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ABSTRACT
Tomato is the most consumed vegetable in the world. In Cuba, most sowings are concentrated
in the months of lower rainfall, so the application of high volumes of water for irrigation is
needed. The evolution of Cuban agriculture and the effects of climate change, makes it
necessary to study the water needs of crops in each environment, and a new focus on their
determination. The objective of this study is to evaluate different irrigation variants in tomato
cultivation and its effect on fruit yield and quality. The research was carried out in
organoponic, using eight treatments that ranged between 100 and 10 % of the volume of
water applied daily. Descriptors related to the components of plant growth, yield and fruit
quality were evaluated. The response of the plants was characterized by the induced effect
due to the different levels of irrigation. In the first 40 days after planting, no differences were
observed between treatments. The water needs of the plants became evident from flowering.
In the treatments of greater water stress, the organoleptic quality of the fruit was superior.
The results indicate the possibility of reducing the water supply to the tomato crop to 10 %
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until pre-flowering and 60 % in the following phases, to obtain quality fruits, without
affecting the components of plant growth and yield.
Key words: tomato, growth, fruiting, water stress, yield, fruit quality

INTRODUCTION
The tomato (Solanum lycopersicum L.) is the most consumed vegetable in the world; its
demand increases continuously and with it its cultivation, production and trade

(1–3)

.

Consumers prefer these fruits for their high levels of lycopene, beta-carotene, flavonoids,
vitamin C and hydroxycinnamic acid derivatives (4–6).
Tomatoes occupy the eleventh place in the list of most produced species worldwide (7,8). The
annual increase in production in recent years is mainly due to the increase in yield, and to a
lesser extent to the increase in planting area (9).
In Cuba, tomato cultivation represents 50 % of the total area dedicated to vegetables and
production ranges around 750,000 t (10). However, most plantings are concentrated between
October and January, where rainfall differs from the water requirements of the plants, which
coincide with the optimal stage of the species, so the application of high volumes of water is
needed to irrigation (11).
Irrigation in agriculture is responsible for spending 70 % of the water available worldwide
and one of the main causes of the irrational use of this resource. Two thirds of the water used
in irrigation is lost in drainage and runoff, and approximately 30 % is lost in storage and
transportation (12,13).To achieve irrigation optimization, it is necessary to guarantee that water
use is efficient, with high productivity for each drop of water available, using a method that
contributes to increasing economic performance (14).
The evolution of Cuban agriculture and the effects of climate change, makes it necessary to
study the water needs of crops in each environment, as well as a new approach in its
determination, if we consider that water is an essential resource, but increasingly scarce (15–
17)

. In this sense, urban agriculture is considered one of the solutions to the adaptation of

climate change, is related to the environment of cities, because it improves the climate,
stimulates the recycling of organic waste and reduces energy consumption (13).
Proper water management is necessary to increase the nutritional value of food from
agriculture, which contributes to the health of the population, social equity and the health of
ecosystems (13,18,19). For all the aforementioned, the present study aims to evaluate different
irrigation variants in tomato cultivation, to assess sustainable production with minimal
impact on fruit yield and quality.
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MATERIALS AND METHODS
The experiment was developed in the Department of Plant Physiology and Biochemistry of
the National Institute of Agricultural Sciences (INCA), located at km 3 ½ of the San José to
Tapaste highway, San José de las Lajas municipality, Mayabeque province. It is located at
23° 00’ north latitude and 82° 12’ west longitude and 138 m a.s.l.
The research was carried out under organoponic conditions, in eight concrete containers with
a 1.67 m3 capacity (0.250m x 0.6m x 0.44m) each. These contained gravel at the bottom to
facilitate drainage and a mixture of leached Red Ferralitic soil, degraded (20) and decomposed
cachaça in a 3:1 v/v ratio of substrate. Tomato 'Mara' seeds with germination power greater
than 90 % were used.
A completely randomized experimental design with eight treatments (one for each container)
and ten repetitions was used. Throughout the crop cycle and in the morning, different levels
of irrigation per plant were according to the percentage required in the treatment carried out
(Table 1), according to the needs of the crop

(21)

. The rest of the cultural services were

performed according to the recommendations of the technical instructions for cultivation (22).

