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Abstract

The aim of this research was to quantify the effect of fertilization with different nitrogen levels and different type
of fertilizers in three developmental stages of maize plants (5 leaves, flowering and milk maturity). Five nitrogen
levels (80 kg/ha; 120 kg/ha.; 160 kg/ha; 200 kg/ha and 240 kg/ha) and two type of nitrogen fertilizers (Ammonium
nitrate and Urea) were applied in the experimental trials. The response of maize to the fertilization levels and type
of fertilizers showed some influences on chemical content of maize leaves in different developmental stages. The
total nitrogen and nitrates content increased at the same time with fertilization level, but the other chemical ele-
ment contents (calcium, phosphorus pentoxide, calcium, potassium, magnesium) decreased when high quantities
(240kg/ha) of fertilizers are used. Additionally, this study showed that the nitrates content was highest in the first
development stage of plants, especially when ammonium nitrate fertilizer was used.

Abbreviations

ARDS of Suceava - Agricultural Research and Development Station of Suceava;

Ah -hydrolytic acidity;

Ap- Horizon A bio accumulative (layer);
Bv - Horizon B cambic;

Al- Exchangeable aluminium;

P-Al - Movable phosphorus;

K-Al - Movable potassium;

N- nitrogen

tN- Total nitrogen;

pH - (potential of hydrogen), is a scale used to specify the acidity or basicity of an aqueous solution).

Introduction

Nitrogen is an important element required for plant
growth and development. Itis a key component in many
biological compounds that play a major role in pho-
tosynthetic activity and crop yield capacity (Cathcart
and Swanton, 2003). Variation in nitrogen availability
can affect plant development and grain production in
maize. Maize grain yield is linked to both higher nitro-
gen uptake and higher ability to utilize nitrogen accu-
mulated in the plant in yield production (Luque et al,
2006). Parameters such as leaf area index, longevity of
leaf canopy and efficient use of incident light in mai-
ze are all increased by nitrogen (Muchow and Davis,
1988). An adequate supply of nitrogen in the soil, plant
maintain their chlorophyll content for long time, which
resulted in slower leaf senescence and moreover, plant
is able to supply its seeds with nitrogen and photoassi-

milates for a longer period which results in higher yields
(Eghball and Power, 1999).

As maize is a nitro-positive crop, the reduction in num-
ber of days taken for anthesis with increasing levels of
nitrogen may be attributed to higher leaf area index
and dry matter accumulation which results in increased
vegetative growth and influenced anthesis (Martin et
al, 1976). Application of higher dose of nitrogen produ-
ced maximum emergence in maize and also increased
plant elongation and yield (Keskin et al, 2005; Siddiqui
et al, 2006).

Al-Kaisi and Yin (2003) reported that nowadays the le-
vels of nitrogen fertilizer used in the corn crop can be
involved with the aquifer contamination or any type of
natural resource, decreasing its quality. Also, some ex-
tra tools and agronomical practices can help the nitro-
gen efficiency (Cui et al, 2009), such as using a narrow
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row spacing, decreasing the fertilizer through increa-
sing of recovery efficiency (Barbieri et al, 2008), crop
rotation and the use of organic fertilizer, (Montemurro
et al, 2006).

Weather and soil can contribute in the nitrogen (N)
use efficiency in corn genotypes (Muchow 1998; Pre-
sterl et al, 2002). Thus, this study aimed to evaluate
the presence of nitrates and of the other macroele-
ments, at three developmental stages of the maize
leaves, by chemical fertilization with two type of fer-
tilizers (Ammonium Nitrate and Urea), in the climatic
conditions of the Suceava Plateau, Romania.

Material and methods

The experiments were performed in the experimental
field of the Maize Breeding Laboratory, within ARDS
of Suceava, which is located in the Suceava Plateau,
on a faeoziom soil. The experiment was designed
two-factorial and placed according to the method of
subdivided plots with the following graduations: fac-
tor a - fertilization levels with 6 graduations and factor
b- two types of nitrogen fertilizers.

The maize genotype used in the experiment was the
maize hybrid Suceava M. The trilinear hybrid Suceava
M was created, by the team of breeders from ARDS
of Suceava and homologated in 2019, well adapted in
the Suceava Plateau, being from FAO range 200-280.

Agrochemical, the analyzed faeonziom soil has a
strong acid reaction in both horizons (Ap - 4.75; Bt-
4.98), a low nitrogen content, a moderate phosphorus
content and a high potassium content. It is a medium
fertility soil with acidic pH, suitable only for a certain
variety of plants, such is maize crop.

