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Abstract

It is well known the role of nutrients in growing crops and obtaining cost-effective production, but also to ensure
a nutritious contribution to humans and animals alike, in food safety conditions. This study aims to evaluate both
the supply of nutrients and the main parameters of agricultural soils, in 0-30 cm layer, under intensive
agricultural practices pressure, undertaken in an agricultural area influenced by steel industry activities. The soil
samples were collected from three sites and different plots grown with wheat, corn, and sunflower, and subjected
to analysis protocols within Galati County Soil Survey Office. Soil supply with the main macronutrients
indicates imbalances in all studied sites, regardless of the cultivated plants. Overall, soils have a high nitrogen
deficiency, correlated with the low level of soil organic matter supply. Total Kjeldahl nitrogen values are
between 0.076-0.258 % for all surveyed plots. Mobile phosphorus is low to very high (8-276 ppm), while mobile
potassium is low to very high (70-600 ppm). On the one hand, this is due to the natural process of soil
degradation through water and wind erosion, and on the other to anthropogenic activities. Most of the time, out
of the desire to obtain large harvests, farmers apply non-compliant amounts of fertilizers, which translates into
the physical and chemical degradation of agricultural soils and poor management of crop nutrition. Other
investigated soil parameters were pH, particle size fractions, as they are related to the dynamics of chemical
elements in the soil. It could be concluded that the studied agricultural soils are characterized by imbalances in
terms of providing chemical elements accessible to plants, in relation to the main investigated physico-chemical
parameters and environmental conditions.
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1. INTRODUCTION

Nitrogen (N), phosphorus (P), and potassium (K) are essential macroelements in plant
nutrition, along with calcium, magnesium, and sulfur. They are considered nutrients without which the
vegetative cycle cannot take place. Imbalances in plant nutrition, in different stages of evolution,
generate crop production losses and decrease their quality [1]. Between soil macronutrients and
microelements, there is a synergistic relationship, the deficiency or excess of one of them causing
disturbances of fixation and availability of the others [2]. Higher concentrations of N, P, and K are
often found in the upper layer of the soil and gradually decrease to depth [3]. Periodic assessment of
the soil physico-chemical parameters is important in maintaining its health and of the entire ecosystem
alike. Therefore, the present study aims at a preliminary assessment of macronutrient concentrations in
soils cultivated with wheat, maize, and sunflower.
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Sendreni, Tulucesti, and Vadeni territories are part of the South-East Development Region,
Romania, the share of arable land representing more than 80% of the total agricultural area. According

to report [4], the area of the main categories of land use is shown in Table 1 and Figure 1.

Table 1. Main categories of land use surfaces [4]

Territory Agrg:r:I;ural Arable Pasture Vineyard Orchard
ha ha | % ha | % ha | % ha | %
Galati county
Sendreni 3923 3398 86.62 | 250 | 6.37 80 204 | 195 | 4.97
Tulucesti 5947 5067 85.20 | 247 | 4.15 | 633 | 1064 | O 0.00
Braila county
Vadeni | 11188 | 10605 | 94.79 | 538 | 480 | 31 | 0.28 | 14 [ 0.13
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Fig. 1. Agricultural areas structure and surface by the main categories of land use

Statistics show that, among agricultural crops, the most cultivated are wheat, corn, and
sunflower. The total cultivated area by crops for each studied territory is presented in Table 2

and Figure 2.

Table 2 Cultivated area for the main field crops [4]

. Wheat and rye | Corn | Sunflower
Territory ha
Sendreni 125 1016 773
Tulucesti 1030 2053 880
Vadeni 1495 3109 2302
TIHH)
WMDY
5000 u Sunflower
2 4000 1 Corn
3000 1 Wheat&rve
o
)+ . :

Sendreni

Tulucesti

Vadeni

Fig. 2 Main crop plants area
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2. EXPERIMENTAL
2.1. Sampling site location

The study of soil nutrients was carried out in three agricultural territories from the SE
Romania (Tulucesti and Sendreni, Galati county, and Vadeni, Braila county). They are located in the
plain and meadow area, in a temperate continental climate and steppe region.

2.2. Sampling procedure

The soils were taken from agricultural lands cultivated with wheat, corn, and sunflower, on a
depth of 0-30 cm. A total number of 29 samples were collected in encoded plastic bags (12 samples
from Tulucesti, 8 samples from Sendreni, and 9 samples from Vadeni). Field activity took place in
July, September, and October 2018 and 2019, and sampling points were established according to the
local ecological conditions and the area of influence of the Galati steel plant.

2.3. Soil samples preparation and testing

Soil samples were conditioned and air-dried, ground in a porcelain mortar, and passed through
a 2 mm sieve. Investigations on chemical parameters were performed in the laboratory of Galati
County Soil Survey Office, according to the methods provided in Table 3.

