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THE EFFECT OF DIFFERENT FORMS OF SULPHUR
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JABLONIOWEGO NA JABLONIACH
(Malus x domestica BORKH) ODMIANY GLOSTER

Abstract: From 2014 to 2015 the influence of foliar applioatiof sulphur on apple trees (Gloster cv.)was
investigated in the apple orchard at the ReseandhBaeeding Institute of Pomology in Holovousy (NeEast
Bohemia, Czech Republic). The experiment was basetbliar applications of fertilizers containingfférent
forms of sulphur: elemental’Ssulphate Sg3~ and thiosulphate ,8:° (in combination with other macro- and
microelements) and fungicides with or without suiphKumulus (8 + F) and the conventional fungicide
programme (F), in the respective treatments. Agplib incidence on leaves and fruits was investigateach
experimental year according to the relevant metluggo of the OEPP/EPPO standard PP1/5¢&hturia
inaequalis. Data on the incidence of apple scab correlaté wie process of pathogen life cycle and risk of
infection on the given dates. The incidence of amgiab was the lowest in 2014 in treatmént & (10.8 % on
leaves, 2.8 % on fruits) and F (15.8 % on leave¥ 6n fruits) where conventional fungicides wereduisWhen
compared with the other treatments these treatnvesrts the most effective even if the incidenceaafbsin the
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individual treatments in 2015 increased by 28 td¥6@ue to high infection pressure. The results icowed the
efficiency of the conventional fungicide program(62 + F and F) against apple scab incidence on fiiitsat is
more, the results were slightly better in the treatt, where the conventional fungicide programme @@nbined
with fertilizer containing elemental SY$ F) in comparison with fungicides applied alof®. (The effect of the
other forms of sulphur (SGand $0;) on apple scab control has not been confirmedo#liag to the results, the
application of the conventional fungicide program®®+ F and F) is more effective against scab incidehan
the inorganic forms of sulphur alone.

Keywords: foliar fertilization, fungicide, apple orchardéenturia inaequalis

Introduction

The apple scab disease is the most widespread tppldisease of fruit growing in the
Czech Republic with severe economic consequenaests Flamaged by the apple scab
disease induce serious losses in apple producfidvese fruits cannot be sold in
high-quality grades, furthermore, these fruits mmgch more susceptible to rotting during
storage [1].

The incidence of apple scab depends on many fa¢t@rsnost important of which are
the source of pathogen infection from the previgisving season, weather conditions and
the susceptibility of the variety to the pathog&mossible way of control of the apple scab
disease is to apply effective fungicides in recomdssl practices which is considerably
difficult in organic production. The next effectiweay of controlling apple scab in apple
orchard is the application of lime sulphur in combinatiwith other fungicides containing
sulphur and copper [2]. Approximately 70 % of dletapplied fungicides in integrated
production (from 15 to 20 fungicide applications gear) are used to control the apple
scab disease [2]. Many of them are prohibited gmoic farming, therefore, they must be
replaced with authorized fungicides, adjuvants ertilizers intended for organic
production. Among the inorganic compounds testedtfi@ control of the apple scab
disease in organic apple production were sulphaopper [3-5].

The apple scab disease is caused by the fudeguisria inaequalis (Cooke) G. Wint.
The life cycle ofVenturia is by both sexual (formed by ascospores) and aséiarmed by
conidia) reproduction. The main source of primarfgction in the orchard are ascospores.
The ascospores are ejected from mature pseudothdrieh overwinter in the infected
leaves from the previous growing season [6]. Tliws,amount of pseudothecia is closely
related to the amount of fallen leaves from theviowgs year. Another source of infection
are conidia which can overwinter in apple tree wand buds [7, 8].

In addition to the fungicide effect of sulphur, themary function of sulphur in the
plant is very often overlooked. Sulphur is an eletmessential for plant growth and
development. It is the building block for the syl of amino acids (cysteine,
methionine), proteins, coenzymes, sulpholipids poty/saccharides. The plant requires
0.1 to 0.5 % of sulphur in dry weight for its op&ingrowth [9, 10]. The total sulphur
content in soil varies from 0.01 to 0.1 % or 5@ mg - kg’; and the commonly given
rate is about 260 mg S - kg11, 12]. According to research, the total contisulphur in
soils of the Czech Republic has decreased from 2g1S - kg' (data of 1981) to
204 mg S - kg (data of 2007) [13]. The high-yielding apple ti@& years old, Golden
Delicious cv.) takes up 15.4 kg S ~hor the production of 90 Mg of fruit - ig14].

The main sources of sulphur in the soil are: bddrooganic matter, sulphur gases in
the atmosphere, precipitation, fungicides and lfeetis [10, 15]. In the 1980's and 1990's
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the amount of sulphur from anthropogenic activitiesas very high and
environmentally-unfriendly in the Czech RepublitieTdry and wet depositions of sulphur
(resulting mainly from combustion of fuels) were nmghan 100 kg - hain 1991 [13].