Table 1. Description of the irrigation variants in the experiment
Treatments

Daily water needs/plant (L)

Daily applied water

Percentage of water applied

volume/plant (L)

daily/plant (%)

T1

1.5

1.50

100

T2

1.5

1.12

75

T3

1.5

0.90

60

T4

1.5

0.75

50

T5

1.5

0.60

40

T6

1.5

0.45

30

T7

1.5

0.30

20

T8

1.5

0.15

10

Evaluated descriptors
Growth rate of plants at 40, 60 and 75 days after planting (dap)
Height (cm): with a ruler, from the root neck to the axilla of the youngest leaf. Stem diameter
(cm): with a vernier (vernier caliper) from two centimeters above the root neck. Number of
leaves per plant: visual count. Dry mass of the plants (g): five plants for each treatment, oven
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drying (BrBOXUN) at 70 ºC until constant mass and weighing on the analytical balance
(Sartorius).

Components of quality and performance
Fruiting percentage: the determinations of the percentage were to arcsen √n for statistical
analysis converted and informed of their real value. Polar (DP) and equatorial (DE) diameter
of the fruit at 60, 75 and 90 DAP: it was measured with a vernier (three fruits per plant were
taken as a sample). Fruit color: performed on 10 mature fruits per treatment, four days after
harvest: a Minolta model CR-200 colorimeter (Instruments Inc. (Highland Industrial Park,
England) was used. Data were expressed in L * values. (Luminosity), a*
and b* (color coordinates), from the CIELAB scale (23).
Number of fruits per plant: by visual count. For the analysis of the data, the normality and
homogeneity of the variance were verified using the Kolmogorov-Smirnov test and the
Cochran C, Hartley, Bartlett test. Average fruit mass (g). Yield: by dividing the total mass of
fruits in the treatment by the number of total fruits. Total soluble solids (ºBrix): they were
determined by means of a digital refractometer model NR-151 Instruments Inc. (Highland
Industrial Park, England). Titratable acidity: the methodology proposed in COVENIN
standard No. 1151-77 was used, by means of direct titration with NaOH (0.1 N).
For the analysis of the data, an ANOVA and analysis of variance of simple classification
were used. The resulting means were compared with the Duncan Multiple Range Test (24) or
Tuckey for p≤ 0.05 when there were significant differences between treatments, processed
using the statistical package for Windows Statistical Package for the Social Science (SPSS
Inc.) version 21 (25).

RESULTS AND DISCUSSION
Plant growth rate at 40, 60 and 75 days after planting
The result of the Variance Analysis shows the growth behavior of the `Mara´ tomato plants
at 40, 60 and 75 dap, subjected to different irrigation variants (Table 2). Exponential growth
was observed that was not vigorous in the first 40 days, but then increased significantly up
to 75 dap, at which time the plants bear fruit and use their reserves for this physiological
function (26).
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Table 2. Assessment of growth rates (heights and stem diameter) of tomato plants
(Solanum lycopersicum L.) `Mara´ at 40, 60 and 75 dap, subjected to different variants of
organoponic irrigation
Treatments

