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Abstract

Gerasimova, 1., Katsarova, A. & Petkova, Z. (2024). Export of macroelements with sunflower biomass in depen-
dence of fertilizer types and norms. Bulg. J. Agric. Sci., 30(6), 966-973

The aim of the study was to evaluate the effect of different rates and combinations of nitrogen, phosphorus, potassium,
and silicon fertilizers in Alluvial-meadow soil and their impact on the export of basic macronutrients with sunflower biomass
in a pot experiment. The test culture was an early to medium-early hybrid Sunflower (Helianthus annuus L.) — Sumiko HTS.
The experiment includes 16 variants of fertilization with 3 replications. Data are obtained on the yield of fresh and absolutely
dry biomass from the above-ground part and the content of N, P, K, Si, Ca, and Mg in the resulting dry biomass from plants.
According to the experimental data obtained, the content and uptake of the examined macroelements with the sunflower bio-
mass are significantly influenced by the imported rates and combinations of fertilizers. The highest is the uptake of nitrogen in
the variants with the following norms: N, ., N, ., and N, . N uptake is the highest also in comparison with all other examined
elements. It is established that the changes in the macroelements uptake significantly follow changes in the quantities of the
relevant elements in dry biomass in the variants of the experiment. With an increase in fertilization rates, not only the content of
N, P, and Si is increased, but also the uptakes with sunflower biomass. This trend with potassium is expressed to a lesser extent.
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Introduction

Sunflower is a valuable oilseed crop and it is grown all
over the world. In Bulgaria new hybrids and promising sun-
flower lines, distinguished by a number of their character-
istics and physiological requirements, are constantly enter-
ing the practice. Growing sunflower seeds severely depletes
the soil. The creation of conditions for a balanced diet of
sunflower is achieved by appropriate fertilization, based on
an analysis of the content of the main mineral substances in
the soil. It is necessary to achieve optimization of the norms
of different types of fertilizers in accordance with both the
physiological requirements in the successive stages of sun-
flower development and the reserves of nutrients in the soil.

In terms of nutrient supply, hybrids with the highest require-
ments are followed by varieties with high oil content, while
those with low oil content are the least demanding (Nikolo-
va, 2010). Many of the studies with sunflowers were con-
ducted in DAI — General Toshevo and were mainly dedicated
to the selection of this crop (Valkova et al., 2017; Encheva
et al., 2015; Tonev, 2005; Georgiev et al., 2012) and on the
productive potential and resistance to powdery mildew and
blue bunting of experimental sunflower hybrids (Valkova et
al., 2022). Other research was related to establishing the ap-
propriate parameters of seeding rate, mineral, and bacterial
fertilization, and use of biostimulants (Yankov and Drume-
va, 2012; Nankova and Tonev, 2004).

The nutrient requirements for yield formation depend
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both on the specific soil and climatic conditions of the area
and on several other factors. The importance of fertilization
is paramount (Ahmadet al., 2017). Sunflower responds well
to nitrogen fertilization, excess nitrogen lowers oil content
and lowers plant resistance to disease. Appropriately bal-
anced phosphorus and potassium fertilization increase yield
and oil content. The potassium requirements of sunflower are
high — 7-11 kg per 100 kg of seed, i.e. 5-2 times more than
nitrogen and 4-5 times more than phosphorus. Potassium in-
creases the absolute weight and fat content of the seeds. Ex-
periments conducted in our country show an increase in fat
yield under the influence of potassium fertilization (Nikolo-
va, 2010). Determining the optimal nutrient regime for crops
requires establishing the export and consumption of nutri-
ents to form a unit of production, and their balance in the
soil for different soil conditions (Nenova and Mitova, 2018;
Mitova and Dinev, 2012). Establishing nutrient balance is an
effective method for assessing nutrient use by crops (Koutev
et al., 2010).

