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Abstract. The effect of long-term mineral and organic-mineral fertilization on selected soil prop-
erties (pH, total humus and N, available phosphorus, potassium, calcium, magnesium, iron and
manganese content) was studied in a stationary trail with tobacco monocropping system. The tri-
al was established on Rendzic Leptosols in 1966. Five treatments were selected for this study,
including control without fertilization (Check), nitrogen + phosphorus (NP), nitrogen + potassi-
um (NK), nitrogen + phosphorus + potassium (NPK) and nitrogen + phosphorus + potassium +
manure (NPK + manure). Soil samples at a depth of 0-25 cm were collected from all studied plots
every year (2014, 2015 and 2016). The results indicated that maintaining humus content at the
initial level is not possible through yearly mineral fertilizer application. Long-term mineral phos-
phorus fertilization increased 5.5-5.7 times available P,O, in the soil compared to the initial lev-
el. The soil available K,O content in NK and NPK treatments increased, respectively, by 41.1%
and 44.9% over the initial level. A remarkable increase in available phosphorus (25.5 times) and
potassium (2.5 times) content in the soil compared with the initial level was found due to long-
term NPK + manure fertilization. The NPK + manure treatment was found to be the most efficient
management system in accumulating of total humus and N, available P,O,, K,O, Fe and Mn in
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a long-term fertilized Rendzic Leposol, under a tobacco monocropping system.
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INTRODUCTION

Fertilization is an important human-controllable factor for producing good
yield and quality of tobacco. There are numerous questions about the impact of
the long-term fertilization on soil properties and crop productivity. Long-term
field experiments provide indispensable sources of knowledge that can help in
answering them. Such experiments are important in monitoring, understand-
ing and providing proofs for the changes in soil fertility occurring as a result
of long-term agrotechnical interventions, most importantly — of fertilization
(Debreczeni and Korschens 2003).

Soil pH is accepted as a dominant factor that regulates soil nutrient bioavail-
ability. Mineral and organic fertilization proved to be one of the factors caus-
ing soil acidification (Vaséak et al. 2015). Soil organic carbon (SOC) is a strong
determinant of chemical, physical, and biological properties, and soil quality.
Shevtsova ef al. (2003) reported that the mineral fertilization contributes signif-
icantly to the formation of labile humic substances at the expense of Ca-forms
of soil organic matter which are more resistant to microbial decomposition and
act as the binding agents of aggregate stability. The data of Hati et al. (2007)
showed that long-term application of balanced fertilizer alone or in conjunc-
tion with farmyard manure (FYM) induced a clear increase in organic carbon
status of the soil and consequently helped in carbon sequestration in the soil. In
comparison with unfertilized control and treatments with inorganic fertilizers,
farmyard manure significantly increased soil organic carbon and total N con-
centrations in the 0-30 cm layer (Liang et al. 2012). When the humus content
in ordinary chernozem is 43.5-45.2 g-kg, it is necessary to introduce manure
at a rate of 6.7-8.0 t-ha! annually to maintain its balance deficit-free (Gory-
anin et al. 2019). Merbach et al. (2000) concluded that in the long term, the
C- and N-contents of the soil largely depend on the amount of hardly decompos-
able organic matter applied with organic fertilization. The same authors found
that high mineral N doses, with consequent high crop and root residues, also
increased the humus content in the soil.

For optimal crop yield, sufficient available phosphorus, potassium, calci-
um, magnesium and micronutrients are required. Annual additions of inorganic
fertilizers for 22 years increased extractable P and exchangeable K in topsoil.
This effect was generally enhanced with manure application (Yang et al. 2007).
Nutrient concentrations in the soil (the Magruder Plots) showed that relative
to the fertilized plots, application of manure increased calcium and magnesium
levels (Edmeades 2003). Long-term application of organic fertilizers as well as
organic fertilizers with additional phosphorus and potassium fertilization led to
an increase in the content of Ca?"+ Mg?" + K"+ Na* in the sorption complex
(Mazur et al. 2015). The availability of micronutrients in the soil can strongly
affect yields and quality of crops. It was shown that the DTPA-extractable soil
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Fe and Mn concentrations increased with increasing soil organic matter content,
thus, demonstrating the importance of soil organic matter in micronutrient avail-
ability for crops. The NPK treatment also had higher DTPA-extractable micro-
nutrient concentrations in soil (Li et al. 2007).

