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Abstract

Scarcity of water for domestic use and for agricultural production has been
hitting the Middle East in general and Palestine in particular. It is estimated that
more than 60% of fresh water is used for agricultural purposes in Palestine. A
reduction in this percentage is necessary due to the increase of the population.
Best irrigation management practices are not used in irrigated Palestinian
agriculture.  Irrigation scheduling using water budget techniques are not
practiced to minimize the waste and the deep percolated water that seeps under
the root zone and is not beneficially used by the plant.

In this research, evapotranspiration for cucumbers grown in a green house and
weather parameters in the green house were measured during the growing
season.Irrigation  scheduling was  practiced based on  measured
evapotranspiration in replicate plots; a control plot was managed by the farmer
utilizing traditional irrigation practices. A model was developed that correlated
simple weather data to evapotranspiration for cucumber under green house
conditions. This model can be used to predict the evapotranspiration of
cucumbers grown under green house conditions.

Even though less water was used in the experimental plots in comparison to the
control plot, 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. Nutrients were leached below the root zone in the control plot which the
plant was not able to absorb and utilize.

It is recommend that farmers utilize irrigation scheduling based on water budget
techniques using the evapotranspiration model developed for growing
cucumbers under green house conditions. This management practice would

reduce irrigation water consumed and would increase yield.



I Chapter One

Introduction

The reason why this research is so important is that water resource problems in
the Middle East, especially in the West Bank and Gaza, have become the most
urgent, complex, and intractable of any region in the world. In fact, fresh water
supplies in the Middle East now are barely sufficient to maintain a quality
standard of living. “As the population in this region continues to grow and
economic development increases, these countries must work together to ensure
that ecosystems are preserved and adequate water supplies sustained.” ( White,

1999).

The Committee on Sustainable Water Supplies for the Middle East stated in
1999 that “Given the rate of population growth, water quality and quantity will
not be sustainable unless suitable conservation methods are used in all three

major sectors of water use—urban, agricultural, and industrial.

As water demand increases in the region, and as the cost of obtaining additional
water supplies grows more expensive, the role of traditional agriculture has to

be reevaluated.

The agricultural sector is the major consumer of water in Palestine. Scarcity of
water for domestic use and for agricultural production has been hitting the
Middle East in general and Palestine in particular. It is estimated that more than
60% of fresh water is used for agricultural purposes in Palestine. To provide
sustainable water supplies for future generations a reduction in this percentage
1s necessary due to the increase of the population.

As the world’s population is increasing and the general standard of living is

improving, the quantities of fresh water needed and used for domestic purposes



have increased drastically, Population in Palestine and also in Hebron City has
been increasing dramatically and is expected to reach more than 268,000
inhabitants by the year 2020 as shown in figure 1.1 (Palestinian Central Bureau

of Statistics 2007).
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Figure 0.1: Population growth of Hebron City and expected Increase until 2020
(Palestinian Central Bureau of Statistics 2007).

At the same time the need for water for agricultural purposes has been also
dramatically increasing. The main users nowadays of fresh water in agriculture
are greenhouses where vegetables are grown around the year in the Hebron area
to support the farmers and to maintain a steady flow of food products to the
market. Scarcity of water is due to the high population and increasing of use in
agriculture and industrial and illegal settlements strategically placed on top of
water aquifers which supplies around 80% fresh water in West Bank (ARIJ,
2002).

Crop water requirement, consumptive use of water by plants, or Evapo-

transpiration (ET) is one of the most basic components of the hydrologic cycle.



Evapotranspiration (ET) is the sum of evaporation and plant transpiration.
Evaporation accounts for the movement of water to the air from sources such as

the soil, canopy interception, and water bodies.

Transpiration accounts for the movement of water within a plant and the
subsequent loss of water as vapor through stomata present in the leaves.
Evapotranspiration plays an important role in the water cycle. Factors that
affect evapotranspiration include the plant's growth stage or level of maturity,
percentage of soil cover, solar radiation, humidity, temperature, and wind

(James 1993).

If evapotranspiration amounts are known for 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.

Evapotranspiration can be experimentally measured in the field or calculated
from climatologically data. Evapotranspiration for local vegetables grown
under green house conditions are not available and probably none have been

measured in the Hebron area.

The main concept of this research is to grow cucumbers under green house
conditions and measure evapotranspiration by the direct measurement
techniques are based on the conservation of mass principal. In addition, a
portable weather station will be installed in the same green house to monitor and
record weather data to be used to correlate the directly measured
evapotranspiration with the weather parameters 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 that are applied
in growing crops reducing the cost of production, conserving water resources,
reducing salts leached to ground water and enhancing the quality and quantity
of the produce. 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 (Sbeih2002).

Accordingly, the two classical questions of irrigation scheduling are: when to
irrigate? How much water to apply? Waller and Tamimi, (2004) and from work
done in Arizona and in Aqaba — Jordan reported water depths applied in
irrigation in arid lands showed the water is deep percolated to a depth of more
than 2.5 meters below plant root zone. These practices increase the amount of
applied water and fertilizers which in turn increases the cost of agricultural
production exploiting water resources and increasing salinity of soil and ground
water. This lack of evapotranspiration and crop water requirement data does not
allow the farmer to apply best management practices in green houses producing

vegetables in Palestine causing random irrigation times and amounts.

Efficiencies of irrigation systems are very low causing high losses in deep
percolation and run off. According to measurements made by (Whitcomb and et
al.,1985) on irrigation systems in the arid area during which they measured the
water content of drip irrigated fields grown with vegetables in the summer time;
they found out that even though the ground water level in the fields in the
middle of the summer was at a depth lower than one meter below soil level,
moisture content reached field capacity at levels of 0.5m, 1.0m, 2.0m 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.

The problem Statement and objectives of this research is the most farmers in

Palestine in general and in Hebron area in particular do not use irrigation



scheduling techniques due to the lack of measured ET data for vegetables grown
in Palestine under green house conditions. And hence they irrigate the crops
based on feel and observation. This causes over irrigation and the waste of
plenty of water in irrigating agricultural crops in general and under green houses
in particular. This is considered a waste in a vital natural resource that is scarce

in Palestine and which life depend on it.

The objectives of this research study are four folds:

1. Measure crop water requirement for cucumber under green house conditions
in Hebron.

2. Measure the environmental factors (weather parameters) that affect
evapotranspiration to save on water being a scarce natural resource in

Palestine.

3. Develop water budget technique based on the measured evapotranspiration to

determine when to irrigate and how much to apply.

4. Based on the field measured data obtained in objective 1, develop a model
based on weather data prevailing under green house conditions to predict

crop-water requirement (Evapotranspiration).



2 . Chapter Two

Literature Review

2.1 Green Houses in Palestine

Greenhouse vegetable production has traditionally been located near population
centers and in the leveled land. The Palestinian agricultural sector represents
the yield base essential for the Palestinian economy. It forms 30% of
Palestinian labor force (The Palestinian Central Bureau of Statistics/
Agricultural Statistics 1999/2001). Table 2.1 shows the number of farmed
greenhouses is in different directorates of the West Bank (The Palestinian

Central Bureau of Statistics/ Agricultural Statistics 2004/2005).

Table 0.1: Number of farmed greenhouses in the West Bank (The Palestinian
Central Bureau of Statistics/ Agricultural Statistics 2004/2005).

Palestinian City in | Area in donums of
West Bank greenhouse
Jerusalem 28
Ramallah 23

Hebron 590

Jenin 3162
Jericho 1214
Bethlehem 114

Nablus 860
Tulkarim 2478
Qalqilia 2496
Tobass 4118
Salfeit 89

Total 15172




The greenhouse production amount of vegetables in 1997 / 1998 reached about
9079 tons (about 1.8% of total vegetable production in the Palestinian lands,
which was 481455 tons). The number of greenhouses in Hebron was estimated
at 244 donums for 1998 (The Palestinian Central Bureau of Statistics/
Agricultural Statistics 1999/2001).

2.2 Water Usage in Irrigated Green Houses

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 (Hochmuth, 1991). Drip
irrigation can improve yields and earliness in cucumbers. 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 (Wittwer et al., 1979).

Cucumbers have a high water requirement (Abou-Hadid er al.,1990).
Periodically, heavy watering is desirable to ensure proper penetration to the root
zone. Warm water (not below 65°F (20°c)) should be used in irrigation. Cold
water chills the roots, and slows plant growth with a direct reduction in yield

(Wittwer et al., 1979).



2.3 Cucumber Production

Cucumber is one of the major crops grown under plastic greenhouses in
Palestine. The production of greenhouse cucumbers in many parts of the world
parallels that of greenhouse tomatoes, the cucumber is a semi-tropical
vegetable, and grows best under conditions of high light, humidity, soil
moisture, temperature, and fertilizer, the cucumber is almost always grown in
rotation with lettuce and tomatoes, or in rotation with bedding or vegetable
plants. It is possible to grow cucumbers after greenhouses become empty in the

spring following bedding plant production (Wittwer et al, 1979).

Vegetables contribute with a production value of US$27 million which is about
46.1% of total agricultural production value in the Governorate of Hebron, The
cucumber crop contributes US$15 Million to the Hebron Governorate economy
which is about 55% of vegetable production, the tomato crop contributes with
10%, the eggplant crop contributes with 6.9 % and the kidney beans crop
contributes with 5.6%, the total area of lands farmed with vegetables in Hebron
Governorate reached about 13980 donums - about 4.4% of total area farmed in
the governorate, which is estimated at 313116 donums (Palestinian Central
Bureau of Statistics/ Agricultural Statistics 1999, 2000 and 2001).The
production of the cucumber in the West bank was 89084 tons and in Hebron
was 5373 tons ,the number of green houses planted with cucumber in 11088
(Table 24 in the report of Palestinian Central Bureau of Statistics/ Agricultural
Statistics 2004 and 2005)donums and the yield for each donum is
9107Kg/Donum (Palestinian Central Bureau of Statistics/ Agricultural Statistics
2004 and 2005).

2.4 Evapotranspiration

Evapotranspiration (ET) is the total amount of water lost via transpiration and

evaporation from plant surfaces and the soil in an area where a crop is growing.



Evaporation occurs from all open surfaces whenever there is sufficient energy
for vaporization. Transpiration involves movement of water from a soil
medium into plant to the atmosphere. Because it is difficult to determine
transpiration and evaporation losses separately and precisely, and because larger
plants lose water mostly by transpiration, evapotranspiration is used to group

them together (Nokes, 1995) and (Keach, 1998).

Transpiration is generally favorable to plants since it aids in absorption and
transport of mineral nutrients. It also cools the leaves during radiation periods
due the removal of the latent heat for vaporization. Too much transpiration,
however, can result in plant stress. Most plants have mechanisms for
diminishing high transpiration stress through reducing leaf area by rolling of
leaves, by reducing stomatal opening, or by changing leaf orientation as result

of wilting to reduce intercepted solar irradiance (Nokes, 1995).

ET represents the water that the plant transpires and that which evaporates from
the soil. Consumptive use data for different crops is particularly important in
arid and semi-arid regions. Chrtzoulakis and Drosos (1995) worked in the
greenhouse for the water use yield of greenhouse growing eggplant under drip
irrigation. They determine the water use for the eggplant by the tensiometer and
the maximum evapotranspiration (ET,) when soil water potential was
maintained at values higher than — 20 KPa. Evapotranspiration for eggplants
ranged from 0.5 mm/day to 4.5 mm/day. The Evapotranspiration for the entire
season was evaluated at 380mm.

Knowledge of ET is necessary in planning and operating water resources
projects such as: surface and underground water; water management; water
projects for irrigation; power; water transportation; flood control; agricultural,
municipal and industrial water uses, and wastewater reuse systems.

Evapotranspiration data are essential for estimating irrigation water



requirements. They are useful in sizing wastewater reuse systems (Metcalf, E.

I., 2003)

Prenger et al (2002) made a comparison of four evapotranspiration models in a
greenhouse environment, and compared the measured ET with two empirical
climatic factors: solar irradiance and vapor pressure deficit and with calculated
ET based on four evapotranspiration models :(1) Penman, (2) Penman-
Monteith, (3) Stanghellini, and (4) Fynn. They correlated each method with the
measured evapotranspiration value and the coefficient of determination (R2)
was found to be 0.872, 0.214, 0.481 and 0.848 for Penman, Penman-Monteith,
Stanghellini and Fynn methods respectively. The lowest R2 found is the

penman-Monteith method.

Evapotranspiration for cucumber grown under greenhouse conditions in
Palestine are not known and cannot be found in the published literature for
Palestine only we know the evaporation as we see in the table 2.2 shows the
estimated values of evaporation amounts for different locations in the West

Bank.
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Table 0.2: Annual Evaporation in some areas of the West Bank (The Palestinian
Central Bureau of Statistics/ Agricultural Statistics 2004/2005).

Annual Annual
Evaporation Evaporation

Region (mm) Region (mm)

Al Maleh 2298 Jerusalem 2095

Al Fare'a 2426 Bedyya 2000

Jericho 2243 Boreen 2038

Daraja 2394 Tulkarm 1917

Bani Na'em 2343 Methalon 1996

Al Zaheriyya 2034 Hebron 2025

2.5 Soil moisture content definition and meaning

Soil moisture is the water held in pores in the soil in liquid and vapour phases
(Scott and Maitre, 1998). Soil moisture shows a great variability in space and
time, the most important parameter influencing the amount of the moisture in
the soil included seasonal rainfall or irrigation, soil texture, vegetation type,
topography, and land use (Salve et al., 2001 and Fu et al., 2004).

Soil moisture is the most important component of the hydrological cycle,
particularly in the arid and semi-arid areas where rainfall is infrequent and
evaporation rate is high (Alsekh, 2006). The soil moisture is of great
importance in the growing plant in green houses because of adding water by
irrigation systems to the plant this water which added gives the soil moisture

and the available water for the plant.
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3 . Chapter Three

Methods and Materials

3.1 Land Preparation

A green house lot was located in the northern part of Hebron called Ras Al
Jurah. The green house is privately owned and it has an area of approximately

600 m>. The farmer has been growing vegetables for the past 15 years.