In this way, the negative consequences of improper fer-
tilization could be avoided. Furthermore, balanced nutrition
plays a key role in obtaining stable yields of high quality.
Research related to optimizing sunflower nutrition is scarce
and information on silicon fertilization is almost non-exis-
tent. Sunflower forms twice as many roots, which contain 1.5
times more nitrogen and 5 times more potassium, compared
to other spring crops (Nikolova, 2010; Saldzhiev, 2004). This
crop is also distinguished by its exceptional micronutrient re-
quirements. Very important is also the growth of the stem,
which must be resistant to lodging and provide a continuous
transfer of metabolites to the growing seeds, and here is main-
ly the role of Si. In our country, the use of silicon fertilizers is
poorly developed. Silicon (Si) is not classified as an essential
element for plants, but numerous studies have described its
beneficial effects under various soil and climatic conditions,
including low levels of plant-available forms of silicon.

The application of Si shows the potential to increase the
availability of nutrients in the rhizosphere and their uptake
by plants (Pavlovic et al., 2021). As a beneficial and essential
element, the accumulation of silicon in the rhizosphere of
plants can reduce the adverse effects of both biotic (patho-
gens and pests) and abiotic (e.g., drought, salinity, heavy
metals, UV irradiation, nutrient imbalances) stress in many
plant species through several resistance mechanisms and
thus increase plant biomass accumulation and yield (Li et
al., 2018). Plant species vary greatly in their ability to ac-
cumulate Si, with values ranging from 0.1% to 10% Si (Ep-
stein and Bloom, 2008). Consequently, some plant species
are minimally affected by the introduction of Si compared to
others (Coskun et al., 2019).

The main objective of the study was to determine the
content and export of macronutrients (N, P, K, Si, Ca, and
Mg) with biomass of sunflower (Helianthus annuus L. ),
under the influence of increasing levels of fertilization with
nitrogen, phosphorus, potassium, and silicon under the con-
ditions of a growing experiment on Alluvial-meadow soil.

Materials and Methods

In the spring of 21.04.2021, a vegetation fertilizer trial
with a test crop of an early to mid-early hybrid of sunflow-
er (Helianthus annuus L.) — Sumiko HTS of Syngenta was
set up and established. The initial soil is Alluvial-meadow
soil supplied by the experimental field in Tsalapitsa, Plovdiv
region. According to the classification of soils in Bulgar-
ia (Koinov, 1987), it is defined as Eutric Fluvisol — FLeu
(FAO, 2015). It is characterized by a neutral soil reaction in
the plowing horizon (pH,,,, 7.4), with a low content of total
(0. 052%) and mineral nitrogen (11.52 mg N/kg soil). The
soil has a low supply of mobile phosphorus (8.09 mg P,O,
/100 g soil) and available potassium (14.35 mg K,O /100 g
soil). The total quantity of SiO, is 73.56% (in % of ignition
residue). Silicon in the form of SiO, has a significant share
in the total chemical composition of the different soil types
in Bulgaria (Raikov and Ganev, 1972; Garbouchev, 1974).
The content of soluble Si is about 91 mg/100 g soil and the
quantity of exchangeable Si is 285 mg/100 g soil, deter-
mined by extraction with 0.01M CaCl, and 0.5M CH,COOH
solutions, respectively (Berthelsen and Korndorfer, 2005).
So the studied soil is well stocked with Si.

Before sowing the seeds, fertilizers with different
amounts of active substances in mg/plant were added to the
experimental containers of 3 kg capacity, as presented in
Table 1. Five sunflower seeds were sown, leaving 3 plants
in each pot at a later stage (on the 57" day 2 plants from
each pot were cut). Plants were grown in the conditions of
natural light — about 15/9 h day/night photoperiod, 15-35°C
temperature, and 60% water-holding capacity).

On the 67" day of vegetation in the budding phase, the
plants were harvested, weighed, and prepared for chemical
analysis. The content (% a. b.w.) of macronutrients N, P, K,
Si, Ca, and Mg in sunflower plant biomass was determined
by acid digestion and ICP readings (5800 ICP — OES system
— Agilent). The export of the tested elements with the plant
production was determined.