This paper reports the effects of different long-term fertilization treatments
(mineral and organic-mineral fertilization) on soil properties — pH, total humus
and N, available phosphorus, potassium, calcium, magnesium, iron and manga-
nese content — in a tobacco monocropping system.

MATERIALS AND METHODS
Field experimental conditions

The three-year data (2014—2016) were obtained from a trial with long-term
fertilization. The trial was established as a stationary experiment with continu-
ous tobacco cropping system established in 1966 at the Tobacco and Tobacco
Products Institute — Markovo, Bulgaria (42°06'N and 24°70'E). It includes twen-
ty-eight different treatments of fertilization with various rates and combinations
of nitrogen, phosphorus and potassium. In addition, organic-mineral fertiliza-
tion has been tested. The nitrogen fertilization rates applied are 0, 25, 50, and
100 kg-ha'!, for phosphorus — 0, 50, 75, 100, and 225 kg-ha™!, and for potassium
— 0, 75, and 450 kg-ha''. Since 1966, the experimental design is maintained as
a randomized complete block replicated three times. The soil is classified as
Rendzic Leptosol (World Reference Base for Soil Resources) (Teoharov 2004).

The growing season for tobacco at this location is often characterized by
warm and dry summers. Oriental tobacco plants (Nicotiana tabaccum L. cv.
Plovdiv 7) were grown in the stationary field. The plot area was 6.25 m? (2.5 x
2.5 m). Tobacco seedlings were transplanted at a 0.5 x 0.12 m distance (166,000
plants-ha'').

Treatments

Five of the above treatments were selected for this study, including control
without fertilization (Check), nitrogen + phosphorus (NP), nitrogen + potassium
(NK), nitrogen + phosphorus + potassium (NPK) and nitrogen + phosphorus
+ potassium + manure (NPK + manure). The fertilizer application rates of the
treatments are shown in Table 1.
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Table 1. Treatments and annual fertilizer application rates (kg-ha'-year™)

Fertilizers
Treatments Nitrogen (N)  Phosphorus The Po(tleés%l)lm Manure
2
Check - -
NP 50 75 -
NK 50 - 75
NPK 50 75 75 -
NPK + manure 50 75 75 20,000

Urea, triple superphosphate and potassium sulphate were used as sources of
N, P and K. Manure came from cattle farms. Fertilizers were broadcast before
transplanting and then incorporated in the topsoil layer. At the beginning of the
experiment, the soil had a pH value of 8.50 and contained 3.01% humus, 15 mg
available P O kg™ soil and 400-500 mg available K,O-kg"' soil as described in
the first formal publication of its soil properties (Vartanyan 1979).

Soil sampling and analysis

In March, soil samples at a depth of 0-25 cm were collected from all stud-
ied plots every year (2014, 2015 and 2016). The following soil characteristics
were determined: pH in water (1:1), humus according to Tjurin (Totev et al.
1987), total N — by the Kjeldahl method, available P,O, — by the Egner-Riehm
method, available KO — in 2N HCI. Available Ca and Mg were determined by
using IN KCI (Tomov et al. 1999). A solution of 0.005 M diethylentriamine-
pentaacetic acid (DTPA) and 0.1 M triethanolamine (TEA) buffered at pH 7.3
was used for extraction of the Fe and Mn mobile forms from soil (Lindsay and
Norvell 1978).

An atomic absorption spectrometer SpectrAA 220 (Varian, Australia) was
used for determination of K, Ca, Mg, Fe and Mn content in the soil samples at
the following wavelengths: K — 766.5 nm, Ca — 422.7 nm, Mg — 285.2 nm, Fe —
248.3 nm and Mn — 279.5 nm.

