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Abstract

When controlling tomato grey mould and late blight in dependance of irrigation rate, the experiment
on fungicide efficiency was made in the greenhouses in 2022. The greenhouses are situated in the
village of BatusSinac, the municipality of MeroSina (south-east Serbia) (43°26°11” N 21°82°28" E).
Irrigation rates of 15 mm, 25 mm and 35 mm used for the greenhouse tomato were studied to find out
the effect they had exhibited on grey mould and late blight onset intensity. Higher soil moisture at 25
and 35 mm irrigation rates favoured late blight and grey mould, affecting the tomato plants more
intensively than being using 15 mm rate. Therefore, lower irrigation rates may efficiently be used as
an integral measure of tomato protection from infestation intensity of Phytophthora infestans and
Botrytis cinerea.
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INTRODUCTION

Considering that tomato is commercially significant, widespread and usable, no doubt that
it ranks among the first vegetable cultures worldwide, particularly in the regions with more
suitable soil and climatic conditions for their cultivation, to which Serbia belongs, too [1].

The basic task of watering is to provide sufficient moisture for the agricultural land, which
enables normal plant nutrition and growth [1]. In irrigation practice, tensiometer is most
commonly used to determine soil moisture. Numerous researchers have confirmed the
efficiency of this method when determining irrigation dates of vegetable crops [2,3,4].

When growing tomato under the intensive growing conditions, a whole array of diseases
may arise, with an outbreak of Phytophthora infestans causing late blight with potato and
tomato everywhere in the world where these vegetable crops are grown [5]. This disease is
assumed to be one of the most detrimental tomato diseases. It can badly and often utterly
damage its plants under suitable growing conditions. Thus, due to the partly or totally
destroyed the above-ground plant mass, which looks as if it were burnt by fire, the tomato
yield may drastically drop [6].
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Botrytis cinerea causes grey mould in plants, thereby inflicting serious damages to the
production of more than 200 plant varieties, mostly dicotyledon ones [7]. The gravest
damages are incurred to grapevine, vegetables, flowers and soft fruits [8,9]. Botrytis cinerea
may cause huge losses in plants during vegetation, both in fields and greenhouses as well as
in the earlier developmental stages of some host plants [10-12]. Thus, the stem rot around the
wounds due to sepal breaking is most commonly observed in the tomato grown in plastic and
greenhouses whereas the fruits rot accompanied by an extensive pathogen sporulation is
mainly detected after the harvest [13].

In essence, the current study was aimed at finding out the way in which a watering rate
may cause the outbreak intensity of late blight and grey mould in tomato under the natural
infestation conditions as well as at establishing the efficiency level to which the chemicals
were used to protect this vegetable from late blight and grey mould.

MATERIALS AND METHODS

When controlling tomato grey mould and late blight in dependence of watering rate, the
experiment on fungicide efficiency was made in the greenhouses in 2022. The greenhouses
are situated in the village of BatuSinac, the municipality of MeroSina (south-east Serbia)
(43°26°11” N 21°82°28” E).

Tomato was sown using the hybrid Amati F1 on the 20™ of January in the plastic
containers placed in the warm garden bed. The transplants were picked in February, the 25"
in the pots. Planting in a permanent place in the greenhouse was done on 23" of March, in the
previously marked rows, covered with black polyethylene film, 0.05 mm thick, with irrigation
strips placed underneath. Irrigation in the greenhouse was done using a drop-by-drop system.

The effect of irrigation rates on the onset intensity of grey mould and late blight in tomato
was studied with the three variants of irrigation rates being: 15 mm, 25 mm and 35 mm. The
irrigation moment was determined by tensiometers. Irrigation started at pre-irrigation soil
moisture of 30 kPa and stopped at the soil moisture potential of 10 kPa.

