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Abstract

A study was undertaken on the effectiveness of some fungicides such as wettable sulphur, copper hydroxide, potassium bicarbonate
and potassium bicarbonate mixed with potassium silicate against apple scab and apple powdery mildew attack, in the environmental
conditions of Cluj-Napoca, Romania. The following cultivars were analyzed ‘Jonathan, ‘Gala, Jonagold; Jonica, ‘Golden Delicious,
‘Idared; ‘Granny Smith’ and ‘Starkrimson’ in an experiment conducted over two growing seasons (2009-2010), in five treatment variants.
Potassium bicarbonate and a mixture between potassium bicarbonate and potassium silicate proved to be more effective in reducing the
attack of apple scab and powdery mildew on leaves and fruit. Results were obtained for two years with favourable conditions of apple scab
and powdery mildew development, when untreated variants exhibited an atrack degree at a mean value 0f 49.77% for scab and 52.13%
for powdery mildew. Potassium bicarbonate and potassium bicarbonate mixed with potassium silicate assured the best results in the
case of the ‘Idared; Jonathan, Jonica’ cultivars regarding apple scab, and ‘Golden Delicious, ‘Starkrimson’ and ‘Granny Smith’, regarding
powdery mildew, where the mean value attack degree was reduced by about three times. The treatments with the products used in the
experiments did not register symptoms of phytotoxicity on leaves or flowers. Given that this product is not toxic to human health, it

becomes a perspective fungicide, especially for organic fruit tree growing in order to control apple scab and powdery mildew atcack.

Keywords: apple cultivars, organic fruit growing, attack degree, effectiveness

Introduction

Apple scab, caused by the fungus Venturia inaequalis,
and powdery mildew, caused by the fungus Podosphaera
leucotricha, are the two most damaging diseases of apple
orchards. These apple diseases are widely spread in Transyl-
vania, Romania, due to the favourable climatic conditions,
and well-known apple cultivars are susceptible to attack,
while new apple scab resistant cultivars do not always meet
the quality requirements and consumer demands (Sestras
et al., 2005, 2006; Mitre et al., 2009).

Prevention and control of these diseases is often very
difficult, especially due to increasing resistance of patho-
gens to chemicals used in treatments. There is a consid-
erable number of chemicals used and recommended in
preventing and controlling these diseases, some effective,
others less effective. In organic fruit growing, in order to
control apple scab and apple powdery mildew attack, cop-
per or sulphur products are widely used (Kelderer e al.,
1997; Mitre et al., 2009, 2010; Jamar et al., 2010). These
substances have several disadvantages, such as copper ac-
cumulation in soil, reduced efficiency at low temperatures,
low fruit quality in terms of commercial depreciation ap-
pearance etc. which requires the replacement copper and
sulphur products(Kelderer 7 al., 2002, 2008a,b).

In recent years, a broad range of products based on po-
tassium bicarbonate and silicon was used as an alternative

to products based on copper and sulphur (Jamar and La-
teur, 2007; Jamar et al., 2007, 2008, 2010; Kelderer ez 4.,
2008; Peter, 2006; Tamm et 4l., 2006; Trapman, 2006).
Potassium bicarbonate is considered harmless from an
ecotoxicological and toxicological point of view (Environ-
mental Protection Agency — EPA, 1999) and this prod-
uct has already been introduced in Annex IT of European
Regulation EEC 2091/92, list of active substances which
may be used as plant protection products in organic farm-
ing (Kelderer ez 4/., 2005, 2006).

Materials and methods

Experiences were placed at SC Agroindustriala SA,
Cluj-Napoca, in the centre of Transylvania, Romania, in
2009-2010, in commercial apple orchard with a density of
3200 trees/ha (trees were planted at a distances of 3.5 x 0.9
m) established in 2004. The biological material was repre-
sented by the cultivars Jonathan; ‘Gala; ‘Jonagold;, Jonica,
‘Golden Delicious, Idared;, ‘Granny Smith), ‘Starkrimson’
The technology was specific to apple super-intensive or-
chards. In Tab. 1 and 2, information about timing of treat-
ments and the products used is presented.

