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IRRIGATION SCHEDULING OF SQUASH UNDER DRIP IRRIGATION AND BLACK

PLASTIC MULCH IN THE CENTRAL JORDAN VALLEY
ABSTRACT
The objectives of this research were to study the effect
of three irrigation schedules at 30, 50, and 80 kPa socil
moisture tensions of squash (Cucurbita pepo 1.) under drip and
black plastic mulch on water requirements, vields, and root
growth and distribution during the winter and spring sea=zons of
15985-1986. Another objective was to test the crop vyield and

soil water management simulation model (CRPSM) developed at
Utah State University (Hill et al., 1984a and 1984b) and
modified later on for squash by Battikhi and Hill (1986a) in
order to find out if it can be used to predict vields and to
select possible irrigation schedules that will maximize vyield
and optimize water use efficiency.

Results showed no significant differences between the
three treatments for both seasons in respect to vield, total
water . supplied, irrigation amounts, application water
efficiency, water use efficiency, vertical root length,
horizontal root lengtﬁ, and oven—-dry root weight. The plants
under thé 30, 50, and 80 kPa treatments consumed average water

amounts'of 12.79, 12.75, and 12.44 cm, respectively, during the

winter'seqson to produce average yields of 19.4, 21.6, and 22.0

Jordan - Center of Thesis Déposit
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All Rights Reserved - Library of University



-—;x.—

0oSit

t/ha, respectively. On the other hand, during the spring seasonﬁ}
. ()
the plants consumed average water amounts of 15.18, 13.98, andoy

14.97 c¢m to produce average yields of 8.6, 7.4, and 7.6 t/hac

Thes

for the three respective treatments. Average water useTS

efficiencies for the 30, 50, and 80 kPa treatments were

H
o
@
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1.79, and 1.88 t/ha/cm, respectively, for the winter season,
and 0.56, 0.58, and 0.51 t/ha/cm, respectively, for the spring
season.

Number of irrigations was significantly lower in the
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winter season. During the spring season significant differences
in the number of irrigations were revealed between the 30 and
30 kXPa and the 30 and 80 kPa treatments.

Recalibration of the yield portion of the CRPSM for squash

for both season resulted in new sets of growth stage

-y
D
[
le]
=
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=]
]

factors (lambdas) and maximum field attainable yields. Better%é
calibration was obtained during the winter season due to =
disease and temperature effects during the spring season. The
different water management options provided by the model were

tested to select the best irrigation schedules that will

All Rights Reser

maximize vields and optimize water use efficiency and cut down
field trials to be tested in future studies, therefore lowers

costs and time to be spent on such studies.



INTRODUCTION

Drip irrigation systems along with other advanced
technologies, such as plastic mulches, were introduced into
Jordan to improve agricultural production. Jordan Valley, the
center of irrigated agriculture in Jordan has witnessed
extensiﬁe vegetable productien for the last decade. Farmers
tend to produce more tomatoes and squash than other vegetable
crops due to their high and fast money return.

Water scarcity, in amounts and distribution, is one of the
most limiting factors in agricultural production. In Jordan,
the total estimated amount of potentially available water by
the year 2000 is about 1180 million cubic meters (MCM), of
which about 850 MCM will be used for agriculture, and 230 ﬁCH
for industrial and municipal purposes (National Water Master
Plan of Jordan, 1977).

Due to the low cost of surface water in the Jordan Valley,
farmers use it inefficiently. Three factors comprise the
problem of water reallocation in the agricultural sector, these
are: water scarcity, péor maintenance and operation of the
irrigation system, and the low water application efficiency as
practiced by farmers. Farmers tend to apply more water than
what is really needed. Shatanawi (1986a) reported that water
application efficiency for squash, under trickle irrigation in
the Jordan Valley, was about 52.5 % only,

The ultimate objectives of irrigation scheduling are to

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



determine the amounts and intervals of water application.
Different alternative methods, bhased on plant observations,
soil conditions, and climatic conditions exist when trying to
schedule irrigation. Good irrigation schedules require the
integration of the above mentioned factors, thus extensive
experience on the part of irrigation engineer is required to
identify‘the optimum choices. Such scheduling is important in
desgicions related to maximizing yields especially in areas
where irrigation water supplies are limited. A proper
irrigation schedule will provide plants with their water
requirements at the time needed and with minimum water losses.

Field research is expensive and time consuming. The use of
models have made the use of existing climatic data, soil data,
and crop pPhenological data in research for predicting yieldé.
Existing models can be further developed and modified to meet
local conditions and iater on to be used by farmers for
selecting appropriate irrigation schedules to optimize crop
vields.

A study was carried out in the Research Station of the
University of Jordan located in the central region of the
Jordan Valley during the winter season (December 8, 1985 -
April 1, 1986) and the spring season (April 15, 1986 - June 13,
1986) with the objectives of :

1} studying the effect of three different irrigation schedules
based on soil moisture tensions of 30, 50, and 80 kPa

which are equivalent to 39, 50, and 64 % socil moisture

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



2)

depletions under black plastic mulch and drip irrigation on
the water requirements, root growth and distribution, and

yield of squash {Cucurbita pepo 1.), and

testing the crop vield and soil water management simulation
model (CRPSM) modified by Battikhi and Hill (1986a) for
squash in the Jordan Valley in predicting vields under the
applied field schedules and to select' possible irrigation

schedules that will optimize yields and optimize water use

efficiency.