The disease onset intensity and fungicide efficiency in controlling tomato late blight and
grey rot, was monitored in 600 plants, of which 100 plants pertained to the control variant
without chemical protection. The onset intensity of B. cinerea was assessed through the
division into five classes from 0 to 4 [14], defined as follows:

0 - healthy plants;

1 - up to 25% diseased plants;

2 - from 26% to 50% diseased plants;
3 - from 51% to 75% diseased plants;
4 - from 76% to 100% diseased plants.

After the infestation intensity of B. cinerea had been classified, the disease index
calculated by the formula of Mc Kinney supposed to indicate the mean value of the disease
attacking a particular area (Equation 1),

_2(nxk)
NxK

I x100 1)
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was put forth: I — disease index in %, n — plant number within a category, k — number of
single categories, N — total plant number and, K — total number of the categories.

Observations for measuring the intensity of Phytophthora infestans attacks were carried
out by a scoring system 1-9 [15] in Table 1.

The efficiency of fungicides (Table 2) was calculated using the formula of Abbott

(Equation 2) being,

_cr
= x100

)

was put forth: E — efficiency of the fungicide studied, C — plant number on the untreated
variant and, T — plant number on the treated variant.

Table 1 Scoring intensity of Phytophthora infestans attacks

Percentage
Score of leaves  Description
attacked

0 O No symptoms of an attack

1 <10 Attack spots are less than 10% in leaves

2 11-25 Spots of damage began to appear and reached 25%

3 2640 Spots of damage to all leaves reach 40% but the plants are still green

4 41-60 Maximum damage has reached 60%

5 61-70 Maximum damage has reached 70% and the plants changed colour into brown

Maximum damage has reached 80%, the base of the stem and shoots are attacked
6 71-80 .
and the symptoms of wither and death

7 8190 Maximum damage reaches 90%, the green part is only the top of the leaf

8 >90 The green area is low

9 100 There are no more green leaves, the damage is complete

Table 2 Overview of the fungicides tested

Fungicide Formulation Active substance Dose
Nordox 75 WG Copper oxide 2 kg/ha
Antracol 70 WP Propineb 2.5 kg/ha
Quadris SC Azoksistrobin 0.75 L/ha
FolioGold 537.5 SC Metalaksil-m (37.5 g/L) + Hlorotalonil (500 g/L) 2.5-3 L/ha
Switch 62.5 WG Ciprodinil (375 g/kg) + Fludioksonil (250 g/kg)  0.6-0.8 kg/ha
Dional 500 SC Iprodion 1.5L/ha

RESULTS AND DISCUSSION

Upon visual inspection of the experimental plot, the plants on the control variant without
chemical protection were observed to have been infected with late blight. The plants on the
variant treated with fungicides were successfully protected from Phytophthora infestans and
the consequences of late blight largely reduced. On the variant treated with Nordox, <10% of
the spots appeared on the leaves at 25 and 35 mm irrigation rates whereas no infestation did at
15 mm (Table 3).
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On the variant treated with Antracol, infestation was <10% at 25 mm irrigation rate and
Phytophthora infestans 11-25% at 35 mm (Table 4).

Table 3 Intensity of Phytophthora infestans attacks on the variant treated with Nordox

Irrigation rate Percentage of leaves attacked
(mm) 0 <10 11-25 26-40 41-60 61-70 71-80 81-90 >90 100
15 - - - - - - - - - -
25 -+ - - - - - - - -
35 -+ - - - - - - - -

Table 4 Intensity of Phytophthora infestans attacks on the variant treated with Antracol

Irrigation rate Percentage of leaves attacked
(mm) 0 <10 11-25 26-40 4160 61-70 71-80 81-90 >90 100
15 - - - - - - - - -
25 - + - - - - - - - -
35 - - + - - - - - - -

The variant treated with Quadris was infected with <10% late blight only at irrigation rate
of 35 mm (Table 5).

