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Summary

In recent years, climate change has negatively affected open field tomato production. 
Extremely high temperatures and changes in moisture conditions lead to an increase in the 
proportion of below the quality standard production and to economic losses. Despite these 
concerns, the impact of climate change on the three main production directions open field 
tomato cultivation in southern and central Bulgaria has not been well studied. This study 
aims to analyses the effects of unfavorable weather conditions on the early and total (standard 
and non-standard) yield of tomatoes under three fertilization options. The quantity and ratio 
of yields were studied for three different periods of planting on polyethene mulch in the 
Plovdiv region during the period 2019-2021. Mineral and organic fertilizations resulted in 
higher early and total yields compared to unfertilized plants. The tomatoes fertilized with 
Arcobaleno had a total yield 9% lower compared to NPK. The reported yield below the quality 
standard in early harvest was highest in the control (37.0%) and lowest (27.8%) in mineral 
fertilization during the first planting period. The days with an adverse effect on tomatoes 
during the study period were between 31 and 38, about 30% of their growing season. The 
results also show that fertilization mitigates the impact of adverse weather conditions and 
increases the ratio of standard to quality fruits in favor of the standard ones. The correlation 
between weather indices and yield weakens significantly with mineral fertilization. During 
the three years of the study, the best results were reported for the first, earliest planting date.
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Introduction
Tomatoes are one of the most widely consumed vegetable crops 

in the world. According to statistics from the Food and Agriculture 
Organization (FAO), around 340 billion pounds (170 million tons) 
of fresh and processed tomatoes were produced globally in 2014 
(FAO 2017). The growth, development, productivity and quality 
of plants are highly temperature dependent, and each particular 
species has its own temperature range and optimum temperature 
for each of the mentioned processes (Hatfield et al., 2014; Hatfield 
and Prueger, 2015). Therefore, climate change, especially high and 
low temperatures, lead to major challenges to agriculture (Meena 
et al., 2018). Tomato (Solanum lycopersicum L.) is commonly used 
as a model crop for various physiological, cellular, biochemical, 
molecular and genetic studies, as it is easy to grow, has a short life 
cycle, and is easy to manipulate (Kinet and Peet, 1997). The projected 
environmental changes show that the main regions of tomato 
processing may change in the forthcoming decades (Cammarano 
et al., 2022). Air temperature affects the development, growth, 
photosynthesis, respiration and physiological development of 
tomatoes. The optimum daily temperature for tomato production 
is from 21 to 27 °C. However, the heat stress (HS) refers to the 
condition that the temperature of the environment is by 10–15 °C 
higher than the optimum temperature for crop growth (Wahid et 
al., 2007). HS disrupts the cellular, physiological and molecular 
functions of the plants, thus leading to membrane dysfunction, 
protein denaturation, DNA damage, and large-scale changes in 
gene expression (Mittler et al., 2012; Hu et al., 2020). The tomato 
is one of the most important vegetables in the world and is very 
sensitive to heat stress. The temperature range for tomato growth 
is between 13 and 33 °C, and most varieties cannot grow well at 
temperatures above 38 °C (Zhang et al., 2018). HS causes wilting, 
leaf senescence, slow growth and unusual development of the 
tomato plants (Wahid et al., 2007; Shaheen et al., 2016). It can 
seriously damage the reproductive organs of the tomato plants, 
especially pollen vitality female fertility, thus leading to a sharp 
drop or even complete loss of fruit setting (Müller and Rieu, 
2016; Hoshikawa et al., 2021). It also affects the development and 
ripeness and ultimately reduces both the yield and the quality of 
the fruits. Environmental changes can cause a significant change in 
the levels of phenolic and flavonoid content in tomatoes (Ilahy et 
al., 2016)., the optimum temperatures vary somewhat depending 
on the stage of development of the plant. At temperatures above 30 
°C, lycopene, the red colorant in tomatoes, does not form, and the 
fruits do not color properly. Daily and night temperatures, close to 
25 °C, stimulate the vegetative growth, while the maximum fruit 
production is observed at night temperatures of 18 °C and daily 
temperatures of 20 °C (Cholakov, 2009). High temperatures above 
42 °C during the tomato growing season cause damage related to 
vegetative and reproductive growth and fruit set (Wahid et al., 
2007). The optimum relative humidity for pollination is 70%. The 
young seedlings (transplants) usually need about 50 ml of water 
per plant per day, while the mature plants need 2 L of water per 
day (Langenhoven, 2018). On average, 90% of the water, taken up 
by a plant, is used for transpiration (cooling), and the remaining 
10% are used for growth (Snyder, 2010). The average daily air 
temperature in the summer period in the region of Plovdiv 
exceeds 25 °C, the maximum being over 40 °C. In recent years 
scientific papers have shown a considerable increase in the average 
temperature and the number of tropical days and nights in the 

country and the region of the Upper Thracian Lowland (Slavcheva 
et al., 2020; Georgieva et al. 2021; Malcheva et al., 2021; Malcheva 
et al., 2023 ). 