Height of plants

Stem diameter

Leaves

Dry mass

number
40 dap

60 dap

75 dap

40 dap

60 dap

75 dap

40 dap

40 dap

T-1

21.0

52.6 ab

77.9 a

0.56 ab

1.36 a

1.58 a

6.8

2.24 ab

T-2

21.9

58.2 a

73.0 a

0.62 a

1.20 b

1.34 bc

7.6

2.36 a

T-3

19.6

50.8 b

71.4 ab

0.54 ab

1.10 bc

1.38 bc

2.7

2.16 b

T-4

19.1

52.8 ab

63.2 bc

0.56 ab

1.22 b

1.42 b

6.8

2.12 b

T-5

19.3

45.8 bc

57.8 cd

0.50 b

1.00 cd

1.08 d

6.4

2.30 ab

T-6

20.3

46.0 bc

55.9 cd

0.60 a

0.96 cd

1.18 d

6.8

2.12 b

T-7

19.4

39.4 c

54.6 cd

0.56 ab

0.94 d

1.24 cd

7.4

2.13 b

T-8

21.7

41.8 c

51.8 d

0.56 ab

1.00 cd

1.16 d

7.2

2.14 b

E. est. X

2.70 NS

7.54 *

11.15 *

3.05 *

7.54 *

1.24 *

1.43 NS

0.08 *

*Statistically significant difference. NS there is no statistically significant difference. Means with equal letters do not differ from each
other, by Duncan's Test (p≤0.05)

There were no differences in the height of the plants and the number of leaves between the
treatments evaluated at 40 dap. Similar behavior, regarding differences between treatments,
was observed in the stem diameter and dry mass, with the exception of T2 and T5 that differed
from each other in the first and T2 that did not differ from T1 and T5 in the second. Result
related to the present was obtained in `INCA 9 (1)´ evaluated in Spain (27).
It is estimated that in optimal climatic conditions for cultivation, an adult plant requires
between 0.6 and 1.8 L of water daily (21). However, tomato roots are superficial in the first
stage of growth, which is why the daily supply of 0.15 L of water per plant in the morning is
sufficient to maintain its turgidity and optimal growth prior to phenological phase of
flowering.
Keep in mind the content of organic fertilizer applied to the substrate, which contributed to
the retention of water in the soil and the development of the roots, which was not affected
after the first month after planting as there was no transplant due to the direct sowing. These
are aspects to consider for efficient irrigation management, because the crop responds to the
water available in the root zone and when it is applied, not all the water is retained in the area
that allows the roots to take it.
The physiological response appreciated between the treatments in this phenological phase is
because the plants demand low water levels given their reduced foliage. The leaves constitute
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the fundamental organ for the photosynthetic process and the formation of dry mass of the
vegetable. Hence, after this phenological phase, the foliage increases, which implies a greater
leaf area and abundant accumulation of dry mass in the organ itself, which favors its
physiological activity.
At 60 days, the affectations in the growth of the plants began from the treatments where it
watered below 50 %. The highest plants corresponded to the first four treatments and the
smallest to the last two. Treatments T5 and T6 maintained an intermediate behavior, differing
only from T2. The differences between the treatments in this phenological phase are given
by the development of the plants. By increasing the leaf area, plants increased transpiration
levels with higher water demand, due to changes in photosynthesis and respiration processes
(13)

. The critical phase for cultivation is considered to occur between 38 and 80 days after

transplanting, which coincides with flowering and the first stage of fruit ripening (28).
The differences in the height of the plants were accentuated at 75 dap, from T4 with respect
to the treatments from T1 to T3 with the highest growth. It is inferred that when the water
deficit is applied slowly, there are changes in development processes that have various effects
on growth. Limiting leaf expansion is one of the most affected processes under these
conditions, because photosynthesis depends on it (29).
The largest stem diameter corresponded to T1, irrigated with 100 % of the water required by
the plant at 60 and 75 days, followed by T2 at T4 (75–50 %) of water. Water deficit of less
than 50 % affected the diameter of the stem of the plants. The least thick stems corresponded
to T8 (10 %) of the irrigation water. However, these did not differ from T5 to T7.
According to the results shown, the water requirements may differ between the phenological
stages. The response of the plant depends on the stage of development of the plant at the time
of stress and its duration and severity. In addition, the genotype and the environmental factors
that cause it (30).