Deposit
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2—I.I TERATURE REVIEW

2.1 BACKGROUND ON VEGETABLE PRODUCTION IN THE JORDAN VALLEY

Jordan Valley, the major area of vegetable production in
Jordanf'has witnessed extensive agricultural development since
late léﬁoﬁs and early 1980's. Drip irrigation systems, plastic
housesi' plastic 'mulches, pegticides, hybrid seeds. and
fertilizers are used extensively in the valley. Adoptation of
advanced technqlogy along with favorable climatic conditions
encoufaged farmers to plant and produce vegetables, such as
squash and tomato, more than other crops, Later on, economic
problems had risen due to bad marketing, both in the internal

and the external markets. This problem caugsed a severe drop in

the prices of vegetables creating economical crises to many’

farmers. Therefore, the government role in regulating
production by the introduction of a cropping pattern is

necessary for the welfare of both farmer and the country.

2.2 USE OF PLASTIC MULCHES

The advantages of using plastic mulches over non-mulch
have been studied extensively for different crops in Jordan and
other countries. Results showed that equal or lower amounts of
water were consumed by plants under mulch, as compared to bare
soil, to produce higher vields,

Battikhi and ©Ghawi (1986a and 1986b) and Ghawi and

Battikhi (1986a and 1986b) working on squash, cantaloupe,

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



cucumber, and watermelon in the Jordan Valley, studied the
effects of different mulching (trangparent, black, and no
mulch) under drip irrigation on yvields, soil temperature, crop
water requirements, and root growth and distribution. The four
crops showed no significant differences between transparent,
black, and non—mulched treatments with respect to total water
supplied, deep percolation losses, and water consumptiqn by
plants. Root mass and distribution, horizontally and vertically
were also non-significantly different Dbetween treatments.
Yields were significantly different among the different
treatments tested. In the cases of squash, cucumber, and

cantaloupe no significant differences in terms of vyield were

obtained between transparent and black mulches (Squash: 25.9

and 18.0 t/ha, respectively. Cucumber: 7.9 and 11.9 t/ha,
respectively. Cantaloupe: 14.2 and 28.7 t/ha, respectively).
But vields wunder both transparent and black mulches were
significantly different from those obtained under the
non-mulched treatment. Yields of 11.8, 1.7, and 6.0 t/ha were
obtained under non-mulched conditions for squash, cucumber, and
cantaloupe crops, respectively. On the other hand, watermelon
yields were sgsignificantly different between the transparent
mulch treatment on ocne hand and the black and non-mulched
treatment on the other hand. Yields were 55.3, 13.3, and 10.4
t/ha for the three treatments, respectively. The non—-difference
in ET between the mulched and non-mulched treatments was

probably due to more trangpiration in mulched crops and more

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



evaporation in non-mulched crops.
Bhella and Kwolek (1984) evaluated the response of hybrid

summer squash (Cucurbita pepo 1.) to trickle irrigation and

black mulch in field studies. They found out that trickle
irrigation and plastic mulch increased plant growth, early
bloom, and vield.

Fifty percent reduction in water losses by evaporation in
a soybe%n field using clear plastic mulch was reported by
Peters and Johnson (1962). Cotton consumptive use was reduced
by ll.G{and 15.3 cm in two consecutive vears using black
mulches (Bennett et al..‘1966). |

-

2.3 DEPLETIONS AND IRRIGATION SCHEDULING

Irrigation specialists are always faced with two
questions; when to irrigate? and how much water to apply? These

' two guestions, although seem very easy, vet no simple angwers

seem logical and available, considering the variations in soils
and root and plant growth.

Stanhill (1957) reported that Veihmeyer (1927) in his
ical work on decidious orchards, showed that it was
ihle to maintain a constant soil-moisure status around
of a transpiring crop. The problem had been
ed in term of degree in depletion of available soil
that could be tolerated by a crop without adverse
n vield. Many workers attempted to determine this for

crops by conducting the so-called "soil-moisture—-regime

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



experiments.” A scoil-moisture regime 1is defined as an
jrrigation treatment in which the soil is allowed teo dry wuntil
a definite measured point is reached within the available water
range before sufficient water is applied to restore the entire
root zone to field capacity. Stanhill (1937) found that in 80
per cent of the experiments done in this field of research,
growth was affected by differences in the amount of avgilable
water depleted before the soil was re-wetted.

A lot of diversity exists in the results obtained in the
literature. Some say that it is better to correlate yield with
plant water stress, others insist on available water depletion
term. Still in all approaches a lot of contradictions seem to
appear. For example, Halevy (1972} found that the best way .to
determine the frequency of watering should not be made Dby
following changes in soil water, but by directly determining
the plant water stress in relation to the desired vield.

Smittle and Threadgill (1982) studied the response of
squash to irrigation, nitrogen fertilization, and tillage
systems. Results of. their study showed that the greatest squash
yield resulted from moldboard plow tillage, application of 22.3
Kg N/ha through the irrigation system at 2, 3, 4, 5, and 6
weeks from planting, and maintaining the soil water tension
below 0.3 bar throughout the growing season. Yields were
reduced by 3% to 16% by changing either tillage method, N
fertilization, or irrigation.

An approach done by Gregory and Schottman (1982) of using

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



an irrigation scheduling chart developed bhy Woodruff as
modified to wuse Blaney-Criddle procedure for predicting
consumptive uge. It had, to that date (1982), given high vields
with reduced irrigation water compared to scheduling based on
measured plant water stress.