Table 3. Analytical methods used to determine the chemical parameters of the soil
Parameter Analytical method
pH Potentiometric in agueous suspension 1: 2.5 (SR ISO 10390)
Organic matter (OM) Volumetric method (STAS 7184/21-82)
Organic carbon (OC) Volumetric method (STAS 7184/21-82)

Total Kjeldhal nitrogen |\ <o dhal method (SR 1SO 11261)

(TKN)

Mobile phosphorus (Pn) Egner—Riehm—Domingo method, in ammonium lactate acetate (AL)
extraction at pH 3.7 and UV-VIS Spectrometry (SR ISO 11263)

Egner-Riehm-Domingo method, in ammonium lactate acetate (AL)

Mobile potassium (Km) | extraction at pH 3.7 and Flame Atomic Emission Spectrometry

(STAS 7184/18-80)

Particle-size analysis Gravimetric method (STAS 7184/10-79)

Sum of exchangeable

bases (SB)

Hydrolytic acidity (Ha) | Volumetric method (extraction with 1N sodium acetate)

Kappen method

Nitrogen index was calculated as follows:
NI = (H X VHa)/100, where:
NI- nitrogen index (%);
H — humus content (%);
VHa— the degree of base saturation (%); it was calculated according to the formula:
VHa = (SB/(SB+Ha))x100, where:
VHa — the degree of base saturation (%);
SB - the sum of exchangeable base (me/100 g soil);
Ha — hydrolytic acidity (me/100 g soil).
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3. RESULTS AND DISCUSSION
3.1 Soil pH

Soil reaction influences the bioavailability of nutrients and may induce restrictions on plant
development [5]. In general, the results showed that the pH of the investigated soils did not vary
within very wide limits, being from slightly acid to moderately alkaline. The results show that in the
Tulucesti area, soils” pH is slightly acid (6.35-6.60), slightly alkaline (7.52-8.36), and moderately
alkaline (8.42). In the Sendreni area, pH values are similar to those in Tulucesti, the soils evolving on
the same type of parent material and in the same ecological conditions. Soil reaction is slightly acid
(6.34), slightly alkaline (7.85-8.02), and moderately alkaline (8.44-8.49). Soils from Vadeni,
developed in the meadow area of the Siret-Danube river system, are characterized mostly by a slightly
alkaline reaction (8.06-8.34) and moderately alkaline reaction (8.46). Soil pH and its spatial
distribution by classes are shown in Fig. 3 a), b), ).

Soils' pH on 0-30 cm depth
Tulucesti territory

Soils' pH on 0-30 cm depth
Sendreni territory

Legend
slightly acid (5.81-6.80)
slightly alkaline (6.81-7.20)

@ moderately alkaline (7.21-8.40)

II-3 - soil sample ID

slightly acid (5.81-6.80)
slightly alkaline (6.81-7.20)
@ moderately alkaline (7.21-8.40)

I-3 - soil sample 1D

Soils' pH on 0-30 cm depth
Vadeni territory

Legend

slightly alkaline (6.81-7.20)
@ moderately alkaline (7.21-8.40)
111-3 - soil sample ID

c)
Fig. 3. Soils’ reaction on 0-30 cm depth: a) Tulucesti, b) Sendreni, ¢c) Vadeni territory
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3.2 Soil texture

Figure 4 a), b), c¢) show the particle size composition of the investigated agricultural soil. In
direct relation to the parent material, the soil texture plays an important role in the infiltration of water
into the soil and / or the migration of nutrients or toxic elements in the lower layers.
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Fig. 4 Granulometric fractions of soils: a) Tulucesti, b) Sendreni, ¢) Vadeni territory
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Sandy soils are prone to loss of nutrient reserves and water needed by plants, while clay soils
have the ability to store more water and nutrients, but block them so that they cannot be made
available to plants [6]. Soils from Tulucesti and Sendreni territories are of coarse (sand (N) and sandy-
loam (U)) and medium (loamy-sand (S) and loam (L)) texture. On Vadeni territory, the texture is
mostly medium-fine (loamy-clay (T)), while medium (loamy-sand (S)) and coarse (sand (N)) classes
are present in narrow surfaces.

3.3 Organic matter and organic carbon content

Organic matter (OM) is an indispensable component for ensuring soil fertility, its presence
being a mandatory condition for plant nutrition. The concentration of organic matter in the soil is
related to the amount of organic carbon (OC), as an indicator of soil stability, nutrients, and water
supply [7]. Table 4 and Fig. 5 present analytical results for OM, OC, C/N ratio, and TKN.