The experiment included 16 fertilization treatments in 3
replications. It is a multifactorial scheme with four factors
varied at 5 levels (Sadovski, 2020). Table 1 shows the ex-
perimental design and the imported amounts of the active
substance of the macroelements used in mg/pot. There were
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used solid granular ammonium nitrate as a source of N, tri-
ple super phosphate — as P and solid potassium sulphate —
as K macronutrient, and Si (diatomic soil which represents
89-95% silica in amorphous form).

Table 1. Scheme of a pot experiment and quantities of
active substance in mg/pot

1. NP K, Si, — Control 9 N,ooP 160K 4651000
2.NP K, 0Sige 10 N, P K ,oSigg,
3. NP oK 40STs00 11N, P, K. Si,,
4N, PK Si, 12.N, P K Si,
5. N, oP oK 4oSige 13. N, P, K,0Si L0
6 N, P KSi, 14.N,,P,..K, oS1,00
7. N,ooP 160KogoSison 15N, P, K0S 500
8 N,ooP 1K 1451, 16. N, P K, :Si 0

The following soil analyses were performed before and
after the vegetation experiments: pH — potentiometric in H,O
and KCI (Arinushkina, 1962); total and mineral nitrogen con-
tent — Bremner and Kinney method (Bremner,1965a, b); mo-
bile forms of phosphorus and potassium (P,O, u K,0) — by the
acetate-lactate method (Ivanov,1986); organic carbon (humus)
content — according to Turin‘s method (Kononova, 1963).

One-way ANOVA analysis (at 95% confidence level)
was performed for the data for fresh and dry biomass of sun-
flower plants depending. Regression analysis presented as
polynomials of the second-degree was done between fertil-
ization rates and nutrient uptake with sunflower biomass. For
the statistical analysis of the obtained results the program of
Statgraphics package was used.

Results and Discussion

From the data presented in Figure 1, the role of applied
fertilizers on the amount of fresh and dry weight of sunflow-
er plants is highlighted. It can be seen quite clearly that the
dry weight of the total biomass obtained from 1 plant per pot
varies in proportion to the corresponding fresh weight in the
different variants.

From the data obtained the lowest weight is in the control
variant and the highest in the variants V8 (N P, K . Si),
V12 (N, P,K,,Si,,), and V13 (N, P K Si . the dif-
ferences between them were insignificant. The weights in
variants V5 (N, P. K  Si ), V7 (N, P K Si ), V10

2007 3207 140 "800 2007 1607 7280 "800
(N,ooP, oK 40S1g,,) and V14 (N, P, K Si ) were lower.
The combinations of different rates and types of mineral
fertilizers used failed to emit the most favorable combina-

tion that influenced the plant‘s fresh and dry weight at the

m Fresh Weight, g/pot
u Dry Weight, g/pot

Fig. 1. Fresh and dry weights of sunflower plants
at harvest of the experiment on the 67" day after sowing

budding stage of sunflower in the pot experiment. The N,
and N, in combination with lower rates of the other macro-
nutrients were most conducive to sunflower development. It
is noteworthy that the highest result was not achieved in the
variant with the highest nitrogen rate (N, ).

As a result of the One-way ANOVA analysis of the
data for the plant biomass on the 67" day, the leading role
of nitrogen fertilization in the rate of 200 mg/per pot was
established (Table 2). Nitrogen is an essential nutrient that
determines the growth of oilseeds and increases the amount
of protein and yield. The accumulation of biomass in sun-
flower is associated with the absorption of nutrients during
the whole growing season (Detmann et al., 2012; Hassan &
Kaleem, 2014).

From the data presented in Tables 2 and 3, the role of
applied fertilizers on the amount of fresh and dry weight of
sunflower plants is highlighted. The data obtained showed
that the dry weight of the total biomass obtained from a
plant per pot varied in proportion to the corresponding fresh
weight recorded.

