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1 Introduction

In Hungary, sandy soils account for almost 30%, of which 615 thousand hectares are located
in the area of the Danube-Tisza sand ridge [1, 2, 3].

The soil of our experiment was a cover sand (Borbas desert) soil belonging to the shifting sand
soil subtype. In terms of the texture of these soils, 16% is sand and 10% is sandy loam [4]. Their
water, air and heat management are poor. They are genetically poor in organic and mineral colloids.
Their structure is severely degraded. Only humus-rich sandy loam soils with a humus content above
1% have some structure.

The total potassium (K) content of sandy soils is from 0.2 to 3.3%, of which only a small part
can be utilized for plants. Potassium is found in the form of K™ ion in soil solution, on the surface of
colloids (in the form of adsorbed exchangeable ion), in non-exchangeable form strongly bound to
clay minerals and in crystal grids of primary potassium minerals [8, 9]. In addition to their low clay
mineral content, their organic matter content is only 1.2-3% [6, 7]. It follows from the above that the
K-supply capacity of our soils is low [5, 6, 7] and can be considered poor.

An equilibrium is formed in the soil solution between the exchangeable and non-exchangeable
K* ion content. However, potassium binding can hardly be expected on our sandy soils because of
the low clay mineral content and thus the low level of selective binding [5, 6, 10, 11, 12]. In the
nutrient supply of vegetable plants, it is important to follow that in which manner the nutrients are
available to the plant in soluble form during the growing season, and at different stages of plant
development [13, 14].

In plants, potassium remains in ionic form and may be mineralized from organic matter after
the plants die. Therefore, only the presence of inorganic potassium in the soil is expected.
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In this lysimeter system, we have previously studied leached nutrients from the soil, involving
potassium as well [15, 16, 17, 18, 19, 20, 21]. We have been carrying out pot experiments for
decades with different vegetable and field crop test plant cultures using different types and amounts
of fertilizer treatments. Organic-fertilized treatments were always set in the same culture vessels.
The effect of potassium nutrient on crop elements was already studied in the previous year, also with
tuberous celery test plant [18].

According to our previous experiment, as a result of increasing doses of nitrogen, N content of
celery tubers increased significantly. In parallel, nitrogen showed a positive correlation with iron
content, but it showed negative correlation with calcium and copper levels [18]. Nitrogen content of
the soil also had a positive effect on the vitamin C content. Our results show that organic fertilization
on sandy soils, which increased the colloid content and improved the soil structure and water
management, proved to be very favourable (humate effect).

Our results have been reported continuously in a number of forums since the 1990s [18, 19,
20]. In this experiment, a complex fertilizer, granular organic fertilizer, ammonium nitrate and
potassium sulphate fertilizers were used in investigating the effect of nitrogen and potassium
nutrients on celery crop.

2 Materials and methods

The present experiments were carried out in the inner demonstration garden of the Faculty of
Horticulture and Rural Development of John von Neumann University, in 2018. Lysimeter-type pots
with 0.3 m? surface and drain water outlet, were sunk into the ground. The soil of the experiment
was shifting sand soil belonging to the main type of frame soils. In the randomized block experiment,
there were six treatments in four replicates. Rain-like irrigation was used. Two series of the pots
were lifted with 50 cm, and drain water was collected through a connected pipe. For the
characterization of soil properties and nutrient content, we collected soil samples from the pots prior
the beginning of the experiment (with the exception of organic-fertilized pots). The depth of sampling
was 0-30 cm.

Soil samples were tested prior the experiment in the accredited Soil and Plant Testing
Laboratory in the Faculty of Horticulture and Rural Development, John von Neumann University.

Soil tests were made by standard methods. Soil test results are shown in Table 1.

Table 1. Soil physical and main nutrient chemical properties of growing pot soil samples

pH(H:0) pH(KC) P'as}f/:c'ty Sos';ltt"e CaCO; H%  (NOsNO2)-N AL-P:Os AL-K;O
- - - m/m%  m/m% m/m% mg/kg mg/kg mg/kg
7.58 7.42 27 <0.02 1.41 0.65 3.04 330.4 83.7

According to the soil test results, the pH was neutral and had a sand mechanical structure.
Organic matter content was low, and in correlation with it, N content was low as well. P and K supply
was in the medium range.

