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Abstract

Dimitrov, E. & Miteva, I. (2022). Quality of tomato production depending on the applied irrigation rate and ferti-
gation. Bulg. J. Agric. Sci., 28 (4), 591–597

During the period 2018-2020, on leached Cinnamon forest soil at outdoor irrigation conditions, studies were conducted 
with determinant tomato variety Nikolina F1 – medium early production. The influence of 50 and 100% irrigation rates and 
increasing fertilization by fertigation (N15P8K15; N20P1 2K20 и N25P16K25) on the quality of the formed production has been es-
tablished.

The results of the three-year study show higher quality indicators in tomatoes with reduced irrigation compared to 100% 
irrigation rate – 6.0% higher dry matter content, 12.3% more total sugars, 16.99% higher sugar-acid number, as well as an acid 
content reduced by 8.3%. In terms of dry matter, total sugars and sugar-acid number, the variant fertilized with N20P12K20 is 
optimal for both irrigation rates. In both irrigation rates, there is a trend for the acid content in the fruits to increase with the 
fertilizer rate, while in the case of ascorbic acid, there are no pronounced trends over the years.

The regression dependences represented by polynomial equations between the quality indicators for tomatoes and the ap-
plied fertilization depending on the irrigation rate show high values ​​of the coefficients of determination (R2 between 0.58 and 
0.99), except for the dry matter and total sugars at full irrigation rate in 2020
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Introduction

Limited water resources worldwide, as well as the com-
petition among industrial, agricultural and urban consumers 
becoming increasingly serious, necessitates continuous im-
provement in irrigation practices, especially in such an in-
tensive sector as vegetable production (Yadan et al., 2017; 
Tesfay et al., 2020). Uncontrolled exploitation of ground-
water has serious consequences, such as lowering its level, 
reduction of managed areas, as well as intensive processes of 
salinization and desertification (Kang et al., 2004).

Management of water and nutrients provided by fer-
tilizers are the two main abiotic factors influencing crop 
growth and productivity  (Kuscu et al., 2014; Wang  et al., 

2015). Tomato quality is the overall result of various in-
dividual and combined interactions of factors and indica-
tors (Wang et al., 2011; Zheng et al., 2013).  Studies show 
(Wang et al., 2015)   that in all countries, tomato production 
is increasing, with consumer demand gradually changing 
from increased quantity of fruit to better-quality fruit. Up-
to-date data obtained under various soil and climatic con-
ditions related to irrigation regimes and tomato fertilization 
are needed as a stable foundation for the production of to-
matoes with an achievable balance between high yield and 
high fruit quality.

The aim of the present study is to determine the influence 
of increasing irrigation rates and fertilization by fertigation 
on the formation of high-quality produce.
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Material and Methods

The studies were conducted under irrigation conditions 
on leached Cinnamon forest soil in the Chelopechene Ex-
perimental Base of ISSAPP “N. Poushkarov”. Medium-ear-
ly determinate variety Nikolina F1 – selection of the Forest 
Research Institute of BAS – was used as an experimental 
culture. The soil in the experimental plot has a low humus 
content (1.44%) with a slightly acidic reaction – pHH2O – 
6.2; pHKCl – 5.4. The content of mineral nitrogen is low 
– 16.1 mg.kg-1 soil. The accumulation of mobile forms of 
phosphorus and potassium is average – 11.4 mg P.100g-1 and 
17.7 mg K.100g-1 soil. The scheme with the variants of the 
experiment is presented in Table 1. The experiment is based 
on the method of long plots in four replications, with the size 
of the experimental plot being 7.5 m2. Irrigation is carried 
out through a drip irrigation installation. Irrigation wings 
for drip irrigation are selected depending on the moistening 
contours in Cinnamon forest soil, the distance between the 
drippers is 0.30 m, with an outflow of 2 lh-1. Two are placed 
in each strip next to the stems of tomatoes on the surface of 
the field.

