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Abstract: To establish the influence of irrigation and mineral regime on the growth index of tomatoes, the irrigation and fertilization
schedules of three genotypes of tomatoes grown in an unheated steel and glass greenhouse in an experimental field of MVCRI - Plovdiv,
Bulgaria, were examined. Environmentally friendly and water-saving irrigation techniques were used. Different irrigation rates were
applied starting from full satisfaction of the crop water requirements to irrigation and with 25% reduction and 25% increase in irrigation
rates and three fertilization rates respectively - optimum with 25% reduction and 50% increase.

After processing the results, the growth index showed an increase in the irrigation rate by 25% above the optimum growth in all three
tomato cultivars included in the experiment. At the same time, no such relationship was observed when the fertilization rates were changed.
The exception was the cultivar 'Hayet," in which a decrease in fertilizer rate was also associated with a higher growth index, close to that of
the optimum fertilizer regime. At the same time, the combination of increasing or decreasing the irrigation rate and fertilization did not have

a positive effect on growth.
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Introduction

Reporting growth manifestations and their relationship
with growing conditions has been the subject of much research
[3,6]. Proper irrigation and fertigation management is the key to
controlling losses and protecting plants and the environment from
pollution [2]. Given the above, research, especially in vegetable
production, is an intensive industry, so biometric measurements and
phenological observations are imperative.

Cheng et al. [9] assert that maintaining irrigation and
fertilization at optimal levels is crucial for achieving higher yields
and improving production quality. Notably, research has revealed
that tomatoes grown under reduced irrigation in polythene
greenhouses and those with maximum fertilization exhibited the
highest growth, while the variant with optimum fertilization
demonstrated the best vegetative development, [2,3]. A 50%
reduction in irrigation led to a significant decrease in fruit number,
diameter, weight, and tomato yield, [7,8].

Studies were conducted to determine the effect of nutrient
and irrigation regimes on the development and productivity of
cotton genotypes. The irrigation regime and fertilizer rates were
tested in three cotton genotypes in St. Zagora. The irrigation regime
was shown to increase nitrogen export, and varieties with more
efficient use of nutrients during the growing season were identified,

[1].

Biometric measurements (plant height, number of leaves,
yield, number of fruits per plant, and average fruit mass) were made
in experiments at MVCRI to assess the influence factors, water,
fertilization, and genotype, [4,5]. Studies on the effect of different
application rates of nutrient solutions on the growth indices of
tomatoes show that the leading indicator of plant development is its
height, [9]. The authors found that fruit weight per fruit, yield per
plant, and yield per tomato plant were generally affected differently
by different rates of nutrient solution.

The study aimed to investigate the effect of irrigation
regime and mineral fertilization on the growth index of three main
tomato genotypes grown in glasshouses.

Material and methods

Experimental studies were carried out in an unheated steel
and glass greenhouse of Venlo type in the experimental field of
MVCRI to establish the influence of different irrigation and
fertilizer rates on the growth index of three tomato genotypes. In
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2022, trials were conducted under three irrigation regimes—optimal
100%, reduced 75%, and increased 125 %—and three fertilization
regimes—optimal 100%, reduced 75%, and increased 150%. The
optimum fertilization rate was assumed to be 35N-28P-70K,
routinely applied in the greenhouse.

The optimum irrigation rate (100%) was calculated using
the formula

m=[10H.a (MFMC-§)]x K,

where: m is irrigation rate, mm; a — the bulk density of
the soil, g/cm3; H — the depth of the active soil layer, mm; MFMC —
the marginal field moisture content in % of the absolute dry weight
of the soil; 6 — pre-irrigation soil moisture content in % of soil
absolute dry weight; K — the reduction factor of the irrigation rate,
taking into account the area occupied by plants in 1dka (1dka = 0.1
ha). In the experiment, K = 0.66 %, i.e., 66 % of the area, is
irrigated.

The irrigation was carried out with a drip irrigation
system called "Drozbach." The area not irrigated was reduced by
counting it. For this purpose, the formula of Frecman and Carzoli
was used, taking into account the planting scheme.

Indicators of the study

Biometric measurements

Five /5/ marked typical plants of each variant were
observed to determine the main growth parameters: plant height,
average fruit mass, number of fruits per plant from the second to
fifth cluster, and average fruit mass in dynamics during the growing
season. At the beginning and the end of the growing season, the
fresh and dry mass of the above-ground part of the plants was
determined.

Growth Index

For each genotype, the growth index (GI) was calculated
by measuring the plant height under conditions of different
irrigation regimes and fertilization rates, t, - before treatment
initiation, and measurements three times in 14 days (t, tp, and t3)
according to the formula:

Gl = hf-hi/2,

Where hf is the trait measured at the end of the period (t;,
t,, and t3) and hi at the start period (to).
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Table 1. Variants of the experiment include genotype, irrigation rate, and fertilization rate (*OR — optimal rate)

Genotype, grower

Irrigation rate,

Fertilisation rate,

(% of *OR) (% of *OR)

Pink rock (Yuksel Tohum) 75 75
Pink rock (Yuksel Tohum) 75 100
Pink rock (Yuksel Tohum) 75 150
Malduo (Syngenta) 75 75
Malduo (Syngenta) 75 100
Malduo (Syngenta) 75 150
Hayet (Sakata) 75 75
Hayet (Sakata) 75 100
Hayet (Sakata) 75 150

