicting the increase of pest infestation in storage of freshly harvested 99
wheat

D. Kuzmanov, N. Dimitrov

Short communication

Application of different nacl concentrations on seed germination of flax 103
(linum usitatissimum I.) Cultivar

S. Yaver, C. Pasa

Journal web site:
www.uni-sz.bg/ascitech/index.html www.alfamarket.biz

Publisher:



	The effect of zinc application on the yield and zinc uptake of maize in Xerochrept and Haploxeralf soils.pdf
	4