 The plants are planted in a two-row strip according to 
the scheme 100 + 60 x 30. Nitrogen (ammonium nitrate) and 
potassium (potassium chloride) fertilizers in all variants with 
fertilization are introduced three times with the irrigation 
system. Fertilizer rates are divided equally and introduced 
to the stage of mass formation of fruit sets. The phosphorus 
norm, in the form of double superphosphate, is introduced in 
the autumn by deep plowing.

Studies on tomato fruits are performed at commercial 
maturity on an average sample of 10 fruits from each repli-
cate of the variants included in the experiment. The analyzes 
are performed in the laboratory of ISSAPP “N. Poushkarov” 
and the University of Chemical Technology and Metallur-
gy. After drying the samples at 65°C with pre-fixation at 
110°C, the absolutely dry matter (ADM) was determined. 
Sugar content in the fruit is determined reflectometrically. 
The method is based on the conversion of D-glucose and 
D-fructose to D-glucose-6-phosphate, a product of oxida-
tion with NAD (coenzyme). It in turn is converted to gluco-
nate-6-phosphate. The NADH (coenzyme) formed reduces 
the tetrazolium salt to blue formazan, the concentration of 
which is measured reflectometrically on an RQflex® reflec-
tometer using test strips. The content of total acids in the 
fruit is determined reflectometrically. The method is based 
on the reaction with an alkaline reagent of all acidic sub-
stances (total acidity) contained in the sample. The result 
changes depending on the pH and corresponds to a change 
in the color of the pH indicators. It is read on an RQflex® 

reflectometer using test strips. The content of ascorbic acid 
in the fruit is determined reflectometrically by the method 
“after reaction with molybdophosphoric acid to phosphomo-
lybdenum blue”. After averaging and straining the samples, 
the tomato juice is diluted with oxalic acid and is filtered.
Polyvinylpolypyrrolidone (Divergan® RS) is added to the fil-
trate thus obtained and the pH is adjusted to >1 with a few 
drops of 25% H2SO4. After mixing, the sample is filtered and 
the Vitamin C content is read on a RQflex® reflectometer. 
The sugar-acid ratio in the fruit is determined by the formula: 

The results are processed using the statistical package 
Statgraphics (Anova). The regression analyzes are prepared 
with the software product MS Excel.

Results and Discussion

Table 1 presents the results of the biochemical analyzes 
of the biochemical quality indicators included in the study 
in the period 2018-2020. Although the literature shows that 
quality indicators are genetically determined, a number of 
studies have shown that these traits are influenced to a great-
er or lesser extent by both growing conditions and environ-
mental factors (Vasileva, 2016; Boteva et al., 2018; Vasileva 
et al., 2020).

In terms of climate (precipitation, temperature, humidi-
ty), the experimental years are very different, which inevi-
tably affects not only the growth processes and productivity, 
but also the quality indicators.

During the years of research (Table 1), the content of ab-
solutely dry matter in the fruits of tomatoes ranges between 
4.25 and 6.6% at 100% irrigation rate and between 4.27 and 
6.9% at 50% irrigation rate. The obtained values ​​for dry mat-
ter content in tomato fruits in the phase of commercial matu-
rity are completely comparable with those obtained in other 
experiments with the same variety – Nikolina F1. (Vasileva 
et al., 2016; Boteva et al., 2018; Vasileva et al., 2020. The 
average dry matter content of tomatoes for the three-year 
period in plants with reduced irrigation is 5.48% or 6.0% 
higher than that in case of 100% field capacity.

At a confidence level of 95.0%, the data on the dry mat-
ter in the fruits of plants in the three experimental years are 
arranged in 2 homogeneous groups at 100% irrigation, and 
with the reduced irrigation rate in 2018, there are no statisti-
cally significant differences between the data on dry matter, 
the values ​​of the indicator are arranged in 3 homogeneous 
groups in the next two experimental years. The value of the 
variable p-value for the measured dry matter during the ex-
perimental years at 100% field capacity, as well as at 50% 
field capacity for 2019 and 2020, is less than the significance 
level, which by default is 0.05, while in the variants at 50% 
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field capacity in 2018, the variable p-value is greater than 
the significance level – 0.05, where all measured values ​​of 
the indicator are grouped in one row. The low p-value cor-
responds to high values ​​of the Fisher criterion – F (except 
for 2018 – the variants with reduced irrigation). This fact is 
considered proof that the difference between the population 
and the sample mean is significant.