Yield components
Fructification
The fruiting percentage showed differences according to the irrigation variants applied
(Figure 1). The first two treatments showed a better percentage, while treatments T7 and T8,
with less irrigation levels, reached the lowest values, less than 40 %. In studies carried out
on this species, it was shown that water consumption increased considerably during the
fruiting stage, attributable to the increase in the physiological needs of plants at this stage (31).
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Treatments T3 to T6 with irrigation between 60 and 40 %, achieved fruiting percentages
between 73 and 50 %. This result demonstrates the susceptibility of plants to irrigation in this
phenological phase. For this reason, this component is used as an index of stress tolerance,
based on the differential behavior of accessions in stressful and non-stressful
environments (32).

Means with equal letters do not differ from each other, by Duncan's Test (p≤0.05)

Figure 1. Effect of irrigation on the fruiting of the tomato (Solanun Lycopersicum L.) `Mara´,
subjected to different variants of organoponic irrigation

Dimensions of the fruit
The growth of the fruits at 60, 75 and 90 dap, subjected to different irrigation variants are
shown in Figure 2. It was appreciated that the diameter of the fruits was decreasing as the
water stress increased. Both the polar (DP) and equatorial (DE) diameter of the fruits were
greater in the first two treatments. Treatments T7 and T8 obtained the smallest diameter fruits
at all times evaluated. However, at 60 dap in the PD they only differed from the T1, T2 and
T4 treatments.
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Means with equal letters do not differ from each other, by Duncan's Test (p≤0.05)

Figure 2. Polar and equatorial diameter of tomato fruits (Solanum Lycopersicum L.) `Mara´,
subjected to different variants of organoponic irrigation

As has been seen, water deficit stress, however slight, affects the size of the fruit. It can be
positive for its quality in parameters such as firmness, flavor and shelf life, but with smaller
fruits.

Fruit color
The color of the fruits four days after harvest is shown in Table 3. The luminosity (L*) was
higher in the T1 and T2 treatments with respect to the rest of the treatments, which did not
differ from each other. In both coordinates the values were positive and lower in a*
coordinate with respect to the b* coordinate, which indicated that the tone angles are
intermediate between light and dark, away from gray.
In a* coordinate, the highest values corresponded to treatments from T8 to T6, although the
latter only differed from T1 and T2, which yielded the lowest values. In the b* coordinate,
T5 was similar to the treatments with greater water stress. These values correspond to the
most intense red color with respect to treatments T1 to T3, which showed light red colors.
Enzymes that are highly dependent on ethylene, which regulate the synthesis of lycopene, bcarotene, and the breakdown of chlorophyll (33), control changes in fruit color. Similar results
to the present were obtained in cherry tomato subjected to water deficit (34).
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Table 3. Color of tomato fruits (Solanum Lycopersicum L.) `Mara´ four days after harvest,
subjected to different variants of organoponic irrigation
Fruit color 4 days after harvest
Treatments

L*

a*

b*

1

45.1 a

12.5 c

35.2 a

2

44.7 ab

14.9 c

37.7 a

3

42.0 bcd

18.6 b

34.0 b

4

41.5 cd

19.3 b

33.4 bc

5

40.8 d

19.9 b

31.1 cd

6

41.6 cd

21.5 ab

31.6 cd

7

41.9 cd

24.4 a

31.4 cd

8

40.6 d

23.7 a

30.9 d

E. est. X

2.4

3.6

3.0

Means with equal letters do not differ from each other, by Duncan's Test (p≤0.05)

The intense red color appreciated in the treatments of greater water stress reveals a greater
content of lycopene, which is significant for agriculture, food, nutrition, health, among
others. The market for these compounds as food ingredients is continually growing. On the
other hand, many studies conclude that appropriate levels in the diet can be positive in the
protection against diseases due to its antioxidant properties (35).