Battikhi et al. {1985) carried out a study in the Jordan
Valley with the objective of scheduling irrigation of tqmatoes
grown inside plastic houses under drip irrigation. Three levels
of soil moisture tension 30, 50, and 70 centibars, were used.
They concluded that as the soil moisture tension was increased,
lower amounts of water were used to obtain almost the same
yield as that obtained in the lower tension treatment. No
gignificant difference in the water ugse efficiency was found

between the three treatments.

2.4 ROOT GROWTH AND DISTRIBUTION

Physiological activity of roots and the morphological
pattern of root distribution during the growing season are the
most important plant characteristics in predicting nutrient and
water uptake from the soil. Soil characteristics and cultural
practices influence the pattern of root distribution in field
g0ils. One of the soil properties that can affect root
development is the moisture content (Proffitt et al., 1985;
Osmond and Raper, 1982; Mackay and Barber, 1985; Peacock and

Dudeck, 198%5).
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Proffitt et al. (1985) working on wheat under high~- and
low—frequency irrigatioh found that frequency and depth of
water front penetration affected root growth and produced
different rooting patterns. The high-frequency treatments
developed a shallower rooting system than the low-frequency
treatments due to the relatively drier soil conditions at
greater depths. Considering depletion from field capacity for
the whole profile in the last half of the growing season, water
content in the soil profile for the high-frequency treatments
was kept relatively constant, but marked changes in water
content were more evident in the low-frequency treatments. This
was attributed to the timing of irrigation scheduling.

Relatively dry soil conditions, such as those occurring in
the upper layers of the low-frequency treatments, induce plants
to develop a more extensive root system if favorable conditions
{i.e., high water content) exist at greater depths
(Abdul-Jabbar et al., 1982).

Tayler and Klepper (1971) working with cotton, reported
that water extraction became proportionaly less in the upper
(dry) layers and greater in the deeper layers as the water
content (and hence hydraulic conductivities) of the surface
goil layers decreased. Water can, for example, move from one
depth to another independent of plant root extraction. However,
Molz and Remson (1971) found that water extraction Dy plant
roots wag dominant over Darcian flow in the root =zone, with

this dominance increasing as water content decreased.

333491
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Battikhi and Ghawi (1986a) working on squash under trickle
irrigation and plastic mulch in the Jordan Valley found that
roots extended 23.0, 20.4, and 18.8 c¢m wvertically and 635.6,
52.1, and 56.6 cm horizontally (radius) for transparent, black,
and non-mulched treatments, respectively. Dry root weight
averaged 4.7, 3.6, and 3.2 gm/plant for the three respective
treatments. No significant differences were found in the root
weight and distribution between treatments. Irrigation was
carried out at 30 c¢b tensiometer reading for all treatments.

Shatanawi (1986b) working on squash in the Jordan Valley
reported that trickle irrigation encouraged the development of
shallow root. A greater percentage of the total root mass was
located in the upper 100 mm of the soil. Squash roots
penetrated on the average to a depth of 320 mm. However, the

maximum penetration of roots of some plants was 450 mm.

2.5 MODELING APPROACH

Modern agriculture has become very complex involving
management of land, water, climate, and biological factors as
well as socio—economic resources. The whole issue behind the
modeling approach in agriculture is to take results of past
research and fit it into a computer program in order to use 1t
for future forecast. Researchers of wvast expertise in their
fields were the pioneers of such interdisciplinary approach.

Several computer programs had been devised and modified for end
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users in the United States. Some of these programs are
PLANTGRO, IRRIGATE-MATE, DROUGHT-MANAGER, CROP RECORDS, and
FERTILIZER (Hanks et al., 1984).

Hanks (1974) developed a model for predicting yield as
influenced by water use. Predicted yields were influenced by
irrigation frequency and amount, rainfall, and s0il water
storage.

Hill et al. (1979) developed a model to predict soybean
yields. Temperature and day length were used to predict the
stages of development. To estimate bean production, they used
the effect of soil moisture level on plant transpiration. The

influence of environmental parameters on goybean growth was

calculated for each stage of development which permitted.

effects of water management changegs to be estimated for
different planting dates.

Hill et al. (1984a and 1984b) conciuded that the Crop
Yield and Soil Water Management Simulation Model (CRPSM) had
estimated vields very close to field yields when calibrated for
specific site conditions of maximum observed vyield and soil
water management. The application of CRPSM indicates that
irrigation sheduling increases profit by increasing vields. The
reduction of non-ET losses (i.e., deep percolation) and the
increase in water use efficiency can also be realized from
efficient scheduling. The greatest benefit from irrigation
scheduling appeared to be realized from improved timing of

applications.
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Battikhi and Hill (1986a., 1986b, 1986c, 1986d4d) used the
CRPSM developed at Utah State University, for developing
squash, cantaloupe, cucumber, and watermelon models for the
Jordan Valley. The CRPSM was modified using local weather data
and field results from trickle irrigation experiments.
Simulated irrigation schedules were developed using the
different options provided by the model.

A ﬁrobabilistic model for predicting the occurrence of
soil moisture deficits was presented by Rojiani et al. (1882).
Using data on the amount of plant available water on each day
of the growing season generated from a soil moisture balance
model f?r a period of 50 years as input, the model predicts
upper and iower bounds on the probability of occurrence of soil
moisture deficits over a given period starting at any point
during the growing season. Since plant water availability is a
function of root development and soil water transmission
characteristics, the maximum water heolding capacity is used as
a parameter in order to cover all soil types and plant types.