During the first two experimental years, as the fertilizer 
rate increases, so does the dry matter in the tomato fruit, re-
gardless of the irrigation rate. In 2020, in which the highest 
contents of the indicator were reported (6.6% at 100% field 
capacityand 6.9% at 50% field capacity), at both irrigation 
rates, the highest content of dry matter was measured in the 
fruits of variant T3 fertilized with N20P12K20. The relation-
ships between the absolutely dry matter in tomato fruit and 
the fertilization at different irrigation rates are well described 
by polynomial equations. With the high irrigation rate in the 
first two experimental years, the coefficients of determina-
tion are high (2018 – R² = 0.99; 2019 – R² = 0.82), in con-
trast to 2020, when the coefficient of determination shows a 
significantly weaker relationship between the studied indica-
tors (R² = 0.31). In the case of reduced irrigation, the trends 

are maintained (2018 – R² = 0.99; 2018 – R² = 0.98), but in 
2020, the coefficient of determination is higher (R² = 0.58).

The multifactor analysis (for LSD – 95.0%) shows that 
the main influence on the synthesis of dry matter in tomato 
fruits in 2018 is of the combined effect of fertilization and 
irrigation – 33.71%, followed by fertilization – 19.3%, and 
6.73 % for irrigation; in 2019, the dominant combined influ-
ence of the two tested factors remains – 32.13%.  The impact 
of irrigation that year increases to 30.0%, and fertilization is 
20.24%. In the last experimental year, the combined effect 
of fertilization and irrigation is reduced to 4.6%, and irriga-
tion is dominant with 42.11%, followed by fertilization with 
36.91%.

The measured total sugars in the commercial maturity 
phase are between 3.2 and 4.8% at 100% irrigation rate and 
between 3.8 and 5.9% at 50% irrigation rate. The average 
content of sugars in tomatoes for the three-year study period 
in plants with reduced irrigation is 4.63% or 12.3% higher 
than in 100% field capacity. The literature cites data on cor-
relation between dry matter and sugars in tomatoes which 
are due to the so-called “dilution effect”   (Anthon et al., 
2011). In the performed experiments, such dependences are 

Table 1. Influence of fertilization and irrigation rate on the quality of tomato production
Variant АСВ% Total sugars, % Mutual acids, % Ascorbic acid,  mg%

2018 2019 2020 2018 2019 2020 2018 2019 2020 2018 2019 2020
100%  irrigation rate

T1. 0 5.03 4.87 5.99 3.2 3.8 4.2 0.67 0.39 0.43 12.16 10.8 15.3
T2.N15P8K15 4.25 4.31 6.0 4.2 4.0 4.3 0.56 0.42 0.48 14.81 12.7 18.6
T3.N20P12K20 4.58 4.60 6.6 4.6 4.0 4.8 0.60 0.45 0.50 13.50 15.4 23.7
T4.N25P16K25 4.99 4.60 6.2 4.6 3.8 4.0 0.73 0.48 0.50 16.00 14.2 24.2
Average 4.71 4.59 6.2 4.15 3.9 4.3 0.64 0.44 0.48 14.12 13.3 20.5
Median 4.61 4.60 6.1 4.40 3.95 4.25 0.66 0.42 0.48 13.91 13.55 21.55
St dev P 0.393 0.256 0.284 0.591 0.200 0.318 0.105 0.039 0.107 1.521 1.771 3.720
F- Ratio 5.26 4.20 8.32 40.31 0.89 16.80 1.67 9.02 0.23 21.60 43.81 181.90
P- Value 0.0270 0.0465 0.0077 0.0000 0.4872 0.0008 0.2503 0.0060 0.8741 0.0003 0.0000 0.0000
LSD-95.0% 0.525 0.369 0.322 0.339 0.399 0.272 0.190 0.043 0.236 1.163 0.978 1.031
LSD-99.0% 0.765 0.537 0.469 0494 0.581 0.395 0.277 0.063 0.344 1.692 1.424 1.501