Soil study site was a degraded faeonziom with high
clay content. A chemical analysis performed one
month before installing the trial indicated the fol-
lowing soil characteristics: Humus- 3,86 (%); clay -
27,96 %; P-Al- 53,2 ppm; K-AL 117 ppm; pH (water)
4,88; Nt (d.m.) -0,186 %; Al- 0,35 me/100g.

The two nitric fertilizers (Ammonium Nitrate and Urea)
were applied after the emergence of the plants, using
the following variants: V,- unfertilized control; V, -Ng;
V3-Ny 500 V= Nogoi Vs-Nogoi Vi-Noyo- The plot was main-
tained by manual work on rows and between rows.
The plant samples were taken in three distinct pe-
riods: when the plants had 5 leaves, at flowering, and
at maturing in milk.

Chemical analyses of soil and plants were performed
by chemical and physico-chemical methods (Schol-
lemberger method; Kacinscki method; colorimetric
method).

Results and discussion

The impact of the two fertilizers (Ammonium nitrate
and Urea) on different chemical elements (total nitro-
gen, phosphorus pentoxide, potassium, calcium, ma-
gnesium) and nitrates content in maize leaves at dif-
ferent development plant stages are presented. The
content of the total nitrogen (tN) in maize leaves is
presented in Table 1. It can be noticed that, when 240
kg/ha of both type of fertilizers is used, the content of
tN in maize leaves resulted the highest at all plant de-
velopmental stages analysed in this research. When the
highest quantities of fertilizers (240 kg/ha) were used, it
was observed that the phosphorus pentoxide content
(P,O;) was low in all development plant stages under
study, with both types the addition of fertilizers. The
lowest content of P,O; is registered at milk maturity
maize plant stage (Table1). Thus, the highest amounts
of nitrogen caused a decrease in phosphorus pentoxi-
de content in plant leaves.

The same situation was noticed in potassium content
(Table 1). The calcium content in maize leaves, did not
differ greatly in the six fertilization levels (from 0.2 to
0.9% in ammonium nitrate and 0.38 - 0.9% in urea).
Also, very small calcium content on leaves at milk matu-
rity stage (Table 1), was noticed. In the case of the ma-
gnesium content, differences both between the stages
of development of the plants and the types of fertilizers
were observed. At increasing nitrogen quantities, the
magnesium content was decreasing, especially when
high quantities of ammonium nitrate fertilizers were

added (Table1).

The application of largest doses of Ammonium nitrate
(240 kg/ha), led to a significant increase of nitrates con-
tent (502.7 ppm) in stage of 5 leaves, but decreased
the contents of the other macro elements: phosphorus
pentoxide (0,8% d.m), potassium (0,68% d.m), calcium
(0,15%d.m) and magnesium (0,11%d.m) (Table1).

The application of highest doses of Urea (240 kg/ha),
led to increases of nitrates content (163.1 ppm), during
stage of 5 leaves, but not so strongly as when Ammo-
nium nitrate was applied; on the other, but the other
three macro elements: phosphorus pentoxide content
decreases with 0,13%.d.m., potassium content with
0,98% and magnesium content with 0,08% d.m. On
the other hand the calcium content increases at the
maximum doses of Urea (240 kg/ha) with 0,05 % d.m
(Table1).

During flowering period, the nitrates content in the
leaves, is different function by the type of fertilizer
and used doses. So the highest doses of Ammonium
Nitrate led to increases of nitrates content with 334
ppm, but the same doses of Urea led to increases of
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Table 1 - Chemical element contents in maize leaves at three plant development stages following different fertilization levels of
Ammonium nitrate or Urea

Total nitrogen contents (% d.m) Calcium contents (% d.m.)