Pink rock (Yuksel Tohum) 100 75
Pink rock (Yuksel Tohum) 100 100
Pink rock (Yuksel Tohum) 100 150
Malduo (Syngenta) 100 75
Malduo (Syngenta) 100 100
Malduo (Syngenta) 100 150
Hayet (Sakata) 100 75
Hayet (Sakata) 100 100
Hayet (Sakata) 100 150

Pink rock (Yuksel Tohum) 125 75
Pink rock (Yuksel Tohum) 125 100
Pink rock (Yuksel Tohum) 125 150
Malduo (Syngenta) 125 75
Malduo (Syngenta) 125 100
Malduo (Syngenta) 125 150
Hayet (Sakata) 125 75
Hayet (Sakata) 125 100
Hayet (Sakata) 125 150

Results index. At the same time, the combination of increasing or
Growth decreasing the irrigation rate and fertilization had no positive effect

Studies related to the growth index showed that increasing
the irrigation rate by 25% (125%) increased growth in all three
tomato cultivars included in the experiment. In contrast, no such
relationship was observed when fertilizer levels were changed
(Table 2 and Figs. 1,2,3). An exception is the cultivar 'Hayet," where
a decrease in fertilizer rate was associated with a higher growth

on growth. When three fertilizer rates were applied, the varieties
responded differently; in two of them (‘Pink rock' and 'Malduo’),
increasing the fertilizer rate did not lead to changes in plant growth,
while in 'Hayet,' lowering the fertilizer rate was also associated with
a higher growth index, close to that of the optimal fertilizer regime;

Table 2. Growth index (GI) of three commercial tomato hybrids grown under three irrigation regimes and three fertilizer levels

Irrigation, % of Fertilizer,
OR* % of OR* Gl1 Gl2 GI3 Gl1 Gl2 GI3 Gl1 Gl2 GI3
Copt Malduo Pink rock Hayet

75 150 735 98.5 1175 | 678 97.8 1136 | 67.8 96.3 1133
75 100 741 | 1011 1184 | 715 99.7 1157 | 70.0 | 1015 116.5
75 75 759 | 106.1 1231 | 683 94.8 110.0 | 67.8 96.8 108.3
100 150 69.4 | 100.9 119.7 | 76,5 | 1045 1225 | 76.3 | 105.8 123.3
100 100 775 | 1073 1223 | 76.7 | 108.4 125.7 | 745 | 101.5 119.0
100 75 741 | 1016 1216 | 784 | 1041 1214 | 758 | 109.8 126.3
125 150 75.2 | 103.2 1234 | 65.9 | 107.6 1284 | 711 | 100.1 118.6
125 150 84.9 | 109.4 129.9 | 78.6 | 109.6 129.6 | 745 | 107.0 125.0
125 75 73,5 | 100.0 1203 | 721 99.6 1201 | 76.8 | 101.8 117.3

* OR — Optimal rate

Conclution - The varieties responded differently to the three fertilization rates.

-Growth indices of three tomato cultivars grown under three
irrigation regimes and three fertilizer regimes were determined;
-Summarizing the results obtained for the growth index showed that
in all three tomato cultivars included in the experiment, compared
to the optimum irrigation and fertilization rates (100%/100%),
increasing the irrigation rate by 25% (125%) increased growth,
while no such relationship was observed when fertilization levels
were changed;
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In two of them (‘Pink rock' and 'Malduo'), increasing the fertilizer
rate did not lead to any changes in plant growth, while in 'Hayet,'
decreasing the fertilizer rate was also associated with a higher
growth index, close to that of the optimal fertilizer regime;
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Fig. 1. Influence of irrigation and nutrition on fruits formation in

Pink Rock variety
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Fig. 2. Influence of irrigation and nutrition on fruits formation in
Malduo variety
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Fig. 3. Influence of irrigation and nutrition on fruits formation in
Hayet variety

Linking these results with the data from the three-factor
analysis of variance, it was found that as an individual factor,
genotype mainly influenced total yield and average fruit mass. In
contrast, irrigation rate influenced total yield, average fruit mass,
and number of fruits per plant. The fertilizer rate mainly affects
early yield. The interaction between the factors /irrigation rate x
fertilizer rate/ and /genotype x fertilizer rate/ has a proven effect on
total yield and number of fruits per plant, while in the variety
'Hayet' - on fruit set (Table 3).

Table 3. Results of three-factor analysis of variance for yield and yield components as a function of Irrigation Rate (Factor A), Genotype

(Factor B), Fertilization Rate (Factor C), and their interactions

Average
. . Number of Average mass of Number of
Barly yield Total yield manSrJ)i]; the fruits standard fruits standard fruits
daktop A 16.9* 22 4%** 31.2%** 28.7%** 154 32.7%**
daxrop B 6.9 22.5%** 22.1%* 49 8.3 3.2
daxrop C 22.9%* 4.1%* 15.2** 4.1 3.6 1.2
AxB 2.8 4.2 6.0 3.5 6.6 9.1
AxC 10.0 6.1** 1.0 13.0* 3.6 6.5
BxC 5.3 21.1%* 4.6 14.1* 3.6 11.7
AxBxC 6.8 13.1 4.8 14.4 15.6 104
I'perka 28.4 6.5 15.1 17.2 43.3 25.1
Levels of significance: * = p < 0.05, *** = p < 0.001.
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