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 figure 3.1. Figure 3.1 also shows the layout of the experimental design; 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 and the pressure that was
measured at the entry point in the sub-main was equal to 0.49 bars which is
equivalent to 7.1 psi. Five 16 mm PVC laterals were connected to the sub-main
line and each lateral had 20 — 4 liter/hour drippers. These drippers were
calibrated under the available pressure of 7.1 psi and the flow rate was
measured to average 3.0 liters/hour. The installed drippers outflow would have

been 4.0 liters/hour if the pressure head was approximately 13 psi.

A portable wireless weather station was housed in a shaded open box which
measured barometric pressure, air temperature and air humidity.

Six experimental plots were selected in a representative location within the
green house and each plot had 20 irrigation drippers. The farmer utilized the
remaining area of the green house was growing cucumbers. Two plots, C1 and
C2(figure3.1), were designated as the control plots for which the farmer
controlled irrigation, fertilization and all agricultural operations and practices in

a manner similar to the practices performed throughout the green house.
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Figure 0.1: Experimental Layout in the Field

13



It should be mentioned here that there was a limitation from the farmer on the
selection of the plots since the farmer agreed that the researcher uses only
adjacent plots so as to be able to perform his agricultural practices without any

limitations from the experiment and from the resistance blocks.

The other 4 plots were designated as replicates: R1, R2, R3 and R4
(Figure3.1)for which the planted cucumbers were irrigated based on a water
budget technique derived from reading soil water content to determine when to
irrigate and by how much. In the results and discussion chapter, this technique

will be presented and discussed.

3.2 Soil Properties

Four composite samples were collected from different locations of the
experimental plots in the green house and at different levels from the soil profile
extending from soil surface to 50 cm depths using an auger. These soil samples
were taken to the soil laboratory at the college of agriculture at Hebron

University for which 7 different tests were performed as shown in Table 3.1

Table 0.1:Soil Properties for Green House

Parameter Unit Average ls)t:;:fi:: W
Field Capacity Y% 32.59 3756
Electrical Conductivity | dS/m 0.47 0.080
Organic Carbon Yo 1.51 0.159
Organic Matter %o 2.64 0.309
Bulk Density glem’ | 1.09 0.033
Mineral Density glem’ | 2.83 0.119
pH 7.31 0.119
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Table 3.2 shows the numbers used to designate the structure of the soil using the
soil textural triangle and the samples gave a clay textural designation and hence

the average structural designation was determined as clay soil.

Table 0.2: Soil Textural Tests and designation

Soil sample Clay % Silt % Sand % Soil Texture
Average 61.63 28.5 9.87 Clay
Standard 3.4569 2.467 4.7861

Deviation(u)

3.3 Calibration Curve

Electrical Resistance Blocks that were used to measure soil moisture content for
the soil are of EIJKELKAMP type. These blocks were calibrated for the
experimental plots area within the green house. Ten random locations at
different soil depths ranging from 5 cm to 40 cm were selected within the plots
area and different electrical resistance blocks were installed and wetted
regularly. After few days, when equilibrium between the soil and the blocks
was reached, different irrigation water depths were applied at each location
varying the water content of the soil from field capacity to low soil moisture

content.

Readings were taken for each of the electrical resistance block using the
EIJKELKAMP meter then ten soil samples from the same locations where the
electrical resistance blocks were placed in the experimental plots area were
collected and analyzed in the college of agriculture soil laboratory at Hebron
University for water content based on gravimetric water content determination

method.
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The readings versus the soil water content on weight and volumetric basis were

calculated and the laboratory results are as shown in Table 3.3.

Table 0.3: Soil Data for Determining Soil Properties for the Experimental Plots
in the Green House

Sample 1 2 3 4 Average
Bulk Density
(As) 1.07 1.06 1.13 1.11 1.09
FC (%) 37.9 30.1 32.5 29.8 32.6
o (Water
Wt.  of | Wt.  of | Content 0 Volumetric
Meter Water Dry Soil | Based on | Water
Sample # Reading | (gms) (gms) Wt.) (%) | Content (%) |6 (%) Best Fit
0 98 32.6% 32.3%
1 96 9.1 38.9 23.4% 31.3% 31.4%
2 85 9.3 45.4 20.5% 27.1% 27.6%
3 78 7.0 35.7 19.6% 25.9% 26.0%
4 73 9.4 49.6 19.0% 25.1% 25.1%
5 68 6.8 36.2 18.8% 24.7% 24.5%
6 67 7.2 38.5 18.7% 24.6% 24.4%
7 55 7.3 40.0 18.3% 23.8% 23.7%
8 41 7.8 44.5 17.5% 23.2% 23.3%
9 40 6.8 38.9 17.5% 23.1% 23.3%
10 20 54 32.4 16.7% 22.0% 21.9%

The following procedure used to calculate water content has been adopted from
(James, 1993). Water content based on weight, ®, is defined as the ratio,
expressed as a percentage, of the weight of water in a given soil mass to the

weight of solid particles.

The gravimetric sampling method was used in the laboratory to measure water
content on weight basis. This method is a direct method of measuring the water
content of soil samples taken from the experimental plots. The samples were

weighed, dried, and re-weighed after drying.
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The following equation was used to determine the water content on weight
bases as shown in equation 1 in which W denotes weight and ® is water content
based on weight.

_ Wwet - Wdry

= Equation 0-1

W

dry

For research purposes in agricultural applications, water content is computed on

volume basis using equation 2, in which V denotes volume and 6, is water

content based on volume.

Vo
ev - Equation 0-2
VTotal

To determine a relationship between @ and 6 , equation 3 can be utilized

ﬁv =7 ( AS ) Equation 0-3

1n which,
A = S is defined as bulk density;
8 ('0( H,0) )

W, . . . .
p, =—= is defined as the apparent specific gravity;

Total

Puo) 18 defined as the density of water at 4° C which is equal to 1000 kg/m”

and

g: is defined as gravity constant which is equal to 9.81 m/s’.
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Bulk density was measured for 4 samples and the average value used is 1.09 as

shown 1n table 3.3.

Water content at field capacity was measured in the laboratory using 4 samples
and the average value of the 4 samples is calculated at 32.6% based on volume

as shown in table 3.3.

Four soil samples were taken from the experimental plots from different levels
and were dried in the oven at 105° C for 24 hours. Soil was placed in a cylinder
and compacted then a known volume of water was added to each cylinder and
all cylinders were capped to prevent evaporation of water. The four cylinders
were placed in the lab for 24 hours under room temperature. During this time
soil reached field capacity and equation 3.2 shown above was used to calculate

¢, under field capacity conditions.

From the calibration curve provided by the manufacturer of the electrical
resistance blocks and corresponding to a negative pressure (tension) of 15 bars
representing the permanent wilting point, pwp, and using the same technique
described for the calculation of field capacity, water content at permanent

wilting point, pwp, was measured and evaluated at 19% on volume basis.

Resistance block meter readings were plotted against the measured volumetric
water content shown in table 3.3. The curve resulting from the plotting
represents the relationship between the resistance blocks meter readings and the
volumetric water content as shown in figure 3.2. Therefore if one measures the
resistance of the block in the field using the meter device, one can determine out

the volumetric water content of the soil manually.
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Figure 0.2: Measured and Calculated Water Content versus Resistance Blocks
Meter Readings

To have an equation that can be used in calculating the volumetric water content
in a computer program or a spreadsheet to automate irrigation scheduling as will
be shown later , regression analysis was performed using the regression tool
present in MS Excel and an equation was generated with an R = 0.9954. The
R’ value is a term called the coefficient of determination which measures the
proportion of the total variation about the arithmetic mean that can be explained
by the regression (Lyman and Longnecker M.,2001). The regression equation
that gives the best fit curve in figure 4 is shown as equation 3.4; in which MR is

the Meter Reading.
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Water Content (0,) = 17.19 + (0.364292) MR — (0.00747352) MR? + (5.44049 X 10‘5) MR3
(Equation 0-4)

The results from the equation are plotted in figure 3.2 and designated as “best
fit”. This equation was used in the overall spreadsheet described later to
convert the readings from the electrical resistance blocks reader to actual

volumetric water content.

3.4 Installing Electrical Resistance Blocks

From previous experiences and manufacturer recommendations a maximum
depth of root zone was given as 35 cm for growing cucumbers under drip
irrigation systems. (James 1993) showed a maximum root zone depth of 50 cm
for cucumbers grown under surface irrigation system in open fields. (Waller
and Tamimi 2004) indicated that the maximum root zone depth for cucumbers
grown under drip irrigation system never reached more than 30 cm in the

Hebron area. At the end of the experiment, the roots of the plants were
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measured and it was concluded that the root depths never exceed the 30 cm

depth as indicated by (James, 1993).

For each experimental plot including the control plots, three electrical resistance
blocks of type EIJKELKAMP were installed at three levels: 15 cm, 30 cm and
40 cm. It was assumed that the root zone will concentrate mainly in the depth
between 5 cm and 30 cm. At the end of the season, all plants roots were
measured and the assumption proved to be true since the roots were

concentrated and meshed between 5 and 30 cm.

The purpose for the 40 cm level electrical resistance blocks was to observe if
any deep percolation takes place during irrigation and deep percolation was
never observed since the electric resistance block reading at 40 cm stayed
constant. The electrical resistance of the resistance blocks was measured using
this type (1422 Soil Moisture Meter) manufactured by the same company who
produced the EIJKELKAMP resistance blocks. The layout of one of the

electrical resistance blocks is shown in figure 3.4.

To install each electrical resistance block a hole was dug by an auger to
different depths as needed. A resistance block was inserted in the dug hole and
the electrical wire was guided outside the hole. Pre-prepared soil slurry was
poured inside the hole to increase the water content of the soil surrounding the
electrical block to around field capacity. The electrical resistance blocks were
left in the ground for about 3 days until equilibrium status between the blocks
and the soil was reached. During the equilibrium waiting time, water was added
as needed to make sure that the experiment starts at field capacity when the

cucumber was planted.
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3.5 Planting Cucumbers

On June 1, 2006 cucumber seedlings were planted in rows for each of the plots
shown in figure 3.1. Irrigation water was turned on for 20 minutes before
planting and 10 minutes after planting using the installed drip system. Soil,
water and plant parameters were recorded starting on the morning of June 4,
2006 when the plants started growing and their roots got strong and dug into the

soil.

3.6 Measured Parameters

Only maximum and minimum daily temperature and relative humidity were
measured for this research. If the capacity of instrumentation is improved at the
college laboratories, more parameters can be measured and a direct comparison
can be made between the sited study and this research.

Yuan and Kang (2001) developed a drip irrigation scheduling system for
tomatoes in unheated greenhouses. They found that after using water — balance

methods for the tomatoes consumption of water in the greenhouse there was no
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significant water flux or movement of water upwards at 75 cm depth when soil
water is kept higher than a water content equivalent to 20kPa at 15cm depth.

The most important atmospheric factors affecting transpiration are the humidity
of the air surrounding the plant, the temperature and humidity of the air carried
to the plant by wind, and the net radiation available to the plant (James, 1993).
Fynn et al (1993) measured the evapotranspiration for the chrysanthemums
grown in greenhouses. Their measurements were made of evapotranspiration
(ET), air velocity, air temperature, air dew point temperature carbon dioxide
concentrate, leaf temperature, leaf area index, and photo-synthetical activity and
global solar radiation. Comparisons were made between the evapotranspiration
of the crop and the predicted water use from a computer model that used
temperature, relative humidity and solar irradiance levels as inputs. The
evapotranspiration was studied as a function of vapour pressure deficit and solar
irradiance levels both separately and together. A relationship between stomatal
resistance and solar irradiance levels for chrysanthemums was established. Soil
moisture content using the electrical resistance blocks meter was measured
every day at 6:30am for all plots. Each plot had 3 resistance blocks located at
I15cm, 30cm and 40cm depths and the control plots had 3 sets of resistance
blocks at each soil depths of 15cm, 30cm and 40cm.Water content reading was
converted to volumetric water content using the regression equation presented
earlier as equation 3.4. In addition, daily maximum and daily minimum air
temperature, daily maximum and daily minimum relative humidity were also
measured every day at 6:30am throughout the growing season that started on

June 4, 2006 and ended on August 30, 2006.

3.6.1 Water Content
As water is the most limiting factor for agricultural production in Palestine, soil

moisture determination is of major significance. Soil moisture influences crop
growth not only by affecting nutrient availability, but also nutrient

transformation and soil biological behavior (Hesse, 1971). Surface soil
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moisture can also be used to parameterize soil water simulation models that
estimate soil moisture content with depth in the plant rooting zone (Hymer et
al., 2000). There are many methods that are usually used to measure soil water
content. The following are just some of these methods that can be found
detailed in the literature and books related to measuring soil-water content such
as James (1993).

The gravimetric method measures mass water content (0,) by taking field
samples that are weighed oven dried and then weighted again to measure the
mass of water in the sample and related to the solids found in the sample. This
method has many advantages such as accuracy and the ability to measure
representative sample from multiple locations. However, some of the
disadvantages of this method include the labor that is needed for this method
and the length of time that is required to get results. The feel and appearance
method requires that the operator takes field samples and feel them by hand
which cost very little and takes little time to do and representative samples can
be taken from multiple locations in the field. However, one of the short
comings for this method is the fact that results obtained by this method have

low accuracy and an experienced operator need to evaluate the measurement.

The Neutron scattering (attenuation) method to measure volumetric water
content (6,) sends attenuation of high-energy neutrons by hydrogen nucleus to
extrapolate the results into water content readings. Some of the advantages are
that the samples a relatively large soil sphere and soils can be repeatedly
sampled at the same site for several depths. It is an accurate method but the
neutron probes have a high cost, requires a radioactive licensing and safety
procedures and their readings are not reliable for shallow measurements near the

soil surface.
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Other methods that can be use for measuring soil-water content are: Dielectric
constant which uses Time Domain Reflectrometry (TDR) and Frequency
domain Reflectromtry (FDR), Mastrorilli et al ( 1998) they measured the daily
actual evapotranspiration measured with TDR (Time domain Reflectrometry)
technique in Mediterranean conditions out of the greenhouse, the results showed
that in soils without vertical cracks daily ET can be estimated in the field using

the TDR technique over a wide range of soil water contents.