50% irrigation rate
T1. 0 4.27 4.6 6.2 3.8 3.9 4.6 0.51 0.39 0.42 10.55 11.6 17.9
T2.N15P8K15 5.07 4.8 6.5 5.9 4.2 5.1 0.49 0.4 0.50 13.62 14.5 22.6
T3.N20P12K20 5.15 5.1 6.9 5.8 4.0 5.3 0.55 0.45 0.46 10.43 16.8 29.1
T4.N25P16K25 5.45 5.3 6.4 4.2 3.9 4.8 0.61 0.48 0.50 8.25 14.9 21.5
Average 4.99 4.94 6.50 4.93 4.01 4.94 0.54 0.43 0.47 10.71 14.45 22.78
Median 5.11 4.9 6.45 5.05 4.0 4.9 0.51 0.45 0.48 10.39 14.9 22.1
St dev 0.601 0.278 0.268 0.947 0.189 0.275 0.051 0.046 0.043 1.937 1.890 4.053
F- Ratio 2.98 16.89 12.29 116.92 1.63 20.06 10.18 4.80 3.91 102.17 85.23 623.12
P- Value 0.0963 0.0008 0.0023 0.0000 0.2589 0.0004 0.0042 0.0338 0.0536 0.0000 0.0000 0.0000
LSD-95.0% 0.952 0.237 0.261 0.326 0.344 0.217 0.054 0.060 0.063 0.712 0.759 0.610
LSD-99.0% 1.385 0.345 0.379 0.412 0.500 0.316 0.079 0.081 0.092 1.036 1.104 0.888
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observed in all three experimental years at the full irrigation 
rate and in 2020 at the reduced irrigation.

The obtained values ​​for total sugar content in both types 
of irrigation, depending on the applied fertilization in 2018, 
are arranged in 3 homogeneous groups, and in 2020, at 100% 
field capacity – in 2 and at 50% field capacity – in 3 homo-
geneous groups. In 2019, at both irrigation rates, there are 
no statistically significant differences between the measured 
sugar contents at different fertilization, at a confidence level 
of 95.0%.The value of the variable p-value in both irrigation 
rates in the experimental 2019 with the total sugars indicator 
is significantly higher that the significance level (0.05).

At both irrigation rates, only in 2020, in the plants of the 
variant with T3.N20P12K20, the sugar content is proven higher 
than in the other variants, as the content of total sugars in the 
fruits with reduced irrigation rate is 10.4% higher in compar-
ison with 100% field capacity.

With the high irrigation rate in the first two experimental 
years, the coefficients of determination showing the depen-
dence of synthesized sugars on fertilization are high (2018 
– R² = 0.99; 2019 – R² = 0.93), in contrast to 2020, when the 
coefficient of determination shows a significantly weaker re-
lationship between sugars and fertilization (R² = 0.33). In the 
case of reduced irrigation, the coefficients of determination 
for all three experimental years are high (2018 – R² = 0.97; 
2019 – R² = 0.90; 2020 – R² = 0.82).

The multifactor analysis (for LSD < 95.0%) shows that 
in the first year, the main impact on the synthesis of sugars 
is that of fertilization – 37.57%, followed by irrigation – 
32.75%. The influence of the combined effect of the two 
studied factors is 26.12%. In 2019, the influence of the test-
ed factors is weaker, as 17.4% is the influence of irrigation 
and 15.4% – of fertilization, and their combined effect is 
only 3.19%. In the last experimental year, the impact of 
irrigation on the accumulated total sugars is significant 
– 52.43%, the participation of fertilization is also high – 
36.42%, and the combined effect of irrigation and fertiliza-
tion is only 5.02%.

The acid content in tomato fruits during the years of the 
experiment ranges between 0.39 and 0.73% at the high irri-
gation rate and between 0.40 and 0.61% at the reduced one. 
The average acid content in tomatoes with 100% irrigation 
rate for the three-year period is 8.3% higher than that of the 
fruits with reduced irrigation. 