Statistical analysis

Results were analyzed using the SPSS statistical package, and differences
were assessed with the Duncan’s multiple range test at the 0.05 probability level.
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RESULTS AND DISCUSSION
Soil pH, total humus and N

Soil pH varied from 7.91 to 8.18, depending on the treatment (Table 2).
After continuous fertilization, the soil reaction was slightly decreased, which
indicates its strong pH buffer capacity. The pH in mineral fertilizer treatments
declined by 0.32 to 0.37 units compared to the initial status. The decrease in pH
in the mineral fertilizer plots might be attributed to the nitrification and acidifi-
cation processes stimulated by continuous application of fertilizers as well as
by H* released by roots. Merbach et al. (2000) reported that continuous use of
physiologically acid, neutral and alkaline fertilizers (i.e. N applied as ammoni-
um, amide, or nitrate) in this order have a declining effect on the acid-base bal-
ance of the soil. The data from our long-term experiment showed that by com-
parison with the control, soil pH values were unaffected by the addition of inor-
ganic fertilizers. Significant differences were identified between the control plot
and NPK + manure applications. The soil pH in the NPK + manure treatment
was 7.91, which was 0.59 units lower than the initial value. Our results corre-
spond to the findings of Simek e al. (1999), who reported that in the absence of
lime, the effect of manure combined with inorganic fertilizers was to reduce soil
pH. According to Wei et al. (2006), the decrease in soil pH in the NP + manure
treatments might have resulted from the release of organic acids and CO, into
the soil during the decomposition of manure. In our experiment the soil pH in
plots without fertilization was 0.33 units lower than the initial value. Debreczeni
and Kismanyoky (2005) also reported that the soil acidification is occurring on
the zero NPK plots probably because of leaching and plant uptake of basic cat-
ions and possibly because of environmental pollution.

Table 2. Soil pH and content of total humus (%) and total N (%) as dependent on long-term
fertilization (3-year average)

Treatments pH Total humus Total N
Check 8.17 2.48¢ 0.143¢

NP 8.13¢ 2.73b% 0.161¢

NK 8.18° 2.64% 0.156°
NPK 8.14° 2.36° 0.172°
NPK + manure 7.91° 4.38 0.258"

The numerical values followed by a different letter in the superscript in a row are significantly
different at (p < 0.05) by Duncan’s Multiple Range Test.

In our plots, NP, NPK and NPK + manure treatments significantly increased
the humus content when compared to non-fertilized treatment (Table 2).
The greatest accumulation of total humus was observed in the NPK + manure
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treatment. Simek et al. (1999) concluded that the increases in soil C content
were probably due to the combined effects of C addition with the manure and
increased plant productivity as a result of both manure and inorganic fertilizer
applications.

In terms of sustainability, our data showed that the NPK + manure treat-
ment increased the humus content by 45.4% from 3.01% measured at the begin-
ning of the experiment in 1966. This is in accordance with the results of Hati
et al. (2007), who found that the soil organic carbon content in 100% NPK +
FYM treatment increased, by 56.3% over the initial level. The humus depletion
was 5.0% to 12.2% with mineral fertilizers, and by 17.7% in the control plot
as compared to the initial value. According to Ellmer et al. (2000), the rate of
organic matter depletion differs according to the cropping and tillage system,
climate and soil. The same authors reported that in the control treatment and in
the treatment with mineral fertilizer only, the organic carbon content decreased
by 20% to 30%. The data from our long-term experiment with continuous tobac-
co cropping system showed that maintaining humus content at the initial level
is not possible through yearly mineral fertilizer application. These results are
similar to the findings of Tomov and Artinova (2005) and to the study of Lenart
et al. (2007), who demonstrated that continuous cropping without fertilization
or long-term mineral fertilization decreased soil organic matter. On the other
hand, Hati et al. (2007) found that the SOC status in unfertilized plots showed
no decline even after 28 years of cropping, because of the crop residues left
by soybean (0.9 Mg-ha'-year') and wheat (1.2 Mg-ha-year"') that might have
assisted in maintaining the SOC level in control.