An irrigation scheduling model was developed by Geiser et
al. (1982) using crop canopy—air temperature difference as the
dependent variable and net radiation, relative humidity., and
~available soil water as indepehdent variables. Crop yield and
water use were compared with that of corn grown under
irrigation scheduled byluse of electrical resistance blocks and
a water balance {checkbook) method. The yield of the treatment

irrigated with the tempefature difference scheduling apprcach

was not significantly different from that of other treatments.
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3—-MATERIALS AND METHODS

3.1 LOCATION & TIME OF EXPERIMENT

The experiment wag conducted at the University of Jordan
Research Station, located in the central region of the Jordan
Valley, for the two seasons: December 8, 1985 till April 1,
1986; and April 15, 1986 till June 13, 1986. The Station 1lies
at 32°N latitude, 35 :30' longitude, and 300 m below sea level

altitude,

3.2 IRRIGATION SYSTEM, MULCH TYPE, AND SQUASH VARIETY

A drip irrigation system was used. Emitters of 4 1ph

discharge (one for each plant) located 50 cm apart were placed

on 13 mm (internal diameter) polyethylene lateralas (one for
each plant). The mulch used was black polyethylene (40 microns)

and squash (Cucurbita pepo L.) variety used was "F-1 Hyrbrid

Clairette").

3.3 PHYSICAL & CHEMICAL PROPERTIES

Prior to the beginning of the experiment, three locations
representing the experimental area were selected for sampling.
Undisturbed soil samples were taken from each location from the
0-30 cm and 31-60 ¢m lavers. The soil sorption curves for the
two layers were prepared using the ceramic plate extractor

method (Richards, 1965) at ¢.1, 0.3, 0.5, 1, 3, 5, 10, and 15
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bar, tensions. Textural class and apparent specific gravity
(As) were also determined for the two layers using the pipette
method (Day, 1965) and core method (Taylor and Aschroft, 1972),
respectively. The analyses were conﬁucted on three samples for
each layer from each location. 1In addition, electrical
conductivity (EC) was determined using the conductivity bridge
in 1:1 soil to water extracts {Bower and Wilcox, 1963). Soil
reaction (pH) was measured using the pH-meter in 1:1 so0il to
water suspensions {(Peech, 1963).

Table 1 summerizes the average results for the determined

physical and chemical soil properties for the two soil lavers.

3.4 TREATMENTS & EXPERIMENTAL DESIGN

Three irrigation treatments were selected. These are: Tl =
irrigation when the soil moisture tension reaches 30 KPa, T2 =
irrigation when the soil moigture tension reaches 50 KPa, and
T3 ; irrigation when the so0il moisture tension reaches 80 KPa.

From the soil moisture characteristics curve (Fig. 1), T1
reflects 39% soil moisture depletion, T2 reflects 50% so0il
moisture depletion, and T3 reflects 64% soil moisture
depletion.

The experiment layout was selected based on a randomized
complete block design (Little and Hills, 1978) having each
treatment replicated four times. The total experimental area

was 283 square meters, divided into four Dblocks; each block

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



15 -

1so0e@ Sisayl Jo BIue) - ueplor Jo AlsIBAIUN JO AkeiqiT - paAISSaY SIYDIY |1V

*JUSJUOD JI8JeM OTIJPUMIOA % 4

| ! i ! | | l | i

{ ! ! 1 | | | | | | |
I T°81 €6°0 1| WeoT (I8 LTIV ¥ 14%° LL] ES'T ! 6°0T | £°6T | 09-1¢€l
l l i ! ! | | t | I !
| | | Apueg | ! | [ I t | i
I | | | 1 | 1 I t | !
| | | weoy | 1 i t I ] | |
] | { | | i ! | l | !
1 1°81 %470 | ARID I8P ECISO'F 14¥ 241 IS°T | 9721 | 6°1C | 0E-0 ¢
i 1 | | l | | ! | ] 1
1 ! i Apueg | | ! | | | H i
l 1 ; ! | | | | { 1 1
! ! } ] ! | ! | | ! l
| | | i | | | (sy) 1 ] l |
| | | | I | | | | ! |
| | | I | ! b AJTARIG| (%) 1 (%) | (w23
| ! | | | ] 1 ! | | |
! b(Ww/sp) ) SESPID2l (%) 1 (%) ! ()l DTIIDeds| juicd} Aj1oeded)| yjdepl
I I t I I 1 l i t | ]
1 Hd | 33 1 Tean3xsy| Avid| 21151 pueg| jusseddy] SUTITIM] Pie1d] JIsAeT|
! ! i 1 | H I { = { * | !
i | i i

| ! | | | I |

T83Ts jusuwiiadxe sY3} JO sorjaedold [IOS [eDTWSYD pue [edisAyd swog : () Sigel



Fig.

- 16 -

25
(a)
20-
15-
19+
& 5+
-E |
-:g 0 ] I 1 | I 1 1 ] | 1 I I ] I I
a
U ol
v 259
E (b)
i)
o
=
201
‘0
W
S 15
R
E b * ——
3
.6 II
- 104
5-
0 I‘ 1 I 1 1 I I 1 I 1 I i |§ T I
0123456785101112131&15
Soil Moislure Tension {bar)
(1) : Soil water characteristicg curves for: (a)

and (b) 31-60 cm, depths for the experimept
at the University of Jordan Resedrch Station
Jordan Vallesy.

0-30 cm{
lccation
in the

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 17 -

consisted of three plots, 3 x 6 m each. A border of one meter

in width seperated both blocks and plots. Each plot had five

rows, 1.2 m apart and 3 meters long (Fig. 2}.