High temperatures are usually observed throughout the 
tomato growing season, especially during the critical phenophases 
in July and August. These high temperatures may be the cause of 
the abiotic stress for tomato production in the district of Plovdiv, 
for both the current and the future climatic conditions. Although 
it has been established that the effect of the high temperatures 
on the outdoor grown tomatoes is the reason for the growing 
concern among many producers, no review has yet addressed 
these concerns. Therefore, the present study was conducted with 
the aim to determine the effect of the increased environmental 
temperature and of the unfavorable climatic conditions both 
during vegetation and fruit giving, and on the early and total 
(standard and non-standard) yield of outdoor grown tomatoes. 
The quantity and quality of the yield were analyzed with respect to 
the different dates of planting on polyethylene in the open field in 
the region of Plovdiv.

Materials and Methods
The climate of the Plovdiv region lies in the Upper Thracian 

lowland. The region is characterized by a transition from 
continental to continental-Mediterranean precipitation with a total 
annual amount of about 500 mm. The minimum precipitation is 
in autumn and winter, and the major maximum is in the summer 
– June (77.18 mm). Spring comes early in the region and is very 
short, while summer is hot and often accompanied by draughts. 
The temperature sum during the growing seasons exceeds 3900 
°C. A limiting factor for the spring crops, including early outdoor 
tomatoes, are the last spring ground frosts (Shopova et al., 2019). 
Once in every two-years frost falls in the region of Sadovo and 
Plovdiv around the 14th and 17th of April (Georgieva et al., 2017). 

Meteorological data. The experimental field work was 
conducted in the period 2019-2021 in the Learning Experience 
Base of the Department of Vegetable Farming at the Faculty 
of Viticulture and Horticulture of the Agricultural University 
– Plovdiv. The meteorological parameters were measured for 
each day of the growing season using the meteorological station 
installed for this purpose, which contains sensors for the following 
values: air temperature (average, maximum, minimum) in ⁰C; 
relative humidity in %; precipitation in mm; solar radiation in 
W·m-2.

The Bulgarian variety “Rugby F1” was used for the experiment. 
The production of seeds is Bulgarian company “Geosem”. This 
indeterminate tomato with a balanced, harmonious taste is 
used in Bulgaria, Romania, and Serbia for fresh consumption. 
It is successfully grown under controlled conditions and in 
the open field for early and mid-early production. The variety 
is characterised by good growth and forms between 4 and 6 
flowerheads. The fruits are about 180-200 g in weight, smooth, 
heart-shaped, with a delicate consistency and balanced pink 
colour. An advantage of the variety 'Rugby F1' is the fine skin, 
which can be easily removed, while, at the same time, the variety is 
distinguished by its good durability. Another quality of the variety 
is its high yield. The vegetative period of the variety is between 100 
and 115 days.
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Methodology. Seedlings 40-45 days old, with 5-6 leaves, were 
used in this experiment. The plants were planted in the field on 
three dates: April 25-27; May 5-7, and May 15-17. The experiment 
was carried out in three variants and four replications. In each 
replication, 20 plants were planted. The following variants were 
tested: 1st – unfertilized = control; 2nd – mineral fertilisation 
(NPK); 3rd – organic fertilisation. For the mineral fertilisation, the 
recommended norms for mid-early tomatoes were used: triple 
superphosphate (50% P2O5) - 16 kg ha-1, potassium sulphate (35% 
K2O) - 60 kg ha-1, ammonium nitrate (33,5% N) 63 kg ha-1. In 
the variant with an organic fertiliser was used “Arkobaleno”. This 
fertiliser is produced by the company “Agrofertil”. It is used in a 
dose of 100 kg ha-1. The raised flat beds were mulched with foil 
by means of a drip irrigation system. The irrigation norm was 
adapted to the meteorological conditions and more specifically to 
the amount of rainfall in the region in mm. The tomatoes were 
planted in a single-row scheme, 160 between rows and 50 cm 
between plants within a row.

