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ABSTRACT

The purpose of this study is to determine the impact of controlled permanent water deficiency and three
levels of fertilization on earliness and total yield of tomatoes, greenhouse production using different
mathematical approaches. In order to evaluate the morphological manifestations, the early harvest and the
total yield under the influence of different irrigation and nutritional regimes, a tomatoes variety "Vitelio"
was used. The irrigation is done with a drip irrigation system. Against the background of the same
fertilizing rates in the variants with different irrigation norms there is a decrease in the early stage with an
increase of the irrigation norms. A high correlation between plant height and total yield, with correlation
coefficient {r = 0.899) and between sheet count and total yield r = 0.824 was found.

There was a negative correlation between the first and third harvests and the total yield, respectively with
correlation coefficients r = -0.724 and r = -0.704. The nature of the linear relationship between plant
height and total yield is determined by the coefficient R? = 0.8. Based on a two-factor analysis, it was
found that irrigation regime had a dominant influence on the two parameters considered: height and yield,
which was statistically proven with a very high degree of confidence (p <0.001).
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INTRODUCTION

The water resources are decreasing on a global
scale. The water scarcity is rising along with
population growth, climate change and
environmental pollution. Global  water
consumption has increased sevenfold in the 20th
century. The largest water consumers are the
industry, the agriculture, and the domestic sector.
Bulgaria's fresh water resources are about 14.000
m3/year average per person who places the
country among the top 10 European countries.
Nevertheless, certain areas of the country may
experience water shortages due to the uneven
territorial allocation of resources (1).

Tomato (Solanum Lycopersicum L.) is an
important and popular vegetable grown
worldwide. The tomatoes are cultures that are
sensitive to irrigation. The vegetable crops do not
tolerate drought or over-wetting of the soil.
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Optimizing moisture insurance is a guarantee of
high yields and quality production. The
regulating of water scarcity is a problem studied
by many authors.

Kuscu et al. (2) establish the positive influence of
the optimal water regime. They determine yield
parameters and the effect of irrigation water at
water scarcity. Taking into account the
phenological development of the plants and the
quality of the tomato fruits, the impact of the
water deficit on the productivity of the crop and
the irrigation water productivity was established.
Linear relationships between yields, variants
irrigated with a drip irrigation system, with
different irrigation regimes have been
demonstrated.

The parameters of the irrigation regime, water
productivity and quantity of production have
been established (3-6). Data obtained from an
irrigated irrigation regime as a result of reduced
irrigation rates and between irrigation periods
provide useful indications of the possibility of
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improving the nutritional quality of tomatoes by
reducing the irrigation rate.

In the South Italy, where water deficiency is an
important problem in tomato cultivation,
according to Favati et al. (7), the best
compromise between the quality and quantity of
the fruit to be processed is achieved by extending
the irrigation interval (L40 or L60) or by limiting
the irrigation volume for the second part of the
tomato crop cycle (thesis 100-50). The extension
of the period between the irrigation period and
the reduction of the irrigation norms for the
period from the 1st to the last harvest is outlined
as a perspective strategy for managing the
irrigation regimes in tomatoes, parameters of
tomatoes and the amount of irrigated water.

Ensuring the optimal development of tomatoes
with minimal negative effect on the environment
is possible if the needs of the plants in the
different stages of vegetation are properly
specified. The determination of the amount of
nutrients needed to build up the yield allows for
proper justification of the recommended fertilizer
norms (8-10). Regardless of the numerous
researches in Bulgaria and abroad, related to the
growth and productive manifestations of
tomatoes, as well as to the various norms, forms
and methods of fertilization, there is still no
algorithm for exact and correct determination of
fertilizer norms.

The agriculture is a large consumer of fresh
water in competition with other sectors of society
(11). Within the EU SAFIR project new water-
based watering strategies based on experiments
with tomatoes (Lycopersicon esculentum Mill);
and other crops have been developed. The
findings during the SAFIR project can be used as
a framework for the implementation of water-
saving technologies under different soil and
climatic conditions.

One of the most powerful agro-technical factors
for increasing yields per unit area is fertilization.
As a result of a number of studies conducted on
different crops, dependencies have been
identified that determine the parameters of
optimal fertilization to obtain optimal yields. In
excessive use of chemical fertilizers, soil
contamination can reach serious levels.

