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Improving Water Management of Vegetables
Irrigation in Plastic Houses in Palestine
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Abstract: Irrigation practices under green house production of vegetables in Palestine are not based on best
management practices. Farmers apply water to plants using common practices of observing plant and soil
indicators. This leads to low irrigation efficiencies and uniformities and more scarce irrigation water is usually
applied to make sure the plants do not get stressed due to low water content. The aim of this work is to start
a data base of crop-water requirements for vegetables grown in Palestine under green house conditions to
improve management practices of irrigation and water use efficiencies. Cucumbers were grown under green
house conditions. Evapotranspiration has been measured in the field using electrical resistance blocks that
reflect soil water content at different depths. In addition, a portable weather station was installed in the same
green house to record weather data to develop a model that correlated simple weather data to
evapotranspiration for cucumber under green house conditions. This model will enable farmers and agricultural
engineers alike to use the water budget technique to determine when to irrigate and by how much. During the
growing season it was observed that less water is being applied in the replicates (experimental) plots in
comparison to the control plot, but higher yield was measured. This can be attributed to the leaching of
nutrients by the high amounts of water applied by the farmer to the control plot. For vegetables grown under
green house conditions, it is recommend that farmers utilize irrigation scheduling based on water budget
techniques using the evapotranspiration model developed for growing cucumbers and tomatoes. This

management practice would reduce irrigation water consumed and would increase yield.

Key words: Evapotranspiration + Green Houses - Irrigation + Agriculture - Water Use

INTRODUCTION

It is well known that Palestinian communities
suffer from cruel water shortage problem due to natural
and political reasons and therefore, the conservation of
water resources is imperative. It is estimated that the
agricultural sector accounts for about 73% of the total
water consumption. At the same time the Palestinian
territories have been suffering severe drought for the past
three years which affected, among other things, the
agriculture sector (not enough water is available for the
plants).

Irrigation development enabled crop production in
dry areas where rainfed production would be precarious
or impossible. Reducing water consumption while
maintaining food production for local consumption and
supplying an export market are the major challenges to the

agriculture sector. Improved irrigation management

practices and technologies is an effective tool to increase
the quantity of water available for agriculture and this is
the interest of this research work.

Due to lack of data related to crop water requirements
and evapotranspiration, irrigation practices under green
house production of vegetables in Palestine are not based
on best management practices forcing the irrigator to
apply more than 3 to 4 times the required amount of water
to reach maximum allowable yield [1].

If evapotranspiration amounts are
certain localities, the farmers can be trained to schedule
irrigation based on a water budget technique that
determines when to irrigate and how much water to
apply.
measured in the field or calculated from climatologically
data. Evapotranspiration for local vegetables
under green house conditions are not known and have

known for
Evapotranspiration can be experimentally
grown

never been measured in Palestine.
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The main concept of this research work is to grow
cucumbers under green house conditions and measure
evapotranspiration and weather parameters i.e.
temperature and relative humidity using electrical
resistance blocks and portable weather station. The
weather data are correlating the directly measured
evapotranspiration in order to develop a model for future
use by farmers. This model will enable farmers and
agricultural engineers alike to use the water budget
technique to determine when to irrigate and by how much.

This technique can save on the amounts of water and
fertilizers which applied to the growing crops may share
in reducing the cost of production, conserving water
resources, reducing salts leached to ground water and
enhancing the quality and quantity of the produce.

Literature Review: The two classical questions of
irrigation scheduling are: when do we irrigate? How much
water to apply? Waller and Tamimi, 2004 measured water
depths applied to produce vegetables under green house
conditions in over 50 green houses in Palestine and found
that on the average only 18% of water applied is
beneficially used by the plant and the rest of the water is
deep percolated to a depth of more than 2.5 meters below
plant root zone. These practices increased the amount of
applied water and fertilizers which in turn increased the
cost of agricultural production exploiting water resources
and increased salinity of soil and ground water.

Efficiencies of irrigation systems are very low in
causing high losses in deep percolation and runoff.
According to measurements made by [2] on irrigation
systems in the arid area, it is found that moisture content
reached field capacity at levels of 0.5 m, 1.0 m, 2.0 m and
down to a depth of 2.5 meters below the root zone due to
over irrigation and the application of irrigation water
without management tools.

Vegetables produced in greenhouses require ample
amounts of water for optimum growth, yield and fruit
quality. Growth processes will slow and lower yield and
quality will result if the plant is water stressed even for a
very short period, especially during critical growing
stages [3]. Cucumbers have a high water requirement [4].
On the average, cucumbers need 25 mm to 50 mm of water
every week, with more needed in hot, dry weather. Fruit
set and fruit quality are also highly dependent on water
availability [5].

