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Abstract

The objective of this study was to analyze tomato responses to water requirements 
(evaluated by means of balance lysimeters), leaf area, yield, quality and its relationship 
with weather, depending on the number of stems. The work was carried out in a green-
house under hydroponic conditions. Tezontle (Stuff) was used as a substrate and a drip 
irrigation system was installed. The experiment consisted of three treatments, with one 
(T1), two (T2) and three (T3) stems per plant. The daily crop evapotranspiration was 
0.30 L m-2 in the initial stage, up to 4.41, 4.77 and 6.0 L m-2, in the stage of maximum 
demand for T1, T2 and T3. The gross volume applied throughout the cycle was 352.2, 
388.4 and 434.7 L m-2 for T1, T2 and T3, with productivities of 49, 41 and 36 kg m3 and 
yields of 20, 18 and 16 kg m-2 for T1, T2 and T3. Regarding quality parameters in size, T1 
was the best, with 69, 23, 8 and 1% fruits of first, second, third and small fruits per plant 
respectively. The meteorological variables such as; temperature, wind, relative humidity, 
vapor pressure deficit and atmospheric water potential determined the consumption of 
water and nutrients in crops and are variables for irrigation scheduling.
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Resumen

El objetivo de este estudio fue analizar las respuestas del jitomate a los requerimientos 
hídricos (evaluado por medio de lisímetros de balance), área foliar, rendimiento, calidad 
y su relación con el tiempo atmosférico, en función del número de tallos. El trabajo se 
realizó en un invernadero en condiciones de hidroponía. Se utilizó tezontle como sustrato 
y un sistema de riego por goteo. El experimento consistió en tres tratamientos, con uno 
(T1), dos (T2) y tres (T3) tallos por planta. El consumo por evapotranspiración diaria del 
cultivo fue 0,30 L m-2 en la etapa inicial, hasta 4,41, 4,77 y 6,0 L m-2 en la etapa de máxima 
demanda para T1, T2 y T3. El volumen bruto aplicado durante todo el ciclo fue 352,2; 388,4 
y 434,7 L m-2 para T1, T2 y T3, con productividades de 49, 41 y 36 kg m3 y rendimientos de 
20, 18 y 16 kg m-2 para T1, T2 y T3. Con relación a los parámetros de calidad en tamaño, el 
T1 fue mejor, con 69, 23, 8 y 1% frutos de primera, segunda, tercera y frutos pequeños por 
planta. Las variables meteorológicas como temperatura, viento, humedad relativa, déficit 
de presión de vapor y potencial hídrico atmosférico determinan el consumo de agua y 
nutrimentos en los cultivos y son variables para calendarización del riego. 

Palabras clave
Solanum lycopersicum L. • lisímetro de balance • tezontle • evapotranspiración • 
calidad de fruto

Introduction

Tomato crop (Solanum lycopersicum L.) 
is one of the most consumed vegetables in 
the world (Chapagain and Wiesman, 2004) 
and mainly grown under greenhouses. In 
Europe and the United States, the intensive 
production system in greenhouses has use 
undetermined growth habit cultivars and 
low densities that vary from two to three 
plants per square meter; where the stems 
of the plants are often pruned and set a 
single stem that reaches more than seven 
meters in length and it is left to harvest 
15 or more bunches per plant in a single 
crop cycle per year (3). This production 
system in Mexico is relatively new and has 
generated an impact on the increase in 
cultivated area, productivity, profitability 
and quality in recent years.

Production under protected or forced 
conditions has several advantages over 
open field production: greater efficiency 

in the use of water, soil and fertilizers, as 
well as greater flexibility in the sowing 
and harvest season according to the 
market demand.

By having better control over environ-
mental and agronomic variables, green-
house production is usually better, in 
quality and quantity than that produced 
at open field (7, 16, 18, 26).

Irrigation application timing and 
quantity determine the yield of crops in 
these systems. In addition, that helps to 
increase water use efficiency. Thus, a poor 
coupling of irrigation with water demands 
of the crop can promote the presence 
of pests, diseases and physiological 
disorders (1, 19, 25).

