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Soil nitrate content

Organic material Horticultural production is of major importance in our region, as
Correlation studies it contributes significantly to the supply of fruit and vegetables

Nitrate sensitive area

. . consumption of the population of the country. On soils with lower
Good agricultural practice

fertility and lower organic matter content, repeated nitrogen
supplementation is essential during vegetation. However, the
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Received 28 Jan 2020 most important physical and chemical properties of the soil, we
Revised 18 Feb 2020 investigated the organic matter and nitrate contents and followed
Accepted 25 Feb 2020 their correlation, especially in the case of vineyards and fruit

plantations. In three consecutive years, we determined the
distribution of nitrate content and analyzed the risk of high nitrate
levels in the surrounding soils. We suggest, that organic
fertilization is extremely important in sandy soils to balance
nitrate and other nutrient levels in the soil.

1 Introduction

The easy-to-absorb forms of nitrogen in the soil solution for cultivated plants are mainly the
ammonium and nitrate ions. However, less than 0.1% of the total nitrogen stock fraction is readily
absorbed in the soil, on average. The vast majority of nitrogen is found bound in various organic
compounds, humus substances, microorganisms and dead biomass remains. Thus, the breakdown
of soil organic matter determines the natural N-supply capacity of the soil [3].

The nitrate content of the soil is also affected by the mineralization of the organic matter content
and the amount and form of the fertilizer or organic fertilizer used. Therefore, its level may change
significantly over time. Furthermore, uptake by the plants - this is the goal really - and the loss of soil
due to leaching may be significant. Due to the negative charge of the surface of the soil colloids, the
anion exchange capacity is relatively small. Thus, irrigation, weather, rainfall and possible water
cover are also very important influencing factors [1].

Under aerobic conditions, the nitrate content of the soil shows the mineral nitrogen content
that can be directly absorbed by the plants [3].

Under anaerobic conditions, the activity of denitrifying bacteria / microorganisms reduces the
leaching of nitrate to a certain extent, and thus may delay environmental eutrophication processes.
Nitrogen is one of the most important macronutrients in plant life, but too much nitrate can have
harmful effects on soil, the environment and thus human health as well. The high nitrate content of
waters and foods may cause problems in many parts of the EU, so the Nitrate Directive regulates
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the necessary preventive measures and limit values which must be kept to avoid the risk of nitrate
pollution [17].

EU agricultural support has provided significant resources for the establishment and
modernization of vineyards and fruit orchards over several cycles. However, a significant part of the
country is classified as a nitrate-sensitive area and therefore the application of nitrogen is restricted
in these areas.

From 2006, 46% of Hungary's territory, and from 1 September 2013, approximately 70%, was
classified as nitrate-sensitive. The rules of good agricultural practice should be kept in these areas
from 2007 (green color) or 2014 (red color), as shown in Figure 1.
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Figure 1. Nitrate-sensitive areas in Hungary, signed with green and red colors (Ministry of Rural
Development, State Secretariat for Agriculture, 2013 [16])

As a result, many farmers are affected by the requirements of the Directive [15, 16].
Compliance with the directive limits, nutrient delivery in both time and quantity would be controlled.
Specifications include that fertilizer use in nitrate sensitive areas is allowed only if it was based on
soil tests not older than 5 years. In soil tests of nitrate sensitive areas, besides the determination of
the most important soil physical properties (pH, soil plasticity, salt, lime and humus content), the
measurement of the three most important, major plant nutrients (N, P, K) is required, in the frame of
so called “restricted soil test pack”.

The organic matter content of soil is a complex mixture of organic compounds, including humic
acid, fulvic acid, humic substances, proteins and polysaccharides and their metabolites. Organic
colloids have large specific surfaces and ion exchange capacity, so significantly affect the fertility
and nutrient supply of soils in general [5, 6].

The laboratory of the Faculty of Horticulture and Rural Development connected to thousands
of farmers, testing continuously physical and chemical analysis of the soil samples. In our study we
were on following nitrate content of soil with special reference to the nitrate sensitivity. We followed
correlation between organic matter and nitrate content as well.

