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Abstract: The use of complex mineral, organo-mineral and organic fertilizers on Haplic Chernozems for 8 years lead to changes in the
composition of soil organic matter. These fertilizers without the use of mineral N fertilization have a positive effect on the values of *NH,-N,
available and total phosphorus in the soil, as well as cation exchangeable potassium.

Certainly organic fertilization as well as its combination with multicomponent mineral fertilizer has a positive impact on the agrochemical
status of the soil. The potential nitrogen supplying capacity of the soil determined on the 28" and 56™ days of incubation significantly
increased the amount of mineralized nitrogen. The same was highest in the use of the organic fertilizer Excel®™®, where the excess over the

control in the values of net mineralizing capacity was 24.20%.
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Intorduction

The high productivity and quality of crops is an impossible task
without ensuring the plants' need for nutrients and optimal soil
status in terms of its water-physical and agrochemical properties.
Nutrient deficiency not only reduces plant tolerance to adverse
environmental conditions and damages yield, but also lowers soil
fertility [1, 2]. This forms the main task of applying nutrients to the
soil - to restore the soil regime, to influence the soil-forming
process and the genesis of the soil, because with the export of
manufactured agricultural products, significant transformations
occur in a negative direction [3].

In the region of slightly leached chernozems in South Dobrudja,
studies on the influence of various agrotechnical practices on the
fertility of these soils have been summarized in a series of
publications [4, 5, 6].

The aim of the present study is to investigate the influence of
different origin and content fertilizers for basic soil fertilization,
excluding the introduction of nitrogen fertilizers during the growing
season of long-term monoculture wheat cultivation, on the changes
in the content of absorbable and common forms of the main
macroelements, as well as on the potential nitrogen-supplying
ability of the soil.

Material and Methods

At Dobrudzha Agricultural Institute - General Toshevo on
Haplic Chernozem [7], the influence of main soil fertilization with
the combined mineral fertilizer Suprefos (12% N; 24% P,0s; 0.5%
Mg; 14% Ca; 25% S) and the organic fertilizer Excell®% (50%
organic matter, org. N - 4 %, P-2%, K-6%, Mg-3%) produced by
Angibaud & Specialites (France) was followed for 8 years. Four
variants of the created nutrient regime in the soil were studied: 1.
Control, reflecting the natural fertility of the site; 2. Superfos (350
kg/ha) — Mineral fertilization (MF); 3. Superfos + Excel®®
(175+175 kg/ha) — Organo-Mineral Fertilization (OMF) and 4.
Excel®® (350 kg/ha) — Organic fertilization (OF). Agrochemical
characterization was done in 0-20 cm, 20-40 cm and 40-60 cm
layers which included soil reaction, mineral nitrogen forms,
potential nitrogen supplying capacity of soil - mineralization ability
(MA), available phosphorus, cation exchangeable potassium and
total nitrogen (TN) and phosphorus (TPh) forms.

Table 1. Varians analysis of the agrochemical indices

After grinding and drying to an air-dry state, the soil samples were
sieved through a 2-mm sieve. Agrochemical analyzes include
determination of: potentiometric determination of soil acidity in 1n
KCI; forms of mineral nitrogen inl % K,SO, by using
spectrophotometric methods (NO3z-N — its ability to form an intense
yellow coloration in an alkaline medium upon interaction with
disulfophenolic acid [CgH;OH(HSO3),], and NH,-N  was
determined by the phenolic method [8] available phosphorus was
determined spectrophotometrically by the AL-method (by the
modification of lvanov [9], and cation exchange potassium - flame
photometrically.

The general forms were determined according to the classic
methods of Kjeldahl and Bonnet, and the mineralizing ability of the
soil - in dynamics at 14, 28 and 56 days of incubation. It aims to
provide optimal conditions for nitrification and takes place at
constant temperature levels (30° C) and 60% humidity from its total
moisture absorption capacity. Its determination is identical to the
method of determination of NO5-N.

The obtained results were subjected to statistical analysis -
analysis of variances (ANOVA). Multivariate statistical analysis
includes analysis of variance, F test and LSD (Least Significant Dif-
ference) test, after which the mean values for each variant were
compared by applying the Duncan Multiple Range Test. Pearson
correlation coefficients (“R coefficients”) were also determined,
which were also tested for significance.

Results and Discutions

Based on ANOVA, the results of the multifactorial analysis of
variances of the studied agrochemical indicators by depth of the
studied layers show high levels of statistical significance (Table 1).
Changes in profile depth are unproven only in terms of NO3-N
content and exch. K,O. The introduction of fertilizers of different
origin and content lead to the formation of a similar trend, although
with a different degree of statistical significance in relation to some
indicators. The established differences in the Pure MA 14-56 and
Pure MA 0-56 indicators remain unreliable.

The interaction between the factors affects with the maximum
degree of credibility in the absorbable P,0s, MA-14, Pure-to14 and
Purel4-28. The same is significant, but with a lower level of
statistical confidence in Min-N and MA-28. For all other indicators,
this interaction is unreliable.