The necessary amount of irri-
gation should be applied to cover water 
consumption of the crop by the evapo-
transpiration (10).
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Excess irrigation water generates 
leaching of soluble fertilizers which 
contributes to the pollution of ground-
water. On the other hand, a lower supply 
to the crop evapotranspiration (ETc) can 
lead to water deficit and consequently a 
reduction in yield potential. Although there 
are several studies to determine irrigation 
requirements of open field tomato, its esti-
mation in greenhouses is scattered and 
limited (28). Furthermore, studies under 
greenhouse conditions have been carried 
out for production systems in Europe, the 
United States and Canada, where there is 
usually a lower density of plants.

In Mexico, empirical equations have 
been used for determination of evapo-
transpiration in protected environments, 
but it is not known exactly if these values 
are correlated with the real evapotranspi-
ration, since there is a lack of evapotrans-
piration data measured over the crop 
cycle. It is necessary to establish a simple 
and economical procedure in order to 
estimate the crop evapotranspiration in 
protected environments, that can allow 
adjust such estimation based on meteoro-
logical variables (29). The balance method 
is the most used method to directly 
estimate the evapotranspiration in which 
evaporation is measured from bare soil 
and crop transpiration. Lysimeters are 
containers with soil generally installed 
in the field under natural environmental 
conditions; where water, soil, plant, atmo-
sphere system can be regulated, allowing 
to measure more accurately. Those lysim-
eters are used to study environmental 
effects and to evaluate the estimation 
methods for water demand of crops (8). 
That allows calculating the actual evapo-
transpiration of the crop (ETc) and thus 
estimating the loss of moisture in the 
soil, plant, and atmosphere system, which 
allows scheduling irrigation timing (13).

Greenhouse irrigation is usually applied 
on drip system with a pre-established 
interval and timing. This empirical practice 
does not consider the dynamic conditions 
in the management, environment and 
development of the crop. When there is 
no coupling between irrigation and crop 
evapotranspiration demands, there are 
periods of moisture deficit that affect the 
potential productivity of the crop and the 
efficient use of water and fertilizers (5). 

Development of many organisms 
is controlled mainly by environmental 
temperature. Thermal time is an indirect 
measure of growth and development of 
plants and insects. These represent the 
integration of two temperature thresholds, 
which is define as interval in which an 
organism is active. Outside this interval, 
the organism does not show appreciable 
development or die.

The concept of thermal time resulted 
from observations indicated: 1) plants do 
not develop when the ambient temper-
ature is lower than the basal one (Neild 
and Smith, 1997), 2) the rate of devel-
opment increases when ambient temper-
ature is higher than the basal one, 3) the 
varieties of tomatoes require different 
values of growing degree days.

Knowledge of tomato water demands 
will allow coupling this demand with 
the application of irrigation in a timely 
and efficient manner, and as a result, 
an increase in the efficiency of fertilizer 
application, a reduction in contamination, 
an increase in yield and fruit quality.

Objective

Analyze tomato responses to water 
requirements (evaluated by means of 
balance lysimeters), leaf area, yield, 
quality and its relationship with weather, 
depending on the number of stems.
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Materials and methods

Description of the experiment
The experiment was carried out in a 

greenhouse at graduate college Monte-
cillo Campus, State of Mexico, (19° 28'05" 
latitude North and 98° 54'31"  longitude 
West at 2.244 m altitude). In a green-
house with plastic covers of high-density 
polyethylene, 75% transmissivity, natural 
ventilation, and anti-aphid mesh screen 
equipment. The average temperature 
recorded during the crop growing cycle 
was 18.45 °C, 25.0 °C for the hottest month 
(April) and 9.0 °C for the coldest month 
(September).

Cultivar “Cid F1” seeds were sown on 
March 5th, transplanted on April 20th and 
harvested at the last bunches of fruits on 
September 20th, 2015. The plants were 
maintained at one, two and three stems, 
and were sprouted on July 8, 2015, when 
the tenth floral bunches were reached. The 
arrangement of transplanting consisted of 
separation of 40 cm between plants and 
40 cm between lines in all treatments, 
using 35 x 35 cm black polyethylene bags 
with red tezontle (stuff) as substrate, with 
a crop density of 3 plants m-2.