For each of the monitored years in the period 2019-2021, 
early and total standard and non-standard yields were reported. 
Harvesting is carried out from the phenophase of the beginning 
of fruiting until the end of August. Picking was carried out every 
week, and the early yield for the three planting dates was reported 
from the harvests for the first weeks until mid-July. The results are 
statistically processed using ANOVA. Similar to other studies (Iliev 
et al., 2020), an LSD test was performed for statistical significance 
of differences, for standard deviation, and for coefficient of 
variation. Using multiple linear regression, a correlation between 
meteorological indicators and yield was sought.

Results and Discussion

Meteorological conditions

Three critical periods can be distinguished when growing 
tomatoes in the open air: 1 - planting and adaptation; 2 – flowering, 
pollination and fertilization; 3 – ripening and harvesting. The 
good adaptation and development of the young tomato plants 
depends on the meteorological conditions during the period 
of their planting and rooting, before entering the less favorable 
conditions of the summer period. 

The vegetative stage of the plants is usually more resistant to 
high temperatures than the stage of reproduction (Ruan et al., 2010; 
Zinn et al., 2010). In June, at the beginning of the reproductive 
period, the total precipitation for 2019 was 197 mm or 364% of the 
monthly norm (http://bulletins.cfd.meteo.bg/) (Figs. 1a, 1b, 1c, 1d).

The trend in 2019 continued in July, when precipitation 
amounted 135% of the norm. These extreme conditions are a 
prerequisite for overwetting of the soil, development of diseases, 
weeds and insects, having a negative effect on the early, standard 
and non-standard yields in the first extremely humid year. In 2020 
and 2021, the total amount of precipitation in June was slightly 
above the monthly norm. During the same period, flowering starts 
under conditions of unfavorable values of relative air humidity. 
At levels of relative humidity (RH) above 80%, pollen grains 
start conglutinating, which leads to a reduction in their dispersal 
and lower pollination rate. The stickiness of pollen decreases as 
humidity levels drop. At a relative humidity below 60%, the stigma 

Figure 1. Mean values of relative air humidity % (a) 2019; (b) 2020; (c) 2021 
and (d) total precipitation in the harvesting periods

(a)

(b)

(c)

(d)
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(the female part of the flower that receives the pollen) can dry out, 
which also reduces the pollination rates (Langenhoven, 2018). 

The days with values below 60% and over 70%, which have the 
strongest influence on the vitality and functionality of the pollens, 
have been tracked out (Figs. 1a, 1b, 1c).

In 2019, at the beginning and the end of the first 10 days of 
May, there was a series of at least three consecutive days with 
unfavorable conditions according to this indicator. Periods of 5 
and more consecutive days with unfavorable air humidity were 
recorded in mid-May, at the beginning and the end of June, when 
the plants were flowering intensively. The months May-June 
2019 contained an extended period of 38 days with unfavorable 
conditions for flowering (10 days below 60% and 28 above 
70% relative humidity). The most favorable relative humidity 
was registered in the period 15-25 May. In 2020 the days with 
unfavorable humidity are a total of 31 (9 days below 50% and 22 
above 70%), and in 2021 - 33 days (10 days below 60% and 23 days 
above 70%). As it was mentioned above, the most unfavorable 
days were the days with humidity above 80%, which for the 
corresponding years are respectively: 7 days in 2019 and 2020 and 
5 days in 2021, compared to the climatic norms (http://bulletins.
cfd.meteo.bg/) and in the three experimental years, the last spring 
month with temperature values above the average ones, with the 
largest deviation from the climatic norm (1.4 °C) in 2021, and the 
lowest (0.5 °C) in 2020 (Fig. 2). According to de Villiers (2017), 
stress early in a plant's life can inhibit its ability to continue both 
its vegetative growth (growth of roots, stems and leaves) and its 
generative growth (growth of flowers and fruits), which reduces 
its yield. The critical air temperatures during flowering in 2019 
were recorded in the beginning of June, and in 2020 and 2021 
they were shifted towards the end of the month, but with a higher 
frequency. In accordance with the positive trend in the summer 
air temperature in the region of Plovdiv in the recent decades 
(Slavcheva et al., 2020; Georgieva et al., 2022), anomalous average 
values were reported in all three experimental years in July and 
August, while in 2021, the deviation for the last month even 
exceeded 3.5 °C. The experimental years 2020 and 2021 are defined 
as two of the warmest years since 1935 (http://bulletins.cfd.meteo.
bg/). Average and maximum air temperatures are directly related 
to yield. The optimum temperature for vegetative growth of tomato 
plants has been found to be 25 °C (Van Der Ploeg. & Heuvelink, 
2005). Tomato vegetative development can be considered as leaf 
formation and emergence of flower heads, as this type of plant is 
sympodial, having approximately one flower head for every three 
leaves (Heuvelink, 2005). Tomato vegetative development needs 
an optimum temperature between 22 °C and 26 °C, according to 
Adams et al., 2001. The most favorable periods by this criterion 
are presented in Figure 2. In 2019, consecutive unfavorable days 
were observed during the ripening period in August, with greater 
intensity in the second and third ten days of the month (two series 
of 7 consecutive days), combined with relative air humidity below 
60%. In 2020, the stress periods occurred at the beginning and 
end of July and the beginning and end of August. Since the mid-
1980s, the hot periods with threshold values of 34 °C, 36 °C, 38 
°C and 40 °C and corresponding durations of at least 6, 5, 4, 3 
and 2 consecutive days (Malcheva et. al., 2021) have sharply 
increased. The analysis of the maximum temperatures during the 
studied period shows sequences of 3 or more days with maximum 
temperatures around and above 33 °C.