2 Materials and methods

Soil samples, received among 2015-2017 years, were processed in the Accredited Soil and
Plant Testing Laboratory at the Faculty of Horticulture and Rural Development, John von Neumann
University. The number of samples processed was highly significant: it was 5640 in 2015, 5160 in
2016 and 8730 samples in 2017. Most of the soil samples derived from the southern part of the Great
Plain, mainly from vineyards and orchards, and in a small extent (about 15%) from fields. The depth
of sampling was 0-30 cm, and 30-60 cm as well in the case of plantations.

67



J. Petd, A. Hively,, I. Csemi

Soil tests were made by standard methods. Organic matter content was determined
photometrically after dichromate / sulfuric acid digestion, and was expressed in m/m% airdry matter.
Determination range was from 0.2 to 4.0 m/m% humus content. Nutrient contents were determined
from soil extracts prepared according to standard 1 mol/dm? KCI extraction method. (NO2+NO3’)-N
measurements were performed using FIA Star spectrophotometry. As NO; level in the soil is very
low — compared to the NOs3™level in the soil, under normal circumstances —, results were expressed
in NO3-N mg/kg airdry matter. Distribution of NOs-N levels in three consecutive years was also
estimated. The frequency of date (%) in different ranges was calculated.

Pearson's linear correlation analysis was performed to reveal the relationships between the
examined parameters, and the significant relationships were determined at significance levels of 5%,
2%, 1% and 0.1%.

3 Results

Most of the samples, arrived into our laboratory in this period, derived from the Southern Great
Plain region of the country. Our data show, that there was a very strong correlation between organic
matter content and NO3-N level of the soil (Table 1). Correlation was the strongest in 2017, the
number of samples was the highest in this year as well. Organic matter contents (expressed in H%)
ranged from the minimum of lower than 0.20 m/m% to the maximum of 4.53 m/m%. Humus content
in the samples were generally in the lower concentration range.

Table 1. Correlation between soil organic matter and NOs-N level (2015-2017)

No. of Correlation Significance
Year samples coefficient level
n r (H% - NOs-N) p
2015 5640 0.2756 <0.001
2016 5160 0.3144 <0.001
2017 8730 0.4133 <0.001

Average nitrate levels were in the 10-25 mg/kg range, the average was the highest in 2015,
and the lowest in 2016 (Table 2).

NOs-N level spread on a large scale, showed large distribution, from a minimum of < 1.00
mg/kg, up to 400 mg/kg (Fig. 2).

Table 2. Average nitrate levels in the soil samples in 2015-2017 period

Year NO-N
mg/kg
2015 24.2
2016 12.1
2017 18.4
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Yo
250
200
150
100
5.0
0.0

NO3-N mg/kg
<1 1-3 35 5-7 7-10 10-15 | 15-25 | 25-50 | 50-100 |100-400
m2015| 44 76 55 59 85 131 209 229 9.8 14
m2016| 79 195 147 147 128 124 101 59 1.3 0.8
2017 35 120 123 109 114 162 136 133 49 19

Figure 2. Distribution of nitrate levels in the samples in 2015, 2016 and 2017

4 Discussion

The nitrogen content of the soil organic compounds is relatively constant, so the distribution of
nitrogen in the soil profile is the same as that of the organic matter [3]. Degradation of organic matter
in soil results nutrient source for cultivated plants, so — for estimating nitrogen demand —, soil experts
make the nutrient supply plan to the farmers on the base of organic matter level.

In practice, farmers carry out soil sampling in five-year intervals at plantations and fields. Good
agricultural practice, under regulation, calls for sampling after harvest and before fertilization.
Sampling is recommended at least 100 days after autumn fertilization. A waiting period of 100 days
after fertilization and six months after organic fertilization is recommended [15].