It was previously reported that the changes in soil humus content resulted in
changes in the total nitrogen content and were strongly positively correlated to
total organic C and total nitrogen content (Nardi et al. 2004, Tomov and Artino-
va 2005). In our experiment the application of fertilizers significantly increased
soil N content compared with the control plot (Table 2). The plots receiving the
NPK + manure treatment had higher total nitrogen content when compared with
the other treatments. Results from our study are in agreement with the findings
of Nardi et al. (2004), who reported that the N content varies with the N origin:
when organic inputs are used, its release is slow and its availability persists for
a long time. On the contrary, N added with mineral fertilizers is readily availa-
ble but is subjected to faster leaching and uptake.

Content of available nutrients in soil

Continuous phosphorus fertilization significantly increased available P,O,
when compared to non-fertilized plot (Table 3). By comparing the initial soil
phosphorus content in 1966 with phosphorus content for the period studied, it was
observed that there was considerable buildup of phosphorus in the plots, which
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received P applications continuously. The available phosphorus was highest in the
treatment with NPK + manure. Bhattacharyya et al. (2015) also reported that 42
years of FYM + NPK fertilizer application in flooded tropical rice in India caused
the greatest increase in soil available P content. When P input from fertilizer
exceeds P depletion by the crop, P accumulates in soil over time (Kuo ef al. 2005).
The data from our long-term trial showed annual increases of available P,O; of
1.36 mg-kg"! with the NP treatment, 1.40 mg-kg"' with the NPK treatment and 7.3
mg-kg! with the application of NPK + manure. Sun et al. (2018) found that for
the control, N and NK treatments, the Olsen-P concentrations declined by between
0.46 and 0.73 mg P-kg! soil-year!, whereas for the P-containing treatments the
rates of increase ranged from 1.68 to 17.5 mg P-kg™' soil-year', depending on the
P balance. According to Medinski et al. (2018), crop cultivation without P fertili-
zation in control and NK treatments resulted in negative P balances and reduction
of available P below recommended levels. The observed phosphorus content in
the plots without P addition (Check and NK) was slightly higher than the initial
value of 15 mg-kg'soil. The data of Vartanyan (1979) also showed that the availa-
ble phosphorus content in Check and NK treatments was slightly increased which
was explained by P mobilization by roots exudates.

Table 3. Content of available P,O,, K, O, Ca, Mg, Fe and Mn in soil (mg-kg') as dependent on
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long-term fertilization (3-year average)

Treatments PO, K0 Ca Mg Fe Mn
Check 27.4¢ 442 3¢ 3343¢ 388¢ 6.6 31.9

NP 83.1° 352.4¢ 3516 316" 6.1° 35.3°

NK 20.9¢ 635.0° 3456 288" 6.2° 32.9
NPK 85.0° 652.0° 3333¢ 277¢ 6.7° 39.9°
NPK + manure 381.8° 1126.7° 3289¢ 327° 8.5 56.6°

The numerical values followed by a different letter in the superscript in a row are significantly
different at (p < 0.05) by Duncan’s Multiple Range Test

Soil available K,O varied significantly among the treatments (Table 3). The
lowest amount of available potassium content was found under the NP treat-
ment. Results obtained in a long-term experiment under jute-rice-wheat crop-
ping system showed that the application of 100% NP to soils resulted in a great-
er negative K balance than that from the unfertilized control (Mazumdar et al.
2014).The potassium content in the NPK + manure treatment was significantly
higher compared to its values in all other treatments. The increase in available K
with the application of NPK in addition to organic manure may be explained by
mineralization of organic sources and solubilization from native sources during
the decomposition (Mazumdar et al. 2014). In our study, the K content in control
plot remained essentially unchanged from the initial level of 450.0 mg-kg™! soil.
According to Jouany et al. (1996), exchangeable K content on non-fertilized
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plots declined slightly over the experimental period, but without reaching lev-
els expected from nutrient balance estimates. On non-fertilized plots, K trans-
location from the subsoil by root action could also be expected, which tends
to increase the K content of surface horizons through residue decomposition
(McCallister et al. 1987). The soil available K content of our NP plots declined
at a rate of 1.95 mg K O-kg' soil-year'. Plots fertilized with 75 kg K O-ha™
exhibited annual increases of available K O of 3.70 mg-kg" (NK treatment) to
4.04 mg-kg' (NPK treatment). Plots that received the NPK + manure treatment
showed a high rate of increase — 13.53 mg K, O-kg"-y".