Figure 2. Periods with unfavorable hydrothermal conditions and amount of 
precipitation during the growing season (a) 2019; (b) 2020; (c) 2021; (d) pre-
cipitation, ∑ mm

(a)

(b)

(c)

(d)
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In 2021 the hot periods started as early as the third ten days of 
June and continued through July and August. Maximum values of 
above 40 °C were recorded both in July and until the end of August 
in 2021. Lower values (around and slightly above 35 °C) were 
registered in 2019. The unfavorable periods were observed after 
the period of flowering and during the period of mass fruiting (the 
second and third ten days of August). The precipitations in August 
are also of importance for the quality of the harvested produce 
(Fig. 2d). All three years are relatively favorable according to this 
indicator, with rainfall below the normal amounts.

The analysis of the meteorological conditions demonstrates 
that the most unfavorable in terms of the temperature factor 
was 2021, and conditions of overwetting and deviation from the 
optimal relative humidity in % during flowering were observed 
at the beginning of the reproductive phase in 2019. Irrigation is 
an active measure, taken to increase yields, but the adverse effect 
of extreme rainfall on the total (non-standard and standard) 
yields cannot be avoided. The days with an adverse effect on the 
tomatoes during the study period were between 31 and 38, which 
is about 30% of their entire season of growth. Extremely high 
rainfall during the period of flowering and fruiting significantly 
lowers yields. Yet, the use of mineral and organic fertilizers has 
shown a mitigating effect and a positive influence on the yield and 
the quality of the final product even in the first extremely wet year.

Gross physical early and total product (standard quality 
yield and yield below the quality standard)

Effect of the planting date and type of fertilization on the early 
yield

A well-expressed trend was observed (Table 1) in the three 
experimental years, related to the moment of planting and its 
influence on the early yield average amount.

The highest values of the early yield were recorded for the first 
date of planting, respectively (1805.6; 1771.3 and 2628.2 kg ha-1). 
On the second date, the yield was lower by 400 - 900 kg ha-1. When 
planting on the third date, the early yield is the lowest, decreasing 
by 60% and 29% respectively compared to the first and second 
dates.

When evaluating the method of cultivation and the type of the 
used fertilizer on the amount of the early yield, a well-defined trend 
is also outlined. The highest early yield in all three experimental 
years, regardless of the planting period, was obtained in the 
variant with mineral fertilization, as follows: in 2019 year it was 
1452.4 kg ha-1, in 2020 year it was 1388.0 kg ha-1, and in 2021 year 
it was 2192.1 kg ha-1. Close values were reported when fertilizing 
with Arkobaleno organic fertilizer. The best interaction between 
the planting date and the type of fertilization was observed for the 
1st date and for mineral fertilization (MF) with average values by 
years respectively: 1981; 2046 and 3176.5 kg ha-1.