The results for acid content regardless of irrigation rate 
in 2017 are combined into 3, and in 2019 – into 2 homoge-
neous groups. In the case of reduced irrigation in 2018, the 
acid content is arranged in 2 homogeneous groups, and at the 
full irrigation rate, there are no proven differences in the acid 
content at different fertilizer rates. The variable p-value is 

greater than the significance level – 0.05 at the full irrigation 
rate for 2017 and 2019.

In both irrigation rates during the experimental years, 
there is a trend without statistically proven differences for 
increase in the acid content in tomato fruits with increasing 
fertilizer rate. The role of the form, method and rate of fertil-
ization and especially of nitrogen and potassium fertilization 
on the quality of production has been proven in many studies  
(Agostini et al., 2010; Mitova et al., 2010; Vasileva et al., 
2016; Ankush et al., 2017; Tesfay et al., 2020).    Regression 
equations show a positive dependence of the acid content in 
fruits on the applied fertilization in both irrigation regimes. 
With the high irrigation rate in all three experimental years, 
the coefficients of determination are high (2018 – R² = 0.98; 
2019 – R² = 0.99; 2020 – R² = 0.99), and with reduced irri-
gation, the trend are preserved (2018 – R² = 0.99; 2019 – R² 
= 0.97; 2020 – R² = 0.71).

The multifactor analysis in 2018 with a significance level 
of LSD 95.0% shows that fertilization has main influence on 
the synthesis of acids in tomato fruits – 29.01%, followed 
by irrigation – 26.74%, and a weak combined effect of the 
two factors – 4.95%. In 2019, the influence of fertilization 
increases – 68.48%, at the expense of irrigation – 0.49%, and 
the combined effect of the factors is 0.94%. In 2019, partici-
pation of the tested factors in the formation of the studied in-
dicator is also low: irrigation – 13.3%, fertilization – 0.17%, 
and combined effect – 1.76%. 

The ratio between total sugars and acids in tomatoes is 
an important quality indicator determining the taste of fruits. 
Some earlier studies accept as optimal a sugar-acid ratio 
between 5.6 and 8.7 (Raykova, 1977),  but with the devel-
opment and improvement of selection methods and farming 
techniques, many researchers have already pointed out that 
the optimal ratio defining tomatoes as “tasty” is over 10-11  
(Kader et al., 1978; Ganeva, 2007; Mitova et al., 2010) .   In 
the studied samples over the years, this ratio ranges between 
4.78 (in the controlled variant with 100% field capacity in 
2018) and 12.04 (for fruits with reduced irrigation and fertil-
ization with N15P8K15 in 2018). In fertilized plants with 100% 
field capacity in 2018, and in 2020, regardless of irrigation 
rate, variant T3.N20P12K20 has formed fruits with the highest 
sugar-acid ratio, while in the reduced irrigation in 2018, as 
well as in both irrigation rates in 2019, the fruits from variant 
T2.N15P8K15 have the highest value of the total sugars / titrat-
able acids ratio. It is noteworthy that the sugar/acid ratios in 
tomato fruits at 50% field capacity are 16.99% higher than 
those in plants with 100% field capacity.

Figure 1 shows the ratios between total sugars and titrat-
able acidity in tomato fruits during the experimental years 
as a function of the applied fertilization and irrigation rate. 
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The dependence of the ratios of total sugars and titratable 
acidity on fertilization at the two irrigation rates is expressed 
by polynomial equations. In 2018 and 2019, the coefficients 
of determination expressing the indicated dependences be-
tween the sugar-acid number and the applied fertilization at 
full (R² = 0.99 for 2018 and R² = 0.91 for 2019) and reduced 

irrigation rate (R² = 0.96 for 2018 and R² = 0.83 for 2019) are 
very high. In 2020, these ratios are significantly lower – R² 
= 0.65 at full and R² = 0.34 at reduced irrigation rate, which 
means that only 65% and 34% of cases will have similar de-
pendencies between the sugar-acid number and the applied 
fertilization.

