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Abstract: In 2-year pot experiments the direct and consequent effect of sulphur contained in the new
fertilizer: ammonium nitrate sulphate designed for manufacturing, on yielding and the contents of nitrogen
and sulphur in white mustard were analyzed. Effectiveness of the new fertilizer was compared with
ammonium sulphate and NPK fertilization without sulphur. Two doses of sulphur fertilizers were applied in
the 1st year of the experiment, while in the 2nd its consequent effect was researched at the identical NPK
treatment. Mustard was harvested at flowering stage.

In the 1st year of the experiment increase in mustard yields depended on NPK fertilization without any
significant sulphur effect. In the second year the consequent effect of sulphur led to an increase in yields by
between 10 and 27 % and the greatest was registered in treatments where the new fertilizer was used. Sulphur
fertilization had no significant effect on nitrogen content or the degree of this element utilization from
fertilizers. In comparison with NPK treatment application of fertilizers containing sulphur caused a con-
siderable increase in sulphur content in mustard.

Fertilization with sulphur caused an increase in nitrate(V) content in mustard shoots in the 1st year of the
experiment, particularly in treatments where a double dose of this element was used. In the 2nd year of the
experiment at absolutely higher N-NO3 content a decline in the level of this nitrogen form was detected in
plants under which sulphur was applied. The share of N-NO3 in total nitrogen content in mustard ranged
between 1.73 and 7.46 % in the 1st year of the experiment, whereas it was higher in the second year and
ranged from 6.14 to 11.45 %.
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Considerable limiting industrial emissions over the last twenty years of the previous
century in Poland and in other countries [1, 2] was particularly evident as a diminishing
sulphur deposit in soils. Estimated SO2 fall in 1980 in Poland was about 5 Tg (106 Mg),
whereas currently registered values are over 5 times smaller [3, 4]. Under these con-
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ditions sulphur, as the basic element for plants became a deficit nutrient in soils [5–7],
particularly in cultivation of plants with great demand for sulphur, often similar to the
amount of absorbed phosphorus [1, 2, 5, 8]. Fertilization with this element became
inevitable. It is possible owing to an extensive offer of industries manufacturing
multicomponent fertilizers with various proportions of sulphur [2, 3].

The necessity of treatment with sulphur results mainly from the role this element
plays in nitrogen metabolism [8, 9]. Intensive nitrogen fertilization is more efficiently
utilized at proper plant supply with sulphur. It affects both increase in yield and the
quantity of absorbed nitrogen [1, 7]. There are reports on the effect of sulphur
fertilization on the content of nitrates(V) in plant [7, 10, 11].

Material and methods

The experiment was conducted for two years (2006 and 2007) in pots with 5 kg of
air-dried, medium compact and slightly acid soil (pH in KCl = 6.1), containing 9.68
g kg–1 of organic carbon, 0.73 g kg–1 of total nitrogen and 0.19 g kg–1 of total
sulphur. Each year white mustard, ‘Barka’ c.v., was cultivated and harvested at the
flowering stage. This vegetation stage allows for an optimal assessment of the degree of
plant supply with nutrients [7, 12].

The research aimed to determine the effect of fertilization with sulphur applied in the
form of ammonium sulphate and ammonium nitrate sulphate planned for manu-
facturing, in two doses: 0.15 and 0.30 g S pot–1. The control was NPK treatment with
chemically pure salts. Sulphur was applied in the 1st year of the experiment, whereas in
the 2nd the consequent effect of sulphur was analyzed at equal NPK fertilization.
Nutrient doses in both years were 1.12 g N; 0.3 g P and 1 g K pot–1.

Each year of the experiment dry mass yield of white mustard roots and shoots was
determined. This paper gives only the shoot yields.

In plant shoots total sulphur was assessed after wet mineralization in concentrated
nitric(V) acid and after evaporation with HNO3 the samples were treated with
magnesium nitrate(V), evaporated again and incinerated at the temperature of 300 oC
for 2 h and at 450 oC for 3 hours. After dissolving the remains in 25 % HNO3 sulphur
was determined with ICP-AES method on JY238 Ultrace apparatus. Total nitrogen was
assessed with Kjeldahl method and nitrates(V) with colorimetry in phenololisulfonic
acid.