In relation to strictly limited S© emissions since 1989, the emission of sulphur has
dramatically fallen in the past 40 years in the &@zRepublic. It has decreased by 88 % (to
217 Gg - yr'since 1990 to 2007[16]. Research focused on sulgionved that 60-78 % of
the total sulphur uptake by winter wheat came framospheric deposition [17]. In the
1980's no attention was devoted to sulphur festiion of crops. The total consumption of
phosphorous and potassium mineral fertilizers, aiaitig sulphur as a side-element, has
gradually declined. Some other sulphur-containiegilizers (e.g. single superphosphate -
SSP) were replaced by new low-S-containing or 8-ffertilizers (monoammonium
phosphate) [18, 19]. Similarly to mineral P and dftifizers, the source of sulphur from
organic fertilizers has also decreased. Accordimgséme studies, the annual rate of
10 Mg - ha' of manure supplied the soil with 8 kg S ~h@.3]; however after 1970 the
application of manure declined due to the decrgadivestock numbers (the cattle
population decreased by 55.1 %, pig populationetesed by 34.8 %) [20]. Furthermore,
some fungicides containing sulphur as an activestamge were replaced by some other
active substance with a systemic effect.

Due to these changes, sulphur inputs into conwvealtidruit orchards have been
decreasing in recent decades and sulphur deficienghant nutrition is becoming a current
problem not only in the Czech Republic but througHeurope [13, 17, 21].

The objective of the study was to compare the 8ffesess of sulphur foliar fertilizers
(containing different forms of sulphur) and fungdies (either permitted or prohibited for
organic farming) against the incidence of applésca

Material and methods

A two-year trial (2014-2015) was established dhApril 2014 at the Research and
Breeding Institute of Pomology in Holovousy (NoEhst Bohemia, Czech Republic).
The experiment was set up in an apple orchard th@HGloster’ variety with a high apple
scab susceptibility, grafted onto M9 rootstock. Titees are planted in a central leader with
spacing 1.8 x 4.5 meters. The orchard is situatesh altitude of 287 m (above sea level).
Calcium ammonium nitrate (CAN) at a rate of 50 kg Ma® was applied to stimulate
growth of the trees at the beginning of each expemial year. Agrochemical
characteristics of the soil of the experimentalhard prior to trial establishment in 2013
are shown in Table 1.

Table 1
Agrochemical characteristics of soil prior to tregtablishment (Mehlich I11)
P | K | Mg [ Ca | S
H/ CaCl =
P ; [mg - kg]
7.19 78 197 133 3,632 4.47
neutral suitable suitable suitable high low

" water-extractable sulphur

The experiment was based on foliar applicatioredilizers containing different forms
of sulphur: elemental, sulphate and thiosulphatec6mbination with other macro- and



20z H. Belikova, M. Mészaros, L. Varga, J. Arvay, B. itowska-Kielian, K. Gondek, et al.

microelements) and fungicides with or without swlphThe experiment involved six
treatments, as shown in Table 2. Each of thesamegds had four repetitions.

Table 2
Treatments used in the experiment

Treatment - Rate of sulphur | Fertilizer and/or fungicide
No. Acronym Description kg - ha’?] (content of S)g

1 Control Untreated control 0 -

2 g Elemental sulphur 3.2 Sulfika SB-@5 %)

3 SQ* Sulphates 3.2 EPSO Tofi3 %)

4 S05* Thiosulphates 3.2 SK $dl17 %)

5 = EI_e_menta! sulphur 32 Sulfika SB-C (35 %),
+ fungicides without sulphur ' standard fungicides

6 = Fungicide containing sulphur 32 Kumulus' (80 %), standard
+ fungicides without sulphur ) fungicides

The exact composition of applied fertilizers anddicide:® elemental sulphur 35 %, boron 5 %, carbon 2.5 %;
b sulphate sulphur 33 %, magnesium 9 %thiosulphate sulphur 17 %, potassium 21.6 %elemental
sulphur 80 %
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Fig. 1. Meteorological data from the weather stata the experimental plot in: a) 2014 and b) 2015
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No fungicides were applied in treatments 1 to diafdertilizer containing elemental
sulphur in combination with a conventional fungeigrogramme (without sulphur) was
applied in treatment no 5. The fungicide Kumulusnfaining 80 % of elemental sulphur)
followed by the conventional fungicide programmetiaut sulphur) were applied during
the growing season in treatment no 6. Active sulteta applied within the conventional
fungicide programme (treatments 5 and 6) were #ewe: myclobutanil 20 %, dodine
40 %, copper hydroxide 77 %, pyrimethanil 30%, oginil 50 %, fluquinconazole 5 %.
The same rate of sulphur, i.e. 3.2 kg S =" lper growing season, was applied in each
treatment (except the first - untreated controhisTamount of sulphur was split up into
8 application dates during the growing seasofi Kfay 2014-18 August 2014 and
22" May 2015-3%" August 2015). Foliar applications were carried duttwo-week