Treatments (T) consisted of three 
management conditions, depending on the 
number of stems per plant: with one (T1), 
two (T2) and three (T3) stems per plant, 
respectively. The area of   each treatment 
was 53 m2 with a total area of   159 m2. The 
treatments were distributed in the field 
under a design in random blocks with 
arrangement in divided plots with four 
repetitions whose dimensions were 10 m2. 
The drip irrigation system consisted in 
a surface irrigation line of 16 mm of 
diameter, with self-compensating dripper, 
flow rates of 4 L h-1, an operating pressure 
of 68.64 k Pa. The nutrient solution was 
applied with Steiner solution (27).

The physical properties of five tezontle 
(volcanic rock) samples were deter-
mined. The results were as follows: 
water holding capacity 1.7 L, bulk density 
1.04 g cm-3, total porosity 40.98%, air 
capacity 59.44%, field capacity 0.183 cm3 
permanent wilting point 0.09 cm3 volu-
metric water content 0.092 cm3 cm-3.

Description of variables
Temperature (Ta, oC) and relative 

humidity (RH, %) were recorded with a 
data acquisition system, Hobo U12-011 
was installed inside the greenhouse at 
2 m above the ground. With these vari-
ables, the vapor pressure deficit (VPD, 
k Pa) and atmospheric water potential 
(Ѱw) were computed from planting to 
harvest of the tenth bunches. The VPD is 
a useful variable to express the vapor flow 
(gradient) in a greenhouse. It also allows 
knowing the flow of the condensation and 
the crop transpiration. Besides, it quan-
tifies the proximity of greenhouse air to 
the saturation.

To estimate the daily degree of 
development, it was used the (equation 1) 
that requires the average environmental 
temperature (17).

ADD= Ta-Tc-min, si Ta < Tc-max

ADD= Tc-max- Tc-min, si Ta ≥ Tc-max             (1)
ADD= 0, si Ta ≤ Tc-min

where:
Ta, = the daily air temperature
Tc-max and Tc-min, = minimum and 

maximum air temperature, the threshold 
for the tomato growth are 29 and 
11oC (24).
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The accumulated values for n days are 
expressed with:

  
                (2)

Where:
i = the number of the day from the 

initial day, either at planting or the first 
phenological stage

To measure the evapotranspiration 
of the crop, control pots with 10 kg of 
tezontle and water holding capacity of 
1.7 L. were used. In each treatment, four 
replicates of control pots were installed 
and covered with plastic on the surface 
to avoid evaporation of water from the 
substrate. In these pots, a known volume of 
water was applied at 9:00 a.m, which was 
allowed to drain for 50 minutes and the 
drained nutrient solution was measured, 
and by difference (volume applied and 
drainage), the evapotranspirated volume 
was obtained per plant (figure 1). This 
procedure was repeated daily at 11:00, 
13:00, 15:00 and 17:00 hours with five 
daily measurements from transplant to 
harvest of the tenth bunches.

The evapotranspiration during a 
certain period was the difference between 
the water supply and the drainage:

ETc = R – D ± Δθ              (3)

where:
ETc = crop evapotranspiration
R = the irrigation volume (L)
D = the drainage volume (L)
Δθ = the rate of water content in the 

substrate (L)

In the absence of rain and other inputs, 
the irrigation requirements are equal 
to actual crop evapotranspiration (ETr) 
described by the following equation.

RR = ETr = transpiration (L)              (4)

In addition, pH and EC in the nutrient 
solution supplied and drained were 
measured from the pot in order to know 
the concentration of ions in the solution. In 
order to adjust the fertilization scheduling 
to carry out a better control in supplying 
the nutrient solution.

Relationship between leaf area 
index and water requirement
In addition, from the measurement of 

water consumption, the leaf area index 
was measured in different crop stages 
to correlate with the water demand of 
the plant.