Tensiometers which measure soil water potential (tension); electrical
resistance blocks which measures soil water electrical conductivity which is the
reciprocal of the soil water electrical resistance are other methods that can be

used to correlate soil water content using calibration curves.

These techniques when used to measure soil-water content can save on the
amounts of water and fertilizers that are applied in growing crops reducing the
cost of production, conserving water resources, reducing salts leached to ground

water and enhancing the quality and quantity of the produce.

Since this research is utilizing electrical resistance blocks to measure water
content in the field, the following section will discuss this procedure in more
details. The advantages of the using electrical resistance blocks are that they are
inexpensive allowing many replicates. (Assuming the cost of the meter or
multiplexer system and labor is constant or similar to other systems). This sort
of sensor can be left in field to automatically monitor soil-water content
continuously. Some of the disadvantages of electrical resistance blocks are the
fact that all such types of blocks suffer from hysteretic (more resistance to
wetting up or drying out (or vice versa) at a set water tension). The sensitivity
in the dry range is usually very flat (a large change in dryness reflects small

changes in measured resistance). The gypsum was an attempt to buffer soil
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salinity changes which does work to some extent. The result is, however, that
the block will degrade over time, and eventually dissolves completely into the
soil solution. The time this takes may be in the order of a year depending on
conditions. The more extreme the water content - the quicker this occurs. James
(1993) and Hymer et al (2000)

The results of water content that were measured in the field were measured
every day at 6:30am which is considered the beginning of the day. Based on
work done by (James, 1993) it was decided to use the water content reading of
the electrical resistance blocks installed at 15 cm in the soil due to the fact that
the reading represents the average water content in the 30 cm soil level taken at
the middle point between the soil surface and the depth of the root zone since
the root zone that is used and measured during the experiment is equal to 30 cm.
The single point of water content used to estimate evapotranspiration for the
cucumber on daily basis is represented by the average water content of the four
readings in the different experimental replicate plots labeled R1, R2, R3 and R4
as shown in appendix I. Appendix I shows the daily measured water content at
soil depths of 15 cm. In the same table, the average value of water content that

was utilized in the calculations.
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Table 3.4 shows a sample of the measured data that was stored in a spreadsheet.

Table 0.4Sample of daily measured data at the experimental plots

Ct C2 Ri R2 R3 R4 Weather Station

Relative Air
Days Meter Reading | Meter Reading | Meter Reading | MeterReading | Meter Reading | Meter Reading | Humidity | Temperature
Since Max | Min | Min | Max
Date | Planting |15cm|30cm|40cm| 13cm| 30cm|40cm|15cm| 30cm 40cm  15cm 30cm|40cm| 13cm| 30cm|40cm|15cm 30cm/d0cm/ (%) | (%) | (C) | (C)
06| 1 % 8| 31| %4 20 3| 91 9| 9| 93 8 9| 8 8 9| 9| 8 9% 43 0| 1§ 4
50| 2 B 0 N YW 47 9 % 76| % 92 87 9| 8 82 89 0] 8 93 4] 0| 1§ 4
6-Jun-06| 3 0f 81| 200 % 51| 42 8| 40 9 57| 8| % 8| 77| 8| 76| 8| % 48 2| 17 4
T-Jun08| 4 83| 84| 28| 91| 48] 40| 54 27] 89 30| 8| 9| 52| 66| 77| 54 8 9 % 20| 5
§Jn-06| 5 O 81| 26| % 47) 57| 76| 21| 84 77| 80| 89 65 65 68 72 79 9 63 20 12| 4
%Jun-06| 6 88| 84| 26| 90| 45| M 40| 18] 73| 40| 77| &7 45| 45| N8| 42 74| o 66 20| 12 4
10-Jun06| 7 86| 81| 25| 89 42 50| 86| 15 62 69| o 8 75| 45 S 73 76| 9 0| 20 {2 4
f1-Jun06| 8 9 84 24 90| 42/ 63| 90| 13| 52| & 79| 8 73| 36| 46/ 8| 7| & M 2| 12 4
12-Jun-06| 9 O1f 83 23| 89 43| 62 79 1| 42 62| 79| & M 30| 30 5| 7| 8 M 0| 12
13-Jun-06] 10 % 8| 22| 0| 4 74 8 9 34 8| 82 8| 62 26| 3| 65 8 9 74 [ {1 I
fd-Jun06| 11 88| 83| 21| 8| 42/ 69| 91| 63 31| %6 89 & 7| 3| 48 8| & o M 0| 12
15-Jun-06| 12 O 81| 21| 8| 42/ 68| 51| 18] 27 83| 84 84 2| 30| 41| 29 & o M | 4
16-Jun-06| 13 %| 80| 20{ 8| 49 66| 8 7| 28] B 8| 77| 0| 3| K| 41 &4 9 7| A 4 ¥
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Table 3.5 shows the conversion of the meter readings to volumetric water content for all experimental plots.

Table 0.5: Sample of Daily Converted Meter Readings to Volumetric Water Content (%) at the Experimental Plots

C1 C2 R1 R2 R3 R4
Water Content Water Content Water Content | Water Content | Water Content | Water Content
Days Since

Date Planting [15cm| 30cm {40cm|15¢cm| 30cm [40cm|15¢m|30cm|40cm|15cm|30cm|40cm|15cm|30cm|40cm|15¢m|30cm|40cm
4-Jun-06 1 20.8] 27.8] 229 30.6] 219 22,9 29.5] 29.5| 29.5( 30.2| 27.6] 29.5| 28.8] 27.3] 29.5| 29.5| 28.8] 30.2
5-Jun-06 2 30.2] 29.1] 22.9| 30.6] 23.5| 23.3| 29.8] 25.6| 29.8[ 29.8] 28.1] 29.5| 28.8] 26.8] 28.8] 29.1| 28.4] 30.2
6-Jun-06 3 201 28.1] 228 30.2[ 235| 23.3| 27.6] 23.3| 29.5( 23.7] 27.8] 29.8| 26.6] 25.8] 27.8] 25.6] 27.6] 29.8
7-Jun-06 4 27.0] 27.3] 22.7| 29.5| 235| 23.3| 23.6] 22.6| 28.8[ 23.3] 27.0] 29.5( 23.6] 24.3] 25.8] 23.6] 26.8] 29.5
8-Jun-06 5 20.5] 28.1] 22.6| 29.8] 235| 23.7[ 25.6] 22.0] 27.3| 25.8] 26.4] 28.8| 24.2| 24.2] 245 25.0] 26.2] 29.5
9-Jun-06 6 28.4| 27.3] 226 29.1| 23.4| 23.6] 23.3] 21.6] 25.1 23.3] 25.8] 28.1| 23.4| 234| 23.8] 23.3| 25.3] 29.5
10-Jun-06 7 27.8] 26.6] 225 28.8] 23.3| 235 27.8] 21.2| 24.0[ 24.6] 295 27.0[ 25.4| 23.4| 23.6] 25.1| 25.6] 29.5
11-Jun-06 8 30.2| 27.3] 224 29.1| 23.3] 24.1[ 29.1] 20.8] 23.6] 26.8] 26.2] 28.4| 25.1| 232| 23.4| 26.6] 25.8] 26.6
12-Jun-06 9 20.5] 27.01 22.3| 28.8] 23.4| 24.0[ 26.2] 20.4| 23.3[ 24.0| 26.2] 28.1| 23.6] 22.9] 23.3| 23.7| 25.4| 28.8
13-Jun-06 10 20.8] 27.8] 222 29.1| 23.4| 253 28.4| 19.9] 23.1[ 27.0| 26.8] 27.6| 24.0| 22.6] 23.2] 24.2| 26.6] 29.5
14-Jun-06 11 28.4] 27.01 22.0 284 23.3| 24.6] 29.5| 24.1| 229 31.4] 28.8] 28.1| 24.9] 23.0] 23.5 27.6] 28.1] 29.5
15-Jun-06 12 201 26.6] 22.0| 28.4| 23.3| 245 23.5| 21.6] 22.6] 27.0| 27.3] 27.3| 22.8] 22.9] 23.3| 22.8] 27.3] 29.5
16-Jun-06 13 20.8] 26.4) 21.9| 284 235 24.3| 27.6] 249 22.3[ 30.2| 26.6] 25.8| 22.9] 22.9] 23.2] 23.3| 27.3] 29.5
17-Jun-06 14 201 247 220 28.1] 235| 23.9| 28.1] 25.8] 21.9| 29.5] 26.0] 25.3| 23.0| 23.3] 22.8] 23.3| 27.8] 29.5
18-Jun-06 15 201 239| 222 27.8] 23.4| 235 29.1] 26.0] 23.6] 29.8] 27.0] 25.1 23.3] 24.3] 22.8] 24.0] 28.4] 29.8
19-Jun-06 16 239 232] 222 244 233 23.2[ 20.8] 26.0] 22.3| 26.8] 24.6] 24.2| 24.7| 23.6] 21.8] 20.8] 27.3] 30.2
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3.6.2 Wetted Radius
When surface drip irrigation is used to irrigate crops a wetted circle is formed

on top of the soil. The center of this wetted circle is approximately the dripper
of the irrigation system. The water infiltrates into the soil to the root zone area
as a bell shape that tappers of at the bottom. The shape and height of this
wetted shape depends fully on the type of soil, soil water content and the root
system.

The soil type is clay which has a high percent of gravels is 27.4% this number
was calculate in the laboratory from taking a four composite soil sample and
analyze them.

It was assumed that the water infiltrates as a cylinder to calculate the volume of
water applied during each irrigation event knowing the flow rate of each dripper
and the time of irrigation as will be discussed later in this chapter. This
assumption is valid since the irrigation water stops at 40cm from the soil
surface. As indicated earlier an electrical resistance block has been placed at
the 40 cm depth and was reading the same water content value indicating that
water did not go below that point which means that the bell shape of the wetted
water ended before the 40 cm depth of the soil.

The drippers’ wetted perimeter was measured every time irrigation took place
and the length of irrigation time was also recorded. A sample of such data

collected during this research is shown in table 3.6.
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Table 0.6: Sample Data Sheet for Radius of Wetted Perimeter and Irrigation Time

C1 C2 R1 R2 R3 R4 Time
Radius (cm) Radius (cm) Radius (cm) Radius (cm) Radius (cm) Radius (cm) C R

Days Since
Date Planting [15cm|30cm|40cm|15cm|30cm|40cm|15¢cm|30cm|40cm|15¢m|30cm|40cm|15cm|30cm|40cm|15cm|30cm|40cm|  Min Min
4-Jun-06 11 14 13| 11| 14] 11| 12
5-Jun-06 2] 14 131 11| 14| 11| 12| 14 15 12| 12| 15 9] 15| 12| 14 12[ 15[ 13 10.0 5.0
6-Jun-06 3
7-Jun-06 4 12 9] 10 9] 10| 11 10.0
8-Jun-06 5/ 15| 12| 13| 10| 14| 12 8 9 9 11 9] 10/ 10 10} 11 10 9 10 10.0 5.0
9-Jun-06 6| 15 11| 13 9] 12| 11 10.0
10-Jun-06 71 15 15 15| 13| 15| 15 8 11 121 100 11 11| 11| 10| 10 9 1 9 10.0 10.0
11-Jun-06 8 15| 16| 15| 14| 16| 15| 15 14| 15 14| 15| 15| 15| 14| 14| 13| 15[ 13 10.0 12.0
12-Jun-06 9
13-Jun-06 100 18] 19] 18] 19| 18| 17 14 13| 13| 11| 12| 15 15| 13| 15| 13| 15| 15 25.0 12.0
14-Jun-06 11 16| 12| 16] 15 15| 13| 15| 12| 14 15| 14 15 12.0
15-Jun-06 12| 16| 17) 16| 17| 15| 17 18.0
16-Jun-06 13] 16| 17] 16| 17| 16| 15| 14 13| 13| 11| 15 13| 15| 13| 15| 15| 13| 15 20.0 15.0
17-Jun-06 14 17) 18] 16| 17| 17] 15| 15 13| 14| 15| 14] 13] 15| 13| 15| 15| 15| 15 10.0 10.0
18-Jun-06 15] 15| 12| 15| 15| 14| 15| 12 11| 12| 15 13| 15 12| 13| 15 12 11 15 15.0 15.0
19-Jun-06 16
20-Jun-06 17] 15| 15| 16| 14| 15| 14| 14| 15 13| 15| 13| 14] 15| 14| 15| 13| 14 13 20.0 15.0
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3.6.3 Maximum Allowable Depletion (MAD) and Critical Water Content
The value of maximum allowable depletion, MAD, used for cucumbers in the

calculations has been determined to be 0.5 (James, 1993). Which means that
50% of soil moisture available to the plant was allowed to be depleted 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 3.5.

Ocriticat = Opc — (MAD (05 — 9pw,,)) (Equation 0-5)

in which fc represents field capacity, pwp represents permanent wilting point, &
represents volumetric water content.
Utilizing equation 3.5 the critical water content at which irrigation should take

place was calculated to be equal to 25.8% as shown in equation 3.6.

O criticat = 32.6% — (0.5 (32.6% — 19%)) = 25.8%  (Equation 0-6)

Hence, whenever the average measured water content at depth 15 cm reached
25.8% or lower as measured using the electrical resistance blocks, irrigation
water was applied. The resistance block reading that corresponds to this water

content can be determined as 77 from figure 3.2 presented earlier in chapter 3.