Potassium and silicon- based products were prepared
in collaboration with the Faculty of Chemistry, Cluj-Na-
poca, Romania, as follows:
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Tab. 1. The treatments and fungicides used in the experimental field
Varianes/Fungicide Date of treatment (day, month, 2009)
02.05 18.05 4.06 18.06 30.06 10.07 24.07 10.08 24.08
1 Control Untreated
2 Wettable sulphur 4kg/ha
3 Copper hidroxid 5 kg/ha
4 Potassium bicarbonate 5 kg/ha
7 Potassium bicarbonate+Potassium Silicate 2.5kg/ha
Tab. 2. The treatments and fungicides used in the experimental field
Varianes/ Fungicide Date of treatment (2010 - day, month)
06.05 22.05 8.06 20.06  30.06 10.07 22.07 08.08 20.08
1 Control Untreated
2 Wettable sulphur 4 kg/ ha
3 Copper hydroxide Skg/ha
4 Potassium bicarbonate ) kg/ ha
7 Potassium bicarbonate +Potassium Silicate 25kg/ha

Potassium bicarbonate solution with a concentration
of 20% was obtained by absorption of CO, in a solution
of K,CO,

Dispersion: For this purpose it was used with liquefied
CO, pressure of 60 atm. and 99.8% purity. Contacting the
solution with CO, absorbent was carried out through a
glass Hun. Liquefied CO, flow solution was 2.5 kg/hour at
a temperature of 24°C. The final solution Ph obtained was
8.5. The potassium silicate had a concentration of 30%.

The experiment was bi factorial, the first factor being
the treatment with five graduations: control (untreated);
wettable sulphur, copper hydroxide, potassium bicarbon-
ate, mixture between potassium bicarbonate and potas-
sium silicate. The second factor was the cultivar with
cight graduations, thus resulting 40 experimental variants,
located in three blocks (repetitions), 3 trees / repetition.
Observations were made on the intensity and frequency

of apple scab and apple powdery mildew attacks on leaves,
the intensity and frequency of attacks of these two dis-
eases on fruits and phytotoxicity on leaves and fruit. The
interpretation of results was done by means of the analysis
of variance (ANOVA test), while the interpretation of re-
sults was performed through Duncan test.

Results and discussion

Climatic conditions of the two years studied were fa-
vourable to the development of infections with apple scab
and powdery mildew in the experimental field, fact dem-
onstrated by the attack degree (AD %) values registered in
the control variants (Tab. 3, 4, 5, 6).

Even in these conditions, the treatments with sub-
stances used in this study reduced the attack degree of the
two diseases, compared to the control.

Tab. 3. Influence of fungicide and cultivar on apple scab attack degree (AD%) on the leaves

) Wertable Copper Potassium Potassium bicarbonate +
Cultfvar/ Trearment Control Sulphur hydroxide bicarbonate Potassium silicate Mean cvs.
jonagold’ 34.60" 20.53¢ 12.33" 8.23k 7.20" 16.58¢
‘Golden Delicious’ 49.77° 18.47° 14.00¢ 10.10 8.60~ 20.19*
‘Idared’ 31.10¢ 14.43" 11.97 4.07m 11.57 14.63"
onathan 1.53¢ 14.00" 13.07¢ 14.00" 10.33 14.
T han’ 2153 4.00" 3.0 4.00" 0.33 4.59¢
Jonica’ 30.50¢ 14.93" 12.47! 11.67° 8.07~ 15.53P
‘Gala’ 48.20° 20.77¢ 16.10¢ 9.10k! 697 20.23*
‘Granny Smith’ 40.60¢ 18.03¢ 12.10° 10.13 697" 17.57°
‘Starkrimson’ 37.07¢ 15.03¢ 14.13" 11.201 10.13 17.518
Mean treatment 36.67M 17.03N 13.27° 9.81° 8.73R
LSD 5% cv 0.19-0.22
LSD 5% treatm. 0.12-0.13
LSD 5% int. cvx tr 0.97-1.22

Note: Different letters between cultivars, treatments and cultivars x treatments, denote significant differences (Duncan test, p < 0.05)
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Tab. 4. Influence of fungicide and cultivar on apple scab attack degree (AD%) on the fruits

Werttable

Copper

Potassium Potassium bicarbonate

Cultivar/Treatment Control sulphur hydroxide bicarbonate + Potassium silicace Mean cvs.
Jonagold’ 28.27¢ 16.03¢ 9.10* 7.57* 6.87' 13.57%
‘Golden Delicious’ 30.43° 17.60° 10.27) 8.77% 7.93k 15.00°
‘Idared’ 29.77° 13.10 11.30° 9.60% 9.57¢ 14.67°
‘Jonathan’ 18.87¢ 12.67" 11.73 9.23k 8.33k 12.17°
TJonica’ 24.50¢ 14.60" 11.80° 11.67* 8.40~ 14.19%
‘Gala’ 30.30° 17.20f 14.43 9.10F 697" 15.60N
‘Granny’ 28.60¢ 14.03" 11.431 10.13 6.97' 14.23%
‘Starkrimson’ 32.40° 12270 13.13" 11.20¢ 10.13 15.83M
Mean treatment 27.894 14.69" 11.65¢ 9.66° 8.15F
LSD 5% cultivar 0.14-0.16
LSD 5% treatment 0.9
LSD 5% int. cvx tr. 0.68-0.83

Note: Different letters between cultivars, treatments and cultivars x treatments, denote significant differences (Duncan test, p < 0.05)

Tab. 3 introduces data referring to the influence of eight
apple cultivars and five substances used and recommended
as fungicides especially in organic fruit tree growing in re-
ducing apple scab infection on the leaves. Tab. data show
that regardless of the influence of cultivars, all products
used in the experiment reduced the attack degree on the
leaves, 2-3 times, in comparison with untreated control,
with statistical differences provided.