The soil substrate has accumulated harmful toxic
residues as a consequence of their annual
introduction together with the main fertilization
(12). One of the goals of environmentally
friendly farming is the application of innovative
methods and practices for balanced fertilization
and irrigation of plants in order to obtain quality
production.
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The purpose of this study is to determine the
impact of controlled permanent water deficiency
and three levels of fertilization on early harvest
and total yield of tomatoes, greenhouse
production  using  different  mathematical
approaches.

MATERIAL AND METHOD

To determine the impact of different fertilization
and fertilization modes, an experience with
greenhouse tomatoes has been carried out. The
study was conducted under controlled conditions.
In order to evaluate the morphological
manifestations, the earliness-and the total yield
under the influence of different irrigation and
nutritional regimes, a tomatoes variety "Vitelio"
was used. This is an indeterminate variety of
Syngenta suitable for growing in a polyethylene
greenhouse. Experience is based on the block
method. The size of the plot was 10 m?, planted
on a flat surface according to design 110 + 50 +
35 (13). The study was conducted during the
period 2016-2017. The pots in all variants are
given at the same time, the irrigation rate being
in accordance with the requirements for the
respective option. Irrigation was carried out with
a drip irrigation system with built-in drippers at a
distance of 0.10 cm. In accordance with the
method requirements in the first year, 33
irrigations with irrigation rate at the optimal
irrigation variant of 49.5 m*ha were realized. In
the second year they are submitted 27 irrigations
with the size of the irrigation rate 40.5 m*/ha.

The experimental variants are: 1. Irrigated
irrigation regime (50% of the irrigation rate)
without fertilization. 2. Irrigated irrigation
regime (75% of the irrigation norm) without
fertilization. 3. Optimal irrigation regime (M-
100%) without fertilization (control). 4. Broken
irrigation regime (50% of irrigation rate) and
50% fertilization. 5. Broken irrigation regime
(75% of irrigation rate) and 50% fertilization; 6.
Optimal irrigation regime (M-100%) with 50%
fertilization. 7. Broken irrigation regime (50% of
the irrigation rate) and 75% fertilization. 8.
Broken irrigation regime (75% of irrigation rate)
and 75% fertilization. 9. Optimal irrigation
regime M-100%) with 75% fertilization.
10. Irrigated irrigation regime (50% of irrigation
rate) and 100% fertilization. 11. Broken
irrigation regime (75% of irrigation rate) and
100% fertilization. 12. Optimal irrigation regime
(M-100%) and 100% fertilization.

Tomatoes, greenhouse production, are crops that
require high levels of fertilization. For the
purposes of the experiment, variants with basic
fertilization and feeding with different nutrient
rates are laid down. The main fertilization was
carried out with P3 (in the form of P,Os) and Kys
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(as K,SO,). Feeding through vegetation was
performed with Nso (as NH4NO3) and Kegs (as
KNO3), according to the experimental
methodology.

During  tomato  vegetation, greenhouse
production, the morphological and phenological
features of the plants in the various feeding and
irrigation options were studied: stem height,
number of leaves formed, number of
inflorescences, number of wounds.. During the
two years of the study, the duration of the
planting period to the 1st harvest and the period
from the 1st to the last harvest was determined.
The assessment of the effects of fertilization and
irrigation regimes is based on the following
morphological indicators: x;- height; x,- number
of sheets; xs- number of inflorescences; x4- first
harvest; xs- second harvest; Xs- third harvest; x;-
total yield. The data for the structural elements of
the vyield was obtained on the basis of
measurements made on 10 repeating plants in all
variants of the assay.
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Yields are reported by weight at harvest dates, by
variants, kg/ha.

The results are subjected to a dispersion analysis
using the Statgraphics statistical package. The
processing was performed with the SPSS 13
statistical program.

RESULTS AND DISCUSSION

In the first year, the duration of the planting
period to the 1st harvest is 84 days, and the
period from the first harvest to the last is 70 days.

