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In northern Germany severe sulfur (S) deficiency symptoms were first observed in the beginning of the
80°s in oilseed rape and ten years later in cereals, because of continuously decreasing atmospheric S
depositions and changes in fertilizer practice [29,30]. In 1999 severe S deficiency was observed in
sugar beet under field conditions [35]. A comprehensive description of macroscopic S deficiency
symptoms in different crops is given by Schnug and Haneklaus [29,34] and Schnug et al. [35] and is
available on the world wide web (www.pb.fal.de).

The most common methods for the determination of the S nutritional status are so0il (Smin) and plant
analysis (total S, SO4-S, glutathione). The plant available SO4-S in the soil is commonly used to
evaluate the S nutritional status but the spatial and temporal mobility of SOs-S is a major handicap for
the use of these values for a prognosis of the S supply [3,34]. Leaching [e.g. 20,36] and import of SO4-
S from subsoil or shallow groundwater sources [3,10] may change the amount of plant available SO4-S
within a very short time span. Plant analysis (total S) is a well adopted method for the determination of
the S status of crops but practically not applicable due to possible contamination by foliar application
of S containing products and the short time span between sampling and fertilization [16,34,37].

MOPS (MOdel for the Prognosis of S deficiency) is a model which integrates all relevant soil
and crop parameters for the prognosis of S deficiency [3,4]. The key variables are: soil hydrology, soil
texture and climatic conditions, especially the amount of precipitation during winter, the actual S need
of the crop, the possibility of capillary rise of soil and ground water, respectively during the vegetation
period, and irrigation with S containing ground water (Fig.1). The risk of S deficiency is generally
higher on light textured soils with a deep ground water level and is especially promoted by high rates of
leaching. MOPS works without elaborate soil or plant analysis and provides information on the S status
early enough for fertilization. Future research will focus on the generation of nationwide site-specific
risk maps for S deficiency and S fertilization based on MOPS. The suitability of S containing
secondary raw materials as a S source were tested in long-term field experiments [22,23] and possible
side effects such as the possibly detrimental effect of sulphite on plant growth or contamination with
inorganic xenobiotics were studied. Different types of S fertilizer (oxidized S or elemental S fertilizer
as soil or foliar application) were compared with view to their efficiency, best application technique
and optimum timing.

An increasing problem in agriculture is the enhancement of S deficiency where Tebuconazol
(0.063 ml/1) was applied for regulating growth as it apparently reduces not only the growth of the
above-ground vegetative plant parts but also root depth and density (Fig. 2). Reduced root growth
limits the ability of the plant to explore the soil spatially for available S and hampers its access to S
resources in sub-soil water, respectively (see above). First results indicate that this effect is also
consistent in the crop rotation.
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Fig. 1. Key parameters of the model for the prognosis of S deficiency (MOPS) on agricultural soils.
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Fig. 2. Influence of a fungicide used for regulating growth (Tebuconazol) and S supply on relative dry
matter production and root density of a single low spring oilseed rape variety (cv. NIKLAS).
Experimental design: sand culture in Mitscherlich pots (10 kg/4 plants); S fertilization: 100 mg/pot; N
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fertilization: 750 mg/pot); harvest and root density determination after 90 days.

The comparison of oxidized and elemental S sources applied in foliar form revealed high rates
of uptake and transport of foliar applied S [32]. This does, however, not necessarily imply that the SO4-
S is physiologically available for plants as excess SO4-S applied in oxidized form was mainly trapped
in vacuoles from which only very little re-translocation is possible [e.g. 1,8]. Foliar applied elemental S
released SO4-S slowly due to the oxidation process and thus provided the plant with a smaller, but
continuous amount of SO4-S which could be utilized in metabolic processes.

The re-utilization of S bound in gluscosinolates (GSL) obviously plays an important role in
plant metabolism under conditions of an insufficient S supply [28]. GSLs can be re-cycled whereby the
ascorbate/glutathione cycle is involved in the trigger mechanism. The ascorbic acid concentrations in
cells regulates the activity of the enzyme myrosinase [2] and thus the cleavage of GSLs. Increasing
GSL and GSH levels in the plant tissue could be observed with increasing S supply [31]. The validity
of this hypothesis on the bio-recyclisation of GSL is strongly supported by the fact that old, 0 oilseed
rape varieties show a lower symptomatological value (3.0 mg/g S) than 00 varieties (3.5 mg/g S)
[24,29; Fig. 1].

S deficiency will not only cause yield losses [6,29] but also has a great influence on crop quality
parameters such as protein content and protein composition [9]. The baking quality of wheat is closely
related to the S supply of the crops: elasticity and resistance against extensibility of the dough is related
to concentration of S containing amino acids and glutathione in the gluten fraction since they are
responsible for the linkages between protein molecules [15,27]. Especially in organic farming, where
additives are not permitted in the baking process, farmers regularly cannot meet quality requirements
for breadmaking wheat due to an insufficient S supply [13,14].

Non-protein N is accumulated in plant parts under conditions of S deficiency; Schnug [25]
showed for instance that nitrate accumulated in leaf tissue of cabbage with decreasing S supply and
increasing N level.

The S supply is closely related to the content of secondary S containing compounds, e.g. alliins
and glucosinolates (GSL). (Iso)Alliins are secondary metabolites of garlic and onions and the alliine
content - a criteria for taste and medical value - is positively correlated with the S supply [19]. For
industrial production of natural medical health products it is important to maintain a high and constant
level of the active agent. Tropaéolum mdjus is used as a herbal product against infections of the
urethra. In a collaborative research project with the Technical University Braunschweig (Prof. Dr.
Selmar, Prof. Dr. Winterthaler) production techniques for Tropaéolum mdjus are investigated in order
to produce crops with a high and constant level of intact GSL for manufacturing phyto-pharmaceutics.

In other crops such as Brassica napus high GSL contents in the extracted rapeseed meals have a

| thyroid effect when used in animal nutrition [11,26]. In comparison high GSL contents in mustard are
favourable [18] as they increase the sharpness of taste.

| Cyclic disulphides are S containing secondary metabolites of Aspdragus officindlis. First results

of a collaborative research project (Prof. Dr. Mueller, Dr. Blankenburg, College Erfurt) reveal that the

total S content in Asparagus was significantly increased by the S fertilization. Further organoleptic and

chemical analyses (e.g. asparagic acid) shall reveal relationships with the taste of the crop.

The distribution of GSL in different plant organs (pods, seeds, stems, roots) of 0 and 00 oilseed
rape varieties in dependence on the S supply is studied under field conditions. In a project with
colleagues from the University of Essen (Prof. Dr. Pfanz) samples from these experiments are used in a
feeding experiment with slugs whereby increasing GSL levels have a repellent effect on intake.

S supply and S metabolism of agricultural crops are supposed to play an important role in the
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natural resistance against pests and diseases. S metabolism provides several mechanisms by which
plants are able to tackle with abiotic and biotic stress. For example, the release of volatile S compounds
[e.g. 12], the glutathione pathway [21], the production of S rich proteins [5], localised deposition of
elemental S [7], and the production of phytochelatines (S containing peptides) which detoxify heavy
metals [33]. A better knowledge on the significance of S metabolites in crop resistance to diseases will
be beneficial for the improvement of S fertilizer strategies and will therefore minimize the input of
pesticides. First results on investigations of different oilseed rape genotypes revealed significant
differences in the total S content and differences in the activity of L-cysteine desulfhydrogenase, an
enzyme responsible for the release of H2S in the living plant (Papenbrock et al., unpublished data).
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