The fertilization protocol of the applied six treatments are shown in Table 2.
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Table 2. Treatment protocol of the experiment

Basic fertilizer Basic* ?f_‘d head Total

Treat-| 1 iment NovaTec Orgevit fertilizer
n,ll%nt code N P20Os | KO N P20Os | K20 N P20s K20 N P.0Os | KO
kg/ha | kg/ha | kg/ha | kg/ha | kg/ha | kg/ha | kg/ha | kg/ha| kg/ha kg/ha | kg/ha | kg/ha
1 Control 0 0 0
2 NT+Org 72 48 96 80 50 46 152 98| 142
3 NT 72 48 96 72 48 96
4 NT+K150 72 48 96 75*+75 72 48 | 246
5 NT+N66+K150 72 48 96 33+33 75*+75 138 48 | 246
6 NT+N66+K300 72 48 96 33+33 150*+150 138 48| 396

NT= Nova Tec (classic), 12:8:16 (+3MgO+te): in 600 kg/ha dose, representing 72:48:96 N, P,0s
and K-O.

Org = Orgeuvit, 4,0:2,5:2,3 in 2000 kg/ha dose, representing 80:50:46 N, P,0Os and K-0O.

N: NH4NO3 (34%) 66 kg/ha N, given in two equal doses, as head fertilizer.

K: K2S04 (50%) 150 or 300 kg/ha K20, given in two equal doses, as basic and head fertilizer.

Test plant of the experiment was celery (Apium graveolens convar. rapaceum) (Figure 1.).
Seedlings were planted in May 2018., in 5 plants/pot density.

Figure 1. Celery test plants in the lysimeter pots in May 2018

The culture pots were kept weed-free by mechanical methods during the growing season.
Irrigation was done with rain-like irrigation according to the needs of the plants. No plant protection
was used, although powdery mildew infection revealed in all treatments. Harvesting was carried out
at the end of the growing season, in a state of market value (22 October 2018). Total mass per pots
were followed. Leaf, tuber and root mass yield per treatment and replication were also measured.
The results were evaluated by variance analysis [22].
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3 Results

Total biomass production of celery is shown in Figure 2. It can be clearly seen that the absolute
zero treatment has a very low total mass yield due to the extremely high NPK deficiency. The yield
of the NT + K150 treatment was almost the double. However, it is clear that the K surplus did not
compensate for the N deficiency. Organic fertilization and treatments supplemented with extra
nitrogen and potassium already yielded higher yields than the NT control that received the lowest
amount of NPK. Orgevit treatment had a positive effect on the nutrient and water management of
the sandy soil, coupled with some structural improvements.

g/pot
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Figure 2. Total biomass production of celery plants after different treatments (g/pot)

NT (potassium control) and NT + K150 were hardly different. However, organic fertilizer
treatment has already produced significantly higher biomass mass., Treatment 6 with the highest
amount of fertilizer (NT + N66 + K300) produced significantly higher amount than NT (K control),
with 95% safety.

The lowest tuber yield was got also in the absolute control treatment (Figure 3). Organic
fertilizer and N+K supplemented treatments produced significantly higher tuber mass, with 95%
confidence.
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Figure 3. Average tuber mass after different treatments (g/pot)
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The weight of tubers per number of pieces in treatments (Figure 4) show that it was very small
in the case of the control treatment (21.9 g/piece), while the potassium control treatment was already
three times of that (59.4 g/piece). NT basic fertilizer treatments supplemented with potassium and
nitrogen plus potassium formed an average mass of 76.9-79.6 g/piece). Finally, organic fertilization
and the treatments that received the highest amount of nutrients were resulted in the highest mass
87.3 - 95.3 g/piece.

Figure 4. Average weight of celery tubers after different treatments (g/piece)

The results of the analysis of the crop parts show that the highest root mass was reached by
the absolute zero control (Treatment 1, root ratio was 37%) (Figure 5). This may be explained by the
results of soil tests as the soil has a very low mineral nitrogen content: (NO2-NO3)-N was 3.04 mg/kg
(Table 1). As a result, root growth was more intensive, probably meaning that larger root formation
was required for higher food intake. The root was “looking for” the nutrients. In the other treatments,
the root mass was much lower, it fluctuated between 23-26%.