3.6.4 Plants heights and fruits yield

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. A sample of this data is shown in table 3.7.
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Table 0.7: Sample Data Sheet for Plants Height and Fruit Yield

| | I | | | I | |
Yield (# of Fruits) Yield (kg) per Plot Height (cm)
Days Since
Date Planting C1 Cc2 R1 R2 R3 R4 C1 Cc2 R1 R2 R3 R4 C1 Cc2 R1 R2 R3 R4
4-Jun-06 1
5-Jun-06 2
6-Jun-06 3
7-Jun-06 4
8-Jun-06 5
9-Jun-06 6 12 10 12 13 12 11
10-Jun-06 7
11-Jun-06 8
12-Jun-06 9
13-Jun-06 10
14-Jun-06 11
15-Jun-06 12
16-Jun-06 13 32 15 16 14 24 14
17-Jun-06 14
18-Jun-06 15
19-Jun-06 16
20-Jun-06 17
21-Jun-06 18
22-Jun-06 19
23-Jun-06 20 45 49 64 40 47 55
24-Jun-06 21
25-Jun-06 22
26-Jun-06 23 7 7 10 9 5 5 0.3/ 0.302] 0.335]| 0.325| 0.15
27-Jun-06 24
28-Jun-06 25 5 5 7 7 8 6 0.28| 0.28] 0.103] 0.29] 0.32
29-Jun-06 26 12 13 18 19 25 14 0.375 0.5] 0.62| 0.63] 0.825
30-Jun-06 27 130 95 70 85 90 92
1-Jul-06 28 46 76 52 48 36 27 2.11] 3.525| 2.65| 1.82] 1.83
2-Jul-06 29
3-Jul-06 30 31 34 29 34 37 34 1.625 1.5 1.15] 1.35] 1.625
4-Jul-06 31
5-Jul-06 32 36 31 26 28 25 29 1.7]1 1.375 1.4] 1.42] 1.325
6-Jul-06 33
7-Jul-06 34 32 30 42 43 54 54 1.825 1.7] 2.825 2.1] 3.325 130 115 135 137 135 136
8-Jul-06 35
9-Jul-06 36 24 32 23 25 23 15 1.45| 1.55 1.2 1.2] 1.48
10-Jul-06 37
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3.6.5 When to Irrigate
The water that 1s delivered to the root zone can be determined from the

measured wetted radius, the shape of the wetted area, and the depth of the root
zone. These are all known factors and are measured values and hence the water
delivered to the root zone is known. All these factors are part of the spreadsheet
that is presented in Appendix II.

The total of the water that evaporates from the soil surface and the water that
transpires from the plant leaves is known as evapotranspiration as was discussed
earlier in chapter one. This value is the ET value that is unknown and this
research is trying to figure it out.

The water that percolates below the root zone is controlled by reading the water
content under the root zone and making sure that it does not change; meaning
that no deep percolation is taking place.

Water budget techniques to determine when to irrigate are dependent on known
evapotranspiration and can be utilized after reporting the results of this research
to the farmers.

It was decided to irrigate whenever the average water content measured by the
electrical resistance blocks read water content of less than the critical water
content equivalent to 25.8% on volume basis and the reading of the meter had a
reading less than 77of Meter Raiding.

Almost during the entire growing season, irrigation of water to the plants took
place as can be seen in the spreadsheet shown in Appendix II. There are only 4
days that irrigation did not occur due the decision of the researcher of not to

irrigate based on the wetness of the wetted circle.

3.6.6 Irrigation Time and Irrigation Depth
The researcher turned on the irrigation system and watched for the wetted circle

to be as big as the day before and then turned off the irrigation system when run
off of water started on the soil surface. Irrigation time period in minutes for

each irrigation event is shown in the spreadsheet presented Appendix II.
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Irrigation depth was calculated based on the following equations:

Volume of Applied Water
Area of Wetted Circle

Irrigation Depth = (Equation 0-7)

Dripper Flow Rate X Irrigation Time
(Wetted Radius) 2 X 1

Irrigation Depth =

ltr[imléoorgzgrr] S : 1.0 hour
3 |00l x [rrigation Time |minute [c55—o0 |

Irrigation Depth [mm] = x 1000 [":n_m]

2
(Wetted Radius) 2 x ©  [nl0ml]

These equations with their unit conversion factors were used in the spreadsheet
presented in Appendix II and applied irrigation depth was determined for each

irrigation event.
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4 . Chapter Four

Results and Discussions

In this chapter, the results and measurements obtained from measuring water
content, critical water content at which irrigation should take place, the wetted
radius, the time at which irrigation should occur, irrigation time which is the
time duration during which irrigation is turned on, irrigation depth applied,
measured evapotranspiration, measured yield, water use efficiency and the

model developed to predict evapotranspiration will be presented.

4.1 Measured Evapotranspiration

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 0 — Yesterday's 6)
100%

(67 — 6:)[%]
100%

Evapotranspiraton = Irrigation Depth — Root Depth X

ET [% = [ [mm] — D,., [mm] x

The irrigation depth used in the previous equation is the value calculated earlier
in section 5. The root depth, D,,, was increased linearly from 100 mm on the
planting date corresponding to June 1, 2006 to 300 mm on the date of first fruit
picking which corresponded with the end of day on June 25, 2006. The root
depth was assumed to stay constant at 300 mm from June 26, 2006 until the end
of the growing season corresponding to August 29, 2006 and that what was
observed at the end of the season when the plants were uprooted and the root
depths were measured.

For this study the cucumber evapotranspiration ranged between 4 mm/day and

9.5 mm/day with a total evapotranspiration for the entire season of 693mm.
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Final water content corresponding to today’s water content, &, is the value
measured on the specific day using the electrical resistance blocks meter and
initial water content corresponding to yesterday’s water content, €., is what was
measured the day before. As indicated earlier, water content values used in the
calculations are the averages of the 4 water content readings at the 15 cm soil

depths as measured in the 4 experimental (replicate) plots.

Evapotranspiration is usually reported on weekly or monthly basis. For this
research daily evapotranspiration values are shown in Appendix II and are being
reported here as weekly values. Figure 4.1 shows a graphical representation of
the weekly measured evapotranspiration values for cucumbers grown under
green house conditions in the Hebron Area. The ET value in the graph has the
units of mm/day which means that the evapotranspiration value for each day of
the specific week is that amount in units of mm/day. For example, the ET value
that corresponds to week 3 is about 8.5 mm/day as can be seen in figure4.1.
That means that for each day of the third weeks, ET is estimated at 8.5 mm/day.
If one wants to be more accurate, the different values shown for each day of the

third week are the interpolation values for the different days.
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Figure 0.1: Measured Average Weekly Evapotranspiration for Cucumber
Grown under Green House in Hebron Area

Figure 4.1shows 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 as will be shown in the section about measured yield. 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
(Hochmuth, 1991).

It should be mentioned here that the ET values shown in figure 4.1 are the

values of ET that represent the entire green house where the experiment was
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conducted. This is assumed because the factors that influence
evapotranspiration are similar in the green house for the plots managed by the

farmer, the controls, and the replicate plots managed by the researcher.

4.2 Measured Yield

Fruit harvesting of cucumbers in all experimental plots and control plots started
on June 26, 2006 corresponding to day 23 since planting. Each plot is 1 m by
11 m® resulting in an area of 11 m” for each plot. The total picked fruit for the
entire season are shown in Appendix III shows the total picked cucumbers for
the entire growing season in kg/plot which corresponds to Kg/11 m*>. By doing
some mathematical formulation the yield per dunum for each plot can be
calculated and is shown in Appendix III and is represented graphically as shown
in figure 4.2. Figure 4.2 shows that the yield in each one of the replicate plots is
slightly higher than the control plots. Water use efficiency will be presented in

the next section to determine the amount of water that has been used to produce

this yield for each plot.
Yieldin (Kg/Dunum) for Each Experimental Plot
7,200
7,000
E 6,800
2
=]
2 6600
>
s
2 6,400
=
2
E 6,200
S
(&)
6,000
5,800
5,600 |
| Yield (kg per Plot) 6,179 \ 6,980

Figure 0.2: Cucumber Yield for each Plot in Kg / Dunum
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4.3 Water Use Efficiency

Water use efficiency is defined as the ratio between 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. So the
measure is per cubic meter and not per dunum. The Water Use Efficiency then
can be mathematically defined (James, 1993) as shown in the following

equation:

Crop Yield

Water Use Efficiency= .
/f Y Water Applied — Fawation0

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 shown
in Appendix II .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 R
yields a total volume of 1526 liters of irrigation water for the R plot with the

2
same area of 11 m".

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 one would get about 189 m’ / dunum. Doing the same calculations

for the treatment results in a total volume of 138.7 m> / dunum.
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Calculating water use efficiency for the control plot can be demonstrated as

shown below:

618059 _] Kg Cucumber
Water Use Ef ficiency [controi] = DU — 32.7 —
189[Du12um] m Of Water
o 6980559 _| Kg Cucumber
Water Use Ef ficiency (rretment)y = e 50.3 m3 of Water
138'7[Dunum]

Water Use Efficiency is high for the replicates because of the difference in
irrigation water applied that caused the nutrients to leach from the control plots
resulting in fewer nutrients for the plant to utilize. Also, most of the water
applied in the replicates was beneficially used while a portion of the water that
was applied in the control plots was deep percolated and was not beneficially

used.

4.4 Modeling of Evapotranspiration

Factors that greatly affect evapotranspiration are air temperature, air relative
humidity, solar radiation, wind speed and direction, leaf area index. Fynn et
al(1993) measured the evapotranspiration for the chrysanthemums grown in
greenhouses measuring air velocity, air temperature, air dew point temperature
carbon dioxide concentration, leaf temperature, leaf area index, and photo-
synthetical activity and global solar radiation. The determined
evapotranspiration was a function of vapor pressure deficit and solar irradiance
levels. However, Yang et al(1995) studded the effect of aerial condition on heat
and mass exchange between plant and air in the greenhouses, they measured
aerodynamic resistance calibrated from the sensible heat flux and the

temperature difference between leaves and above-canopy. Differentiation
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between the aerial condition within a canopy and those above the canopy was
strongly recommended for future studies on a greenhouse microclimate and

transport processes utilizing the generated model.

Due to limited research monetary budget a simple weather station was
purchased and used to read minimum and maximum average daily air
temperature and minimum and maximum average relative humidity inside the
greenhouse about 1.5 meters above the grown cucumbers. These data were
measured during the growing season and tabulated in a spreadsheet to find a
relationship between the measured evapotranspiration values and the weather
parameters at the end of the growing season for developing the model to predict
evapotranspiration.

Table4-1 shows a sample of the measured data for the first few weeks of the

growing season.

Table 0.1: Weather data for few weeks of the growing season

Days Weather Station Days Weather Station

Since | Relative Humidity | Air Temperature Since | Relative Humidity | Air Temperature
Date | Planting | Max (%) [ Min (%) | Min(°C) [ Max (°C) | Date | Planting | Max (%) | Min (%) | Min (°C) | Max (°C)
4-Jun-06 1 8w 18] 47 19-Jun-06 LI 4
5-Jun-06 2 48 2 18 M 0dung) 17 66 20 EIRE
6-Jun-06 3 48 2 17 4] 20-Jun0s] 18 71 20 B 4
7-Jun-06 4 5 N 5 %9 2dns|l 19 2] X IS
8-Jun-06 5 6 FEEN ] 40
9-Jun-06 b 66 20 12 4l u-dung] 2 NI o H
10-Jun-06 7 10 20 12 Ml BJunls] 2 76 20 o4
1-Jun-0 I 2 40 %dn0s] B B X B 4
12-Jun-0 o W PR N
13-Jun-06 10 74 2 1?2 37| %dun0g] %5 4 2 o4
14-Jun-0 11 R 2 %) duns] 8] ] 5 40
15-Jun-06 1?2 74 20 14 39 3008 7 70 2 14 38
16-Jun-06 13 71 2 14 37 1duog 28 60 2 16 3
17-Jun-06 14 74 20 10 0] 2Jduk0gf 29 61 2 16 37
18-Jun-0 I 13 400 Swukos] 3] 8 X LIS
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To develop a 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 as shown in the

following 2 equations:

Ty = T"’i";ﬂEquation 0-2

Rh,, = WEquation 0-3

In which Rh is relative humidity, T is temperature, min stands for minimum and
max stands for maximum. The generated average daily data was averaged for
each week of the growing season and the result is shown in Table 4.2as the

weekly average temperature and relative humidity measured values.

Table 0.2: Weekly Average Temperature and Relative Humidity

Weekly Averages
Measured T Measured RH

Week [Degr. C] (%)
1 29.8 33.9
2 26.1 45.4
3 26.8 46.3
4 27.6 46.5
5 27.1 454
6 25.8 48.2
7 26.2 49.0
8 26.8 46.1
9 26.0 42.7
10 27 .1 44.6
11 25.9 46.4
12 27.5 47.2
13 27.3 41.0

There 1s a relationship that relates the weekly evapotranspiration to the three
variables present in Table 4.2. The first variable is the specific week or week
number since planting(Xi), the second is the weekly average temperature (Xozl)
and the third is the weekly average relative humidity(Xs). If the relationship
between ET and the 3 variables is assumed to be a linear relationship then the

relationship has the form that is shown in the following equation:

ET = l+aX1+bX2+ CX3 Equation 0-4
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This equation has to fulfill or partially fulfill the data shown in table 4.3.

Table 0.3: Input data into the linear regression to define ET model

Weekly Averages
Measured ET Measured Measured
(mm/day) Week (X1) Temp. [C] (X2)| RH (%) (X3)
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 48.2
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 25.9 46.4
8.77 12 27.5 47.2
7.04 13 27.3 41.0

To determine the values of i, a, b and ¢ in which i the intercept of the equation
one can obtain and equation which is called here the ET model to 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.

This relationship can be determined utilizing the linear regression statistical
tools that are part of the Microsoft Excel computer program. Doing so and
using the data present in table 4.3 as the input data to the regression, the output

of the regression is shown in table 4.4.