The highest values of the attack degree were obtained
in variants where wettable sulphur was used, followed by
the variants in which trees were treated with copper hy-
droxide. The best behaviour in reducing the attack degree
on the leaves had the trees sprayed with potassium bicar-
bonate + potassium silicate (8.73%), followed by variants
in which trees were sprayed with potassium bicarbonate
(9.83%). These last two products gave better results com-

pared to classical ones like wettable sulphur or copper
hydroxide. Regardless of the treatment, cultivars gave dif-
ferent results with respect to attack degree on leaves. The
best response to scab attack on the leaves was exhibited by
‘Idared’ and ‘Jonathan’ cultivars and the most susceptible
cultivars were ‘Gala’ and ‘Golden Delicious’ The control
of apple scab in treated variants with common fungicides
was better in the case of using of copper hydroxide (AD%
= 13.27) versus wettable sulphur (AD% = 17.03).

The apple scab attack degree on fruit in experimental
variants was lower than that on the leaves. Results concern-
ing the response of the eight apple cultivars in the treat-
ments carried infection on fruits, are presented in Tab. 4.

Regardless of cultivar, the scab attack on fruits in treat-
ed variants was reduced in terms of statistical differences
compared to the control. The lower values of the attack

Tab. 5. Influence of fungicide and cultivar on apple powdery mildew attack degree (AD%) on the leaves

e o e T T Wb .
Jonagold’ 35.93¢ 19.87 26.33" 9.30' 7.33 19.758
‘Golden Delicious’ 16.03 10.13' 12.00% 7.33™ 623" 10.357
‘Idared * 38.27° 12.10% 14.30 9.43! 8.27™ 16.47°
‘Jonathan ‘ 52.13* 16.67 24.078 10.10' 7.23m 22.04M
Jonica’ 29.00¢ 21.10" 20.13 8.40™ 7.97™ 17.32°
‘Gala’ 31.07¢ 16.10 20.43 9.27 6.90™ 16.75%
‘Granny * 21.93" 11.70% 15.33 7.33" 6.90™ 12.64%
‘Starkrimson * 19.97¢ 15.03 1227 627" 4.20° 11.55%
Mean treatment 30.544 15.34¢ 18.11% 8.43° 6.88%
LSD 5% cultivar 0.20-0.23
LSD 5% treatment 0.13-0.14
LSD 5% int. cvx tr. 1.10-1.28

Note: Different letters between cultivars, treatments and cultivars x treatments, denote significant differences (Duncan test, p < 0.05)
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Tab. 6. Influence of fungicide and cultivar on powdery mildew attack degree (AD%) on the fruits

Cultivar/ Treatment Control Wettable Copp'cr I')otassium Potassium bicafbonatc Mean cvs.
sulphur hydroxide bicarbonate + Potassium silicate
Jonagold’ 25.87° 12.17 16.33" 7.17° 6.00° 13.51¢
‘Golden Delicious’ 13.83' 9.47" 11.33 5274 4434 8.87°
‘Idared’ 22.30¢ 11.77% 14.03! 6.27° 7.23° 12.32°
Jonathan’ 34.30° 11.10* 20.30° 9.30™ 6.13r 16.23*
Jonica’ 23.33¢ 14.13' 18.23¢ 8.13" 5.109 13.79®
‘Gala“ 24.67° 10.10" 14.10° 7.03° 427" 12.03"
‘Granny’ 14.40' 8.33" 10.03' 640 427" 8.69¢
‘Starkrimson’ 1223 7.17° 9.27" 5.601 413 7.68
Mean treatment 21.37M 10.53° 14.20N 6.90° 5202
LSD 5% cultivar 0.12-0.13
LSD 5% treatment 0.7-0.8
LSD 5% int. cvx tr. 0.58-0.73

Note: Different letters between cultivars, treacments and cultivars x treatments, denote significant differences (Duncan test, p < 0.05)

degree were obtained in a mixture between potassium
bicarbonate and potassium silicate variants (8.15% AD),
followed by potassium bicarbonate variants (9.66% AD),
compared with treatments with copper hydroxide (11.65
% AD) or wettable sulphur (14.69 % AD). Cultivars’ re-
sponse to scab infection on fruit in the experimental vari-
ants was different. The lowest degree of infection with
apple scab was observed in Jonathan’ and ‘Jonagold; fol-
lowed by ‘Jonica’ and ‘Idared’ The highest degree of the
attack was registered at Starkrimson.