The content of ascorbic acid in tomatoes in the period 
2018-2020 is between 10.8 and 24.2mg% at full irrigation 
rate and between 8.25 and 29.1 mg% at the reduced rate. In 
the first experimental year, the average content of ascorbic 
acid in the fruits of plants with 100% field capacity is higher 
than in plants with reduced irrigation, and in the next two 
years, there is a reverse trend, as the final result of the av-
erage content of vitamin C in the experimental years is the 
same regardless of irrigation rate (Table 1). Despite the fact 
that there are no differences in the average content of vitamin 
C in the three experimental years due to irrigation rates, if we 
consider the individual years, it will be seen that this result is 
due to too low measured vitamin levels in the samples from 
the variants with reduced irrigation in 2018.

At a confidence level of 95.0%, the data for ascorbic acid 
in the fruits of plants at 100% irrigation for 2018 and 2019 
are arranged in 4, and in 2020 – in 3 homogeneous groups, 
and with the reduced irrigation rate in 2018 and 2019 – in 3, 
and in 2020 – in 4 homogeneous groups. The variable p-val-
ue in all years of research at both irrigation rates is less than 
the significance level with proven differences between the 
variants.

At the full irrigation rate in 2018 and 2020, the plants 
with high fertilizer rate – T4.N25P16K25 – have the highest vi-
tamin content, while in 2018 at 100% capacity, as well as in 
2019 and 2020 at the reduced irrigation, fruits fertilized with 
T2.N15P8K15 have the highest content of ascorbic acid.

The coefficients of determination showing the relation-
ship between ascorbic acid and fertilization at 100% field 
capacity are high in all experimental years (2018 – R² = 0.71; 
2019 – R² = 0.80; 2020 – R² = 0.92). In the case of reduced 
irrigation, the trends are maintained for2018 – R² = 0.93 and 
2019 – R² = 0.83, and in 2020, the coefficient of determina-
tion is lower – R² = 0.58.

The results of the multifactor analysis (for LSD 95.0%) 
show that the main influence on the synthesis of vitamin C in 
tomato fruits in 2018 is by irrigation – 48.87%, the combined 
effect of fertilization and irrigation is next with 28.58%, fol-
lowed by fertilization -19.60%, while in 2019, the dominant 
factor is fertilization with 85.41%.  The influence of irriga-
tion that year is low – 9.33%, and the combined effect of 
the two tested factors is only 1.37%. In the last experimental 
year, the greatest influence on the synthesis of vitamin C is 
by irrigation – 46.11%, slightly weaker is the influence of 

Fig. 1. Ratio between total sugars and titratable acidity 
in tomato fruitsas a function of the applied fertilization 

and irrigation rate 
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fertilization – 38.82%, the combined effect of the two factors 
is 14.25%.

The results obtained from the three-year study show 
higher quality indicators – absolutely dry matter, total sug-
ars, ascorbic acid (except for 2018), sugar-acid number, as 
well as reduced acid content in the variants with reduced ir-
rigation. These results are confirmed by a number of foreign 
studies ( Kuscu et al., 2014; Yadan et al., 2017; DUYa-dan 
et al.; Jiang et al., 2019),    which found ;that at the expense 
of yields, the quality of tomato production increases with a 
moderate water deficit. Jinliang et al. (2013)    prove that 
when applying 1/3 (T3) of full irrigation at the stage of flow-
ering and fruit development (stage II) and 1/3 (T5) or 2/3 
(T6) full irrigation at the stage of fruit ripening (stage III), 
the content of total soluble solids (TSS), reducing sugars 
(RS), organic acids (OA), vitamin C (VC) and sugar/acid ra-
tio (SAR) are significantly increased.

Conclusion

The studied biochemical indicators for the quality of to-
matoes are influenced by two groups of factors: agrotechni-
cal (irrigation and fertilization) and meteorological. 

The average dry matter content of tomatoes for the 
three-year study period in plants with reduced irrigation was 
5.48%, or 6.0% higher than in 100% field capacity. During 
the first two experimental years, as the fertilizer rate increas-
es, so does the dry matter in the tomato fruit, regardless of 
the irrigation rate. In 2020, in which the highest contents of 
the indicator were reported (6.6% at 100% field capacityand 
6.9% at 50% field capacity), at both irrigation rates, the high-
est content of dry matter was measured in the fruits of variant 
with N20P12K20.