Influence of the date and the type of fertilization on the total yield

The total yield shows similar regularities, well expressed 
with the type of fertilization (Table 1). The highest total yield, 
regardless of the planting date, for the research period 2019/2021, 
was obtained with MF (mineral fertilization), with the following 
average values by years: 4928.7; 6793 and 6981.4 kg/ha-1. Organic 
fertilization (OF) gave a yield below the MF by 9% and 11% for 

2019 and 2020, while in 2021 it exceeded the MF by 2.4%. The 
fertilization factor at average values for the study period 6234.4 
kg/ha-1 for the MF and 5893.8 kg·ha-1 for the OF, has a well-
pronounced stimulating effect and proven statistical differences 
at 5% and 1%. With respect to the control group, after evaluating 
769 datasets from 107 scientific papers, Gao et al., 2023 have 
established that organic fertilizers can increase tomato yield by 
42.18%, compared to the control group, and increased content 
of soluble solids, soluble sugars, lycopene and vitamin C has also 
been found. Other scientist as Direkvandi et al., 2008 and Rusu et 
al., 2023 report similar results for mineral and organic fertilization 
of tomato varieties.

In terms of planting dates, the highest total yield for the three 
years was the one, related to the first planting date, respectively: 
4726.4; 6529.2 and 6871.1 kg·ha-1 and the average was 6042.4 
kg·ha-1. This defines the first date as the best planting moment 
in terms of the total yield. The second date falls under the most 
unfavorable weather conditions and gives by about 11% lower 
yield. The third date is close in value to the first one with 5945.3 
kg·ha-1.

Effect of the weather and the type of fertilizer on below the quality 
standard yield

The percentage ratios of the yield below the quality standard 
to the gross physical early yield (Early yield) and the total gross 
physical product for the entire harvest period (Total yield) with 
respect to the factors planting date and type of fertilization shows 
some regularities (Figs. 3 and 4).

The analysis of the results of the early yield below the quality 
standard, compared to the total yield by years, shows a sustained 
trend of highest values in the case of no fertilization. The average 
early yield below the standard reported for the three years was 
highest for the control group - 37.0%, while for the cases of NPK 
and Arkobaleno fertilization, the value was 31.3% and 31.4%, 
respectively. Regarding the planting date factor, the results for 
the ratio of the yield below the quality standard to the total yield 
showed the highest values of non-standard production obtained 
for the second date of planting - 36.0%, and on the third date - 
35.5%. The lowest ratio of non-standard yield to total yield was 
recorded for the first planting period - 27.8%. At a total physical 
gross yield below the quality standard, the trend, concerning the 
percentage of the yield below the quality standard with respect 
to the total yield, found in the gross physical early yield for the 
factor fertilization type, stays the same. The control is with a 
percentage value of 34.2%, and the difference, compared to the 
NPK fertilization, is almost 10%. This trend concerns all the three 
years, with the best expressed values in 2020, which shows the 
stability of the variety behavior under the applied different types 
of fertilization. Regarding the other factor, planting date, no clear 
trend has been identified. The differences between the planting 
dates are smaller. The first planting moment relates to the lowest 
percent of non-standard total yield, both by years and on average 
for the period - 27.9%. The second date has the highest non-
standard total return rate for 2019 and 2020, with the lowest value 
in 2021. For the third date, the percentage of the non-standard 
total yield is comparable to that, for the first date. The lowest % of 
non-standard total yield is obtained for the first planting moment 
with mineral fertilization.
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Table 1. ANOVA: two factors with replication of Gross physical product (kg·ha-1)

Gross physical product

Year Date of 
planting

Yearly yield Total yield

Control NPK AB Mean
Mean of 

factor 
date

Control NPK AB Mean
Mean of 

factor 
date

2019 1 1370.1 1981.0 2065.6 1805.6 2068.4 4652.7 4850.3 4676.2 4726.4 6042.4

2 1166.0 1504.9 1384.1 1351.7 1484.2*** 3515.1 4132.8 3752.8 3800.2 5491.7 n.s.

3 678.3 871.4 768.5 772.7 813.8*** 3999.7 5803.0 5013.1 4938.6 5945.3 n.s.

Mean 1071.5 1452.4 1406.1 4055.8 4928.7 4480.7

2020 1 1091.2 2046.0 2176.8 1771.3 6288.2 7003.4 6296.1 6529.2

2 1213.9 1337.6 1585.6 1379.0 5193.4 5931.3 5508.5 5544.4

3 680.7 780.4 859.1 773.4 5572.6 7444.3 6349.5 6455.5

Mean 995.3 1388.0 1540.5 5684.7 6793.0 6051.4

2021 1 2160.4 3176.5 2547.8 2628.2 6505.3 6509.4 7598.5 6871.1

2 1317.7 2237.7 1610.7 1722.0 6574.5 7281.1 7536.2 7130.6

3 654.1 1162.1 869.7 895.3 5858.5 7153.8 6313.4 6441.9

Mean 1377.4 2192.1 1676.1 6312.8 6981.4 7149.4

Mean of the factor 
fertilizer 1148.0 1677.5*** 1540.9*** 5351.1 6234.4** 5893.8*