The obtained results concerning yields were verified using analysis of variance and
differences estimation using Duncan test at the significance level p < 0.05 [13].

Results and discussion

In the 1st year of the experiment yields of white mustard depended on NPK
fertilization, without any significant effect of sulphur used in the fertilizers (Table 1).
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Table 1

Yields of white mustard dry mass [g pot–1]

Treatment
2006 – I year 2007 – II year

Top parts

1. No fertilization – Control *23.85a* 5.02a

2. NPK 41.58b 19.79b

3. NPK + S1 – A 38.25b 21.70b

4. NPK + S2 – A 41.13b 21.76b

5. NPK + S1 – B 40.25b 24.91c

6. NPK + S2 – B 39.20b 25.16c

* Homogeneous groups according to the Duncan test, p < 0.05, A –
(NH4)2SO4; B – ammonium nitrate sulphate 26:13, S1 – 0.15 g S pot–1;
S2 – 0.30 g S pot–1

This effect has been described also by other authors [7, 11, 14]. In comparison with
the control treatment, without fertilizers, yields of shoots in the fertilized treatments
increased by between 60 and 74 %, and most in NPK treatment.

In the 2nd year of the experiment, mustard yields were generally smaller than in the
1st year. In all treatments fertilized with sulphur a raise between 10 and 27 % in mustard
yields was registered in comparison with yields obtained at exclusive application of
NPK. In the second year fertilization with ammonium nitrate sulphate revealed
a markedly better effect, in comparison with pure ammonium sulphate, particularly at
higher sulphur dose. In their previous research conducted on the soil with similar
content of sulphur the Authors did not note an increase in mustard yields in the 1st year,
either. However, the consequent positive effect of these fertilizers on the amount of
yields was statistically proved [11, 15]. Other authors also registered the consequent
effect of sulphur fertilization as the increase in yields, particularly on heavy soils [14].

Table 2

Content of total nitrogen and N-NO3 in white mustard dry mass [g kg–1]

Treatment*

Year 2006 – I year Year 2007 – II year

total-N N-NO3

N-NO3

in total-N
[%]

total-N N-NO3

N-NO3

in total-N
[%]

1. No fertilization – Control 10.96 0.19 1.73 14.90 0.20 1.34

2. NPK 32.04 1.27 3.96 32.90 2.38 7.23

3. NPK + S1 – A 31.04 1.33 4.28 34.61 2.99 8.64

4. NPK + S2 – A 30.42 2.27 7.46 35.01 4.01 11.45

5. NPK + S1 – B 29.41 1.08 3.67 30.01 1.85 6.16

6. NPK + S2 – B 29.39 1.71 5.82 31.29 1.92 6.14

* See Table 1
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Nitrogen content in mustard (Table 2) was affected by fertilization with this element,
but sulphur addition did not significantly diversify its level in dry matter. In relation to
the 1st year of the experiment, nitrogen content increased in plants cultivated in the 2nd

year on treatments receiving sulphur fertilization, while the level in plants from NPK
treatment remained the same. Nitrogen utilization from the applied dose was high in
both years (74 % on average) and slightly diversified depending on sulphur fertilization.
It confirms the results obtained by Fotyma [7] in the field experiment on crop rotation.

The content of N-NO3 in mustard shoots in the treatments with sulphur was generally
greater than when solely NPK was used in the 1st year of the experiment, particularly at
the double dose of this element. In the experiments carried out by Brodowska and
Kaczor [10] on wheat and rapeseed sulphur fertilization caused diminishing of
nitrate(V) contents. The Authors obtained such result in their research while applying
a single dose of sulphur as ammonium nitrate sulphate.

In the 2nd year of the experiment N-NO3 content in mustard was higher than in the 1st

year. In comparison with NPK treatment, in the ammonium nitrate sulphate treatments
this nitrogen fraction diminished by between 19 and 22 %. In treatments fertilized with
sulphur mustard contained the greatest quantities of N-NO3 at the double ammonium
sulphate dose and at the highest total N content in this treatment. It evidences nitrogen
uptake stimulation by sulphur, whose considerable portion in this very treatment
remained unused for organic compounds synthesis in the plant. In previous investigations
sulphur fertilization caused a slight (ammonium form) or apparent (sodium salt) increase
in nitrate(V) content in mustard siliques in the 1st year of the experiment. On the other
hand in the 3rd year the effect of sulphur on a decrease in this nitrogen form in both
plant fractions was visible [11].