The data in Table 4.4 shows that the intercept in the regression equation,

i =-30.0518,a=0.0937, b =0.6510 and =0 .4403.
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Table 0.4: Regression Output for the ET Model

SUMMARY OUTPUT
I
Regression Statistics
Multiple R 0.8867
R Square 0.7863
Adjusted R Square 0.7150
Standard Error 0.8338
Observations 13.0000
Variables Coefficients

Intercept -30.0518
X Variable 1 0.0937
X Variable 2 0.6510
X Variable 3 0.4403

Plugging these constants into the predicted equation presented earlier results in
the following regression model that can predict the value of ET for a specific
week of the growing season based on that week average temperature and

average relative humidity as shown in the following equation:

ET =-30.0518 + 0.0937 W + 0.6510 T + 0.4403 Rh Equation

0-5

In which;

ET: is the weekly average evapotranspiration in mm/day
W: 1s the week number since planting cucumbers in the green house
T: is the weekly average temperature in °C

Rh: 1s the weekly average relative humidity in %.

44



In the evapotranspiration model developed in this research study, if the
measured W, T and Rh are plugged into the ET equation shown above for the
cucumber 13 week growing season then the ET values can be predicted as

shown in Table 4.5.

Table 0.5: Predicted ET Values using the ET model

Weekly Averages
Measured ET Measured Measured |Predicted ET
(mm/day) Week (W) Temp. [C] (T) |RH (%) (Rh)] (mm/day)
3.9 1 29.8 33.9 4.3
6.4 2 26.1 45.4 7.1
8.5 3 26.8 46.3 8.0
8.8 4 27.6 46.5 8.7
8.5 5 27.1 45.4 8.1
8.4 6 25.8 48.2 8.5
9.2 7 26.2 49.0 9.2
9.2 8 26.8 46.1 8.5
7.0 9 26.0 42.7 6.5
9.5 10 27.1 44.6 8.1
7.0 11 25.9 46.4 8.3
8.8 12 27.5 47.2 9.8
7.0 13 27.3 41.0 7.0

Taking these predicted values and plotting them with the measured values

against the number of week since planting results in figure 4.3.
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Figure 0.3:Model Predicted versus Measured Green House Cucumber
Evapotranspiration

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* = 0.7863. Prenger et al (2002)
made a comparison of four evapotranspiration models in a greenhouse
environment, and compared the measured ET with two empirical climatic
factors: solar irradiance and vapor pressure deficit and with calculated ET based
on four evapotranspiration models :(1) Penman, (2) Penman-Monteith, (3)
Stanghellini, and (4) Fynn. They correlated each method with the measured
evapotranspiration value and the coefficient of determination (R*) was found to
be 0.872, 0.214, 0.481 and 0.848 for Penman, Penman-Monteith, Stanghellini
and Fynn methods respectively. The lowest R” found is the penman-Monteith
method and Ciolkosz and Albright (2000) found that in greenhouses the
relationship between crop evapotranspiration and dish evaporation was linear,
with an adjusted coefficient of multiple determination (R?) of 0.57,in this
research only maximum and minimum daily air temperature and relative

humidity were used to develop the model and an R” of 0.7863 was determined.
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For a simple model that requires only two measured parameters being the
average weekly temperature and the average weekly relative humidity a

goodness of fit of 0.7863 is good enough for the developed model.
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5 . Chapter Five

Conclusion and Recommendations

Irrigation of crops in the fields and in green house is based on no management
resulting in low efficiencies and uniformities. The use of old methods such as
feel and appearance methods in determining when to irrigate and how much to
apply 1is resulting in the over irrigating crops. Best irrigation management
practices are not used in irrigated agriculture. Irrigation scheduling using water
budget techniques is not practiced to minimize deep percolated water that seeps

under the root zone and is not beneficially used by the plant for production.

Evapotranspiration of cucumbers grown in a green house has been measured in
the field using electrical blocks that reflect soil water content at different depths.
Weather factors in the green house were measured during the growing season
and were recorded to develop a model based on simple weather data. During
the experiment irrigation scheduling was practiced based on measured
evapotranspiration in replicate plots; a control plot was managed by the farmer
utilizing traditional irrigation practices when deciding when to irrigate and how
much to apply. A model was developed that correlated the measured weather
data and the measured evapotranspiration for cucumber under green house
conditions. This model can be used to predict the evapotranspiration of

cucumbers grown under green house conditions.

During the growing season it was observed that less water is being applied in
the 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. Nutrients were

leached below the root zone in the control plot which the plant was not able to
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absorb and utilize. For cucumbers 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. This management practice would reduce irrigation water consumed
and would increase yield.

The researcher believes 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 0.78

determined by this research.

Evapotranspiration models for other vegetables grown under green house
conditions can be modeled using the same technique used in this research and
water budget techniques can be used by farmers and agricultural engineers to
use water more efficiently and to produce more yields per cubic meter of

irrigation water.

49



References

Abu-hadid, A.F., Medany, M.A., Kalifa, H., and El-Bltagy, A.S.,(1990),
Response of growth and development of cucumber and sweet pepper to heating
effectiveness. Egypt. Hort, J., 19(1).

Alsekh, S, (2006) .The Effect of Different Water Harvesting Techniques on

Runoff, Sedimentation, and Soil Characterize, Hebron University.

Applied Research Institute — Jerusalem (ARIJ) (2002),Impacts of Water and

Export Market Restrictions on Palestinian Agriculture.

Ciolkosz ,D. E, and Albright,L. D, (2000), Use of small — scale evaporation
pans for evaluation of evaluation of whole plant evapotranspiration,

Cornell University, Journal of Transactions of ASAE.

Committee on Sustainable Water Supplies for the Middle East. (1999),Water for
the future: The West Bank and Gaza Strip, Israel, and Jordan (p. 6).
Washington, D.C.: National Academy Press.

Fu, B.,Wang, J., Chen ,L .,Lu, Yi-He and Qiu, Y. (2004). Soil quality regimes
in relation to land cover and slop position across a highly modified slop
landscape. Ecology Resarch.19:11-118.

Fynn,R. P., Al Shooshan, A., Short ,T. H., and Mcmahon,. R.W. (1993),
Evapotranspiration measurement and modeling for potted
Chrysanthemum crop.

Gilbert White, as quoted by Abusway, (1999, March 3). Scientists warn of
Middle East water depletion. Yahoo! News [Online]. Reuters Limited.
Available: http://dailynews.yahoo.com/headlines...htmol?s=v/nm/19990303/sc/water_2.htm [ 3/16/99].

Hesse, P.R.(1971). A textbook of Soil Chemical Analysis. John Murray,

London.

50



Hochmuth, G. (ed.) (1991). Florida Greenhouse Vegetable Production
Handbook Vol. 2. Design and Installation. Florida Cooperative Extension

Service Circular SP-47.

Hymer, D.C., Moran, M.S., and Keefer, T.O., (2000), Soil moisture evaluation
using a hydrologic model and calibrated sensor network. Soil Sci. Soc.
Am. J. 64, 319-326.

James, L .G. (1993), Principle of Farm Irrigation System Design. Malabar, Fla
Krieger Publishing, The University of Arizona.

Keach, W (1998), The value of evapotranspiration. Irrigation Journal 48 (4):18-
20.

Lyman O., R., and Longnecker M., (2001). “An introduction to statistical
methods and data analysis”. 5" edition. Wadsworth Group: DUXBURY,
51 Forest Lodge Road, Pacific Grove, CA 93950 USA.

Mastrorilli ,M., Katerji, N., Rana, G., and Nouna, B., (1998) . Daily actual
evapotranspiration measured with TDR technique in Mediterranean

conditions, Agriculture and Forest Meteorology Journal.

Metcalf, E. L., (2003). “Wastewater Engineering Treatment and Reuse”.
Fourth Edition. New York: Tata McGraw-Hill.

Nokes, S. E.(1995), Evaporation.In Environmental Hydrology ,91-132.A.D
Ward and. W.J.Elliot,eds.Boca Raton, Fla.:CRC Press.

Palestinian Central Bureau of Statistics www.pcbs.gov.ps, (2001),
(Agricultural sector, 1999/2000 Ramallah, Palestine).

Palestinian Central Bureau of Statistics www.pcbs.gov.ps, (2002),
(Agricultural sector, 1999/2000 Ramallah, Palestine).

Palestinian Central Bureau of Statistics www.pcbs.gov.ps, (2007),

(Agricultural sector, 1999/2000 Ramallah, Palestine).

51



Palestinian Central Bureau of Statistics/ Agricultural Statistics,
www.pcbs.gov.ps (1997).

Palestinian Central Bureau of Statistics/ Agricultural Statistics,
www.pcbs.gov.ps, 1999 - 2001 (Ramallah, Palestine).
Palestinian Central Bureau of Statistics/ Agricultural Statistics

www.pcbs.gov.ps, 2004/2005.

Prenger J., Fynn R., and Hansen R., (2002).A Comparison of Four
Evaporation Models in a Green house Environment. Journal of
Transactions of ASAE

Salve R., and Allen-Diaz B., (2001).Variation in soil moisture content in
rangeland catchment. Journal of range Management 54:44-51.

Sbeih M.,(2002) The Role Of Supplementary Irrigation For Food Production In
A Semi-Arid Country — Palestine. American Near East Refugee Aid
(ANERA)P.O. Box 1664Ramallah, West Bank Palestine

Scott L., and Maitre K., (1998). Interaction between vegetation and ground
water research proprieties for the South Africa .730/1/98.

Waller, P. and Tamimi, A.H., (2004). Analysis of Water Allocation in Aqgaba.
Presented at the International Water Demand Management Conference:

Bridging the Gap held at the Dead Sea, Jordan, May 30 — June 3, 2004.

Whitcomb, Carl, E., Charlie G., and Billy C., (1985). A floor heating top
ventilating system for Quonset greenhouses. p. 4—10. In: Nursery
Research Field Day. Re- search Report P-872. Agricultural Experiment
Station, Oklahoma State University.

Wittwer, S., and Honma S., (1979). Greenhouse Cucumbers ,East Lansing,

Michigan State University Press, Section 3,.

Yang X., Ducharme K., Avoy R., Elliott G., and Miller D., (1995) Effect of

aerial condition on heat and mass exchange between plant and air in the

52



greenhouses Journal of Transactions of ASAE Irrigation Science

Lanzhou University China.

Yuan, B., and Kang Y., (2001). Drip irrigation scheduling for tomatoes in

unheated greenhouses, Irrigation Science Lanzhou University China.

Zolnier, S. Lyra, G. B. and Gates, R. S. (2004) Evapotranspiration Estimate For
Greenhouse Lettuce Using An Inutrient Film Technique, The Essential

Electronic Agriculture Library ,Gader Center.

53



Appendix I

54



R1 R2 R3 R4
Average
Water | Water | Water | Water | Water
Content | Content | Content | Content | Content
Days @ @ @ @
Since 15cm 15cm 15cm 15cm (%)
Date Planting | Level | Level | Level | Level | @15cm
4-Jun-06 1 29.5 30.2 28.8 29.5 29.5
5-Jun-06 2 29.8 29.8 28.8 29.1 294
6-Jun-06 3 27.6 23.7 26.6 25.6 259
7-Jun-06 4 23.6 23.3 23.6 23.6 23.5
8-Jun-06 5 25.6 25.8 24.2 25.0 25.1
9-Jun-06 6 23.3 23.3 234 23.3 23.3
10-Jun-06 7 27.8 24.6 254 25.1 25.8
11-Jun-06 8 29.1 26.8 25.1 26.6 26.9
12-Jun-06 9 26.2 24.0 23.6 23.7 24.4
13-Jun-06 10 28.4 27.0 24.0 24.2 25.9
14-Jun-06 11 29.5 314 24.9 27.6 28.3
15-Jun-06 12 23.5 27.0 22.8 22.8 24.0
16-Jun-06 13 27.6 30.2 22.9 23.3 26.0
17-Jun-06 14 28.1 29.5 23.0 23.3 26.0
18-Jun-06 15 29.1 29.8 23.3 24.0 26.5
19-Jun-06 16 20.8 26.8 24.7 20.8 23.3
20-Jun-06 17 25.6 29.8 26.0 21.8 25.8
21-Jun-06 18 26.8 30.2 25.8 26.6 27.3
22-Jun-06 19 29.1 30.6 26.4 28.8 28.7
23-Jun-06 20 29.5 30.6 27.3 29.1 29.1
24-Jun-06 21 28.1 27.6 27.6 23.7 26.7
25-Jun-06 22 29.1 28.4 26.8 27.6 28.0
26-Jun-06 23 30.6 314 25.8 26.2 28.5
27-Jun-06 24 30.2 314 29.5 26.4 294
28-Jun-06 25 28.8 31.0 29.1 30.6 29.9
29-Jun-06 26 30.6 30.6 27.6 29.1 29.5
30-Jun-06 27 29.8 25.6 26.2 28.8 27.6
1-Jul-06 28 254 254 23.1 25.3 24.8
2-Jul-06 29 314 234 22.8 23.9 254
3-Jul-06 30 22.9 24.7 22.0 23.3 23.2
4-Jul-06 31 23.5 23.9 23.3 22.4 23.3
5-Jul-06 32 30.2 23.5 29.1 27.8 27.7
6-Jul-06 33 31953 30.6 28.8 29.1 30.1
7-Jul-06 34 28.8 28.4 27.8 28.4 28.4
8-Jul-06 35 31.9 24.3 30.2 30.2 29.1