Internal quality of the fruit
The average values of ºBrix and titratable acidity in `Mara´ are shown in Figure 3. Variability
and similarity were observed between these indicators and the increase in stress due to water
deficit in plants with differences between treatments.
The ºBrix showed the lowest values for the treatments where it watered above 50 % (T1 to
T4). Similar results were obtained in 15 tomato cultivars evaluated in Spain

(36)

. In other

studies, values equal to or greater than 4.0 ºBrix were achieved, which are considered
significant, since there is a direct relationship between soluble solids and fruit firmness (37).
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Means with equal letters do not differ from each other by the Duncan´s test (p≤0,05)

Figure 3. Bromatological evaluation in fruits of tomato (Solanum Lycopersicum L.) `Mara´ 4 days
after the harvest subjected to different irrigation variants in organoponic

In the rest of the treatments, T6 to T8 stood out, with greater water stress. ºBrix is the index
with the greatest influence on industrial performance and more than the varietal character,
there are environmental factors that determine the content of soluble solids, especially
temperatures and water during the ripening period, which can cause them to vary for fruits
of the same cultivar between 4 and 7 % (37).
Acidity also achieved the highest percentages in the treatments with the highest water stress,
while treatments from T1 to T5 reached values between 0.5 and 0.7 %. Similar results were
obtained in Cuba (38). The author stated that even when the values are relatively high; it does
not affect the organoleptic properties of the fruits, which, on the contrary, is a desired
characteristic when the fruits are destined for industry.
Total acidity is due to the presence of various organic acids (tartaric, malic, acetic, citric,
succinic, glutamic, among others). Citric acid predominates and usually ranges from 0.35 to
0.40 g/100 ml of juice (36). Values above 0.5 % are recognized as good (37).
Reducing sugars and total acidity influence the flavor of the fruit. In studies carried out on
cherry tomato, it was shown that with the reduction of more than 50 % of the irrigation water,
the fruit maintained its commercial, nutritional and functional quality (35).

Yield
The result of the analyzes of variance carried out for the yield showed a correspondence
between the most productive treatments and the irrigation levels applied in the different
descriptors (Table 4). The treatments T1 to T3 excelled in the number of fruits and the
average fruit mass per plant, which led to a higher yield. Related values for this cultivar were
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obtained under field conditions in Cuba, with an average of 12 fruits per plant and a mass of
94 g (5).
Treatments T7 and T8 showed the lowest number of fruits per plant, while treatments from
T4 to T6 reached higher values than these, with no differences between them for this
descriptor. However, the average fruit mass and yield was lower from the T6 treatment. It
has been shown that when the quantity of water necessary for the plant is not supplied, the
crop yield is affected

(39)

. However, studies in tomato plants subjected to water deficit

revealed that, in most cases, the decrease in irrigation applied to plants did not have a negative
effect on the yield and its components (6).
In ball-type tomatoes grown under greenhouse conditions, the response of the plants with
respect to the growth, yield and fruit mass was positive as the amount of water applied was
reduced with respect to the maximum recommended volume

(40)

. Also, when studying the

effects of regulated deficit irrigation strategies, applied in different phenological phases of
tomato, higher fruit quality and water productivity were found when irrigation was applied
with a cultivation coefficient (Kc of 0.8). However, when a Kc of 0.6 was applied in the
flowering and fruit development stages, significant yield losses were obtained (4).

Table 4. Evaluation of the yield and its components in tomato (Solanum Lycopersicum L.) `Mara´,
subjected to different variants of organoponic irrigation
Treatments

Fruits per plant

Fruit Mass

Yield

(g)

(kg/plant)

1

11.6 a

96.8 a

1.1 a

2

11.9 a

91.7 a

1.1 a

3

11.4 a

94.7 a

1.1 a

4

8.8 b

86.8 b

0.8 b

5

8.5 b

86.9 b

0.7 b

6

8.1 b

65.5 c

0.5 c

7

7.0 d

63.4 c

0.4 c

8

7.1 d

66.9 c

0.5 c

E. est. X

0.20

1.83

0.03

Means followed by the same letter do not differ from each other by the Tukey test (p≤0.05)
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CONCLUSIONS
The response of tomato plants, grown under organoponic conditions, is characterized by an
induced effect due to different levels of irrigation. The results indicate the possibility of
reducing the water supply to the tomato crop to 10 % from planting to pre-flowering and to
60 % in the following phases, to obtain better quality fruits, without affecting the components
of growth and yield of the organoponic plants.
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