f:)ll-?ileizc::r ertilizer Plant development stages Standard 0.87 0.79 0.23
level i 80kg/h 0.66 0.53 0.24
evels 5 leaves Flowering m:cllllll‘(ity e
Standard 243 1.89 0.97 Ammonium 120 kg/ha 06 051 019
s0kg/ha 2 o e nitrate 440 kg/ha 0.67 0.48 0.23
Ammonium 200 kg/ha 0.69 0.53 0.21
nitrate 120 kg/ha 3.51 2.97 1.97
160 kg/ha 397 319 241 240 kg/ha 0.72 0.66 0.21
200 ka/h 477 15 31 Standard 0.9 0.83 0.43
g/ha . . .
80kg/h 0.81 0.8 0.4
240 kg/ha 5.62 42 3.57 g/ha
120 kg/h 0.79 0.78 0.4
Standard 2.31 2.07 0.83 Urea oha
80kg/ha 3.97 267 111 160 kg/ha 0.82 0.8 0.39
120 kg/ha 456 321 203 200 kg/ha 0.84 0.78 0.35
Urea 160 kg/ha 178 386 307 240 kg/ha 0.86 0.77 0.36
200 ka/h 53 138 366 Magnesium contents (% d.m.)
g/ha . . .
Standard 0.33 0.3 0.21
240 kg/ha 6.08 5.11 4.09
Phosphorus pentoxide contents (% d.m.) 80kg/ha 0.25 0.21 0.19
Aml:nomum Standard 0.48 0.41 0.32 Ammonium 120 kg/ha 0.23 0.21 0.17
nitrate nitrate
80kg/ha 0.42 037 03 160 kg/ha 0.23 0.17 0.11
120 kg/ha 0.41 033 0.23 200 kg/ha 0.21 0.17 0.12
240 kg/h 0.2 0.16 0.1
160 kg/ha 0.38 0.22 0.22 g/ha
200 karh 0.32 0.24 016 Standard 0.36 0.31 0.28
g/ha . . .
80kg/ha 0.34 0.26 0.26
240 kg/ha 0.34 0.23 0.18
120 kg/ha 0.33 0.25 0.23
Urea Standard 0.43 0.39 0.33 Urea
80ka/h 0.41 0.31 0.26 160 kg/ha 0.3 0.23 0.21
g/ha . . .
200 kg/ha 0.31 0.23 0.2
120 kg/ha 0.37 0.27 0.21
240 kg/ha 0.28 0.21 0.2
160 kg/ha 0.36 0.25 0.17
200 ka/h 037 0.28 018 Nitrates contents (ppm)
g/ha . . .
240 kg/ha 0.33 0.26 0.16 Standard 375.2 283.2 187.2
Potassium contents (% d.m.) 80kg/ha 437.2 402.3 281.3
Aml:nomum Standard 3.21 236 291 Am[nonium 120 kg/ha 498.7 400.7 297.3
nitrate nitrate
160 kg/ha 687.3 552.9 358.2
80kg/ha 3.02 2.11 1.73
200 kg/ha 750.2 598.3 377.7
120 kg/ha 1.98 1.97 1.33
240 kg/ha 877.9 617.2 397.8
160 kg/ha 2.11 1.82 1.11
Standard 368.7 296.1 162.1
200 kg/ha 1.87 1.63 1.17
80kg/ha 398.2 317.9 177.9
240 kg/ha 1.8 1.68 0.98
120 kg/ha 417.7 351.4 211.3
Urea Standard 3.17 2.39 2.01 Urea
160 kg/ha 467.1 372.2 267.7
80kg/ha 3.11 2.03 1.66
200 kg/ha 498.3 407.7 255.7
120 kg/ha 3.07 1.72 1.43
240 kg/ha 531.8 417.8 296.4
160 kg/ha 1.97 1.71 1.41
200 kg/ha 1.83 1.63 1.08
240 kg/ha 1.77 1.47 0.87
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Table 2 - Correlation coefficients between nitrate and other chemical elements contents in maize leaves following application of two

type of fertilizers (Ammonium nitrate and Urea)

Ammonium nitrate fertilizer

Urea fertilizer

Chemical elements Nitrates contents

Chemical elements Nitrates Contents

from maize leaves (ppm) Significance from maize leaves (ppm) Significance
Total nitrogen (% d.m.) 0.944 kol Total nitrogen (% d.m.) 0.865 kel
P, O (% d.m.) 0.025 P, Oy (% d.m) 0.455 *
K, (% d.m.) 0.042 K, (% d.m) 0.269
Ca (% d.m.) 0.527 * Ca (% d.m) 0.790 *x
Mg (% d.m.) -0.039 Mg (% d.m) 0.352

nitrate content only with 121.7 ppm. The other macro
elements content decreases, approximately with the
same percentage at maximum doses, for both fertili-
zers (phosphorus pentoxide content decreases with
0.18% d.m. for Ammonium nitrate and 0.13% d.m. for
Urea; potassium content decreases with 0.68% d.m. for
Ammonium nitrate and 0.92% d.m. for Urea; calcium
content decreases with 0.13%.d.m. for Ammonium ni-
trate and 0.06 % d.m. for Urea and magnesium content
with 0,14 % d.m for Ammonium nitrate and 0.10 % d.m.
for Urea) (Table1).