One can say that the analysis results obtained with the
treatment solution employing these products gave better
results than classical treatments based on substances with
copper and sulphur with all the advantages therein (sub-
stances do not accumulate in the soil, they are not toxic to
human health and provide an additional foliar K for the
tree area, etc.).

Regardless of cultivar, in the treated variants, the attack
of powdery mildew on leaves showed lower values than
the control, with statistical differences assured. The low-
est values of the attack degree were obtained in variants
in which trees were treated with a mixture between potas-
sium bicarbonate and potassium silicate (6.88%), followed
by variants with potassium bicarbonate (8.43%)(Tab. 5 ).

Potassium bicarbonate and potassium bicarbonate +
potassium silicate mixture gave better results in fighting ap-
ple powdery mildew on leaves, not only compared to con-
trol but also to the conventional products used in organic
plantations. While, copper hydroxide reduced the level of
attack with statistical differences assured when compared
to the control , it nevertheless provided the worst results
in the fight against apple powdery mildew on leaves. Re-
gardless of treatment, there were statistically assured dif-
ferences between cultivars of experimental variants. The
lowest values of attack degree occurred in the cultivars

although ‘Golden Delicious’ (10.35%) and ‘Starkrimson’

(11.55%). ‘Jonathan’ and ‘Jonagold’ cultivars provided the
worst results in the fight against apple powdery mildew
on leaves. Two other cultivars behaved similarly, with no
statistical differences that are statistically assured, namely
‘Jonica’ and ‘Gala.

Analyzing the data of the table from the view point
of the treatment x cultivar interaction, one can say that
the lower values of powdery mildew attack degree on the
leaves occurs in ‘Starkrimson’ (4.2%) treated with potas-
sium bicarbonate mixed with potassium silicate, followed
by ‘Granny Smith’ and ‘Gala) in the same treatment vari-
ant. In variants treated, the highest values of the attack de-
gree were obtained from Jonathan’ sprayed with copper
hydroxide (24.07%).

Regarding the influence of the products used in fight-
ing apple powdery mildew on the fruits, regardless of
cultivar, all products have diminished the attack degree
of powdery mildew, with statistically assured differences
compared to the control (Tab. 6).

Furthermore, there were statistical differences between
the four products used in fighting apple powdery mildew.
The highest values of the attack degree occurred upon treat-
ment with copper hydroxide (14.20%) and the lowest in
the treatment with the mixture of potassium bicarbonate
+ potassium silicate (5.2%), followed by potassium bicar-
bonate (6.9%). Regardless of the experimental treatment,
the experimental cultivars showed a different behaviour
in reducing mildew attack on the fruits, these differences
being statistically assured. The highest values of the attack
degree have been registered in Jonathan (16.23), followed
in descending order by ‘Jonica, Idared; Jonagold; ‘Gala,
‘Golden Delicious, ‘Granny Smith’ and ‘Starkrimson’

The results proved that the mixture of potassium bi-
carbonate and potassium silicate showed the lowest values
of the degree of attack, proving its effectiveness in fighting
powdery mildew attack on apple.



Mitre, V. et al. / Not. Bot. Hort. Agrobor. Cluj 38 (3) 2010, 234-238

238

Conclusions

At the end of the primary infection, all variants of the
untreated cultivars exhibited apple scab and powdery mil-
dew infection. Apple scab and apple powdery mildew con-
trol require a large number of treatments and substances,
causing a large quantity of chemical residues on fruit, so it
is necessary to use a new generation of non-toxic substanc-
es for human health in apple phytoprotection, such as
potassium bicarbonate and potassium bicarbonate mixed
with potassium silicate.

Treatments with a solution of potassium bicarbon-
ate, potassium bicarbonate mixed with potassium silicate
yielded better results than those copper or sulphur-based
products in the prevention, as well as the control of apple
scab and powdery mildew.

Treatments against apple scab and powdery mildew at-
tack with products based on potassium bicarbonate, po-
tassium bicarbonate mixed with potassium silicate could
replace classical fungicides based on copper and sulphur.

All apple cultivars in the experiment have responded
favourably to treatments with potassium bicarbonate and
potassium bicarbonate mixed with potassium silicate, the
best results were achieved in ‘Idared;, Jonathan, ‘Jonica’
in reducing apple scab attack degree , as well as ‘Golden
Delicious, ‘Starkrimson’ and ‘Granny Smith’ in reducing
the powdery mildew attack degree.
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