Table 4. Organic matter, organic carbon, C/N ratio, and the Kjeldhal nitrogen content in soil,
on 0-30 cm depth, Tulucesti, Sendreni (Galati county) and VVadeni (Braila county) territories

Parameter Tulucesti
-1 1-2 -3 -4 | 1-5 1-6 1-7 1-8 1-9 1-10 | 1-11 | 1-12
OM (%) 351 | 338 | 211 | 1,71 (246 | 187 | 2,27 | 2,44 | 3,30 | 1,79 | 1,68 | 1,63
OC (%) 2,04 | 196 | 1,22 |{100(1,43| 1,09 | 1,32 | 1,96 | 192 | 1,04 | 0,98 | 0,95
TKN (%) 0,24 | 0,21 | 0,10 | 0,22 | 0,15 0,20 | 0,16 | 0,13 | 0,23 | 0,09 | 0,08 | 0,08
CIN 8,60 | 9,60 |11,95|8,05|9,40 | 11,20 (10,85 11,30 | 17,35 | 13,35 | 13,40 | 14,50
Parameter Sendreni
1-1 1-2 -1 -2 { -3 | 11-4 11-5 11-6 -7 11-8

OM (%) 3,51 338 | 157164098 | 132 | 2,78 | 2,85 2,64 2,96
OC (%) 2,04 19 (091095057 0,77 | 1,62 | 1,66 1,53 1,72
TKN (%) 0,24 021 (011012 |0,24| 0,08 | 0,12 | 0,13 0,17 0,11

C/N 8,60 960 |7,75]|8,15| 6,20 | 21,95 | 15,80 | 15,80 10,25 18,90
Vadeni
Parameter
-2 | -2 | -3 { -4 | -5 | -6 | -7 | -8 | 11-9

OM (%) | 227 | 2,17 | 1,67 | 250 | 1,91 | 1,20 | 3,13 | 2,23 | 2,16
OC (%) 132 | 1,26 | 097 | 1,45 | 1,11 | 0,69 | 1,82 | 1,29 | 1,25
TKN (%) | 011 | 0,14 | 0,11 | 0,12 | 0,08 | 0,11 | 0,13 | 0,14 | 0,10
CIN 11,75 | 9,25 | 8,85 | 14,00 | 17,00 | 7,10 | 16,35 | 10,65 | 16,40

C/N=10 (calcic mull ); C/N=12-15 (non-calcic mull ); C/N=15-25 (moder) [2]

The data highlight that, depending on the particle size composition (Fig. 4 a), b), ¢)) and the
content of organic matter (Table 4), investigated soils fall into the following content classes [8]:
- in the Tulucesti area, the values of the humus content vary between 1.63% and 3.51%, so

that the concentration falls within the low-high classes.
- in the Sendreni area, the humus content is between 0.98% -2.85%, low-moderate classes

respectively.
-in the Vadeni area, the humus concentration in soil shows values of 1.20% - 3.13%, low-high

classes.

[2] and [9] suggest that the values of soil organic matter are 1.724 times higher than those of
organic carbon, as shown in Table 4.
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Fig. 5. Organic matter and organic carbon level in agricultural soils’
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Fig. 6. Total Kedjdahl nitrogen content in soil, on 0-30 cm depth: a) Tulucesti, b) Sendreni, ¢) Vadeni
areas

Total nitrogen contenton soils' 0-30 cm depth

Tulucesti territory

Legend

very low (< 0,100 %)
Low (0.100-0.140 %)
medium (0.141-0.270 %)

1-3 - soil sample 1D

Total nitragen contenton soils' 0-30 cm depth
Sendreni territory

Legend

very low (<0.100 %)
Tow (0.100-0.140 %)
medium (0.141-0.270 %)

II-3 - soil sample ID

b)

‘Total nitrogen contenton soils' 0-30 cm depth
Vadeni territory

very low (<0.100 %)

medium (0.141-0.270 %)

I-3 - soil sample [D

c)
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C/N ratio highlights the type of humus on the 0-30 cm depth of arable land soils. Therefore,
on the territory of Tulucesti, C/N values indicate especially the presence of calcic and non-calcic mull
humus type, which is correlated with the soil types in the sampling area (calcaric chernozems and
fluvisols and cambic chernozems [10 a]). In Sendreni, the soils consist of calcic mull and moder type
of humus, on calcaric chernozems [10 b]. On Vadeni territory, the soils contain calcic and non-calcic
mull, but also moder humus, on fluvisols and gleysols [11].

3.4 Total Kjeldhal nitrogen concentration

Total Kjeldhal nitrogen content of agricultural soils from Tulucesti, Sendreni, and Vadeni
areas is presented in Table 4 and Fig. 6 a), b), c).

Considering the limits of the interpretation given by [2], the studied soils fall within the very
low-medium limits supplied with total nitrogen. The agricultural layer of soils on the territory of
Tulucesti presents average values of 0.08 - 0.24 %, most of the analyzed samples having a very low
and low supply of TKN. The soils on Sendreni territory have average concentrations of 0.08-0.17 %
nitrogen, generally being low supplied with this element. On Vadeni territory, the soils have a very
low and low content of TKN, registering average values of 0.08-0.14%. According to [12], total
nitrogen in the top layer of Romanian soils falls between 0.02 % to 0.77 %.