The share of N-NO3 in total nitrogen content in mustard ranged from 1.73 to 7.46 %
in the 1st year of the experiment, while in the 2nd it was higher in fertilized treatments
(6.14–11.45 %). The lowest share of nitrates(V) in total nitrogen was registered in
mustard under which ammonium nitrate sulphate was applied. It evidences a beneficial
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Fig. 1. Content of sulphur and nitrates(V) in white mustard
* See Table 1
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effect of sulphur originating from this fertilizer in the process of nitrate reduction, also
noted in other research [7, 11].

In comparison with NPK treatment, sulphur fertilization caused a considerable
increase in sulphur content in mustard (Fig. 1).

Conclusions

1. In the two-year pot experiment yields of white mustard gathered at the flowering
stage in the 1st year after sulphur fertilization depended on NPK treatment. Proven
increase in yields in result of consequent effect of sulphur occurred only in the 2nd year
of the experiment. New sulphur fertilizer – ammonium nitrate sulphate caused
significantly more favourably increase in mustard yield in this year than ammonium
sulphate and exclusive NPK fertilization.

2. Sulphur fertilization did not have any effect on nitrogen content in mustard or on
the degree of nitrogen utilization from the applied fertilizers.

3. In the 1st year of the experiment sulphur fertilization led to an increase in
nitrate(V) content in mustard shoots, particularly in treatments with a double dose of
this element. In the 2nd year of the research, at absolutely higher content of N-NO3 in
comparison with plants fertilized exclusively with NPK a decline in this form level was
observed in the plants fertilized with ammonium nitrate sulphate.

4. The share of N-NO3 in the total nitrogen content in mustard ranged from 1.73 to
7.46 % in the 1st year of the experiment, it was higher in the 2nd year and ranged from
6.14 to 11.45 %.

5. Sulphur fertilization caused a considerable increase in sulphur content in shoots.
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Abstrakt: W 2-letnim doœwiadczeniu wazonowym badano bezpoœredni i nastêpczy wp³yw siarki zawartej
w projektowanym do produkcji nowym nawozie saletrosiarczanie amonu na plonowanie oraz zawartoœæ azotu
i siarki w gorczycy bia³ej. Efektywnoœæ nowego nawozu porównywano z siarczanem amonu i nawo¿eniem
NPK bez siarki. Nawo¿enie siark¹ w dwóch dawkach stosowano w I roku doœwiadczenia, a w II roku badano
nastêpcze jej dzia³anie przy jednakowym nawo¿eniu NPK. Gorczycê zbierano w fazie kwitnienia.

W I roku doœwiadczenia zwiêkszenie plonów gorczycy zale¿a³o od nawo¿enia NPK, bez znacz¹cego
wp³ywu siarki. W drugim roku nastêpcze dzia³anie siarki spowodowa³o wzrost plonów o 10 do 27 %,
najwiêkszy w obiektach z nowym nawozem. Nawo¿enie siark¹ nie mia³o znacznego wp³ywu na zawartoœæ
azotu w gorczycy i stopieñ wykorzystania tego sk³adnika z nawozów. W porównaniu z obiektem NPK
stosowanie nawozów zawieraj¹cych siarkê spowodowa³o znaczne zwiêkszenie zawartoœci siarki w gorczycy.

Nawo¿enie siark¹ powodowa³o w I roku doœwiadczenia wzrost zawartoœci azotanów(V) w czêœciach
nadziemnych gorczycy, zw³aszcza w obiektach z podwójn¹ dawk¹ tego pierwiastka. W II roku badañ, przy
bezwzglêdnie wiêkszej zawartoœci N-NO3, stwierdzono obni¿enie poziomu tej formy azotu w roœlinach, pod
które stosowano siarkê. Udzia³ N-NO3 w ca³kowitej zawartoœci azotu w gorczycy mieœci³ siê w zakresie od
1,73 do 7,46 % w I roku doœwiadczenia, a w II roku by³ wiêkszy i wynosi³ 6,14–11,45 %.

S³owa kluczowe: doœwiadczenie wazonowe, gorczyca, nawo¿enie siark¹, plon, zawartoœæ siarki, azotu,
azotanów(V)
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