In nitrate-sensitive areas, manure application is prohibited during a defined winter period, the
amount of organic fertilizer that can be applied is limited, and farmers have to take into account the
slope of the area and, of course, the nutrient requirements of the crop in phenophase-dependent
manner. When determining the amount of nutrient to be applied by fertilization, the site conditions,
the nutrient supply of the soil and the nutrient requirement of the crop to be cultivated should also
be taken into account.

Our study areas were not characterized by inland water, they were well-ventilated, and in a
large extent, sandy textured soils. Thus, of the inorganic nitrogen forms, the amounts of ammonium
and nitrite are negligible, the main form of nitrogen is nitrate-nitrogen [4].

We showed that nitrate level was highly associated with soil organic matter content. Nitrate
concentrations showed large variation either, reaching about 400 mg/kg level in some cases. In
about 1.5% of the samples nitrate-nitrogen concentration reached the 100 mg/kg level.

From an environmental point of view, it would be important to determine the nitrate content of
the soil in late winter or early spring. This sampling indicates the initial amount of mineral nitrogen
for the vegetation period. In early spring, the soil temperature is still low, so microbiological activity
has not started [8, 9]. At this point, the humus is not mineralized yet [14]. This sampling method can
be used to determine the early spring nitrogen content of the soil, which can be taken up by plants
easily and needs to be taken into account in nutrient calculations [13]. It is recommended that early
spring sampling and nitrate determination should be more widespread in practice as it may provide
more accurate value than the calculation of nitrogen dose only from the humus content.
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In many cases, sampling and laboratory testing is carried out after the harvest. This nitrate
level cannot be used for calculation of the nitrogen fertilization in the following season, as its value
may decrease significantly until spring, due to leaching losses [2]. However, it is important from an
environmental point of view: when a farmer applies too much nitrogen or inadequately distributed
active ingredient during the growing season, or there is little rainfall or irrigation, the plant is unable
to uptake all the nitrogen and it would be largely wasted during winter. If the measured value exceeds
the value of about 5-10 mg/kg nitrate-nitrogen, too much nitrogen was released during the growing
season, the plant could not absorb it and the nitrate contamination in the environment could be
expected. This can be justified by determining the nitrate leaching into the deeper soil layers (it is
advisable to follow the nitrogen profile in the deeper layers of the soil), or even its appearance in the
groundwater or - in the case of erosion - losses in the surrounding areas.

Our soil samples were taken mainly either in the early spring or in the late summer-autumn
part of the year. Two-thirds of the samples in 2015, one-third of the samples in 2016 and 50% of the
samples in 2017 showed nitrate-nitrogen values higher than 10 mg/kg (this is also about the limit
allowed for drinking water).

Our former studies showed that organic matter contents in the samples were generally low and
showed significant variation [11, 12]. Organic fertilization and manure use are highly recommended
to improve soil structure and nutrient holding and storage capacity in soils [5, 6, 7, 10]. Controlled
use of organic matters in plant growing may have beneficial effects in reducing nitrate leaching in
the nitrate sensitive areas of our region.

Our results — based on testing more than ten thousand samples — show that nitrate-N content
of the soil was in a very close positive correlation with the organic matter content of the soil (p
<0.001).

In our further studies we are on following the seasonal variation of nitrate levels and estimating
the cultivation dependent soil concentrations and use of nitrogen fertilizers.

5 Conclusion

The relationship between organic matter and soil nitrate level was very strong.

We found nitrate-nitrogen levels higher than 100 mg/kg in about 1.5% of the tested soils, which
were characterized with generally low humus content. In our samples values higher than 10 mg/kg
were significant. The high nitrate content makes it probable that the required waiting time after
fertilization was not held at the sampling or that excess nitrate remained in the soil at the end of the
growing season.

Water soluble nitrate, remaining in the soil at the end of the growing season, is not relevant for
nutrient supply and digestion for the following year, since much of it is removed from the root zone
during winter and in this way, can cause environmental damage.

Increasing or re-supplementation of the organic matter content is also important for reducing
nitrate leaching. Controlled use of organic fertilization and/or recycling of the organic matter is
extremely important in sandy soils to balance nitrate and other nutrient levels in the soil.
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