Figure 1. Daily evapotranspiration 
measurement in control pots in 

the greenhouse.
Figura 1. Medición de evapotranspiración 
diaria en macetas control en invernadero.
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In each harvest, quality classification 
of fruit size was divided into five cate-
gories (extra-large, large, medium, small 
and smallest fruits) based on the Mexican 
Standard (table 1).

To determine the significant differ-
ences of the evaluated variables, analysis 
of variance (ANOVA) was conducted along 
with Tukey mean separation test (P ≤0.05) 
using MINITAB statistical software.

Water use efficiency (WUE) estimated 
as the ratio of total yield (kg) and the 
volume of water applied (m3) as well as 
yield (R) of the treatments mass produced 
per unit surface (kg m-2).

Electric conductivity and pH values 
managed
The pH values of the nutrient solution 

were the average of 6.85, and ranged from 
6.7 to 7.0; for electrical conductivity (C.E) 
the average was 1.85 dS m-1 and varied 
between 1.1 and 2.6 dS m-1. The average 
values for drained solution were 7.6 for pH 
and 2.89 dS m-1 for electrical conductivity. 
These values of electrical conductivity 
for the drained solution were lower, that 
recommended for production in green-
houses, whose typical interval is between 
2 and 4 dS m-1.

Results and discussions

Temperature and relative 
humidity 
At the initial stage of crop, the 

temperature reported was higher than 
22°C, during the hottest months from 
April to June, and then decreased. In the 
rainy months from July to September, it 
decreased until 9°C, and increased the 
relative humidity up to 90%, due to the 
rain, cloudy days at the beginning of the 
cold season where the experiment took 

Table 1. Saladette tomato fruits 
classification (15).

Tabla 1. Clasificación de frutos de 
jitomate tipo saladette (15).

Size
Diameter [mm] 

Minimum Maximum 

Smallest fruits 26 37

Small 37 51

Medium 51 60 

Large 60 71 

Extra-large 71 Onwards

place (figure 2, page 93). The behavior of 
these two variables were similar to those 
reported by Jaimez et al. (2005).

Vapor Pressure Deficit (VPD)
Vapor Pressure Deficit (VPD) is an 

important variable in the crop production, 
either, in protected conditions or open 
field. It indicates that when air becomes 
saturated, the water will condense to 
form clouds, dew or water films over the 
leaves. This is the last instance that makes 
the VPD important for the regulation of 
water demand. If a film of water keeps 
on the leaf of the plant, it becomes much 
more susceptible to putrefaction (20).

The VPD in the stage of vegetative 
development was 1.7 k Pa. This value 
could be due to the initial phase of growth, 
its leaf area was small, so the number of 
stomata was scarce.

Although the transpiration rate was 
high, as well as the loss of water vapor 
inside the greenhouse, this did not reach 
to satisfy the atmospheric demand. This 
process involved greater release of water 
vapor through the stomata of the leaves 
trying to cover the atmospheric water 
demand (figure 3, page 94).
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Figure 2. Temperature and relative humidity in the greenhouse during the crop cycle.
Figura 2. Temperatura y humedad relativa en el invernadero durante todo el 

ciclo de cultivo.

A high VPD increases the transpiration 
demand, increases water and nutrient 
uptake, increasing the photosynthetic 
activity, in addition, it directly influences 
the amount of water in plant tissues that 
is further transferred to the greenhouse 
air. In the final stage of cultivation, the 
VPD close to 0.1 kPa was estimated, since 
the plants decreased the transpiration, 
because the atmosphere was practically 
saturated with vapor water.

Therefore, less diffusion of the water 
vapor from the stomata to the envi-
ronment was present which reduced the 
photosynthetic activity, which had an 
impact on yield and quality of the fruits 
(figure 3, page 94).

In addition, a very low VPD indicated 
near to the dew point could be harmful for 
the crop. These results were reported by 
Jaimez et al. (2005) with 0.4 kPa minimum 

and 2.5 kPa maximum of VPD of red pepper 
cultivated in controlled conditions.