Under the influence of mineral nutrition, significant
changes in the amount of nutrients absorbed by the bio-
mass of sunflower plants occur (Table 4). The content of
total N in the dry biomass of plants varied from 0.89 in the
control to 3.22% in variant V8 (NP, K, Si ). Approxi-
mately in the same order varied the content of total N in
variants V6 (N, P K Si ), V10 (N, P K  Si ), and
V13 (N, P K,Si,,,)- The average content of total N in
the five variants with norm N, and in the three variants
with rate N, , was approximately the same, 2.65 and 2.64%
respectively. The application of mineral nitrogen in the soil
in most cases is accompanied by an increase in the content
of N in plants (Hara and Sonoda, 1979); Atanassova, 2005;
Kolota and Chohura, 2015; Nenova and Mitova, 2018; Va-
sileva and Ilieva, 2017). No such trend was found in the
current experiment.
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Table 2. Influence of fertilization rate and fertilizer combi-
nations on the yield of fresh biomass from the aboveground
part of sunflower plants (One-way ANOVA analysis)

Table 3. Influence of fertilization rate and fertilizer com-
binations on the yield of dry biomass from the above-
ground part of sunflower plants

The content of phosphorus in sunflower plants was sig-
nificantly lower than the nitrogen content and varied in a
lower extend depending on the combinations of rates and
types of mineral fertilizers applied — from 0.23 in the control
to 0.63% in the fertilized variants. The phosphorus content
was the highest in V5 (N, P., K, Si ) variant, which con-
tains the high estrate of triple superphosphate. There was a
tendency to increase the phosphorus content in the plants
with increasing fertilizer rate.

The potassium content was slightly higher than the phos-
phorus content and ranges from 1.39 in the control to 2.53%
in the variant with the highest potassium level (K, ). Other
authors have reported similar results. Summarized results
from a large number of experiments showed that ,,econom-
ically* nitrogen, high phosphorus, and abundant potassium
fertilization were suitable for sunflower cultivation. On
magnesium-poor soils, both yields and oil content can be

increased by magnesium fertilization (Nikolova, 2010). The

Fresh weight of Sunflower plants, g/per pot Weight of sunflower plants (g/pot) on the 67" day
Variant 57" day 67" day Variants Dry biomass
1. N/PKSi 36.67 c 47.00 a 1. NP KSi 9.25a
2. NP oK 0Sigo 26.67 a 83.33 bedef 2. NP oK oSige 13.32 bede
3. NP oK i0Sise 51.67 de 92.00 cdef 3. NP oK 0Sis 15.20 cdef
4. N, PK, ,Sigo 66.67 i 93.67 def 4. N, P K, ,.Sig, 16.71 ef
5. NPk 0Sige 63.33 h 77.33 bede 5. N oPooK 0Sig 10.03 ab
6. NP KSiy, | 5167 | de 86.00 | bedef 6. Ny P, K S 13.16 bede
7. NP eoKosoSig 58.33 g 75.67 bed 7. NoooPeoKosoSigo 12.76 abed
8. N,oP oK 10Si, 25.00 a 100.33 f 8. NP oK 0Si, 16.11 def
9. NP oK u0Sihe0 | 5500 f 81.00 bedef 9. NP, 60K 10Sih000 15.29 cdef
10. N, P K .oSic 66.67 i 69.33 b 10. N, P, K, ,Sig, 12.26 abc
11N, P, K. Si,, 50.00 d 86.00 bedef 11. N, P, Ko S0 13.44 bede
12.N, P K, Si, . 60.00 g 98.00 ef 12. N, P K, ,Si,, 16.34 def
13.N, P, K, Si, | 3333 b 89.00 | bedef 13. N, P, Ko Si 0o 13.94 cde
14. N, )P, 1081400 53.33 ef 72.67 be 14.N, P, K, 051, 13,77 cde
15.N, P, K.Si 00 36.67 c 87.67 bedef 15. N, P, K. oS o 16.05 def
16. N, P K, 081,500 36.67 c 80.33 bedef 16. N, P K, Si. . 14.69 cdef
Average 48.23 82.45 Average 14.12
Std. deviation 13.590 16.32 St. deviation 2.98
Std. error 1.96 2.36

LSD>95% 2200 2097 calcium content was very low — 0.13% in the control variant,

but it was significantly higher in the fertilized variants. It
varied from 1.66 to 2.30% and the higher fertilization rates
led to a higher accumulation of Ca in sunflower plants.