For the second year, the planting period up to the
1st harvest was established for 80 days, with a
difference of 4 days compared to the first year.
The second period, covering the 1st to the last
harvest, was recorded for 60 days. The duration
of the vegetation period also determines the size
of the irrigation rate, which is 18% lower with
140 days vegetation. The parameters of tomato
harvesting, greenhouse production, cultivated
under conditions of irrigated irrigation regime
and different fertilization norms have been
established.
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Figure 1. Economic early maturity of tomatoes, greenhouse production for 2016

The results of the morphological analysis show
that in terms of plant height the variants that are
fermented exceeded the net control by 6.1% to

20.5%. Strong plant growth occurs with 75% and
100% fertilization and irrigation with reduced
(75%) and optimal irrigation (Variant 12).
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Figure 2. Economic early maturity of tomatoes, greenhouse production for 2017
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Similar are the tendencies for the number of
leaves formed from one plant. Morphological
analysis data reflects the impact of different
fertilization and irrigation regimes on nutrient
uptake and leaf-plant weight formation of plants.
The investigations from several studies showed
that gradual soil drying imposed by deficit
irrigation (DI) or partial root zone drying
irrigation (PRD) induced hydraulic and chemical
signals from the root system resulting in partial
stomatal closure, an increase in photosynthetic
water use efficiency, and a slight reduction in top
vegetative growth, (Jensen et al. 2010).

It was found that fertilizing with 75% of the
fertilizer rate, with a 50% reduction in irrigation
regime (Variant 7), contributed to the best plant
cellularity in the first experimental year. In the
second year, the conditions for feeding and
irrigation favor the formation of the largest
vegetative mass in optimal fertilization and
irrigation (Variant 12). The analysis of the two-
year results shows an increase in the number of
inflorescences in increasing the moisture content.

At the optimal irrigation rate, a reduction of the
number of inflorescences was registered by
12.5% compared to the variant with a reduced
(75%) irrigation rate. Knowing the vegetative
events is a prerequisite for accurately
determining the size of the food area and
properly regulating the food and irrigation
regime. The balanced ratio between leaf-berry
mass and the number of flowers, respectively,
fruit juice guarantees the synthesis of enough
plastic substances, ensuring a high yield at high
economic maturity.

The analysis of the results for early culture shows
that the share of the second harvest is greatest
during the first experimental year (Figure 1). In
the second year, the third portion is characterized
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by the third harvest (Figure 2). Highest
economic premise is observed at the unfertilized
and half-irrigation rate (Variant 1). On average,
for the high-erosion period, the option with half-
irrigation and fertilization (Variant 4) stands out
too. For all other options, economic is lower than
in the control.

Against the background of the same fertilizing
rates in the variants with different irrigation
norms there is a decrease in the early stage with
an increase of the irrigation norms. Compared to
fertigation frequency, irrigation frequency seems
to be the main factor affecting N recovery at high
fertilizer-N rate, according to Farneselli et al.
(14). Thus, high fertigation and/or irrigation
frequency may represent a strategy to increase N
uptake efficiency in processing tomato fed with
very high N and water supply, which is often the
case in intensive cultivation of tomatoes. With
the increase of the fertilizer rate in the same
irrigation regime, the economic decreases, the
lowest in the maximum nutrition and water
regime (Variant 12). However, the opinion of
Golgen (15) is that reduced potassium doses lead
to decreased growth of roots, yields and delay in
fruit maturation.

Variation analysis of the results for first, second
and third harvests take into account the limits of
variation in yields for individual harvests (Table
1). Results of the resulting variability between
the studied indicators are presented. The lowest
value was observed at the first harvest in 2016 (x
= 7.12), and the highest at third harvest in 2017
(x = 34.66). The coefficient of variation (CV)
provides information on the dispersion of the
attribute, and is also used to assess the
homogeneity of the sample. For the first, second
and third harvest for 2017, the sample is
homogeneous. For 2016 on the first and second
harvest, the sample is highly inhomogeneous.

Table 1. Variation of economic early maturity in greenhouse tomatoes for the period 2016-2017

First harvest
N Min Max X S CV, %
2016 12 7.12 17.88 10.95 29.5 27
2017 12 9.55 14.86 12.66 16.5 13
Second harvest

2016 12 11.60 33.40 22.35 69.1 31
2017 12 17.79 21.83 19.68 11.8 6
Third harvest

2016 12 21.19 29.74 25.28 24.3 10
2017 12 21.36 34.66 28.6. 44.6 16
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Figure. 4. Regression dependence between number of leaves and total yield

A correlation analysis was carried out, which
established and evaluated the correlation between
the investigated indicators expressed by the
correlation  coefficient  (r).  Correlational
dependencies are a product of mathematical and
statistical processing of Genchev's output data,
etc. (1975).