MATERIALS AND METHODS

Planting and Measurements: Six experimental plots (four
were devoted to the treatments and two were considered
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as control plots) of Cucumbers were grown in the green
house in the Hebron area of the West Bank. The green
house land was plowed for a depth of about 25 cm. A drip
irrigation system was installed for growing cucumbers in
a 1.0 m by 0.5 m grid as shown in Fig. 1. A water source
placed at elevation 5 meters higher than the field supplied
water to a 32 mm Poly-Vinyl Chloride (PVC) sub-main line
where the measured pressure at the entry point in the
sub-main was equal to 7.1 psi. Five 16 mm PVC laterals
were connected to the sub-main line. These drippers
were calibrated under the available pressure of 7.1 psi
and the flow rate was measured to average 3.0 liters/hour.
A portable wireless weather station was housed in a
shaded open box which measured barometric pressure, air
temperature and air humidity.

Each plot had 20 irrigation drippers and 6 electrical
resistance blocks were installed at each experimental plot
at a depth of 22.5 cm, average of the root depth as shown
in Fig. 2. Hence, the expected root depth for cucumbers
and tomatoes grown under similar conditions is
approximately 45 cm [6]. In the experimental plots
irrigation was monitored and the quantity of water was
recorded based on the electrical resistance blocks below
the root zone. The readings of electrical resistance blocks
should not be change. For the control plot irrigation were
monitored and the amounts of water were recorded based
on the general practices the farmer employs in his farm on
regular basis.

The soil properties such as sieve analysis, moisture
content, electrical conductivity and density were tested in
the laboratory to designate the structure of the soil. The
results of the tested samples presented in Table 1 gave a
clay textural designation.

Electrical Resistance Blocks that were used to
measure soil moisture content for the soil are of
EIJKELKAMP type. Readings were taken for each of the
electrical resistance block using the EIJKELKAMP meter
then ten soil samples from the same locations were
collected and analyzed for water content. After that the
calibration curve that relates the volumetric water content
with resistance block meter readings are drawn to convert
later the readings from the electrical resistance blocks
reader to actual volumetric water content as presented in
Fig. 3.

After the cucumber seedlings were planted in rows
for each of the plots, the maximum and minimum daily
temperature and relative humidity were measured for this
research. At the same time, water content in the field was
measured every day at 6:30 am using Electrical Resistance
Blocks Meter and with the help of calibration curve

(Fig. 4).
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Fig. 1: The experimental layout plan in the field
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Fig. 2: Planting and installing f e
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Fig. 3: The calibration curve of the resistance block meter

Table 1: Soil properties for the Green Houses

Parameters Unit Average
Field Capacity % 32.59
Electrical Conductivity dS/m 0.47
Organic Carbon % 1.51
Organic Matter % 2.64
Bulk Density g/em’ 1.09
Mineral Density g/em’ 2.83

pH - 7.31

It was assumed that the water infiltrates as a cylinder
to calculate the volume of water applied during each
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irrigation event knowing the flow rate of each dripper and
the time of irrigation. For the measurement of irrigation
time, the irrigation system is usually turned on and then
stopped when the wetted circle to be as big as the day
before and when run off of water started on the soil
surface. The drippers’ wetted perimeter was measured
every time irrigation took place and the length of irrigation
time was also recorded.

Plants heights were measured weekly and recorded in
the data sheets while the fruits yield was measured and
recorded for each plot on the day they were picked as
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Fig. 4: Sample of the measurements of water contents and weather parameters
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Fig. 5: Sample of the measurements of yield and height of the plants

shown in Fig. 5. The root depth of cucumber are usually =~ Calculations: The value of maximum allowable depletion,
100 mm and the previous studies show that it increase MAD, used for cucumbers in the calculations has been
linearly from 100 mm on the planting date to around 300 determined to be 0.5 [6]. Which means that 50% of soil
mm on the date of first fruit picking. moisture available to the plant was allowed to be depleted
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before irrigation was required. MAD is just a management
tool that is used to calculate the water content after which
the plant reaches critical stage in regard to water
utilization and the stomata of the plant starts to partially
to shut down. This critical water content can be calculated
from the equation (1).

Ocrisicar = 85 — (MAD (6, - 6,,;)) M

In which fc represents the field capacity, pwp is the
permanent wilting point and 0 represents volumetric water
content. Taking 0, equal 32.6% and 0,,, equal 19%, the
value of the critical water content at which irrigation
should take place was calculated to be equal to 26% using
equation (1). This mean that the irrigation water was
applied whenever the average water content measured by
the electrical resistance blocks read water content of less
than the critical water content equivalent to 26% on
volume basis and the reading of the meter had a reading
less than 78 of meter reading.