LSD fertilizer/data LSD interaction LSD fertilizer/data LSD interaction

5% = 166.2 5% = 287.9 5% = 613.5 5% = 1062.6

1% = 220.6 1% = 382.1 1% = 814.3 1% = 1410.4

0.1% = 286.0 0.1% = 495.4 0.1% = 1055.9 0.1% = 1828.9

Note: AB – Arkobaleno; *. **, *** - significant at P < 0.05, 0.01 and 0.001, respectively

Figure 3. Percentage ratio of the yield below the quality standard to the gross physical early yield for the factors planting date and type of fertilization
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Multiple Regression Analysis

The correlation between the meteorological elements is used 
in many studies related to biological and mineral fertilization 
of plants (Iliev et al., 2020). Under the observed meteorological 
conditions, a relationship between air temperature, relative air 
humidity and solar radiation, and the non-standard tomato yield 
(Table 2) was sought. 

Statistically significant multiple regressions have been obtained 
at a 99% confidence level. With the introduction of the synthetic 
NPK, the relationship between the maximum temperature and 
humidity, on the one hand, and the average air temperature and 

Figure 4. Percentage ratio of the yield below the quality standard to the gross physical total yield for the factors planting date and type of fertilization

Table 2. Multiple Regression Analysis (Yield below the quality standard)

Meteorological indices/ten days periods Regression equations
Between non standart Yield (Y) and main meteo indices (X)

P-Value
Constant

P-Value
 Model R-Squared

Av Max T °C August 3rd ten days period Control = -14903,2 + 348,18*Av Max °C August 3rd ten day + 
92,269 * RH August 3rd ten day

0,0001 0,0000 92,80 percent

Av HR% August 3rd ten days period 0,0001

Av Max T °C August 3rd ten days period Arcobaleno = -17421,9 + 399,151*Av Max °C August 3rd ten 
day +105,776 * RH August 3rd ten day

0,0000 0,0000 82,89 percent

Av HR% August 3rd ten days period 0,0000

Av Max T °C August 3rd ten days period NPK = -1807,27 + 76,1333*Av Max °C August 3rd ten day + 
14,3858 * RH August 3rd ten day

0,0450 0,0822 18,80 percent

Av HR% August 3rd ten days period 0,1312

Av T °C August 3rd ten days period Control = -794,516 - 706,85* Av SolarR August 3rd ten days 
period + 4021,73 * Av T °C August 3rd ten days period

0,0000 0,0002 92,80 percent

Av Solar R August 3rd ten days period 0,0000

Av T °C August 3rd ten days period Arcobaleno = -1247,87 - 810,33* Av Solar August 3rd ten days 
period + 4610,47 * Av T °C August 3rd ten days period

0,0380 0,000 82,89 percent

Av Solar R August 3rd ten days period 0,0000

Av T °C August 3rd ten days period NPK = 321,202 - 128,622* Av SolarR August 3rd ten days period 
+ 760,544 * Av T °C August 3rd ten days period

0,0790 0,0822 18,79 percent

Av Solar R August 3rd ten days period 0,0054

the solar radiation, on the other hand, strongly decreases, while 
the biologically fertilized plants maintain a strong relationship 
in the third decade of August. Yet, reduction in the R-squared 
is observed with Arkobaleno fertilizing. It can be said that the 
fertilizing process reduces the adverse impact of the extreme 
weather events on the yield. In the course of the experimental 
work, it has been established that these dependencies continue 
to be valid during the remaining ten-day periods of the growing 
season. The early dependencies (May, June) can be used to make 
a preliminary forecast for obtaining non-standard and standard 
yields.
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Conclusions
The tomato variety "Rugby" proved to be resistant to the 

conditions of the transitional continental climate of Plovdiv under 
extreme meteorological conditions and climate change. Better 
results are obtained with drip irrigation in dry and hot weather 
than with extreme precipitation and relative humidity above 80 
during the flowering period. The best ratio between planting date 
and type of fertilizer for early yield is observed when planting in 
the 1st term and using MF (mineral fertilization with NPK) with 
average values by year: in 2020 it is 2046 kg·ha-1, and in 2021 it is 
3176.5 kg·ha-1. The first date shows the best total yield, and the 
second date falls under the most unfavorable climatic conditions 
and gives a lower yield by 11%. The first planting date has the 
lowest percentage of substandard total yield, both by year and on 
average for the period (27.9%).
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