The behavior of VPD during a day 
(24 hours), each minute was completely 
different from the daily VPD. In the vege-
tative stage, the lowest value of VPD was 
found of 0.16 kPa at 6:23 a.m. and the 
highest value of 10.76 kPa at 13:30 p.m., 
corresponded at 20 days after planting 
(six true leaves). These compared to 
the VPD obtained in the reproductive 
stage, the lowest value of 0.11 kPa was 
presented at 7:31 a.m. and during the day 
of solar insolation at exactly 15:07 p.m. the 
highest value of 5.27 kPa was estimated, 
corresponding at 131 days after planting 
(ripening of fruits of the 1st bunch).

The high peaks did not occur at the 
same time; this was due to the variation of 
the season of the year.
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Although the values   were out of the 
optimum range, the crop was developed 
in a normal manner and did not present 
problems of pests or diseases, this was 
attributed to an adequate management 
in the pruning of shoots and preventive 
application of fungicides and insecticides 
during the crop cycle (figure 3).

As the VPD increases, the plant needs 
to extract more water from the substrate 
through its roots to satisfy the water and 
nutrient demand. For this reason, the 
adequate values for the VPD in the green-
house are from 0.45 kPa to 1.25 kPa, the 

optimum are around 0.85 kPa. Overall, 
most plants have an optimal VPD between 
0.8 and 0.95 kPa (21). With the calculation 
of current VPD, it is known the suscepti-
bility of the crop to develop diseases due 
to environmental conditions or to suscep-
tibility of a pest development. Prenger and 
Ling (2001) showed that fungal pathogens 
survive better below VPD (<0.43 kPa).

In addition, infection of the disease 
is more detrimental below (0.20 kPa). 
Therefore, the climate of the greenhouse 
should be maintained above (0.20 KPa), to 
prevent diseases and damage to crops.

Figure 3. Daily vapor pressure deficit (A) and for a day (B) in the greenhouse.
Figura 3. Déficit de presión de vapor diario (A) y durante un día (B) en invernadero.
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Atmospheric water potential (Ѱw) 
Atmospheric demand is undoubtedly 

a factor of great importance to determine 
the amount of water that a crop requires 
for its growth and development. This 
demand will depend on the incident radi-
ation, temperature, relative humidity, and 
wind. Figure 4 shows the atmospheric 
water potential (Ѱw) at higher temper-
ature in the vegetative stage lowers the 
atmospheric water potential which means 
that the atmosphere requires more water 
to saturate the environment, which can 

Figures 4. Daily atmospheric water potential (A) and during a day (24 hours) each 
minutes (B) in greenhouse.

Figura 4. Potencial hídrico atmosférico diario (A) y durante un día (24 horas) en 
intervalo de cada minuto (B) en invernadero.
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be evidenced by the dropped down of 
Ѱw of the dry air. At the end of the crop 
cycle, there was an increase in Ѱw due to 
the air temperature dropped down and 
the relative humidity raised, which corre-
sponded to the start of the rainy months, 
cloudy days. With relative humidity of 
100% at any temperature, the water 
potential of the air was equal to zero 
(figure 4). As the atmospheric demand 
increased, the evapotranspiration crop 
increased too the water and nutrients 
uptake to a certain threshold, fixed by the 
potential of water from its leaves.
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López (2000) reported that when 
the relative humidity (RH) of the air was 
98% at 20°C, the water potential of the air 
decreased to -2.72 MPa, which was enough 
to raise a water column at a height of 
277 m. At 90% of RH, the Ѱw = -14.2 MPa; at 
50% RH of air, Ѱw = -93.5 MPa and at 10% 
RH, Ѱw = -311 MPa. The water potential of 
the soil water available to the plants was 
rarely below -1.5 MPa, was not needed to 
generate a pronounced water potential 
gradient from the soil passing through the 
plant to the atmosphere due to the dry air. 
Even when the soil is very humid and the 
RH of the air is 99%, a gradient of water 
potential can be established.

In addition, Gil-Pelegrín, et al. (2005) 
found similar behavior of atmospheric 
hydric potential through a continuous inte-
grating model soil-plant-atmosphere (SPAC) 
that analyzes the flow of water in terrestrial 
plants as a dynamic process along a series of 
compartments, from the source (soil) to the 
final demand (atmosphere).