The average sugar content of the variants of fertilization 
in tomatoes for the three-year study period with reduced ir-
rigation is 4.63%, or 12.3% higher than that in 100% field 
capacity. In both irrigation rates, only in 2020 with the vari-
ant with N20P12K20, sugar content is statistically proven to be 
higher in comparison with the other variants.

The acid content in tomato fruits during the years of the 
experiment ranges on average between 0.39 and 0.73% at the 
high irrigation rate and between 0.40 and 0.61% at the re-
duced one. The average acid content in tomatoes with 100% 
irrigation rate for the three-year period is 8.3% higher than 
that of the fruits with reduced irrigation. In both irrigation 
rates during the experimental years, there is a trend without 
statistically proven differences for increase in the acid con-
tent in tomato fruits with increasing fertilizer rate.

Sugar/acid ratios in the experimental years range be-
tween 4.78 (in the controlled variant with 100% field capac-

ity in 2018) and 12.04 (for fruits with reduced irrigation and 
fertilization with N15P8K15 in 2018). In fertilized plants with 
100% field capacity in 2018, and in 2020, regardless of ir-
rigation rate, variant T3.N20P12K20 has formed fruits with the 
highest sugar-acid ratio, while in the reduced irrigation in 
2018, as well as in both irrigation rates in 2019, the fruits 
from variant T2.N15P8K15 have the highest value of the total 
sugars/titratable acids ratio. Sugar/acid ratios in tomato fruits 
at 50% field capacity are 16.99% higher than those in plants 
with 100% field capacity.

The content of ascorbic acid in tomatoes in the period 
2018-2020 is between 10.8 and 24.2 mg% at full irrigation 
rate and between 8.25 and 29.1 mg% at the reduced rate, as 
the average content of vitamin C in the experimental years is 
the same (15.97 mg% and 15.98 mg%) regardless of the ir-
rigation rate. At the full irrigation rate in 2018 and 2020, the 
plants with high fertilizer rate – T4.N25P16K25 – have the high-
est vitamin content, while in 2019 at 100% capacity, as well 
as in 2019 and 2020 at the reduced irrigation, fruits fertilized 
with T2.N15P8K15 have the highest content of ascorbic acid.

The regression dependences represented by polynomial 
equations between the quality indicators for tomatoes and 
the applied fertilization depending on the irrigation rate 
show high values ​​of the coefficients of determination (R2 
between 0.58 and 0.99), except for the dry matter and total 
sugars at full irrigation rate in 2020.

References

Agostini, F., Tei, F., Silgram, M., Farneselli, M., Benincasa, P. 
& Aller, M. (2010). Decreasing nitrate leaching in vegetable 
crops with better N management. – In Genetic Engineering, 
Biofertilisation, Soil Quality and Organic Farming; Springer, 
Berlin,Germany, 147-200.

Ankush & Sharma, S.K. (2017). Yield, quality, nutrient and water 
use efficiency of tomato as affected by differentfertigation rates 
through drip irrigation system, Indian J. Agric. Res., 51(5),  
478-482, Print ISSN:0367-8245 / Online ISSN:0976-058X.

Anthon, G., Strange, M. & Barrett, D. (2011). Changes in pH, 
acids, sugars and other quality parameters during extended vine 
holding of ripe processing tomatoes. Journal of the Science of 
Food and Agriculture, 91(7), 1175-1181.

Boteva, Hr. & Yankova, P. (2018). Effect of fertilization, grow-
ing scheme and variety of economic productivity in biological 
tomato production. Bulgarian Journal of Agricultural Science, 
23(5), 820- 825. (Bg)

Ganeva, D. (2007). Selection studies of basic traits in determinant 
tomatoes for industrial processing, Dissertation for pris. of the 
degree and scientific degree “Doctor”, IZK “Maritsa”, Plovdiv, 
(Bg).