The change in the content of Mg varied similarly, but the
amount in the control variant was slightly higher — 0.33%. In
the fertilized variants it varied between 0.44 and 0.76%. It
can be concluded that fertilization had a significantly lower
effect on the accumulation of Mg in sunflower plants. The
Si content increased from 110.8 mg/kg in the control variant
to 975.85 mg/kg in the variant with the highest Si rate. The
combinations of norms and fertilizers used in the experiment
did not establish a direct relationship between increasing the
accumulation of Si in plants with increasing the imported Si
level. In the studies by De Melo Peixoto et al. (2022) a high-
er total leaf area of Si-treated plants led to increased overall
CO, uptake by the plant. Plants treated with Si had an in-
crease of 24-39% in biomass yield.

Based on the obtained dry biomass (Figure 1) and the
content of N, P, K, Si, Ca, and Mg in it (Table 4), the ex-
port from the soil of the studied elements was determined.
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Table 4. Content of total N, P, K, Si, Ca, and Mg in sunflower biomass (in% of absolutely dry weight) by variants (pot
experiment on Alluvial-meadow soil, 2021)

Variants N P K Si Ca Mg
1.N,P K Si, 0.89 0.23 1.39 0.0111 0.13 0.33
2.NP K, 0Sig 1.48 0.42 1.83 0.0268 1.42 0.54
3.N,0P oK 1i0Sige 2.44 0.53 2.12 0.0305 2.02 0.47
4N, P K .Si., 2.49 0.35 2.39 0.0345 2.03 0.66
5N, PooK 0Sig 2.15 0.63 2.11 0.0351 2.02 0.59
6N, P K Sig, 3.11 0.58 1.98 0.0374 2.17 0.75
TN oK Sisoo 2.26 0.53 2.53 0.0319 1.91 0.60
8N, 0P 16K 12051, 3.22 0.57 2.38 0.0402 2.30 0.76
INL0P 160K 1101000 2.51 0.49 1.86 0.0976 1.92 0.50
10N, P oK 0Siceo 2.82 0.52 2.00 0.0372 2.1 0.71
TN, P, Koo Si,g, 2.46 0.60 1.90 0.0468 2.17 0.72
12.N, P K, Si, ., 2.46 0.39 1.82 0.0464 1.66 0.40
13.N,, P K, Si, 2.99 0.51 1.98 0.0936 1.89 0.44
14N, P, K, 081,00 2.19 0.49 2.26 0.0292 1.67 0.55
15N 0P, K0S 00 2.04 0.55 2.02 0.0825 1.77 0.55
16. N, )P0 K161 500 2.24 0.42 2.26 0.0110 1.77 0.47

Table 5. Export of total N, P, K, Si, Ca, and Mg with biomass of sunflower (kg.da') by variants (pot experiment on
Alluvial-meadow soil, 2021)

Variants N P K Si Ca Mg
L.N,P K Si 6.33 1.64 9.89 0.08 0.92 2.35
2.NP oK, 0Sig 24.40 6.92 30.17 0.44 23.41 8.90
3.N,00P 60K 110Sig00 33.38 7.25 29.00 0.42 27.63 6.43
4N, P K .S, 37.44 5.26 35.93 0.52 30.52 9.92
5N, PooK 0Sigg 19.41 5.69 19.04 0.32 18.23 5.33
6N, P K Sig, 36.83 6.87 23.45 0.44 25.70 8.88
TNLoP oK Sigoo 25.96 6.09 29.07 0.37 21.94 6.89
8N, 0P 16K 12051, 46.69 8.26 34.51 0.58 33.35 11.02
INL0P 160K 1201000 34.54 6.74 25.59 1.34 26.42 6.88
10N, P oK, 0Sicoo 31.11 5.74 22.06 0.41 23.17 7.83
TN, P, Koo Si,g, 29.76 7.26 22.98 0.57 26.25 8.71
12.N, P K, Si, ., 36.16 5.73 26.76 0.68 24.40 5.88
13.N,, P K Si, 37.51 6.40 24.84 1.17 23.71 5.52
14N, P, K, :Si, 27.14 6.07 28.01 0.36 20.70 6.82
15N 0P, K0S 00 29.46 7.94 29.17 1.19 25.56 7.94
16. N, P K, St 29.62 5.55 29.88 0.15 23.40 6.21
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From the obtained results it is evident that the changes in the
exports of the studied macroelements significantly follow
the changes in the quantities of the respective elements in
the dry biomass according to the variants of the experiment
(Table 5). As the fertilization rates increased, not only the
content but also the exports of N, P, K, and Si was increased.