Qoose

00049

Value Degree of apple scab incidence

any scab lesions

lesions on an area kdss than 0.25 cr of leaf/fruit area
lesions on an area 625 to 1 cr? of leaf/fruit area
lesions on an area &fto 4 cn? of leaf/fruit area
lesions on an area ofrer 4 cn? of leaf/fruit area

Fig. 2. Scale for assessment of apple scab inoidendeaves and fruits

Q[N

The fruits were harvested at full maturity on tH&98' October 2014 and thé"®"
November 2015. Plant growth and development (tnegdimg, fruit ripening etc.) were
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delayed because of colder weather conditions inngprthat was why the dates of
application and fruit harvest were deferred ingbeond experimental year 2015 (Fig. 1).

Several assessments of apple scab incidence westigated in each experimental
year: scab incidence corresponding to the primafgction on leaves and fruits (from the
end of June to mid-July), scab incidence correspani the secondary infection of leaves
(from the beginning to the end of September) ard $ocidence on fruits at harvest time.
Apple scab incidence was investigated in accordanttethe relevant methodology of the
EPPO standard PP1/5 (3)enturia inaequalis [22]. Scab incidence was assessed on
100 leaves and 50 fruits per repetition (400 leares200 fruits per treatment). The degree
of apple scab incidence on leaves and fruits wassaed on a 1 to 5 scale. The value
indicates the scab lesions per leaf or fruit aFég. ).

All results were statistically evaluated using #iregle factor ANOVA and subsequent
analysis with Tukey HSD test.

Results and discussion

The obtained results confirmed the strong weate@eddence of the apple scab
incidence in the respective year. Infection pressisr high in warm and wet weather
conditions (temperature above 0 °C during the leafness period) which allows spore
germination on the leaf surface and faster spreaalinhe pathogen [7]. Figure 1 shows the
weather conditions from both experimental yeard £2énd 2015).

The effectiveness of some inorganic compounds ¢Essihesulphur or copper) against
apple scab incidence was investigated in sevendiest [2-5]. Sulphur applications against
apple scab have proved the importance of the sulffoinm, its rate and application timing
(phenological stage, environmental condition). Aaramount of sulphur applied against
apple scab infection may not be effective, esplscial cold weather [3, 23, 24]. On the
contrary, re-application of a large amount of sulpmay cause a phytotoxic side-effect [2].

The evaluated data of apple scab incidence coereldth the process of pathogen
infection on the given dates. Our results on thewation of apple scab incidence showed
significant differences between data collectedhattime of primary infection (June or July)
and data from secondary infection (September opli&r) in the first experimental year
(2014). While significant differences between pniynaand secondary infection were
recorded in 2014, no significant differences wenenfd out between primary and secondary
infection in the second experimental year (2015).détailed comparison of all six
treatments showed that scab incidence was the fomredeaves in treatment’S F
(10.8 %) and slightly higher in treatment F (15.§ & compared to the other four
treatments: control (51.8 %)% 1.8 %), SQ (56.3 %) and $; (53.5 %) in June 2014
(Fig. 3). On account of the high infection pressof¢he pathogen in the period from June
to September 2014, the incidence of scab on leacesased by 28-64 % (in the individual
treatments). In September 2014 the lowest incidefiseab was also detected in treatments
S + F (74.5 %) and F (68.5 %), but the difference®ig the six treatments were not
significant. On the contrary, the incidence of @pptab on leaves was the highest in the S
treatment (92.5 %) in October 2015, although tlEtadvas not statistically significant in
comparison with the control treatments, ,S0@d $0;, but it was significantly higher than
treatments &+ F and F.
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Fig. 3. Apple scab incidence on leaves in 2014 20t5. Treatments:°S elemental sulphur (Sulfika

SB-C), SQ - sulphates (EPSO Top).@ - thiosulphates (SK Sol),°S F - elemental sulphur +
fungicides without sulphur, F - fungicide contamielemental sulphur + fungicides without
sulphur
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Fig. 4. Apple scab incidence on fruits in 2014 &8d5. Treatments:°S elemental sulphur (Sulfika

SB-C), SQ - sulphates (EPSO Top).@; - thiosulphates (SK Sol),°S F - elemental sulphur +
fungicides without sulphur, F - fungicide contamielemental sulphur + fungicides without
sulphur
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Scab incidence on fruits correlates with scab iewie on leaves, which was the lowest
in treatments $+ F (2.8 %) and F (6 %) as compared to the otteatments: control
(33.5 %), 8 (27 %), SQ (28.3 %) and 5 (30.8 %) in July 2014. The incidence of scab
on fruits increased by 6-46 %°$ F and control treatment, respectively) in theqaefrom
June to September 2014 (Fig. 4).