Yadan, D. U., Hongxia, C., Shiquan, L., Xiaobo, G. U. & Yuxin, 
C. (2017). Response of yield, quality, water and nitrogen use 
efficiency of tomato to different levels of water and nitrogen 



597Quality of tomato production depending on the applied irrigation rate and fertigation

under drip irrigation in Northwestern China. Journal of Inte-
grative Agriculture, 16(5), 1153-1161. 

Jinliang, C., Kang, S.,  Qiu, D.R., Chen, P.R.(2013). Quantitative 
response of greenhouse tomato yield and quality to water defi-
cit at different growth stages. Agricultural Water Management, 
129, 152-162. 

Kader, A. A., Morris, L. L., Stevens, M. A. & Albright-Holton, 
M., (1978). Composition and flavor quality of fresh market 
tomatoes as influenced by some post-harvest handling proce-
dures. Journal of American Society for Horticultural Science, 
113, 742-745, 1978. [Links].

Kang, Sh. & Zhang, J. (2004). Controlled alternate partial root-
zone irrigation: its physiological consequences and impact on 
water use efficiency. Journal of Experimental Botany, 55 (407), 
Pages 2437–2446

Kuscu H.,  Turhan, A., Ozmen, N.,  Aydinol, P. & Demir, A.O. 
(2014). Optimizing levels of water and nitrogen applied through 
drip irrigation for yield, quality, and water productivity of pro-
cessing tomato (Lycopersicon esculentum Mill.)Horticulture, 
Environment, and Biotechnology 55, 103–114.

Mitova, Iv., Dimitrov, Iv. & Boteva, Hr. (2010). Quality of to-
matoes depending on the applied fertilization and variety. Soil 
science, agrochemistry and ecology, XLIV (2), 47-53. (Bg).

Raikova, L. (1977); Potassium regime in greenhouse production 
at home, Dissertation for the establishment of educational and 
scientific degree “KSN” Agricultural Academy, IPAZR “N. 
Pushkarov”.,(Bg).

Teklay, T., Abadi B. & Mebrahtu G. (2020).  Optimizing irriga-
tion water and nitrogen fertilizer levels for tomato production. 

The Open Agriculture Journal, ISSN: 1874-3315 ― 14 
Vasileva, V. (2016). Entering some agri-environmental factors in 

relation to the early stability, productivity and efficiency of the 
production of determinant varieties and hybrid tomatoes. Dis-
sertation for joining the scientific degree “Doctor”, IPAZR “N. 
Pushkarov”(Bg).

Vasileva, V. & Dinev, N. (2020). Mineral content and quality pa-
rameters of tomato fruits as affected by different potassium 
fertilization treatments and cultivar specifics. DOI: 10.18805/
IJARe.A-563    | Article Id: A-563. (Bg)

Wang, C., Gu, F., Chen, J., Yang, H., Jiang, J., Du, T. & Zhang, 
J. (2015).  Assessing the response of yield and comprehensive 
fruit quality of tomato grown in greenhouse to deficit irrigation 
and nitrogen application strategies Agr. Water Mgt. 161 (5),  
1409 1417.

Wang, F., Kang, S., Du, T., Li, F. & Qiu, R. (2011). Determination 
of comprehensive quality indexfor tomato and its response to dif-
ferent irrigation treatments. Agr. Water Mgt.,98(8),1228–1238.

Xuelian, J., Yueling, Z., Rui, W., Ling, T. & Sheng, Z. (2019). 
Quantitative Analysis of Tomato Yieldand Comprehensive 
Fruit Quality in Response to Deficit Irrigation at Different 
Growth Stages. HORTSCIENCE 54(8), 1409–1417. https://
doi.org/10.21273/HORTSCI14180-19.

Zheng, J., Huang, G., Jia, D., Wang, J.,  Mota, M., Pereira, L.S., 
Huang, Q., Xu, X. & Liu, H. (2013). Responses of Drip Ir-
rigated Tomato (Solanum lycopersicum L.) Yield, Quality and 
Water Use Efficiency to Various Soil Matric Potential Thresh-
olds in an Arid Region of Northwest China.  Agricultural Water  
Management. 181- 193.

Received: December, 19, 2021; Accepted:  April, 15, 2022; Published: August ,2022