Figures 2 to 5 show the regression curves of the exports
of N, P, K, and Si depending on the imported quantities of the
respective elements, presented as polynomials of the second
degree.
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Fig. 3. Phosphorus export
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Fig. 5. Silicon export

Table 6 is compiled by conversion following the im-
ported fertilization rates and the average values of exports
with the relevant macronutrients, the patterns established
for N, P, K, and Si are very clear. From this table, we can
summarize that the difference between the imported quan-
tities of active substances with fertilizers and the export
with the obtained biomass is significant. This means that
in the variants with high fertilization rates, large amounts
of nutrients are available, which will be able to ensure the
nutrition of sunflower even after the ,,R4* phase until the
end of the growing period.

Table 6. Average export of N, P, K, and Si with biomass of sunflower (kg.da') by variants and rates of fertilization

(kg.da™)

Norms Average export Norms Average export Norms Average export Norms Average export
of N of N of P of P of K of K of Si of Si

0 15.36 0 5.26 0 23.45 0 0.58

30 24.40 24 5.89 21 22.98 120 0.54

60 28.74 48 6.87 42 28.04 240 0.42

90 33.14 72 7.09 63 29.88 360 0.84

120 34.48 96 5.69 84 29.07 600 1.34
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Conclusions

As a result of the one-way variance analysis, the data ob-
tained for the amount of plant biomass on the 57" and 67
day established the leading role of the nitrogen rate of 200
mg per pot and silicon at 800 mg per pot (the proven differ-
ence between the options is high confidence level P <0.001).

The largest biomass was reported in variant V4 (N, P K-
140S1gy,) On the 57" day from the beginning of the experiment.
As the vegetation progresses on day 67, plant development
in variants V4 (N, P K, Si. ) and V12 (N, P, K, Si, ) is
optimal.

Significant changes occurred in the amount of nutrients
absorbed by the biomass of sunflower plants after the ap-
plied fertilization. Highest was the content of total N in the
dry biomass of plants varying from 0.89 in the control to
3.22% in variant V8 (N, P, K,,Si,). The other macronu-
trients were influenced by the applied fertilization rates but
their concentrations varied in a narrower range. A direct
relationship between increasing the accumulation of Si in
plants with increasing the imported Si level was not estab-
lished.

Based on the obtained dry biomass and the content of
N, P, K, Si, Ca, and Mg in it, the export from the soil of the
studied elements was calculated. The changes in the export
of the studied macronutrients largely follow the changes in
the contents of the respective elements in the dry biomass
according to the variants of the experiment. Increasing the
rates of fertilization increases not only the content but also
the export of N, P, and Si. In potassium, this tendency is less
pronounced. The export of nitrogen is the highest in the vari-
ants with norms N, . N, - and N, , as well as in comparison
with the export of all other studied elements.

The content of Ca is very low — 0.13% in the control
variant, but is significantly higher in the fertilizer variants
from 1.66 to 2.30% and it cannot be said categorically that
higher fertilization rates lead to higher accumulation of Ca
in sunflower plants. The change in the content of Mg varies
similarly. Its amount in the control variant is slightly higher
than that of Ca — 0.33% Mg, in the fertilized variants it is
between 0.44 and 0.76%. Applied fertilization has a signifi-
cantly lower effect on the accumulation of Mg in sunflower
plants.
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