9-Jul-06 36 24.9 24.6 24.0 24.1 24.4
10-Jul-06 37 21.9 23.4 24.0 22.9 23.1
11-Jul-06 38 20.4 23.5 23.5 213 22.2
12-Jul-06 39 26.8 30.2 23.3 254 26.4
13-Jul-06 40 29.5 314 254 29.8 29.0
14-Jul-06 41 23.5 30.6 29.1 22.2 26.3
15-Jul-06 42 23.0 29.1 23.1 19.7 23.7
16-Jul-06 43 29.8 31.0 28.4 28.4 29.4
17-Jul-06 44 223 23.2 22.4 21.2 22.3
18-Jul-06 45 24.9 28.4 24.7 24.1 25.5
19-Jul-06 46 26.4 29.1 26.4 254 26.8
20-Jul-06 47 30.2 29.5 28.8 29.5 29.5
21-Jul-06 48 273 24.4 28.8 23.3 25.9
22-Jul-06 49 233 28.1 27.3 21.8 25.1
23-Jul-06 50 243 23.4 22.6 21.6 23.0
24-Jul-06 51 25.3 23.3 23.7 23.4 23.9
25-Jul-06 52 26.6 27.6 24.0 229 25.2
26-Jul-06 53 314 23.1 22.6 264 25.9
27-Jul-06 54 30.2 30.6 23.3 23.5 26.9
28-Jul-06 55 29.8 29.8 30.6 29.8 30.0
29-Jul-06 56 30.6 30.2 28.8 29.8 29.8
30-Jul-06 57 30.6 29.1 27.3 28.4 28.9
31-Jul-06 58 27.3 29.1 27.3 29.1 28.2
1-Aug-06 59 29.1 29.1 27.8 28.1 28.5
2-Aug-06 60 31.9 314 319 314 31.6
3-Aug-06 61 29.8 31.0 29.5 30.2 30.1
4-Aug-06 62 25.3 22.9 24.4 23.3 24.0
5-Aug-06 63 26.4 314 30.2 30.6 29.6
6-Aug-06 64 28.4 26.4 26.8 27.8 274
7-Aug-06 65 29.8 28.4 28.8 29.1 29.0
8-Aug-06 66 30.2 31.0 27.6 28.8 294
9-Aug-06 67 314 30.6 24.9 27.8 28.7
10-Aug-06 68 29.1 25.0 27.6 26.6 27.1
11-Aug-06 69 323 323 314 31.9 32.0
12-Aug-06 70 29.8 29.8 29.5 29.8 29.7
13-Aug-06 71 30.6 31.0 29.8 30.6 30.5
14-Aug-06 72 29.1 30.6 29.5 29.8 29.7
15-Aug-06 73 31.0 30.2 30.6 31.0 30.7
16-Aug-06 74 31.0 31.0 30.6 31.0 30.9
17-Aug-06 75 29.1 30.2 29.1 30.2 29.6
18-Aug-06 76 28.4 29.5 28.8 29.8 29.1
19-Aug-06 77 29.5 31.0 29.5 30.6 30.1
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20-Aug-06 78 254 25.6 26.6 254 25.8
21-Aug-06 79 26.8 29.1 27.8 28.4 28.1
22-Aug-06 80 273 27.6 27.3 27.8 27.5
23-Aug-06 81 29.1 30.2 28.8 29.8 29.5
24-Aug-06 82 26.2 24.9 26.8 27.3 26.3
25-Aug-06 83 27.6 27.8 27.6 27.6 27.6
26-Aug-06 84 29.1 314 284 29.5 29.6
27-Aug-06 85 26.0 25.0 273 27.6 26.5
28-Aug-06 86 29.8 29.8 29.5 29.8 29.7
29-Aug-06 87 31.0 31.0 30.6 31.0 30.9
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C1 C2 R1 R2 R3 R4 Theta FC =[32.6 Q(ltr/hr)=(3.0 MAD =0.5 Critical Theta =|25.8
Average | Average
Water Water Irrigation Time Average Wetted Irrigation Depth
Water Content Water Content Water Content Water Content Water Content Water Content Rh Temp Content | Content (Mints) Radius (cm) (mm) ET (mm)
Days Since Avrg (%)

Date Planting _[{15cm | 30cm | Avrg | 40cm | 15cm | 30cm | Avrg | 40cm | 15cm | 30cm | Avrg | 40cm | 15cm [ 30cm [ Avrg [ 40cm | 15cm | 30cm | Avrg | 40cm | 15cm | 30cm |Avrg [ 40cm | (%) | Avrg (°C) | @40cm |(%) @15cm| Drz (mm) C R C C R
4-Jun-06 1] 29.8] 27.8| 28.8] 22.9] 306[ 21.9[ 263 22.9] 295 205 20.5| 295 302 27.6] 28.9] 295 ©28.8[ 27.3] 28 205( 295 288| 291| 302[ 315 325 29.6 295 100.0 12.5 0.0
5-Jun-06 2[ 30.2| 29.1] 29.6| 22.9] 30.6] 23.5| 27 23.3| 298] 256| 27. 20.8] 298] 28| 29.0] 295 28.8 26.8| 2. 288 29.1| 28.4| 28.8) 30.2] 34.0 31.0] 29.6 294 108.5 10.0 5.0 12.5 13.2 10.2 4.6] 47
6-Jun-06 3] 20.1] 28.1] 28.6| 22.8] 30.2| 23.5| 26! 233 27.6| 23.3| 25. 295| 237 27.8] 258 298| 266 258 26. 27.8] 256| 27.6| 26.6) 29.8] 34.0 28.5] 29.2 25.9 117.0 0.0 0.0 441
7-Jun-06 4 270 27.3[ 27.2[ 227| 295 235 265 233 236 226 231 288 233[ 27.0] 252 295| 236] 24.3[ 23 258) 236 26.8] 25.2] 295 36.0 27.0 284 235 1255 10.0 10.2 15.4 0.0 2.9
8-Jun-06 5| 295 28.1 28.8] 226 298] 235 266 237 256 220| 238 27.3] 258 26.4] 26.1] 28.8] 24.2[ 242 242] 245 25.0] 26.2| 25.6) 29.5| 415 28.0 275 25.1 134.0 10.0 5.0 12.7 97 9.9 85 6.3
9-Jun-06 6| 284] 27.3] 27.9] 226] 20.1] 234] 263] 236 233 21.6] 225] 25.1] 233[ 258] 24.5] 28.1] 23.4[ 234] 234] 238 233[ 253] 24.3] 29.5] 430 27.0 26.6 233 1425 10.0 11.8 114 0.0 2.6
10-Jun-06! 7| 27.8| 26.6 27.g| 22.5| 288 23.3] 26. 235] 27.8] 212 24. 24.0] 246] 295 27 27.0] 254 23.4| 244 236 251| 25.6| 25.4) 29.5| 45.0 26.5] 26.0 25.8 151.0 10.0 10.0 14.7 10.3 74 15.1 11.5
11-Jun-06 8| 30.2| 27.3| 28.7) 224] 29.1| 23.3] 26. 241| 291 208| 249 236] 26.8] 26.2| 26. 284) 251 23.2| 24. 234 26.6] 25.8| 26.2| 26.6] 47.0 26.0] 255 26.9 159.5 10.0 12.0 15.2 14.3 6.9 9.3 75
12-Jun-06| 9o 205 270 282 223 288 234] 264 24.0] 262 20.4] 233] 233 240] 262] 251 28.1] 236] 229 282] 233 23.7] 254 24.6] 28.8] 47.0) 255 259 24.4 168.0 0.0 0.0 4.2
13-Jun-06! 0] 208] 27.8] 288 222] 20.1] 234] 26.3] 253] 284] 199 24.2] 23] 27.0] 26.8] 26.9] 27.6] 24.0] 22.6] 23. 232( 242 26.6] 25.4] 295 47.0 245 25.8 259 1765 25.0 12.0 18.2 13.7 12.1 10.2 75
14-Jun-06| 1] 284] 27.0] 27.7] 22.0] 284] 233] 259 24.6] 29.5] 24.1] 268 229 314] 288] 30.4] 28.1] 24.9] 23.0] 23! 235 276 281 27.9] 295 47.0 255 26.0 28.3 185.0 12.0 14.3 9.3 4.9
15-Jun-06 12| 29.1] 26.6] 27.8] 22.0 284 23.3] 25! 24.5| 235| 21.6] 22 226] 270] 27.3] 27.2| 273 228 22.9| 22 233 228| 27.3] 25.0] 29.5| 47.0 26.5] 25.7 24.0 193.5 18.0 16.3 10.7 0.0 8.3
16-Jun-06 13 29.8] 26.4 284] 219 284 235] 26 243 27.6| 24.9| 26. 223| 302 266] 284] 258| 229 229 22 232 23.3| 27.3] 25.3] 29.5| 485 25.5) 25.2 26.0 202.0: 20.0 15.0 16.2 13.8 12.2 12.6 8.7
17-Jun-06 14] 20.1| 24.7) 26.9] 22.0[ 28.1] 23.5| 25. 239 28.1| 258| 27. 21.9] 295 26.0] 27.7] 25.3] 230/ 23.3| 23. 22.8] 23.3| 27.8| 25.6) 29.5| 47.0 24.5 24.9 26.0 210.5: 10.0 10.0 16.7 14.3 5.7 7.7 7.8
18-Jun-06! 15| 29.1] 239 26.5| 222 27.8] 234] 256 235 20.4[ 26.0[ 27.5] 236] 298] 27.0] 284 25.1| 23.3] 24.3] 238] 228 24.0] 28.4[ 262 298] 46.0 265 25.3 265 219.0 15.0 15.0 14.3 13.0 1.6 14.1 12.9
19-Jun-06! 16| 239 23.2| 23.5( 222 244] 233] 239| 232 20.8[ 26.0[ 234 22.3] 26.8] 246 257 242 247 236| 242] 218 20.8| 27.3] 24.0[ 302 47.0) 275 24.6 233 227.5 0.0 74
20-Jun-06 17) 235] 219 22.7[ 220f 241 231| 236| 225 256) 253 254| 213 298] 237 26.8] 235 26.0] 235| 247| 206| 218 27.0 244) 273 430 275 232 258 236.0 20.0 15.0 14.8] 14.0 14.5 12.2 6.3
21-Jun-06 18] 23.00 20.6| 21.8] 219 235 22.6| 23. 216] 268| 24.1| 254 20.4) 302| 237 269 233 258| 235| 247| 19.7| 26.6| 27.6] 27.1[ 295 455 29.5] 232 27.3 2445 10.0 15.0 14.3 14.1 77 12.0 8.2
22-Jun-06 19| 22.6] 19.7) 211 21.8] 23.14] 21.8] 22. 21.00 29.1] 26.0] 27.5| 26.8] 30.6| 27.00 28.8] 233 26.4| 24.9] 256 19.9| 288 28.4| 28.6| 30.2[ 46.0] 27.0] 25.0 28.7 253.0: 20.0 15.0 14.8 13.6 14.5 12.9 9.5
23-Jun-06 20] 234] 194] 21.4] 215 231 212] 221] 204] 295| 232| 26.3] 228 306] 273 289] 233 27.3] 24.1| 2657 19.7] 29.1] 28.1| 28.6] 306 50.0 28.0 241 29.1 261.5 20.0 15.0 14.5 14.1 15.1 12.0 11.0
24-Jun-06 21| 19.4| 185| 19.0] 21.3] 20.1[ 206] 20.4] 19.9] 281| 21.5| 248] 208 27.6] 234 255] 23.0[ 276 20.8] 242] 18.8] 23.7| 26.2] 249 306 435 29.0 23.3 26.7 270.0 0.0 6.4
25-Jun-06 22] 18.2] 18.2[ 182] 212[ 188 20.1] 195] 197 204[ 19.4[ 242 199 284] 20.6] 245] 222 268 21.2] 240] 18.2] 27.6] 23.6] 25.6] 29.8] 48.0 28.0 22.5 28.0 2785 5.0 8.8 10.4 6.9
26-Jun-06 23] 19.4] 223] 20.8] 21.0] 20.6] 197] 204 22.6] 30.6] 225] 26.5] 226] 314] 194] 254] 21.3] 258] 227 242 227 262] 228 245] 264 475 28.0 23.3 28.5 287.0 30.0 15.0 15.3 14.3 20.3 11.6 10.2
27-Jun-06 24 232| 22.4| 22.8| 20.6] 236 21.8] 22. 226] 30.2| 226| 264| 227 314 256 285 206[ 295 ZZ.M. 228 264| 224 244) 266 48.0 26.0] 23.2 294 2955 30.0 15.0 14.5 14.1 22.7 12.0 9.5
28-Jun-06 25[ 234| 233 23.3| 22.00 23.7] 21.8] 22 226| 288| 226| 25.7] 225 31.0] 188 249 228 29.1] 22.7] 25! 22.6] 30.6| 228| 26.7) 27.3] 425 27.0] 238 29.9 300.0: 10.0 10.0 12.7 13.0 9.9 9.4 79
29-Jun-06 26| 23.6] 239 23.7] 21.9] 235 222[ 22 22.6] 30.6| 23.1| 26.8] 254| 306 223 264 228] 27.6| 22.8 25. 226] 29.1| 24.2| 26.7) 30.6] 47.5 27.5) 253 29.5 300.0: 10.0 10.0 13.7 14.3 85 7.7 9.0
30-Jun-06 27| 230] 239] 234] 21.9] 220 215 21.8] 226] 298] 23.0| 264] 247 256| 254 25.5] 228 26.2| 233| 247 234| 288 24.9] 26.8] 306 46.0 26.0 254 27.6 300.0 15.0 10.0 13.7 14.4 12.8 7.7 13.3
1-Jul-06] 28| 22.4| 239] 234] 21.8] 27.3] 223 24.8] 226| 254| 264| 25.9] 247 254] 227 241| 228 23.1] 233| 232 228| 253| 239| 246] 27.3] 415 27.0 244 24.8 300.0 20.0 10.0 12.7 12.8 19.8 9.8 18.1
2-Jul-06 29[ 22.6| 235 231 215 27.8] 22.0] 24. 22.6| 31.4] 243 27.9] 237 234 26.6] 25.0| 226 22.8] 233 230/ 22.8] 239 23.6| 23.7[ 27.3( 41.5 26.5] 24.1 25.4 300.0: 25.0 10.0 16.5 15.8 14.6 6.3 4.6
3-Jul-06 30[ 23.7] 233] 235| 215 27.3[ 21.8[ 245 225 229| 20.6] 21.7] 233 247| 266[ 257 226( 220 220] 220] 21.8] 233] 21.3] 22.3] 253 415 275 23.2 232 300.0 30.0 10.0 17.0 16.8 16.5 56 12.1
4-Jul-06 31| 234] 231] 23.3] 215 264 216 24.0] 225 235 20.6] 21| 229 239| 246 243] 225 233 215 224 216] 224 21.6] 220 253 505 275 23.1 23.3 300.0 15.0 10.0 14.3 14.3 11.6 7.8 7.7
5-Jul-06; 32| 238| 233] 235 215 281 219 25! 225) 302| 223| 262 229 235 235| 235 228 29.1] 21.3] 25.2 212 27.8| 215| 247 239 495 28.0] 22.7 21.7 300.0; 15.0 10.0 15.0 14.4 10.6 7.7 55
6-Jul-06 33| 31.0] 295| 30.2] 26.2] 27.8] 29.1| 285 306| 319 215 ﬁ 215 306] 31.0] 308 246 288 26.0| 27.4] 231 20.1| 27.3| 28.2[ 29.5 56.0 255 247 30.1 300.0 30.0 10.0 16.8] 14.6 16.9 75 0.2
7-Jul-06 34| 31.0] 29.8| 30.4| 26.6] 27.6] 29.1| 283 30.2| ©28.8] 31.0[ 20.9] 230 284 281| 28.3] 26.6] ©27.8] 256 26.7] 23.4| 284| 284[ 28.4| 29.1[ 56.0 25.0 255 284 300.0 45.0 30.0 203 19.3 17.3 12.8 17.9
8-Jul-06 35| 29.4| 29.1| 29.4| 24.4] 244 28.1| 263 284 31.9] 264 204] 22.2] 24.3] 238 244] 258 30.2] 24.1f 274 23.0] 30.2] 256[ 27.9] 235 53.0 255 23.6 29.1 300.0 0.0 2.3
9-Jul-06 36| 30.2] 29.1] 29.6] 234 227] 234 234] 235 249| 21.3] 231] 243 246] 230[ 238] 21.3[ 240 235 238 21.3] 24.1] 237| 239 218 415 26.0 22.2 244 300.0 30.0 20.0 17.0 16.5 16.5 11.7 259
10-Jul-06! 37] 29.8] 264 28] 22.4[ 246 251] 249] 238] 219] 227] 228] 21.5] 234] 225] 229 21.3] 240 21.8] 229] 21.6] 229 23.0[ 229] 21.8] 435 255 21.6 23.1 300.0 20.0 10.0 17.0 16.3 11.0 6.0 10.0
11-Jul-06! 38] 29.5] 235] 265] 21.0[ 238 235] 237 232[ 204[ 220[ 212] 204 235 20.8] 224[ 235 235 215] 225 21.0] 21.3] 21.6] 21.5] 21.8] 385 25.0 21.6 22.2 300.0 20.0 10.0 17.2 16.0 10.8 6.2 8.9
12-Jul-06! 39| 31.4] 226] 27.0] 20.4] 2950 228 264] 225] 26.8] 21.6] 242] 201 302] 21.0[ 25.6] 222 233 21.2] 222] 21.0] 254 20.6] 23.0] 2250 49.0 28.0 214 26.4 300.0 40.0 30.0 205 20.7 15.1 11.2 1.7
13-Jul-06! 40| 31.4| 31.9] 31.6] 204| 288 253| 27.0] 234| 295 23.8 26.6[ 20.1 31.4] 29.5| 30 21.6| 254 224] 239 219 298| 215] 257 29.1] 57.0 25.0] 232 29.0 300.0; 30.0 20.0 17.7 16.3 15.3 12.1 43
14-Jul-06] 41 31.0] 31.9] 31.4] 222| 27.8] 262 27.0] 239] 235| 25.0] 242] 20.1| 306 ©28.8[ 29.7] 20.8[ 29.1] 224] 257 21.0] 222 22.7| 224[ 235 555 26.0 21.3 26.3 300.0 20.0 10.0 15.0 132 14.1 9.2 17.3
15-Jul-06! 42| 323| 31.9] 321 22.3| 254| 254| 254| 239 23.0| 239 235 20.1 201 28.1] 28.6| 208 23| 21.00 220( 21.0] 19.7] 225 21.1] 21.3[ 53.5] 25.5) 20.8 23.7 300.0: 30.0 15.0 21.5 17.5 10.3 7.8 15.6
16-Jul-06! 43| 31.4| 333 324 215 27.8] 242| 26.0] 234] 29.8] 234[ 26.6[ 20.1 31.0 20.8] 30.4| 20.1[ 284 21.0] 247 21.3] 284 21.6| 25.0| 21.3[ 485 27.0] 20.7 294 300.0: 30.0 15.0 20.8 18.2 11.0 7.2 9.9
17-Jul-06| 44] 288] 27.0[ 27.9] 206[ 222] 232] 22.7[ 234] 223[ 23.0[ 226] 204 232 249 240[ 204 224] 2i.0[ 217 21.3] 212] 20.6] 209] 20.8] 42.0 275 20.6] 22.3 300.0 30.0 15.0 16.7 14.2 17.2 11.9 334
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Ci C2 Ri R2 R3 R4 Theta FC =|32.6 Q(ltr/hr)=|3.0 MAD =]0.5 Critical Theta =|25.8
Average | Average
Water | Water Irrigation Time | Average Wetted | Irrigation Depth
Water Content Water Content Water Content Water Content Water Content Water Content Rh Temp Content | Content (Mints) Radius (cm) (mm) ET (mm)
Days Since Avrg (%)