The behavior of Ѱw atmospheric 
during a day (24 hours), each minute was 
completely different from the daily Ѱw. In 
the vegetative stage, the lowest value of 
Ѱw was found of -20.05 MPa at 6:23 a.m. 
and the highest value of -300.03 MPa at 
13:13 p.m., corresponded at 20 days after 
planting (six true leaves). These compared 
to the Ѱw obtained in the reproductive 
stage, the lowest value of -13.26 MPa was 
presented at 7:58 a.m. and during the day 
of solar insolation at exactly 15:09 p.m. 
the highest value of -173.60 MPa was 
estimated, corresponding at 131 days 
after planting (ripening of fruits of the 
1st bunch).

Crop evapotranspiration 
The daily evapotranspiration variation 

per m-2, measured with the balance method, 
is shown in figure 5a, 5b y 5c, page 97. For 
the treatment of one stem (T1), it was 

observed that in the initial phase the daily 
variation of water demand was between 0.3 
- 4.41 L m2, in the stage of maximum water 
demand (at the maturation stage of fruits 
of the 1st bunch) at 1500 ADD (figure 5A, 
page 97).

In addition, it was found that the plant 
began to develop its leaf area, height, 
roots and fruits, the water requirement 
increased. These data were closer to 
reported by Flores et al. (2007) for tomato 
crop in greenhouse with a crop density of 
4.3 plants m-2 in tezontle.

For the treatment of two stems (T2) 
the daily variation of the water demand 
was between 0.3-4.77 L m-2 plants-1 from 
the initial phase to the stage of maturation 
of fruits (the 1st bunch) to the 1500 DDD 
(figure 5B, page 97). The volume of water 
uptake by this treatment was closer to 
(T1) in the vegetative stage, however, at 
the beginning of maturation, differences 
were found by increasing the volume of 
water uptake.

The water requirement for three stems 
(T3), the daily variation was from 0.3 to 
6.0 L m-2 from the initial stage to the stage 
of ripening of fruits (the 1st bunch) to the 
1500 DDD (figure 5C, page 97). These 
results were closer to those reported by 
León et al. (2005) for Lignon and FL-5 
varieties of tomato grown under protected 
conditions on two sowing dates.

The volume of water uptake in the 
three treatments at the beginning of the 
crop cycle was minimum because leaves 
and roots were not fully developed in that 
they did not consume a greater volume of 
water. After 750 DDD, the volume of water 
applied to the crop increased, because 
the development of the plant and its total 
biomass was increased too as a function 
of time. The changes of the variations of 
water requirement in the three treatments 
were due to the effect of cloudy days, rainy 
days and clear days.
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Figure 5. Net water requirements for T1, T2 and T3.
Figura 5. Requerimiento hídrico neto para T1, T2 y T3.
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Net water requirement each crop 
stages for one stem
The net consumption measured by the 

balance method during the whole crop 
cycle was 352.2, 388.4 and 434.7 L m-2 for 
T1, T2 and T3 respectively, in a cycle of 
154 days, from the transplant to the tenth 
bunches (table 2, 3 and 4, page 99).

According to the results obtained from 
Tukey mean separation test (95%), no 
significant difference in the average of net 
water requirement was found in the three 
replications among the tomato cultivation 
treatments grown in the greenhouse 
(table 5, page 99).

Relationship between leaf area 
index and water requirement
The values of water uptake obtained 

during the growing cycle, without water 
limitations in the area explored by the roots, 
depended on the atmospheric demand, the 
duration of the growing season and the foliar 
area developed by the plant. In terms of crop 
water consumption, the aerial structure of 
the crop determined the transpiration crop. 
When the leaf area index increased, the 
water consumption of the crop rised linearly 
to the atmospheric demand, reaching a 
maximum value under maximum growth of 
the canopy, declining with the progression 
of the season (figure 6, page 100).