Depth (1) Fert. Var (2) 1x2

Dependent Variable df F Sig. df F Sig. df F Sig.

pHKCI 2 25279 | ,000%**| 3 4608 | ,006**| 6| 2184 057
“NH,-N 2 112,014 | ,000** | 3 | 12539 | ,000**| 6| 1,683 141
"‘NOs-N 2 714 494N |3 2,773 049* | 6| 2,063 071N
Min. N 2 64,434 | ,000%**| 3 3,568 019*| 6] 2,760 ,020*
P,0s - available 2 193,210 | ,000*** | 3 | 39,694 | ,000*** | 6| 5763| ,000***
K,0 - exchengeable 2 2,822 067 | 3 | 12385| ,000***| 6| 1,968 ,084N°
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Total N 2 73,492 | ,000%** | 3 8,035 | ,000~**| 6| 1,885 ,008"°
Total P 2 9,929 | ,000%** | 3 | 12,048 | ,000***| 6 872 ,521N°
MA - 14 2 506,799 | ,000*** | 3 | 11,411 | ,000**| 6| 7,881 | ,000%**
MA - 28 2 84,585 | ,000%** | 3 5511 | ,002=**| 6| 3,139 1010**
MA - 56 2 61,440 | ,000%** | 3 2,836 046% | 6 878 517N
Pure MA- tol4 2 262,721 | ,000%** | 3 8,373 | ,000**| 6| 6,536 | ,000%**
Pure MA -14-28 2 8,250 | ,001*** | 3 4062 | 011 | 6| 3913 ,002%**
Pure MA - 28-56 2 3,522 036% | 3 1,218 311 [ 6| 1,489 19708
Pure MA - total 2 43,890 000%** | 3 2,068 114851 6| 1,038 4100

The soil reaction is an important characteristic of the quality of
the soil and an indicator of the processes taking place in it, because
affects the microbiological activity, the mobility and solubility of
nutrients, the mobilization of soil organic matter and, in general, the
biogeochemical cycle of the planet [10, 11, 12]. From the surface
layer to the layers lying below, the values of this indicator increase
(Fig.1). Nankova [13] reported that, depending on the amount of
macronutrient fertilization rates and especially with nitrogen
fertilization at high rates for 50 years, exchangeable Al** appeared
in the surface layer of Naplic Chernozems. In this experiment, the
variant with MF (5.20) stands out with the lowest pH value.
Certainly OMF and OF have an ameliorating effect and increase the
values of the indicator by 4.8%.

Phosphorus available to plants quite naturally decreases with
depth of the profile, but in general the experimental section is
poorly stocked. The applied fertilizers and especially MF and OMF
the amount of available phosphorus. The influence of the tested
fertilizers on the content of total phosphorus is particularly strong.

For the study period, no statistically significant differences were
found between them. However, they contributed to an increase in
the phosphate status of the soil by about 8% compared to the
control. The strength of the influence of the depth factor on plant-
available phosphorus is 71.55%***, while for TPh, the influence of
the fertilization factor is stronger.The experimental site is very well
stocked in terms of cation-exchanged potassium. Its content very
smoothly decreases along the depth of the profile from 23.79 to
22.93 mg K,0/100 g of soil, which is a characteristic feature of this
soil type. A strong positive influence of MF and OMF was found
compared to the control variant and that with OF.

The content of TN in the soil maintains a tendency to decrease
along the depth of the profile - from 169.84 (0-20 cm) to 146.74 mg
N/100 g of soil (40-60 cm). Of the tested fertilizers, only MF
(167.44 mg N/100 g) had a reliable contribution to increasing the
content of TPh in the soil.

From the changes in basic agrochemical characteristics of soil
fertility discussed so far, it is necessary to pay attention to the
changes in the forms of mineral nitrogen and the potential ability of
the soil to supply this nutrient during the growing season. Of the
forms of Min. N most significant and the differentiation in profile
depth for NH4-N, while for NO3-N the differences are insignificant
(Table 2). Regardless of this fact, at the end of the wheat growing
season, the concentration of Min. N is low, but well differentiated
by layers, which also determines its high power of impact
(82.54%***). The fertilizers used also affect the values of the
indicator, but with a strength of 6.86%*. Again, the differentiation
is best marked with NH,4-N.

The mineralizing ability of the soil at all incubation periods
shows that the 0-20 cm layer has the greatest potential N-supplying
ability of the soil. It decreases gradually with the depth of the
studied layer.

Different types of fertilizers also affect mineralization
processes, but the differentiation in values is much less pronounced.
In all three incubation periods, the lowest amounts of mineralized
nitrogen were found after fertilization with Excel®®. As with the
forms of Min. N, the influence of the depth factor is decisive - over
80%***. The influence of the fertilization factor is also credible,
but its influence reaches only 8.08%**.

The Pure/net amounts of mineralized nitrogen (when Min. N
was eliminated before incubation) showed increasing values with
increasing duration of incubation. Again, the surface layer 0-20 cm
has the greatest potential for nitrogen supply. The differences
between individual fertilizer products are small, and in the case of
incubation between the 28" and 56™ day, they are insignificant. As
for the influence of the tested factors, the depth of the layer is
decisive. On average for Pure MA 0-56, the same is determined at
87.60%, and the fertilization factor, as well as the interaction
between the two factors, has an unreliable power of influence. The
latter only reliably influence Pure MA 0-14 and Pure MA 14-28.