3.5 CULTURAL PRACTICES

The experimental area was pre-irrigated, allowed to dry
for about 3 days, then plowed with a chisel plow for a depth of
approximately 30 cm. Drip irrigation system was ingstalled
according to the selected layout. Fertilizer application was
practiced by row application of 60 Kg N/ha in the form of
ammonium sulfate (21 % N), and 85 Kg ons/ha in the form of

triple superphosphate (46 % P 0 ). Plastic mulch was " spread
25

along each row. Holes of 2.5 cm radius were cut into the mulch;‘

50 cm apart. Sgquash seedzs (3 seeds/hole) were planted at 3-4 cm
depth in the scil. Irrigation water was applied in sufficient
amounts so as to ensure adequate environmental conditions for
seed emergence. Seedlings were thinned down to one per hole.
The same procedure was followed at the beginning of each
geason.

Weed control and pesticides application were done whenever
they were needed. Chemicals were continuously changed and
rotated so as to engure more effectiveness againgt whiteflies,
aphids, powdry mildew, and spider mites. Chemicals used were

Phosdrin, Ripcord, Symbush, and Avogan.
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3.6 IRRIGATION TIMINGS & AMOUNTS

Times of water application were determined using 15-cm (6
inches) tensiometers which were inétalled in each plot, half
way between the central two plants of the middle row.
Tensiometer readings of 25-30 kPa, 45-50 kPa, and 75-80 kPa for
T1, T2; and T3 treatments respectively were congidered.
Galvanized steel access tubes, 1.1 meter long and 2 inches in
diameter, each, were installed near the center of each plot
between two plants. Ifrigation amounts were based on Neutron
Probe (Campbell Pacific, 503) readings. Neutron Probe readings
were taken at 7.5, 22.5, 37.5, 52.5, 67.5, and B82.5 ¢m, 3 hours
after irrigation and before next irrigation (Most of the excess
water was assumed to be drained after 3 hours). Neutron Probe
calibration was carried out at five depths: 0-15, 16-30, 31-45,
46-60, and 61-90 cm using the method of Van Bavel et al. (1961)
(Fig. 3).

The average discharge of emitters was measured in each
irrigation. The time of water application was determined for
each plot separately. The water applied for each plot was
controlled by a separate valve. The net depth of each
irrigation qpplication for each plot was calculated as the

following:
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where: d =

FC =

Pv =

_.21....

net depth of each irrigation application (cm).
volumetric water content at field capacity (%).
volumetric water content as determined by the
neutron probe before irrigation.

root depth (cm).

fraction of area wetted under drip irrigation in
respect to the total plot area (P was assumed to be

1.0).

The duration (hrs) for each irrigation for each plot was

calculated as the following:

ge =

1600

irrigation duration {(hrs).

net depth of each irrigation application (cm).
area under irrigation = 18 sqguare meters.
number of emitters = 30.

average emitter discharge in lph.

is convert from liters to cubic meters,

A maximum root depth of 25 cm was considered (Battikhi and

Ghawi, 1986a) assuming a linear root growth from emergance till

full cover. To check this assumption, root samples were taken

throughout the second season. Field capacity was taken at 0.1
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bar. The wetting percentage (P) wunder drip irrigation was
assumed to be 100 % (Hawatmeh and Battikhi, 1983). Additional
10 ¥ water was applied sSo as to overcome any discharge

fluctuation.

3.7 YIELD

Squash fruits were picked from the middle twelve plants in
each plot. The fruits_were weighed and their numbers were also

recorded.

3.8 ROOT GROWTH & DISTRIBUTION

After complete wetting of the scil for 24 hrs, two root
samples were collected from each plot by carefully digging
around the roots in all possible directions. Roots were then
washed. Tap root, secondary roots and horizontal roots were
measured for each sample. The whole root was then oven—-dried at
70 *C and weighed. However, this approach was followed by
Battikhi and Ghawi (1986a and 1986b), Ghawi and Battikhi (1986a
and 1986Db), and Osmond and Raper (1982) for measuring root

growfh and distribution.

3.9 MODEL DESCRIPTION

The crop vield and so0il water management simulation model
(CRPSM) was developed at Utah State University (Hili et al.,

1984a and 1984b) . SQUASH subroutine was developed by Battikhi
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and Hill (1986a). The model was calibrated using a squash field
experiment data for the Jordan Valley. The model consists of &
main program and twelve ’subroutines. The model input data
include: site location and elevation, number and thickness of
soil layers, available water for each layer, constants for the
different evapotranspiration equations used, crop coefficients,
daily weather data (maximum and minimum temperatures, wet and
dry bulb temperatureg, wind run, precipitation, and solar
radiation), crop phenology growth stages, and actual dates and
amounts of irrigation (if the model was run for actual field
experiment). Fig. 4 shows the process flow diagram of the CRPSM
as described by Hill et al.(1984a and 1984Db).

The model can predict yields for an actual or a simulated
field experiment by computing daily available scil moisture in
each layer and daily actual and potential evapotranspiration.
1t can also set up the crop phenclogy. The model can also
simulate different irrigation options. These management options
are:
1~ Finding the best date to irrigate with a specified water

increment.
2- Irrigating at a specified interval with fixed amount.
3- Irrigating on specified dates with specified amounts.
4- Irrigating at a specified depletion with a fixed amount.