Water yield and productivity
The yield of the crop pruned to one 

stem (T1) was 20 kg of fruit per m-2, this 
yield was similar reported by Flores et al. 
(2007) for tomato c.v. Tequila, in addition, 
Corella et al. (2013) obtained yield of 
23.43 kg m-2 for tomato c.v. Malinche culti-
vated on a single stem in the greenhouse.

The yield of the crop pruned to two 
stems (T2) was 18 kg m-2, this yield was 
found by Corella et al. (2013) of 18.55 and 
18.24 kg m-2 for c.v. 4426 and c.v. Aníbal, 

respectively, for indeterminate tomato 
crop growth in greenhouse.

The yield of the crop pruned to three 
stems (T3) was 16 kg m-2. Information 
was not found for the yield and quality 
for this last treatment. Significant statis-
tical differences were found between 
treatments. The gross volume applied 
throughout the growing cycle was 404, 
438 and 444 L m-2 for T1, T2 and T3 
respectively, with a productivity of 49, 41 
and 36 kg m-3 of water, Flores et al. (2007) 
reported 35 kg m-3 for tomato c.v. Tequila 
of indeterminate growth. This indicates 
that higher evapotranspiration does not 
necessarily indicate higher yield.

Size of fruits by category
Regarding the size of the tomato fruits 

in (%) harvested for each treatment. For 
one stem (T1) it was better with 69, 23, 8 
and 1% fruits of large, medium, small and 
smallest fruits, respectively (table 6, page 
102). The fruits obtained in this treatment 
comply with the NMX-FF-031-1997 to be 
exported to the international market. The 
results obtained in this work were found 
by Rodríguez et al. (2008), for tomato 
under greenhouse conditions, found that 
60% corresponds to extra quality; 20% at 
first, 10% at second and 10% at loss.

For two stems (T2) 49, 33, 17 and 1% 
fruits of large, medium, small and smallest 
fruits were obtained respectively. The 
fruits obtained in this treatment could be 
considered for the national market due to 
its size, it is mainly transferred to super-
markets and central supply stores for 
its later distribution to final consumers. 
Quintana et al. (2010) reported the results, 
for tomato in greenhouse, they reported 
that 9% corresponds to extra quality, 52% 
to first, 27% to second, 11% to third and 2% 
to fourth.
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Table 2. Net water requirement each crop stages for one stem (TI) of tomato.
Tabla 2. Requerimiento hídrico neto por etapa de cultivo de jitomate para un tallo (T1).

Stage 
Water consumption Days after planting

Degrees-day
development

Daily Period Accumulated Period Accumulated Accumulated
L m-2 d-1 L m-2

Initial 0.30 4.80 4.80 16 16 670
Vegetative 1.35 33.75 38.55 25 41 951
Development 2.85 88.35 126.90 31 72 1268
Production 3.12 165.36 292.26 53 125 1698
End of cycle 2.07 60.03 352.29 29 154 1762
CV(%) 1.15 61.43 153.59 13.68 57.38 470.91

Table 3. Net water requirement each crop stages for two stem (T2) of tomato.
Tabla 3. Requerimiento hídrico neto por etapa de cultivo de jitomate para dos tallos (T2).

Stage
Water consumption Days after planting

Degrees-day 
development

Daily Period Accumulated Daily Period
L m-2 d-1  L m-2

Initial 0.30 4.80 4.80 16 16 670
Vegetative 1.35 33.75 38.55 25 41 951
Development 2.97 92.07 130.62 31 72 1268
Production 3.42 181.26 311.88 53 125 1698
End of cycle 2.64 76.56 388.44 29 154 1762
CV(%) 1.28 67.41 168.71 13.68 57.38 47.91

Table 4. Net water requirement each crop stages for three stem (T3) of tomato.
Tabla 4. Requerimiento hídrico neto por etapa de cultivo de jitomate para tres tallos (T3).

Stage
Water consumption Days after planting

Degrees-day 
development

Daily Period Accumulated Daily Period
L m-2 d-1 L m-2

Initial 0.30 4.80 4.80 16 16 670
Vegetative 1.38 34.50 39.3 25 41 951
Development 3.24 100.44 139.74 31 72 1268
Production 3.87 205.11 344.85 53 125 1698
End of cycle 3.03 87.87 432.72 29 154 1762
CV(%) 1.48 76.88 188.68 13.68 57.38 470.91

Table 5. Comparison test of means of average net water requirement between treatments.
Tabla 5. Prueba de comparación de medias de requerimiento hídrico neto promedio 

entre los tratamientos.