In the milk maturity development stage, the nitrates
content in the leaves, is lower than the other plant
development stages analyzed. So the highest doses
of Ammonium Nitrate led to increases of nitrates con-
tent with 210.6 ppm, but the same doses of Urea led
to increases of nitrates content only with 134.3 ppm.
The other three macro elements content, were lower
too (phosphorus pentoxide, calcium and magnesium).
They decreases, approximately with the same percen-
tage at maximum doses, for both fertilizers (phospho-
rus pentoxide content decreases with 0.14%.d.m. for
Ammonium nitrate and 0.17% d.m. for Urea; calcium
content decreases with 0.02%.d.m. for Ammonium ni-

y = 0.006x +0.2841
r=0.944%** (A)
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Fig. 1 - Regression lines between nitrates and two chemical com-
ponents (nitrogen - A and calcium contents - B) in maize leaves,
when it was used ammonium nitrate.

trate and 0.07 % d.m. for Urea and magnesium content
with 0,11 % d.m for Ammonium nitrate and 0.08 % d.m.
for Urea). Potassium content, on the other hand, decre-
ased more strongly in this phase of development (with
1.23 %.d.m. for Ammonium nitrate and 1.14% d.m. for
Urea) (Table1)

In order to highlight the relationship between nitra-
tes contents and the other chemical compounds from
maize leaves correlation coefficients between nitrates
content and the other chemical elements from maize
plants, for those two types of fertilizers were calcula-
ted (Table 2). It was noticed very significant correlation
coefficients between nitrates and total nitrogen con-
tents with both types of fertilizers. In case of ammo-
nium nitrate there is a significant correlation coefficient
between nitrates and calcium content and respectively
very significant correlation coefficients, in case of urea
fertilizer (Table 2). Additionally, a significant correlation
coefficient between nitrates and phosphorus pentoxi-
de content, when it used Urea fertilizer, was observed.

The regression lines from graphics 1 and 2 emphasi-
ze the sense and intensity of correlations between
analyzed traits.

y=0.0117x-0.4702
r=0,864*** (A) o

,% d.m)
[=a]

&}

.0016x +0.131

y =0.0004x +0.1728
=0,455* (C)
791** (B
° (B)
(]
L]

100 200

Chemical components (Nitrogen, Calcium and

300 400 500
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Fig. 2 - Regression lines between nitrates and three chemical
components (nitrogen - A, calcium - B and phosphorus pentoxide
contents - C) in maize leaves, when urea fertilizer was applied.
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Ammonium nitrate Urea
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Fig. 3 - Plant Nitrate content at three development stages fol-
lowing two fertilizer (Ammonium nitrate and urea) application

In Figure 1 the relations between both nitrates and
nitrogen and calcium contents are presented; when it
was used ammonium nitrate, being very strong betwe-
en nitrates and nitrogen contents (r=0.944***) and we-
aker between nitrates and calcium content, but statisti-
cally significant (r=0.527%).

In Figure 2 relationships between nitrates and three
chemical components, when it was used urea fertili-
zer, are presented. In this case there is a very strong
relation between nitrates and nitrogen contents (r=
0.864***), strong relation between nitrates and calcium
contents (r=0.791**) and weaker one between nitra-
tes and phosphorus pentoxide contents, statistically
significant(r=0.455%).

In Figure 3, large differences between the two types of
fertilizers used, were observed. In case of urea fertilizer
the level of nitrates is smaller than in the case of ammo-
nium nitrate fertilizer. Also, the nitrates content resul-
ted highest in first plant development stage, especially
when it was used ammonium nitrate fertilizer.

From this study it could be concluded that the fertiliza-
tion levels and type of fertilizers have some influences
on chemical content of maize leaves in different deve-
lopment stages.

If total nitrogen and nitrates content increase at the
same time with fertilization level, the other chemical
element contents (calcium, phosphorus pentoxide,
calcium, potassium, magnesium) decrease when high
quantities of fertilizers are used.

66 ~

From statistical point of view, it was concluded that,
when ammonium nitrate fertilizer was applied, the
regression lines between nitrates and total nitrogen
contents, respectively between nitrates and calcium
contents showed correlations statistically significant.
Instead, when urea fertilizer was used, relationships,
between nitrates and nitrogen contents, respectively
between nitrates and calcium contents and nitrates and
phosphorus pentoxide contents, statistically significant
were observed.

Regarding the levels of nitrates in maize leaves, it is
observed that, the nitrates content is highest in the first
development stage of plants, especially when ammo-
nium nitrate fertilizer was used.

This paper is dedicated to the memory of the Ento-
mologist Luca Franzini (+12-08-2015) and to His Family.
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