Correlation coefficients (r) have been calculated.

The dependence of the magnitude of the yield on
the traits was measured by correlation coefficient
values. A positive correlation was found between
plant height and leaf number, plant height and
total yield; number of leaves and total yield; third
harvest with first and second harvest (Table 2).
The calculated correlation coefficients between
the leaves weight and the total yield clarify the
origin of the relationship between the growth and
production patterns of tomatoes grown in
greenhouse conditions.

It is established a negative correlation between
the indicators: height of the plant and first
harvest; number of leaves and first harvest; total
yield and first and third harvest.

The correlation coefficient gives a general idea of
the extent and direction of dependence between

the underlying parameters. Along with the
correlation analysis, quantitative regression was
performed. Regression relationships show that it
is linear, which means that by increasing some of
the attributes by unit this will result in a constant
change (decrease or increase) in yield. In this
case the linear dependence; with coefficient R* =
0.8, establishes that the increase of the height of
the stems increases also the size of the total yield,
characterizing the early tomatoes, greenhouse
production. The linear regressions between the
relative parameters of fruit quality and relative
evapotranspiration, found Yang et al. (2017) in a
study of irrigation of tomatoes in a controlled
water deficit. Dependencies are the basis of
developing a strategy for irrigation of tomatoes
in a water deficit in greenhouse conditions.

The two-factor analysis establishes the influence
of the year and the various irrigation regimes on
the height of the plants and on the yield of the
three harvests. In the two experimental years
different  irrigation norms  have  been
implemented, depending on the length of the
vegetation period. The analysis found 40-44%
influence of irrigation factor. Table 3 presents
the results of the data for yields-during the 2016-
2017.
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Table 2. Correlational relationships between morphological indicators and early maturity of tomatoes

Number Number . .
. . of First Second | Third Total
Indicators Height | of infl harvest | harvest | harvest | yield
sheets | Inflores | ha y
cences
Xi Xl X2 X3 X4 X5 X6 X7
Height X |1 0.897** | 0.342 -0.411 0.899**
Number of
sheets X, 1 0.513 -0.321 | -0.576 | 0.824**
Number of
infloresce
nces X3 1 -0.210 |0.133 0.011 0.395
First
harvest X, 1 0.741** | 0.923**
Second
harvest Xs 1 0.917** | -0.544
Third
harvest Xg 1
Total yield X, 1

Table 3. Two-factor dispersion analysis of factors: A - year and B - irrigation regime on the height of

plants and total harvest yield

Influence
Variation | of sS df MS F P-value | F crit
Source factor,

%
Height
Year (A) * | 3% 48568 |1 485.68 | 4.29 0.044 | 4.04
Irrigation | 4494 6830.71 |11 620.97 |5.48 0 1.99
Interaction | 4 7o, 2634.82 |11 23953 | 2.11 0.037 | 1.99
Errors 5436.67 | 48 113.26
Total yield
Year(A) * | 12% 131328.1] 1 131328.1[82.73 | 0.003 | 4.04
Irrigation | 4094 446849.8 | 11 40622.7 | 25.9 0 1.99
Interaction | 41y, 459047.6 | 11 417316 |2629 |0 1.99
Errors 76198.9 | 48 1587.5

For the indicator “height” (Table 3), the greatest
influence of factor B is observed, a dominant
mode of dominance of 44% and a proven
significant p<0.001 on the change of the
indicator. Second is the interaction between the
two factors with an impact of 17%.

The biometric indicator "yield" is a power effect
of 41% of the irrigation regime and the
interaction between the two factors at p<0.001.

The influence of factor A is of secondary
importance (p<0.05). Independent-influence of
factor A is not considered.

CONCLUSIONS

Against the background of the same fertilizing
norms in the variants with different irrigation
norms there is a decrease in the early age with an
increase of the irrigation norms. A high
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correlation between plant height and total yield,
with correlation coefficient r = 0.899 and
between sheet count and total yield r = 0.824 was
found.

There was a negative correlation between the
first and third harvests and the total yield,
respectively with correlation coefficients r = -
0.724 and r = -0.704.

The nature of the linear relationship between
plant height and total yield is determined by the
coefficient R* = 0.8.

Based on a two-factor analysis, it was found that
irrigation regime had a dominant influence on the
two parameters considered: height and yield,
which was statistically proven with a very high
degree of confidence (p<0.001).
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