Treatments Initial stage
Vegetative 

stage
Development 

stage
Production 

stage
Final break

One stem (T1) 0.30 a 1.35 a 2.85 a 3.12 a 2.07 a
Two stems (T2) 0.30 a 1.35 a 2.97 a 3.42 a 2.69 a
Three stems (T3) 0.30 a 1.38 a 3.24 a 3.87 a 3.03 a
CV (%) 0.0 0.0 0.2 0.4 0.5
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Figure 6. Ratio of water requirement and leaf area index during the whole crop cycle 
for T1, T2 and T3.

Figura 6. Relación de requerimiento hídrico e índice de área foliar durante todo el ciclo 
de cultivo para T1, T2 y T3.
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Figure 7. Daily drained volume variation for T1, T2 and T3.
Figura 7. Variación del volumen drenado diario para T1, T2 y T3.
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Table 6. Quality classification of the size tomatoes fruit.
Tabla 6. Clasificación de calidad en tamaño de los frutos de jitomate.

Treatments Large (%)             Medium (%) Small (%) Smallest fruits (%)
One stem (T1) 68.70 a 22.93 c 7.66 c 1.66 b
Two stems (T2) 49.10 b 33.17 b 16.66 b 1.05 ab
Three stems (T3) 36.77 c 38.54 a 23.00 a 0.68 b
CV (%) 16.1 7.9 7.7 0.5

For three stems (T3), 37, 39, 23 and 
2% of fruits of large, medium, small and 
small fruits were obtained, respectively. 
The fruits obtained in this treatment can 
be considered for the local market since 
the majorities are fruits are of medium 
size. These fruits are consumed in fresh 
condition, and are used in the preparation 
of puree or sauce for food.

Least significant difference: means 
followed by the same letter within a 
column are not significantly different 
according to the Tukey test (α = 0.05).

Drainage measured in the lysimeter
A leaching irrigation was applied in 

the control pots to ensure the drainage 
volume. The crop was kept under optimum 
humidity conditions.

In figure 7 (page 101) presents the 
daily variation of the fraction drained in the 
lysimeter, with respect to the applied volume.

The drained volume in the initial stage 
in the three treatments was 97%, this 
was due to the newly transplanted plants 
where the volume of water consumption 
was minimal and in the stage of maximum 
demand (ripening of the bunch) the 
volume drained was 70, 65 and 61 % for 
T1, T2 and T3 respectively. In this stage, 
the volume of drainage decreased due to 
the increasing in development and fructifi-
cation of the plant over time, thus it raised 
the water demand because of the filling 
of the fruit. These drainage variations 

were found by Flores et al. (2007) in 
tomato cultivation of 0-80%. For soils or 
substrate with fine texture it is recom-
mended that the percentage of drainage 
does not exceed more than 30%. Since it 
can decrease oxygen content in soil and 
roots showing damages due to lack of 
respiration and presence of fermentation 
and this it will be reflected in the decrease 
in quantity and quality of fruits.

Conclusions

The results indicated that it is possible 
to estimate irrigation requirements in 
greenhouse crops by means of balance 
method. These lysimeters (drainage) are 
economical, easy to install and measure the 
water uptake, with the condition that should 
be there drainage and, there must be strict 
control in the application of irrigation.

With proper handling it helps us to 
determine the volume of irrigation. The 
experimental values indicated that the 
tomato irrigation requirements vary from 
0.30 L m-2 for the three treatments in the 
initial stage, up to 4.41, 4.77 and 6.0 L m-2 
in the stage of maximum demand for T1, 
T2 and T3, respectively. The maximum 
value of the irrigation requirement was 
lower than that reported in the literature 
for low planting densities, which indicated 
the importance of estimating the irrigation 
requirements of crops for local conditions.
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