Table 5 Intensity of Phytophthora infestans attacks on the variant treated with Quadris

Irrigation rate Percentage of the leaves attacked
(mm) 0 <10 11-25 2640 41-60 61-70 71-80 81-90 >90 100
15 - - - - - - - - - -
25 - - - - - - - - - -
35 - + - - - - - - - -

On the control variant with no fungicides, the tomato plants appeared to have been much
more infected with Phytophthora infestans than those in the variant treated with fungicides.
Also, rather a high disease onset intensity of 41-60% was recorded at 25 and 35 mm irrigation
rates whereas a much lower infestation of 11-25% with Phytophthora infestans, was
manifested at 15 mm (Table 6).

Table 6 Intensity of Phytophthora infestans attack on the control variant without chemical protection

Irrigation rate Percentage of leaves attacked
(mm) 0 <10 1125 2640 41-60 61-70 71-80 81-90 >90 100
15 - - + - - - - - - -
25 - - - - + - - - - -
35 - - - - + - - - - -

The higher irrigation rates of 25 and 35 mm and, therefore, a higher soil moisture suited
the onset and spreading of late blight, but did not at 15 mm rate. The high moisture level in
the greenhouse could suit the disease onset, stimulating spore germination [16,17]. Either an
excessive or deficient water use may result in developing many fungal and bacterial plant
diseases, which threatens the produce yield and quality [18].
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Upon regular visual monitoring of the experimental plot, the symptoms of grey mould
appeared on the tomato fruits and on the stem ground part. The tomato preventive and
chemical protection was successful in grey mould control. Thus, when irrigated with 15 mm
rate, the variants treated with fungicides did not manifest being infested with grey mould
whereas those on the control variant with no chemical protection did (8% of the infested
plants) (Table 7).

On the variant with 25 mm irrigation rate, 3% accounted for the infected plants treated
with Folio Gold whereas the other variants treated with fungicides were not infected with grey
rot at all. As for the control variant without chemical protection, 14% accounted for the
infected tomato plants.

Further, on the variant with irrigation rate of 35 mm, 5% accounted for the infected plants
treated with Folio Gold. The plants on the variants treated with fungicides were not infected
whereas 17% of those on the control variant without chemical protection were.

Table 7 Intensity of Botrytis cinerea infection on tomato and efficiency of fungicides

Efficiency of

Irrigation rate (mm) Fungicide Infected plants (%) fungicides (%)

Folio Gold 537.5 - 100

15 Switch 62.5 - 100
Dional 500 - 100
Control 8 -
Folio Gold 537.5 3 78.6

25 Switch 62.5 - 100
Dional 500 - 100
Control 14 -
Folio Gold 537.5 5 70.6

35 Switch 62.5 - 100
Dional 500 - 100
Control 17 -

The higher irrigation rates (25 and 35 mm), favoured a more serious tomato infection with
grey rot in the experimental greenhouse than the lower irrigation rate of 15 mm did. There is a
close relationship between the incidence of some diseases and insect pests and the way in
which the water is supplied to the tomato plants. The conditions, favouring the majority of
diseases are the existence of free water on the leaves and high water content in the soil [19].

The fungicides used to protect tomato from grey rot expressed a high level of efficiency.
Thus, Switch and Dional exhibited 100% efficiency on all the irrigation variants. Folio Gold
was also 100% efficient on the variants with 15 mm irrigation rate but less efficient (78.6%
and 70.6%) on those with 25 mm and 35 mm irrigation rates.

CONCLUSION

Investigating the onset and infesting intensity of Phytophthora infestans and Botrytis
cinerea in tomato as well as the fungicides efficiency in its protection from all these
phytopathogens, resulted in the following conclusions:
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- higher soil moisture at 25 and 35 mm irrigation rates favoured a higher outbreak intensity
of late blight and grey rot in tomato plants than 15 mm rate did. Therefore, the lower
irrigation rates may efficiently be utilized as an integral tomato plants protection measure
against the infestation intensity of Phytophthora infestans and Botrytis cinerea, and

- the successfully performed tomato chemical protection from the Phytophthora infestans
and Botrytis cinerea largely reduced the consequences the infection had on the variants
treated with the fungicides compared to the control variant without chemical protection.
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