To determine seasonal yield as a function of relative

transpiration, de Wit equation of the following form was used

{Jensen, 1968):

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 24 -

(Crop Production Mode! )
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Fig, (4): Process flow diagram of the crop vield and soil water

management simulation model (CRPSM) (Hill et al., 1984a
and 1984hb).

All Rights Reserved - Library of University of Jordan - Center of Thesis Depbsit



- 25 -

Aq Az J\a A

Y/¥p = (T/Tp) x (T/T) X (T/TB) X (T/TP)  vrverenrann. (3)

In eq. 3, Y and Yp are actual and potential yield, T and Tp are
actual and potential transpiration; and A1, Az, *3, and X4 are
growth stage weighing factors. The power (lambda) terms reflect
the following growth stages: 1- from planting to emergence; 2-
from emefgence to flowering; 3— from flowering to first pick;
and 4— from first pick to last pick. Lambdas developed for
squash in the Jordan Valley were 0.8, 1.5, 0.55, and 0.8 for

the four growth stages, respectively, with a potential yield of

5% ton/ha (Battikhi and Hill, 1986a).

Potential transpiration (T ) is calculated as:

where: E = reference crop evapotranspiration as determined by
tr
modified Penman.

K = transpiration crop coefficient for squash

°t developed by Battikhi and Hill (1986a) using FAO
data (Doorenbos and Pruitt, 1975) and the method
of Hill et al. (1983). The coefficients are:
2 3
1K =0.115 + 1.229 r - 0.331 r - 0.033r ...........nn (3)

ct

(0 < r<1.0)

where r is the fraction of time from planting to effective
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cover (i.e., days from planting to effective cover,

percent/100) .

-2 -3 2 -3 3
2) K =0.762 + 0.281x10 d - 0.1495x10 d - 0.330x10 d .. (6)
ct

(0 ¢ 4 < 40)
where d is dayg after effective cover.

Modified Penman equation is used to calculate E with the

. tr
coefficients for the Jordan Valley (a = 1.1, b = -0.1, a =
' 1
0.39, b = -0.05 and wind term 1.0 + 0.01 U ).
1 2

Actual transpiration (T) is estimated from:
T =T for SWS/AVW 2 FAW ... . ittt ittt taaaannnnn (7a)

P
and
T=T x (1/FAW) x SWS/AVW for SWS/AVW < FAW ........0uu.. {(7b)

P

where SWS is existing soil water in the root zone; AVW is the
total available water at field capacity; and FAW is the
fraction of total available water below which stress will
occur, assumed to be 0.5, Potential evaporation from a wet soil

gsurface (E ) is calculated by:

where K ig the soil evaporation coefficient dependent on
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K i.e., K =1 -K
ct s ct
Actual soil evaporation (E) as related to the potential

evaporation is:

where t is the time in days since last soil wetting and the
value of N is related to the soil surface drying time. Values
of N as used by the model would be approximately 3.0, 1.5, and
2.0 for sandy, loamy, and clay loam soils, respectively. For

mulched treatments, E becomes E and is defined as:
E 2 E X o ittt i v tsanasontaanornonrsntonennnas e e e (10)
where E is actual evaporation under mulched conditions and r

iz the ratio of the non-muliched area to the total area. Thus

the actual evapotransgpiration (ET ) under mulch becomes:

The root growth and its downward penetration into the root

zone is calculated by:
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RT = BR + RDPTH (RTMX ~ BR) . ... ittt it iieeeeinnns (12)

t

where RT is present root depth, BR, is initial root depth, RTMX

0Sl

is final root zone depth, and RDPTH is the ratio of the numbe

Dep

of days since emergence to the date of final root depth.

Deep percolation, DP, is determined from the soil wate

f Thesis

budget eguation whenever soil moisture content exceeds field

capacity.

enter o

Transpiraticon water ratio, TWR, as defined by the ratio ofQ

L] B I

the actual transpiration to the total water supply, 'I‘SW,%
©

indicates the efficiency of the water consumed by plantsg
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season.

The water yield index, WYI, defined as:

Wwhere MYP (model vield percent) is the percent of the predicted
vield to the maximum vyield. WY! serves as an indicator of the
appropriateness and efficiency of the irrigation schedule under

consideration.
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A4—RESULTS AND DISCUSSION

4.1 YIELD

Tables 2 and 3 show vield (t/ha), fruit number/middle
twelve plants, and average fruit weight (gm/fruit) for each
plot for the two seasons, respectively.

Yields averaged 19.4, 21.6. and 22.0 t/ha for T1, T2, and
T3 treatments, respectively, in the winter season while it
averaged 8.6, 7.4, and 7.6 t/ha, respectively in the spring
season. |

Fruit number for the middle twelve plants averaged 135,
146, and 141 fruits in the winter season compared to 355, 48,
and 49 fruits in the spring season for the three respective
treatments. |

As a result, the average fruit weight was 116, 128, and
123 gm/fruit and 106, 113, and 109 gm/fruit for the three
treatments in the two respective seasons.