The level of nitrogen content in the soil may be also assessed according to the nitrogen index,
[13]. For the studied territories, the values of the nitrogen index are shown in Fig. 7 a), b), ¢).
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Fig. 7. Nitrogen index in agricultural soils, on 0-30 cm depth: a) Tulucesti, b) Sendreni, c)
Vadeni areas
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According to the nitrogen index scale of the interpretation provided by [2] and [13], the soil is
low and moderately supplied with nitrogen, the values varying between 1.58-3.49% on Tulucesti
territory, 0.97-2.83% on Sendreni territory, and 1.18-3.06% on Vadeni territory.

3.5 Mobile phosphorus

Regular checking of mobile phosphorus level in soil, along with other nutrients, is important
for the proper management of nutrient reserves, so as to ensure the necessary amount for the
development of metabolic functions of plants. For the 0-20 cm layer of soils in Romania [12] reported
values located in the extremely low-very high range, with the predominance of the extremely low-low
category. The status of soils’ mobile phosphorus of the three studied territories is shown in Fig. 8 a),
b) c).

Accessible phosphorus content on soils’ 0-30 cm depth
Tulucesti territory Accessible phosphorus contenton soils' 0-30 cm depth
Sendreni territory

Legend
low (8.1-18.0 ppm)
medium (18.1-36.0 ppm)
high (36.1-72.0 ppm)
very high (>72.0 ppm)

11-3 - soil sample ID

Legend
low (8.1-18.0 ppm)
medium (18.1-36.0 ppm)
high (36.1-72.0 ppm)
very high (>72.0 ppm)

I-3 - soil sample ID

Accessible phosphorus contenton soils' 0-30 cm depth
Vadeni territory

IL-2g JM-3

.III-b

Legend
low (8.1-18.0 ppm)
medium (18.1-36.0 ppm)
high (36.1-72.0 ppm)
very high (>72.0 ppm)

1I1-3 - so0il sample ID

c)

Fig. 8. Mobile phosphorus content in the soil, on 0-30 cm depth: a) Tulucesti, b) Sendreni, c) Vadeni
areas
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The level of mobile phosphorus supply of agricultural soils on the three studied territories is
from low to very high. The soils from Tulucesti show values from 11.30 ppm to 253.35 ppm. On
Sendreni territory the content is 9.80 ppm - 161.75 ppm, and on Vadeni territory, it ranges between
14.85-180.30 ppm.

Recent studies have shown the importance of correcting phosphorus deficiencies in the soil,
especially since this element is involved in the efficiency of nitrogen fixation and further in biomass
production [14, 15], stimulating root development and, implicitly, increasing the amount of organic
matter in the soil.

3.6 Mobile potassium

In Fig. 9 a), b), ¢) it may be observed that the mobile potassium concentration in the
agricultural soils is in the medium-very high limits, with values between 95 - 600 ppm.

Accessible potassium on soils’ 0-30 cm depth
Accessible potassium on soils’ 0-30 cm depth

Sendreni territory

Tulucesti territory

Legend
medium (66.1-132.0 ppm)
high (132.1-200.0 ppm)
very high (> 200.0 ppm)
I1-3 - soil sample ID

Legend
medium (66.1-132.0 ppm)
high (132.1-200.0 ppm)
very high (> 200.0 ppm)

I-3 - soil sample ID

Accessible potassium on soils' 0-30 cm depth
Vadeni territory

Legend
high (132.1-200.0 ppm)
very high (> 200.0 ppm)

II-3 - soil sample ID

c)

Fig. 9. Mobile potassium content in the soil, on 0-30 cm depth: a) Tulucesti, b) Sendreni, ¢) Vadeni
areas
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For the territories of Tulucesti and Sendreni, the level of supply with mobile potassium is
medium-very high, with 112 - 600 ppm for Tulucesti and, 95 - 600 ppm for Sendreni, respectively. On
the territory of Vadeni, the concentration of mobile potassium in the 0-30 cm layer reaches 170-506
ppm, falling within the high-very high limits. According to [12] the level of mobile potassium in
Romania’s agricultural soils, on 0-20 cm layer, is within the extremely low-very high limits.

4. CONCLUSIONS

Long periods of agricultural use of the land requires careful attention in soil resources
management and environmental protection. The content of TKN, mobile P, and K was investigated, as
they are elements involved in all the functional processes in plants. The studied soils have nutrient
deficiencies. Under these conditions, improvement measures through controlled fertilization, with
organic and chemical fertilizers are required, at the same time with the application of irrigation and
agrotechnical works to improve the physical properties of the soils.
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