Irrigation depth was calculated based on the
following equations:

Volume of Applied Water
Area of Wetted Corcle

Irrigation Depth = )

Evapotranspiration was calculated from measured
data for each day based on the irrigation depth applied in
the previous 24 hours, depth of roots in the root zone and
the difference between today’s water content and
yesterday’s water content as shown in the following
equation:

(Today's 6 — Yesterday's 6)
100%

(6, — 6)[%]

100%

Evapotranspiraton = Irrigation Depth — Root Depth X

ET [Tm = J [nnn] D,_: [rnm] b 4

3)

In which ET is the evapotranspiration, I is the
irrigation depth, D,, is the root depth, 0, is today's water
content and 0, is the yesterday's water content.

RESULTS AND DISCUSSION

Measured Evapotranspiration and Yield: The daily values
of evapotranspiration are calculated using equation (3).
The cucumber evapotranspiration ranges between 3
mm/day and 20 mm/day with total evapotranspiration for
the entire season of §94.7 mm.
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Fig. 6 shows a graphical representation of the
weekly measured evapotranspiration values for
cucumbers grown under green house conditions in the
Hebron Area. The figure shows a rapid increase in the
value of evapotranspiration from the start of the growing
season until the end of the third week when
evapotranspiration levels out and becomes constant.
This date, the end of the third week since planting,
corresponds closely with the first harvesting of
cucumbers. The fluctuation after the third week is
believed to happen due to the frequent and rapid
harvesting and picking of the cucumber fruits. The plant
sucks out water to build and mature the fruits and when
the fruits are picked the evapotranspiration reduces due
to diminishing need of the plant to mature the cucumber
fruits since they were no longer part of the plant. It should
be mentioned that the fruit cucumber’s weight consist of
about 75% water [3].

Fruit harvesting of cucumbers shows that the yield of
cucumber per dounm for the experimental and control
plots for the whole season (4 months) are approximately
7000 and 6200 kilogram respectively. The yields of
experimental plots are more than the control plots for the
cucumber inspite the irrigation water quantity applied are
less. This can be attributed to the leaching of nutrients by
the high amounts of water applied by the farmer to the
control plot. Nutrients were leached below the root zone
in the control plot which the plant was not able to absorb
and utilize.

Water Use Efficiency (WUE): Water use efficiency is
defined as the ratio between economic crop yield and the
amount of water applied to grow that yield. It is a measure
to show the efficient use of water especially in areas
where water is scarce as the case is in Palestine.
Mathematically water use efficiency is calculated using
the following equation [6]:

Crop Yield

— “4)
Water Applied

Water Use Efficiency =
The average water applied to the control plots has
been calculated based on dripper flow rate of 3 liters/hour;
time of irrigation has been measured as mentioned above.
Then, multiplying the flow rate by the water application
time converted to hours and multiplying all that by
20 drippers for the control plots, gives a total volume of
2080 liters of water on the average for the control plot with
the area of 11 m’. Using the same technique for the
experimental plot yields a total volume of 1526 liters of
irrigation water for the plot with the same area of 11 m”.
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Therefore, if one converts these numbers to
m’/dunum then the total volume of irrigation water
consumed by the control plot planted with cucumber for
the entire season is about 189 m*/dunum. Doing the same
calculations for the treatment plot results in a total volume

of 138.7 m*/dunum is obtained.
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The water use efficiency for the control and
experimental plots planted with cucumber were calculated
using equation (4). The water use efficiency for the
control and treatment plots planted with cucumber is 32.8
kg cucumber/m® of water and 50.5 kg cucumber/m’ of

water respectively.
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Table 2: The weekly average values of ET and weather parameters

Average Weekly Values for Green House Planted With Cucumber

Mesured ET (mm/day) Week Number (X,) Temperature (°C) (X,) Relative Humidity (%) (Xs)
3.91 1 29.8 33.9
6.35 2 26.1 45.4
8.51 3 26.8 46.3
8.76 4 27.6 46.5
8.46 5 27.1 45.4
8.43 6 25.8 482
9.24 7 26.2 49.0
9.25 8 26.8 46.1
6.96 9 26.0 42.7
9.49 10 27.1 44.6
7.04 11 9.25 46.4
8.77 12 275 472
7.04 13 27.3 41.0
6.95 14 27.0 42.9
Water use efficiency is high for the replicate  Table3: Regression Output for the ET Model
(experimental) plots because of the difference in irrigation SUMMARY OUTPUT
water applied that caused the nutrients to leach from the Regr coson Statistics
. . . Multiple R 0.89
control plots resulting in fewer nutrients for the plant to R Square 079
utilize. Also, most of the water applied in the replicates Adjusted R Square 0.72
was beneficially used while a portion of the water that was Standard Error 0.83
applied in the control plots was deep percolated and was ~ Observations 14.0
. Variables Coefficients

not beneficially used.