In addition to the above, yield was analyzed in respect to
weekly picks (tables 4 and 5). The yield of the winter season
was obtained in a total of six-week picks in comparison to a
three~week picks for the spring season. It could be noticed
that during the winter season the yield increased during the
2nd week then declined in the 3rd week, increased again in the
4th week, then declined in the Sth and 6th weeks. On the other
hand yield of the spring geason declined from the ist till the

Jrd week.
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Table (2): Yield, fruits number, and average fruit weight of
gsquagsh planted under drip irrigation and black mulch,
in the Jordan Valley (December 8, 1985 - April 1,

1986) .
]
| +
| Parameter
| |
l |
[ | Fruit No. Average
| | ¥Yield / middle fruit wt.
Treatment | Block | (t/ha) 12 plants {gm/fruit)
1 |
30 kPa | Bl } 14.7 128 83
T1 | B2 [ 19.4 149 94
{ B3 | 21.6 129 120
{ B4 [ 21.8 132 165
] | *
| AVG | 19.4a 135a ll6a
] |
50 kPa | Bl | 14.3 106 97
T2 1 B2 | 23.4 168 100
| B3 [ 22.5 158 142
| B4 | 26.2 153 171
] l
| AVG } 21.6a l46a 128a
— ] | ;
80 kPa | Bl l 27.6 167 119
T3 | B2 | 21.3 158 97
| B3 i 17.6 111 158
| B4 I 21.4 129 119
| |
| AVG i 22.0a l4la 123a
| }
¥ Test | | ns ns ns

+ All values were based on the average of the middle 12 plants.
* Along each column, values followed by the same letter are not
significantly different at the 5% level, according to DMRT.
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Table (3): Yield, fruit number, and average fruit weight of
squash planted under drip irrigation and black mulch,
in the Jordan Valley (April 15 — June 13, 1986).

|
| +
! Parameter
1 [
| |
] [ Fruit No. Average
] | Yield / middle fruit wt.
Treatment | Block t {t/ha} 12 plants (om/fruit)
— | |
30 kPa i Bl [ 11.9 62 122
T I~ B2 | 6.9 49 100
I B3 ! B.5 56 103
| B4 | 7.0 51 Q9
{ [ *
| AVG I 8.6a 55a 106a
L { |
50 kPa | Bi ] 6.7 4] 118
T2 | B2 ] 10.9 70 112
| B3 i 5.2 40 94
| B4 [ 6.9 39 127
| |
I AVG ] 7.4a 48a 113a
. t i
80 kPa | Bt } 11.4 63 130
T3 | B2 | 9.3 62 108
i B3 [ 5.2 37 101
i B4 ] 4.4 33 95
| |
I AVG | 7.6a 49a 109a
| }
F Test i [ ns ns ns

+ All values were based on the average of the middle 12 plants.
‘* Along sach column, values followed by the same letter are not
significantly different at the 5% level, according to DMRT.
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Table (4): Squash weekly vield (t/ha) obtained during the winter

sSeason.
‘| |
| 1 +
t | YIELD
t I (t/ha)
Treatment} Block| 1st wk 2nd wk 3rd wk 4th wk 5th wk 6th wk
- t |
30 kPa ! BL | 2.7 2.2 2.2 3.4 1.5 2.7
T1 | B2 1 2.4 4.4 2.7 5.4 1.5 3.0
I B3 1 0.5 10.3 2.2 4.4 2.8 1.4
| B4 1 0.8 9.2 2.4 4.4 2.9 2.2
| | *
| AVG | 1.6a 6.6a 2.4a 4.4a 2.2a 2.3a
| !
50 K Pa t BL 1 2.8 2.0 2.2 3.3 2.4 1.7
T2 i B2 | 3.0 6.5 3.8 4.7 2.7 2.7
! B3 | 1.0 6.6 4.8 4.9 2.4 2.8
i B4 | 0.7 10.3 3.5 6.5 2.6 2.7
! l
| AVG | 1.9a 6.4a 3.5a 4.8a 2.5a 2.5a
: | |
80 k Pa | BL | 6.0 5.8 3.7 6.9 2.3 2.8
T3 1 B2 1 3.7 5.4 2.7 4,2 2.7 2.7
| B3 | 0.8 7.6 2.8 3.5 1.6 1.4
| B4 t+ 1.3 9.4 2.6 4.3 1.9 1.9
| ’
| AVG | 2.9a 7.0a 2.9a 4.7a 2.1a 2.2a
| t
F Test [ i ns ns ns ns ns ns

+ 18t week: Feb 18 - Feb 24.
2nd week: Feb 25 — March 3.
3rd week: March 4 - March 10,
4th week: March 11 - March 17.
5th week: March 18 - March 24.
6th Week: March 25 -~ April 1.
* Along each column, values followed by the same letter are not
gignificantly different at the 5% level, according te DMRT.
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Table (5): Squash weekly yvield (t/ha) obtained during the spring

S£430n0N.
] [
[ | +
| | YIELD
| | (t/ha)
Treatment! Blockl 1t week 2nd week Ird week
- | |
30 kPa ! Bl | 5.3 5.0 1.5
Ti i B2 [ 2.4 2.7 1.7
i B3 | 3.1 3.5 1.9
| B4 | 3.8 1.8 1.5
! | *
I AVG | 3.6a 3.3a 1.7a
_ | ]

50 k Pa t BL | 2.2 3.2 1.3
T2 | B2 | 4.5 4.7 1.8
) I B3 | 1.9 1.6 1.7

| B4 | 3.6 1.7 1.6

| 1

I AVG | 3.0a 2.8a 1.6a
! 1

80 k Pa i Bl | 4.6 4.9 1.9

T3 I B2 | 3.5 3.4 2.4
i B3 | 2.4 1.8 0.9
i1 B4 | 1.8 1.5 1.1
| |
{ AVG | 3.1a 2.9a 1.6a
I |

F Test t 1 ns ns nsg

+ 1st week: May 22 - May 28B.
2nd week: May 29 - June 4.
3rd week: June 5 - June 13,

* Along each column, values followed by the same letter are not
gignificantly different at the 5% level, according to DMRT.
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Mean separation using the Duncan~Multiple-Range-Test
(DMRT) showed no significant differences between the three

treatments in each season for all yield parameters measured,

Deposit

Germination dates for the winter and spring seasons were

on December 14 and April 19, respectively: flowering dates were

SO

on February 4 and May 15, respectively; first picks were o

f Th

February 18 and May 25, respectively; and last picks were on©O
April 1 and June 13, for the two respective seasons, for the%%
three treatments.