Date Planting [15cm| 30cm | Avrg | 40cm | 15cm | 30cm | Avrg | 40cm | 15cm | 30cm | Avrg | 40cm | 15cm | 30cm | Avrg | 40cm | 15cm | 30cm | Avrg| 40cm | 15cm | 30cm | Avrg | 40cm [ (%) | Avrg (°C) | @40cm |(%) @15cm| Drz (mm) C R C R C R R
18-Jul-06 45( 298] 302) 3000 208 262 28.1] 274] 204 49| 31.00 27.9] 278 284 284 284) 306] 247] 26.8] 258) 306 24.1| 26.8] 25.4] 288 415 26.5 29.4 255 300.0 20.0 10.0) 16.2) 14.7 12.2 74 24
19-Jul-06 46 298] 288) 20.3] 306 28.8) 30.2] 29.5| 31.0[ 264| 264 264] 284 204 291| 29.1) 302 264 27.6] 27.0] 291 254| 27.6| 26.5] 28.8| 45.0 26.0 29.1 268 300.0 20.0 15.0) 16.7 15.3 115 10.3 6.4
20-Jul-0] 47| 31.0] 298| 304] 235 28.1) 245 263] 237 302 24.0] 27.1] 225 295 27.0] 282 244) 288 227 257 232| 295 233| 26.4] 235 495 26.0 234 295 300.0 30.0 20.0 22.8) 19.9 9.2 8.0 0.1
21-Jul-06] 48 31.4] 31.0) 8120 220 28.1) 226] 254 229 27.3] 23.0] 25.1] 212| 244 246] 245 23.1] 288 204 246 204 233 21.2] 222 204| 50.5 26.5 21.2) 25.9 300.0 20.0 10.0 17.7 16.3 102 6.0 16.6
22-Jul-0| 49 291 254) 27.3) 21.8] 23.1) 224] 227 227| 233| 226 229 210 281 21.8] 250 215 27.3] 20.8] 24.0] 208 21.8] 226 222] 21.2] 495 26.5 211 251 300.0 30.0 15.0) 15.0 13.2 21.2 13.8 16.2
23-Jul-06 50{ 284 228) 25,6 21.6] 235 223] 229 226 243] 220] 232 208 234 21.8] 226) 21.0] 226] 20.6] 21.6] 206 21.6| 225 221] 21.0] 475 28.0 20.8) 23.0 300.0 30.0 15.0) 21.5) 175 10.3 7.8 14.2
24-Jul-06) 51| 238 21.00 224 21.3| 241| 222 231 225 253 21.5| 234 20.8] 233 21.9] 226] 208 237] 208 22.3| 208 234| 22.4| 229 20.8] 44.0 21.0 20.8] 239 300.0 30.0 15.0) 20.8] 18.2 1.0 7.2 44
25-Jul-06, 52 239| 224) 231] 21.3] 225) 223] 224 224 266] 220] 243 208 27.6| ©226] 25.1) 20.8) 240 20.6] 22.3] 206| 229 224 226] 20.8] 40.5 26.5 20.7) 252 300.0 20.0 10.0) 16.7 142 115 79 4.0
26-Jul-06 53 298] 24.1) 269 213] 27.0) 222] 24.6| 224 31.4] 226| 27.0] 206 231 253| 24.2) 20.8) 226] 204 21.5) 204 264| 22.3| 24.3] 208| 415 21.0 20.6) 259 300.0 20.0 15.0) 16.2 147 122 1.1 9.3
27-Jul-06 54 298| 247) 27.3] 219 24.1) 223] 232 225 302] 225| 263 208 306 264 285 21.0] 233] 204 21.8] 204 235 224 28.0] 21.2] 435 25.0 20.8) 26.9 300.0 30.0 20.0 16.7 15.3 172 13.7] 10.6
28-Jul-06, 55( 29.8] 24.1) 269 21.6] 27.0) 225 248 226 298] 226 262 20.8] 20.8| ©288] 29.3) 20.8] 30.6] 204 255) 204 208 22.5( 26.1] 20.8] 50.5 26.0 20.7] 30.0 300.0 30.0 15.0) 22.8) 19.9 9.2 6.0 33
29-Jul-06 56{ 29.8] 31.0) 304 212] 27.0) 20.6] 23.8] 23.3] 30.6] 29.5] 30.0] 206 302 ©288| 29.5) 218 288 281 285 204 208 23.3| 26.5] 30.6] 435 21.5 23.3) 298 300.0 25.0 20.0 17.5 16.8 13.) 11.3 118
30-Jul-06 57| 288 306| 20.7] 225 237 21.6] 227 235 30.6] 284 295 206 20.1| 284 288) 229] 27.3] 26.2| 26.7] 204 284| 234 259] 295 430 25.5 23.3) 289 300.0 25.0 20.0 18.5 15.8 11.6 127 15.6
31-Jul-06, 58 29.5] 295| 20.5] 302 302) 30.2] 30.2| 30.2[ 27.3] 281 27.7) 31.0] 201 27.8] 285 34| 27.3] 27.8] 27.6] 302| 20.1] 29.1| 29.1] 295 39.5 26.5 30.5) 28.2 300.0 60.0 50.0 33.8) 29.2 83 94 1.3
1-Aug-06) 50[ 27.3] 20.8) 28.6] 306 247 28.1] 264 208 29.1] 29.5| 29.3] 31.0] 201 284 288 310 27.8] 27.3] 27.6] 310 28.1] 29.1| 28.6] 295 40.0 25.0 30.6) 285 300.0 30.0 20.0 30.2) 24.7 52 5.2 42
2-Aug-06 60[ 27.3] 268) 27.1] 208 29.1) 27.3] 282 27.0[ 31.9] 281 30.0] 281 314 284] 299 302 319 247| 283] 284 314 288 30.1] 295 39.0 26.5 29.1 31.6 300.0 40.0 35.0 31.3) 26.8 6.5 77 1.5
3-Aug-06 61[ 298] 27.0] 284 205 235 27.0] 25.3| 246 298] 298| 298] 238 31.0| 284 29.7) 295 295 24.6| 27.0] 276| 302 281 29.2] 295 385 27.0 27.6) 30.1 300.0 30.0 25.0 24.7) 23.6 78 7.2 117
4-Aug-06 62| 226 21.6) 221 242 19.7] 247 222| 234) 253 24.2] 247 21.3] 229 251| 24.0] 27.0[ 244] 233 238 240[ 233 26.8] 250 254| 355 28.5 24.5) 24.0 300.0 20.0 15.0) 23.7] 18.8 5.7 6.7 25.2
5-Aug-06 63 31.4] 27.8) 206] 233 237) 225 234 31.0[ 264] 264 26.4] 199 314 284] 299 243] 302] 24.0] 27.1] 232 306 27.0] 28.8] 30.6] 37.5 28.0 24.5) 29.6 300.0 45.0 40.0 21.8) 26.7 9.2 9.0 8.1
6-Aug-06 64 291| 239) 265 229 242 237] 240| 223 284] 295| 289] 191 264 27.6] 27.0) 233) 268 236 252 231 27.8] 264 27.1] 284 380 21.0 234 274 300.0 45.0 40.0) 29.3) 26.7 83 9.0 15.8
7-Aug-06] 65( 30.6] 302) 304 302 27.0) 284] 27.7| 30.6] 298] 31.0] 304 243 284 288| 286) 310 288 27.8] 283 319 29.1| 29.5] 29.3] 30.2] 51.0 21.5 29.3) 29.0 300.0 35.0 30.0 24.7) 22.7 9.2 9.3 43
8-Aug-06] 66[ 30.2] 295| 208 20.1] 26.6) 28.1] 274 27.6] 30.2] 30.6] 30.4] 239 31.0| ©268] 289) 295 27.6] 29.1| 28.3] 31.0] 288 29.8] 29.3] 30.2 55.0 26.0 28.6) 294 300.0 37.0 30.0 29.3) 25.0 6. 7.6 6.6
9-Aug-06] 67[ 30.6] 298] 30.2] 298] 26.8) 27.8] 27.3] 26.2[ 31.4] 31.0] 31.2] 235 306 288] 29.7) 298] 249 298] 27.3] 31.0] 27.8] 29.5| 28.6] 302| 56.5 25.5 28.6) 28.7 300.0 25.0 20.0 21.8] 19.0 8.3 8.8 10.9
10-Aug-06] 68 251| 246| 249 27.3] 288) 253] 27.0] 235 291| 27.3| 282 218 250/ 26.6] 258) 29.1] 27.6] 231 253] 26.6| 26.6| 24.4| 255) 236| 525 25.5 25.3) 271 300.0 30.0 30.0 27.2) 26.5 6.5 6.9 117
11-Aug-06] 69 295 206| 25.0] 235 28.1) 235 258 21.6] 323] 295/ 309 201 323 284 304) 264] 314 204 259] 234 319 233| 27.6) 223| 395 21.0 23.0) 320 300.0 37.0 30.0 29.3) 25.0 6.8 7.6 71
12-Aug-06 70{ 27.6] 20.1) 239 234] 26.4) 234] 249 212( 298] 27.6] 28.7) 20.1| 208 27.3] 28.6) 254| 295 20.1] 24.8) 233 208 232 26.5] 21.5 435 25.5 22.6) 29.7 300.0 25.0 20.0 21.8) 19.0 8.3 8.9 15.6
13-Aug-06] 71 314 314) 314 208 288) 295 291] 25.8] 30.6] 323 315 199 310/ 291| 300 29.1] 298] 284 29.4] 27.6| 306 284 295 302| 525 26.5 26.7) 305 300.0 30.0 30.0 27.2) 26.5 6.5 6.8 45
14-Aug-06) 72| 27.6] 288) 28.2] 276 251) 268] 26.0] 242 291| 30.2| 29.6] 197| 306 256] 281) 28.1] 295 24.7] 27.1] 256 298| 26.2| 28.0] 256| 525 24.0 24.7) 29.7 300.0 45.0 40.0) 29.3) 26.7 83 9.0 112
15-Aug-06) 73 30.6] 28.8] 20.7] 25.4] 276 258 26.7] 238 31.0] 32.8] 31.9] 194 302 288] 295 31.4] 30.6] 288 29.7] 323 31.0] 28.8] 29.9] 31.0] 40.0 26.5 28.5) 30.7 300.0 35.0 30.0 24.7) 22.7 9.2 9.3 6.4
16-Aug-06) 74[ 31.4] 31.0) 3121 306 27.8) 29.1] 285 30.2[ 31.0] 323 31.7] 225 310/ 288] 209 319 30.6] 281 29.4] 323 31.0] 288 29.9] 30.6] 445 26.0 29.3) 30.9 300.0 37.0 30.0 29.3) 25.0 6. 7.6 7.0
17-Aug-06) 750 294 302] 20.6] 290.1] 254] 27.6] 265 27.8] 29.1] 31.0] 30.0] 216 302 27.6] 289 31.0] 291] 254 27.3] 31.0] 302 27.6] 289 298| 47.5 21.0 284 29.6 300.0 25.0 20.0 21.8) 19.0 8.3 8.8 12.6
18-Aug-06) 76[ 27.6] 288| 28.2] 28.1] 235 249 242| 26.0( 284| 30.6| 29.5] 208 295 256| 27.5) 302 288 238 26.3] 298| 298| 27.6| 28.7] 298] 495 28.0 21.7] 29.1 300.0 30.0 30.0 27.2) 26.5 6.5 6.9 8.4
19-Aug-06 77{ 291] 31.0) 300, 306 27.8) 288 283 284 295 31.9] 30.7] 2100 310/ 288] 299 31.4] 295 27.8] 28.6] 319 306 284 29.5] 30.2| 57.5 21.0 28.6) 30.1 300.0 37.0 30.0 29.3) 25.0 6. 7.6 46
20-Aug-06 78[ 235] 253) 244 284] 223) 256] 23.9] 26.0( 254] 29.8| 27.6] 204 256 244 25.0) 31.0] 26.6] 245 255) 208 254| 27.3| 26.4] 291 56.5 26.5 21.6) 258 300.0 25.0 20.0 21.8] 19.0 8.3 8.9 21.9
21-Aug-06 79[ 264 29.1] 27.7] 314 234] 291] 26.3] 31.0( 268] 31.0] 289 3100 20.4| 27.0] 281 31.0] 27.8] 29.1| 285 302 284| 29.1| 28.8] 298| 43.0 21.5 30.5) 28.1 300.0 30.0 30.0 27.2) 26.5 6.5 6.8 0.1
22-Aug-06] 80[ 254 284) 269 31.0] 23.1) 27.6] 25.3] 2050 27.3] 30.2] 287 298 276 ©262] 269) 319 27.3] 26.6] 26.9] 298| 27.8] 28.1| 28.0] 295 455 28.5 30.2) 275 300.0 45.0 40.0) 29.3) 26.7 8.3 9.0 10.6
23-Aug-06] 81[ 30.6] 306| 30.6] 205 27.3) 26.6] 26.9] 25.3] 29| 31.9] 305 25.8] 302 27.0] 286) 306| 288 26.0] 27.4] 295 298| 27.8| 28.8] 298| 31.0 28.0 28.9) 295 300.0 35.0 30.0 24.7) 22.7 9.2 9.3 34
24-Aug-06| 82 295 232) 26.3] 25.0] 235) 24.0] 238 236 262] 29.1| 27.6] 230 249 235| 24.2) 28.4| ©26.8] 24.0 25.4] 266 27.3] 27.3| 27.3] 291 345 21.5 26.8) 26.3 300.0 37.0 30.0 29.3) 25.0 6. 7.6 172
25-Aug-06] 83 254 284) 269 31.0] 237 27.6] 25.6] 2050 27.6] 30.6] 29.4] 302| 27.8] 264 27.1) 319] 27.6] 26.8] 27.2] 295 27.6| 27.8] 2.7 298| 455 30.3) 27.6 300.0 25.0 20.0 21.8) 19.0 8.3 8.8 47
26-Aug-06 84 306] 302) 304 208 27.3) 266] 269 254 29.1| 31.00 30.0] 26.0| 314 27.3] 294) 302 284 26.0] 27.2] 295 295 27.8| 28.6] 298| 37.0 21.0 28.9) 29.6 300.0 30.0 30.0 27.2) 26.5 6.5 6.9 09
27-Aug-06 85[ 29.5| 232] 26.3] 249 234) 24.1] 287 236 26.0] 29.5| 27.7) 231 25.0| 236] 243 288) 27.3] 24.0] 25.7] 268 27.6| 27.6] 27.6] 29.5] 45.5 28.0 27.0) 26.5 300.0 37.0 30.0 29.3) 25.0 6.8 7.6 171
28-Aug-06 86 27.6] 20.1) 239 234] 26.4) 234] 249 212 298| 27.6] 28.7) 20.1| 208 27.3] 28.6) 254| 295 20.1] 24.8) 233 208 232 26.5] 21.5 435 25.5 22.6) 29.7 300.0 25.0 20.0 21.8] 19.0 8.3 8.9 1.0
29-Aug-06 87 31.4] 31.0] 81.2] 306 27.8] 29.1] 285 30.2[ 31.0] 323 31.7] 258 31.0] 288] 299 34| 306] 288 29.7] 323 31.0] 288 299 31.0] 40.0 28.5 30.1 30.9 300.0 30.0 30.0 27.2) 26.5 6.5 6.8 3.3
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Yield (kg per Plot)