Soil available Ca content in our experiments did not significantly change
among different treatments (p > 0.05) (Table 3). Ca concentration was the low-
est in the NPK + manure plot (Table 3). These results differ from the data of
Edmeades (2003) who reported that the use of manures relative to inorganic
fertilizers result in soils becoming excessively enriched with some nutrients,
including Ca and Mg in the topsoil. Our data also contradict findings of Mazur
et al. (2015) who reported that multi-year mineral fertilization (NPK) led to the
decrease in the content of Ca*" in the sorption complex.

In our study, the available soil Mg in the unfertilized treatment was signif-
icantly higher than in the other plots (Table 3). The decrease of Mg in fertilized
plots may be associated with much greater crop uptake of magnesium compared
to control. Soil available Mg did not significantly vary among the treatments
with mineral fertilization. The results of Vigovskis et al. (2015) also demon-
strate that there were no relations between different rates of mineral fertilizers
and magnesium and calcium content in soil.

Mobile iron concentration in the studied treatments was in the range of
6.1-8.5 mg-kg! (Table 3). The long-term mineral fertilization had no detectable
influence on the amount of available Fe in soil as compared to the control. The
application of NPK + manure significantly increased DTPA extractable Fe. Our
results agree with the findings of Moharana et al. (2017) who reported that plots
receiving the FYM + NPK treatment maintained the highest amount of availa-
ble Fe in surface soil (0—15 cm). This could be explained by the strong ability
of organic matter to dissolve and complex with non-available micronutrients.
As a result, available Fe usually increases as the amount of soil organic matter
increases (Wei et al. 2006).

The available Mn content in the soil was 31.9 to 56.6 mg-kg! (Table 3).
The plot receiving the NPK + manure treatment had higher concentration of
available Mn than the other treatments. According to Moharana et al. (2017),
the lower pH may have resulted in the release of previously non-available Mn
from soil minerals in the continuous FYM treatment. They also suggested that
the decomposition of organic matter would have provided protons to the soil
solution and also decreased soil Eh values and these changes could have result-
ed in the dissolution and reduction of Mn, thus, increasing its availability. Sim-
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ilarly, Li et al. (2007) reported that the organic fertilizer treatment had a higher
concentration of DTPA-Mn than the other treatments and this may be due to the
higher organic matter content in the organic fertilizer treated plots.

CONCLUSIONS

The long-term application of mineral fertilizers did not significantly change
the soil pH reaction as compared to unfertilized control. The addition of manure
(NPK + manure treatment) significantly decreased pH. Different long-term
fertilization treatments (mineral and organic-mineral fertilization) resulted in
a substantial differentiation in soil humus and total N. Soil humus content in the
NPK + manure treatment increased by 45.4% over the initial level. The humus
depletion was by 5.0% to 12.2% with mineral fertilizers, and by 17.7% in the
control plot as compared to the initial value. Long-term mineral phosphorus fer-
tilization increased 5.5-5.7 times available P O, in the soil compared to the ini-
tial level. The soil available K,O content in NK and NPK treatments increased,
respectively, by 41.1% and 44.9% over the initial level (450.0 mg-kg' soil).
A remarkable increase in available phosphorus (25.5 times) and potassium (2.5
times) content in the soil compared with the initial levels was found due to long-
term NPK + manure fertilization. Availability of Fe and Mn in the soil was not
significantly influenced by continuous mineral fertilization when compared to
the control plot. There was significant increase of available Fe and Mn in treat-
ment receiving NPK + manure. The NPK + manure treatment was found to be
the most efficient management system in accumulating of total humus and N,
available P,O,, K,O, Fe and Mn in the 0-25 cm soil layer in the long-term ferti-
lized Rendzic Leptosol, under a tobacco monocropping system.
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