Intercept -30.0

X Variable 1 0.09
Modeling of Evapotranspiration: Factors that greatly = X variable 2 0.65

X Variable 3 0.44

affect evapotranspiration are air temperature, relative
humidity, solar radiation, wind speed and direction and
leaf area index. In the present study, the research is limited
to study the effect of temperature and relative humidity on
evapotranspiration. The minimum and maximum average
daily air temperature and minimum and maximum average
relative humidity inside the green house about 1.5 meters
above the plants are measured using portable weather
station.

The trial is made to develop a relationship between
the measured evapotranspiration and values of weather
parameters at the end of the growing season in order to
develop a model to predict evapotranspiration directly.
To develop such model to predict the value of ET based
on the measured weather data, the average daily
temperature and the average daily relative humidity were
calculated based on the minimum and maximum readings.
The generated average daily data was averaged for each
week of the growing season and the result for cucumber
is shown in Table 2 along with evapotranspiration data.

There is a relationship between the weekly
evapotranspiration and the three variables present in
Table 2. The first variable is the specific week or week
number since planting (X,), the second is the weekly
average temperature (X,) and the third variable is the

weekly average relative humidity (X;). If the relationship
between evapotranspiration (ET) and the 3 variables is
assumed to be a linear, then the relationship can be
formed as given in the following equation:

ET=a X+ bX,+cX,+1 )

In which a, b, ¢ and are constants.

The values of a, b, ¢ and I are determined by linear
regression analysis for the data given in Table 2 utilizing
the linear regression statistical tools that are part of the
Microsoft Excel computer program. The independent
variables are: week number (X1), the average temperature
(X,) and relative humidity (X,). The dependant variable is
evapotranspiration (ET). The developed equation here
called ET model that predict the value of ET for
cucumbers grown under a green house for each week of
the growing season if the average weekly temperature and
the average weekly relative humidity are known or
measured.

As mentioned earlier, the data present in Table 2 is
used as input data to the regression analysis. The output
of the regression is shown in Table 3.
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Table 4: Predicted ET values using the developed ET Model.

Average Weekly Values for Green House Planted With Cucumber

Mesured ET (mm/day) Week Number (X,) Temperature (°C) (X;) Relative Humidity (%) (X5) Predicted ET (mm/day)
391 1 29.8 33.9 43
6.35 2 26.1 454 7.1
8.51 3 26.8 46.3 8.0
8.76 4 27.6 46.5 8.7
8.46 5 27.1 454 8.1
8.43 6 25.8 48.2 8.5
9.24 7 26.2 49.0 9.2
9.25 8 26.8 46.1 8.5
6.96 9 26.0 42.7 6.5
9.49 10 27.1 44.6 8.1
7.04 11 9.25 46.4 8.3
8.77 12 27.5 47.2 9.8
7.04 13 27.3 41.0 7.0
6.95 14 27.0 42.9 7.7

The data in Table 3 shows that the values of the
constants are: I=-30.0, a= 0.09, b= 0.65 and c= 0 .44. Now

the final equation (model) for the predict
evapotranspiration for cucumber is given as:
ET =0.09 W+ 0.65 T+ 0.44 R;;- 30 (6)

In which,

ET: Isthe weekly average evapotranspiration in mm/day

W : Is the week number since planting cucumbers in the
green house

T : Isthe weekly average temperature in °C

Ry : Is the weekly average relative humidity in %.

Now, the predicted values of evapotranspiration for
cucumber grown under green houses were calculated
using the developed model (equation 6). The data
obtained are presented in Table 4.

The predicted data  of
evapotranspiration are plotted against the number of

measured  and
weeks since planting as shown schematically in Fig. 7.
The difference between the measured and the predicted
weekly evapotranspiration for cucumber grown under
green house conditions is due to the goodness of fit of
the regression model R*= 0.78. In this research work, the
maximum and minimum daily air temperature and relative
humidity were used to develop the model, which explain
the comparatively low value of R%.

CONCLUSIONS AND RECOMMENDATIONS

For cucumbers grown under green house conditions,
it is recommend that farmers should utilize irrigation
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scheduling based on water budget techniques using the
evapotranspiration model developed for growing the two
vegetables. This management practice would reduce
irrigation water consumed and would increase yield.

The researcher suggests that more work needs to be
done in relation to modeling evapotranspiration under
green house conditions. More weather parameters can be
used to predict evapotranspiration. And it is believed that
if solar radiation and hourly temperature and hourly
relative humidity are measured that will enhance the model
and increase its R’ to a value higher than the 0.79
determined by this research.

Evapotranspiration models for other vegetables
grown under green house conditions can be applied using
the same technique used in this research for more
efficiently and to produce more yields per cubic meter of
irrigation water.
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