Days Since
Date Planting Cl C2 R1 R2 R3 R4
25-Jun-06 22
26-Jun-06 23 0.3 10.302 | 0.335]0.325 | 0.15 | 0.145
27-Jun-06 24
28-Jun-06 25 0.28 | 0.28 | 0.103 | 0.29 | 0.32 | 0.279
29-Jun-06 26 0.375] 0.5 | 0.62 | 0.63 | 0.825 | 0.38
30-Jun-06 27
1-Jul-06 28 211 |3.525| 2.65 | 1.82 | 1.83 | 1.35
2-Jul-06 29
3-Jul-06 30 1.625| 1.5 | 1.15 | 1.35 | 1.625 | 1.63
4-Jul-06 31
5-Jul-06 32 1.7 | 1375 14 | 142 |1.325] 14
6-Jul-06 33
7-Jul-06 34 1.825| 1.7 |2.825| 2.1 |3.325]3.025
8-Jul-06 35
9-Jul-06 36 1.45 | 1.55 | 1.2 1.2 | 1.48 | 0.75
10-Jul-06 37
11-Jul-06 38 1.625 | 1.625| 2.05 | 1.325| 1.5 | 1.905
12-Jul-06 39
13-Jul-06 40 3.15 | 2.65 | 2.05 | 2.2 |2.325]| 2.65
14-Jul-06 41
15-Jul-06 42 1.825 | 1.325| 1.82 | 1.725 | 1.75 | 1.875
16-Jul-06 43
17-Jul-06 44 2.895|2.825| 3.45 | 3.09 | 3.15 | 3.07
18-Jul-06 45
19-Jul-06 46 3.15 |3.675| 485 | 48 | 4.15 | 4.55
20-Jul-06 47
21-Jul-06 48 1.3 1.5 | 232 | 205 | 2.15 | 2.125
22-Jul-06 49
23-Jul-06 50 2.1 1.8 1.2 2.5 1.5 1.9
24-Jul-06 51
25-Jul-06 52 3.15 | 3.675| 485 | 48 | 4.15 | 4.55
26-Jul-06 53
27-Jul-06 54 2.895|2.825| 3.45 | 3.09 | 3.15 | 3.07
28-Jul-06 55
29-Jul-06 56 315 | 2.65 | 2.05 | 2.2 |2.325]| 2.65
30-Jul-06 57 1.6 | 1.65 | 1.5 |2.325| 2.33 | 2.34
31-Jul-06 58 1.58 | 1.65 | 1.6 | 235 | 2.34 | 2.35
1-Aug-06 59 14 | 1.66 | 1.61 | 2.1 2.2 2.2
2-Aug-06 60 1.3 | 1.33 | 1.55 2 1.9 1.8
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3-Aug-06 61
4-Aug-06 62 2.5 1.8 1.2 1 1.8 1.2
5-Aug-06 63 1.575| 1.33 | 1.61 | 2.125 | 1.925 | 1.825
6-Aug-06 64 1.58 | 166 | 1.6 | 235 | 234 | 23
7-Aug-06 65 1.31 | 1.22 | 1.54 | 2.05 | 1.92 | 1.82
8-Aug-06 66
9-Aug-06 67 25 | 1.82 | 1.2 1.1 1 1.8
10-Aug-06 68 0.125] 0.2 | 1.05 | 0.25 | 0.25 1
11-Aug-06 69 1.2 | 205 | 2.5 24 | 2.65 | 2.55
12-Aug-06 70
13-Aug-06 71 1.8 1.3 2.7 14 | 205 | 2.7
14-Aug-06 72
15-Aug-06 73 1.2 2 252 | 242 | 2.64 | 2.5
16-Aug-06 74
17-Aug-06 75 355|295 | 2.7 3.2 2.9 3.1
18-Aug-06 76
19-Aug-06 77 1.7 1.5 14 | 1.85 | 1.75 | 1.8
20-Aug-06 78
21-Aug-06 79
22-Aug-06 80 0915|1097 | 1.5 | 1.75 | 1.65 | 2.2
23-Aug-06 81
24-Aug-06 82 09151097 | 1.5 | 1.75 | 1.65 | 2.2
25-Aug-06 83
26-Aug-06 84 1.7 1.5 14 | 1.85 | 1.75 | 1.8
27-Aug-06 85
28-Aug-06 86 355|295 | 2.7 32 | 1.65 | 3.1
29-Aug-06 87
30-Aug-06 88 1.2 | 205 | 25 24 | 1.65 | 2.8
31-Aug-06 Totals 68 68 74 77 75 81

Total Yield

(kg/Dunum) 6,191 | 6,167 | 6,750 | 6,980 | 6,852 | 7,335

63




oadlall

ACud) Cigaal) JAN £ 9 3al LAY J gl slpal) cilullaia ik

e A ALl cplandh g dale Jaw oY) (3l ABhaia B a3 g aal g8 A olall i ()
i U g (Wi N v paly o) )30 LYY 8 A olal) gl olall ad¥) ENGILY) g &) 50 Z Uy
L OMSd) dae 8B ghaall 3aby 3 alal Al 038 (e JlEEN e Jand)

Belisl) g dpasl) & Allilaia p (4683 J gBad) g ASiudl) gl JAIS & Adlariaal) 5 ) slaa daS ()

3 ga aaad B A gaall 48 Aagall) As) 3l (3l aladiiad g Adidal) A ) ) 3l clileal) Guug Gl

S (gl ol das g (g )

da a3 plall gedi g g IBAY SR day gl 35 Al lall Al Jaa 40585 a)adly (g0 Ad gan
13 A dde ciladl) oy ¥ AL g Ll g dad) £ ganall B (re el Y e @A) plall 138 g cilill [ gdal)
L lal) Al Jaa 4085 addi) SO (e g3 £ ganall Allaia cin plal) ey Ciliy) A Cuad)

Ao alg (S50 aegall JHA Sadbd) cod) JA B FUAl jualic 5 LAY el mil Al (uld &
Cra il £ ) ALl A ol ddhia 8 i A0 Glua o A gaad) oda ciadie) g¢ cuayd) ddlaial o Al gan
AR 48y lal) Jlarialy 5 0 802k £ ) Jall aSad 2l 4y o) a8 ga

Cul) gl B LAl el il Al sy dasnd) sall e By Jai ja asacal sk Gial) 138 N4
Sl il (gl A LAl el el Al o il aadiiey O (Say azacall) 138 9 (Sl

dihia o 40 )8l 4y 2l ABlata B J8) cullS 4 el A Lgaladiia al A1) slual) dpaS Gy iy A yal)
A Jaedd) A AlY 5 5aa g Ay aill dbhia A ST LYY Gl crasdia) AN ALIEN slual) L) ALY L g £ ) Sal)
OSay ¥ AN gdal) dihia ciad il pualind) oa g £ ) Jall Lgdlial il 3 sl olsal) daS Adani) g3 palinll Juca
Matiiu g Wgualley Of cbdll

s A ARl A Jaal) e alaie Wl dlld g (o, Ailal) A gand) ) gaddiien O (e ) Jal) Al jAll ua g
S o (g 1 A 1Y) A8y plal) 038 9 ASiudll) gl gl (B LA il el Al asacatl) aladindy
UM g oball g g dadall 3 ) gal) a2 elgiu)

64