Numerous correlative dependencies between the studied
indicators have been established, which indicate the main
interrelationships and their direction (Fig. 2). The results of the
analysis show that the soil reaction is in a negative relationship with
all the investigated indicators. The same is most pronounced with
MA at the early incubation periods, Min. N, available phosphorus
and Total N. The ammonium form of nitrogen is in strong
correlative relations with all the studied indicators except for NO5-
N and Total P. They are particularly strongly manifested with Min.
N (0.854**) MA-14 (0.828**), P,O5 (0.796**). NO3-N is in proven
correlation only with Min. N. For available phosphorus, the best
correlations are with MA-14 (0.842**), PMA-14 (0.807**) and
Total N (0.743**).

Cation exchange potassium is characterized by less pronounced
interrelationships, the most significant being the one with the
content of available phosphorus.

Pure soil MA at the beginning of incubation (14 days) is
distinguished by high levels of correlation coefficients with almost
all indicators. For the 2™ and 3" terms, in most cases, they are
insignificant. The interrelationships of PMA 0-56 with all terms of
determination of the potential nitrogen supplying ability of soil,
with NH4-N, Total N and available phosphorus in the soil are
markedly high values.

Indices By depth, cm By kind of fertilizers
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Figure 1. Changes in soil acidity values, available forms of phosphorus and potassium, and total nitrogen and phosphorus in the soil

Table 2. Changes in the composition of the forms of mineral nitrogen and the mineralizing ability of the soil by profile depth and depending
on the type of applied fertilizers

Nitrogen mineral forms, mg /1000 g soil

Depth, cm NH,-N NOs-N Min. N Fertilizer variants NH,-N NOs-N Min. N
0-20 3,73¢c 5,24 a 8,97 c Control 3,09¢ 5,06 ab 8,16 b
20-40 2,76 b 5,07 a 7,84b Superfos 3,02¢ 4,89 a 7,91 ab
40-60 1,87 a 510a 6,97 a Superfos+Ecxel°™® 2,73b 535h 8,08 b
Ecxel°™® 2,30 a 5,24 ab 754a
Mineralization ability according to days of incubation, mg NO3-N /1000 g soil
Depth, cm 14 28 56 Fertilizer variants 14 28 56
0-20 16,761 c 26,58 b 40,39 ¢ Control 11,69a 22,73 b 35,42 b
20-40 13,37b 24,95 b 35,64 b Superfos 13,20 b 22,71b 35,55b
40-60 7,14 a 15,27 a 26,92 a Superfos+Ecxel°™® 13,11b 23,92b 34,40 ab
Ecxel°™® 11,69 a 19,70 a 31,89a

Pure mineralization ability between days of incubation , mg NO-N /1000 g soil
14™ - 28™ 28" - 56™ 14M-28™ [ 28M-56™

(I:Dn(ipth, t014" day day day Fertilizer variants t014"™ day day day
0-20 7,79 c 9,82 a 13,81 b Control 3,54 a 11,03 b 12,70 a
20-40 5,54 b 11,57 b 10,70 a Superfos 5,29 b 9,51 ab 12,84 a
40-60 A7 a 8,13 a 11,64 ab SU[I)E‘I’fOS+ECX€|Orga 5,03 b 10,81 b 1048 a
Ecxel”™® 415a 8,01 a 1219a
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Figure 2. Strong correlative relationships between investigated
agrochemical indices of soil fertility (Pearson Correlation)
Conclutions

In general, the results show that with prolonged discomfort in
relation to the predecessor and without the application of nitrogen
fertilization during the growing season, the tested technological
solutions in terms of optimizing wheat nutrition by selecting
different origin fertilizers for main fertilization have a positive
effect on the agrochemical status of Haplic Chernozems.

The investigated layers by depth of the profile influence the
values of a number of the studied indicators. A high level of
statistical reliability of this influence was found in the changes in
soil reaction (pHkc), the content of mineral forms of nitrogen,
referring mainly to the ammonium form. In this regard, the potential
nitrogen supplying capacity of the soil determined on the 28" and
56" days of incubation significantly increased the amount of
mineralized nitrogen. The same was highest in the use of the
organic fertilizer Excel®™?, where the excess over the control in the
values of net mineralizing capacity was 24.20%. There was also a
significant effect on the plant available phosphorus content, as well
as an increase in total nitrogen values in the soil.

Tested fertilizers of different composition and origin without
the use of mineral nitrogen fertilizers have a positive effect on the
values of ammonium form of nitrogen, available and total
phosphorus in the soil, as well as cation exchangeable potassium.
Certainly organic fertilization as well as its combination with
multicomponent mineral fertilizer has a positive impact on the
agrochemical status of the soil. Numerous clear correlations
between soil acidity, digestible and total forms of macronutrients
have been established.
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