H Root W Tuber Leaf

Figure 5. Percentage distribution of celery crop parts
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The highest tuber ratio in plants was obtained by 246 kg/ha KO fertilizer (Treatment 4), it was
56%. Treatments 5 and 6, which received even more, plus nitrogen and potassium fertilizers,
resulted a little bit lower, 52-52% tuber ratio. So, we find these fertilizer amounts excessive. The
lowest tuber weight (38%) was got by the unfertilized treatment and then by treatment with granular
organic manure (48%). This fact contradicts our previous experiment in the year 2017 in some
respects [18]. This may be explained by that the granulated organic manure was mixed into the soil
immediately before planting, and there was not enough time to decompose the organic matter, as
organic manure has prolonged effect.

Leaf weight was the highest in the organic fertilizer treatment (27% of total plant mass), while
the average of the fertilized treatments was only 22%. This was also observed in our previous
experiment [18].

When examining the average percentage of each crop element in the case of the control and
treated pots, we observed that: in the absolute control plants, the ratio of leaf was 25%, while the
root and tuber weights were almost the same, 37% and 38%, respectively. In contrast, in the case
of fertilized treatments, the proportion of the leaf was almost the same as that of the control (23%),
but the root was only 25%, and the tuber represented more than half of the total weight, it was 52%
in the average (Figure 6).
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Figure 6. Ratio of different parts of celery to total plant weight (expressed in %)

4 Discussion

It is known that the nutrient content of our sandy soils, especially their humus content, and
their ability to provide nitrogen are extremely weak (Table 1). Total yield in field crops is determined
by the amount of the nitrogen in many cases [23, 24, 25]. This is also the case for the vegetable
crops.

At the beginning of the 21th century, based on our philosophy of “environmentally friendly
nutrient management in open field vegetable production”, our goal is not to increase the nutrient
content of the soils at any rate, but to take better account of soil nutrient supply, plant nutrient
demand, to avoid further load on the environment and achieve a good crop in an economical way
[26].

Examining all the biomass weights, it can be stated that the weight of the crop was extremely
small, which can be attributed primarily to powdery mildew infection during the growing season.
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From the soil test data, it can be seen that the mineral N content as well as the humus content
of the soil of our experiment were extremely low, while the AL-K>O content of our soil was in the
medium range. On the other hand, the phosphorus content of the sandy soil fell into the category of
very good nutrient supply as a result of the previous annual nutrient replenishment, which is also
supported by Cserni's previous field experiments [27].

The treatments of our experiment were set up on the basis of the knowledge of the starting
nutrient content of the soils, taking into account their background, so that the phosphorus content of
the soil would rather stagnate in the experiment. Our results, in accordance with former studies,
emphasize that the K surplus does not compensate for the N deficiency [5]. Leaf and tuber weight
results were also compared with the results of the 2017 year [18].

The yields of the experiment, as in the case of all pot and micro-plot experiments, only allow
to compare the results of the changes and proportions of the different treatments.

5 Conclusion

In summary, it can be said that in our experiment the most favorable effect of potassium
nutrient on tuber weight was around 246 kg/ha K>O active ingredient. This dose already seems to
be extremely large. The results call attention to the fact that root development is more intense in
nutrient-poor soils (for “nutrient search”), which also results in more limited tuber formation. On the
other hand, in nutrient-rich soils, especially those well supplied with potassium, half or more of the
biomass mass is used for tuber formation, while the remainder, in almost equal proportions, is used
for leaf and root formation.

Acknowledgment

Authors wish to thank for the support of the research carried out in the framework of the EFOP -
3.6.2-16-2017-00012 ,Developing a functional, healthy and safe food product chain model from field
to table in a thematic research network”. The project is funded by the Hungarian State and the
European Union, co-financed by the European Social Fund, and is part of the Széchenyi 2020
program.

Thanks to Csaba Szabé and the staff of the Soil and Plant Testing Laboratory for their help in
the technical implementation of the experiments.

Rectification: Unfortunately, an incorrect data occurred in our 2017 experiment. In Table 1 the
applied fertilizer treatment Nova-Tec K;O kg/ha is correctly 96 kg/ha instead of 66 kg/ha. We
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