In September 2014 the incidence of scab on fruits the lowest in treatment§ § F
(9 %) and F (11.8 %); in the other four treatmeibte/as significantly higher: control
(79.8 %), 8 (69.3 %), SQ (71 %) and 805 (72.8 %). The incidence of apple scab on fruits
was the highest in the control treatment (99 %etober 2015 and was significantly
higher than in treatment§ $ F and F.

According to the results of both experimental yetite damage to fruit production in
all treatments was 5-8 times more severe in 2045 it 2014. A gradual and fast spread of
the pathogen infection was observed during theywars of the experiment (Figs. 3 and 4).
If the protection strategy against primary infentis not effective enough, the source of
infection can overwinter in the orchard (pseudoihén leaves on the ground). In such
a case the pathogen infection of the apple scaasksis much higher and losses caused by
apple scab increase in the next growing season T2f&se facts confirm the conclusions of
previous researches - that apple production ioohomic and feasible under conditions of
the temperate zone if products with a fungicideetfare not applied [26-28].

The results indicate that treatmenf§4SF and F (with the conventional fungicide
programme) are more effective against apple scab tteatments with inorganic sulphur,
in accordance with the findings of Ellis et al. J2ih our treatments S+ F and F the losses
in fruit production were almost by 70 % lower in120and by 30 % lower in 2015 than in
the other treatments. These results confirmed tfiecteveness of the conventional
fungicide programme against apple scab on fruite @ffect of elemental sulphur or other
forms (SQ and $0Os) has not been confirmed. The re-applied 0.5% edahesulphur in
5-7-day intervals is effective at a low infectiorepsure but it is not effective at a high
infection pressure [29]. A combination of elemerdad other forms of sulphur provides
better apple scab control. The foliar applicatioh ®02-0.5 % elemental sulphur
supplemented with 2.0 % lime sulphur is more effecagainst the apple scab disease than
elemental sulphur alone [29]. One of the curativeniulations effective against apple scab
disease is a combination of calcium polysulphidé ealcium thiosulfate. This treatment is
effective when applied within 30-72 hours afterdatation ofVenturia sp. On the other
hand, the effect of elemental sulphur is less ghyio than a combination of different
forms of sulphur or conventional fungicides [4, 38].

The main fungicide activity of elemental sulphuoisthe plant surface. On this basis,
the effect of elemental sulphur is non-systemieypntive and its repeated applications are
needed if protection is to be effective [31, 32heTfungicides containing this form of
sulphur are usually used as contact-protectantidides applied before and during the
infection time (30-72 hours within inoculation \éénturia by ascospores) [23, 33]. Because
of the principles of fungicide action-the treatngemt the experiment are different in their
systemic and non-systemic fungicide effect. Sontr@substances (myclobutanil, dodine,
cyprodinil, fluquinconazole) used within the contienal fungicide programme {S F and
F) have a systemic fungicide effect in contrasthe non-systemic effect of elemental
sulphur ($). This non-systemic effect in the treatment is leffective throughout the long
period of a high infection pressure.
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Conclusions

The incidence and development of scab disease @nafiple orchard is strongly
weather-dependent. Our results correlate with tioegss of pathogen infectioWenturia
inaegualis). The data collected within primary infection wesignificantly lower than in
secondary infection, when the infection pressure waich higher. The results showed
a fast spread of the pathogen infection duringetkgerimental years 2014-2015. For this
reason it is very important to choose effective tainof apple scab in the orchard,
especially during primary infection. If the protiect strategy against scab is not effective,
the source can overwinter in the orchard and iserdasses in fruit production in the next
growing season.

The results of this study confirmed the effectien@®f the conventional fungicide
programme ($+ F and F) against apple scab incidence on friitsddition, apple scab
incidence was slightly lower in the treatment, vehtfte conventional fungicide programme
was combined with a fertilizer containing elemengl(S + F) in comparison with
fungicides applied alone (F). The effect of elemaksulphur alone or of other forms of
sulphur has not been confirmed. However, sulphwnis of the most active agents used
against apple scab disease in organic productiba.sUlphur fungicide activity is mainly
non-systemic, therefore, it is recommended to applphur several times as a protectant
fungicide during the time of primary infection (wibh 30-72 hours of pathogen
inoculation). Further research is needed to clatiify efficiency of elemental forms of
sulphur in combination with fungicides against a&pgtab incidence.
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