-C

The sevetre drop in the quantity of vield and quality in

an

the spring season compared to the winter. seascon maybeE%
attributed te the following two major reasons: ©
First, predominance of male flowers over female flowers wa&%?
noticed in the spring season. The winter season wittnessed an_g
opposite situation where female flowers predominated the maleég

y—
flowers. High temperature increases the dominance of malegi

@

flowers over female flowers. This physiological behavior wass=

b

reported to be a result of hiéh temperature and long days;f
{Thompson and Kelly, 1983). Also, plastic mulch increased daygg
time temperature, thus contributing in increasing male flowers.
Secondly, the high incidence of virus digseases affected the

vield of the spring season.

All Rights Reser

4.2 ROOT GROWTH & DISTRIBUTION

Average mass (oven-dry at 70 °C), wvertical (tap and

secondary), and horizontal lengths of squash roots planted for
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the two seasons are shown in tables 6 and 7. Root weight
averaged 3.2, 3.4, and 3.6 gm/plant for the treatments Ti, T2,
and T3 respectively for the first season and 3.9, 3.7, and 3.0
gm/plant for the sgecond season for the three treatments
respectively. No significant differences were detected for the
two seasons. No significant differences in the wvertical (tap
and secondary) root penetration were detected between the three
treatmenta for the two seasons. Vertical roots did not exceed
25 cm except in some plots corresponding to the T3 treatment in
the first season. This agrees to a certain extent with the
agssumption made previously for the irrigation scheduling
purposes. In the second season, vertical roots exceeded the 25
cm depth in almost all the treatments. This justified the
change made in the application of irrigation water especially
during the last 10-14 days of the season.

Although the horizontal roots did not show any significant
differences for the three treatments for both seasons, vyet
congiderable increase in horizontal roots was noticed for the
second season. The lengths averaged 63.5, 59.4, and 59.7 c¢cm for
Tl, T2, and T3 treatments respectively for the first season,
while for the second season they averaged 92.8; 4.8, and 85.0
cm or the three treatments, respectively. While these results
seem to agree theoretically with the assumption made that 100%
of the area under drip irrigation was wetted because the
spacing between rows is 1.2 m and the lateral root length

(diameter) exceeds 120 cm, vet it was noticed that the
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Table (6): Average root welght, wvertical (tap and secondary),
and horizontal lengths of sguash planted under

drip irrigation and black mulch, in the Jordan Valley

(December 8, 1985 —~ April 1, 1986).

] |
[ i +
| | Parameter
| i [ i l
| | | ! |
] I ] I Secondary! Horizontal
} l Root Wt. | Tap Rootsl| Roots | Roots
Treatment! Block! (gm/plant) | (cm) | {cm) I {cm)
— | ! - i | |
30 kPa 1 BL | 3.6 { 18.0 [ 26.1 | 74 .8
T1 I B2 | 2.5 i 25.3 I 24.5 | 68.0
' | B3 | 3.7 | 17.5 I 25.5 [ 48.3
| B4 i 2.9 ! 22.5 | 29.0 | 63,3
[ | * | | I
| AVG ] 3.2a | 20.8la | 26 .3a | 63.5a
| i | | i
50 k Pa | B1L i 2.4 t 18.0 | 18.8 ! 64.5
T2 I B2 | 3.7 [ 22.0 | 24.0 ! 74.3
| B3 | 4.1 | 14.0 1 24.0 | 49 .3
i1 B4 | 3.5 | 16.8 1 27.5 I 49 .5
] | | ] ]
| AVG | 3.4a [ 17.7a | 23.6a | 59.4a
] [ | I |
80 X Pa | Bl | 3.3 [ 24.0 l 27.0 | 26.8
T3 | B2 | 3.0 [ 22.5 | 31.0 [ 70.5
! B3 | 3.5 | 15.0 [ 27.0 I 65.8
i B4 | 4.6 ] 11.8 | 23.0 [ 45.8
i I ] | ]
I AVG | 3.6a i 16.3a | 27.0a 1 59.7a
; | } | ]
F Test t | ns ! ns | ns 1 ns

+ Every value represents the average of two samples from each
plot. :

# Horizontal length = distance from tap root horizontally to
end of roots (average of both sides) .

* Along each column, values followed by the same letter are not
significantly different at the 5% level, according to DMRT.

#

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table (7)}: Average root weight, vertical (tap and secondary),
and horizontal lengths of squash planted under
drip irrigation and black mulch, in the Jordan Valley
(April 15 - June 13, 1886).

| [
[ [ +
[ 1 Parameter
| i [ | |
] I | i } #
i I I | Secondary| Horizontal
[ | Root Wt., ! Tap Rootsl Roots | Roots
Treatment| Blockil (gm/plant)! (cm) | {cm) ] (cm)
] } | ] l
30 X Pa i Bl | 4.3 [ 21.5 [ 27.5 [ 90.8
T1 I B2 | 3.2 ] 22.3 [ 24.8 [ 93.0
| B3 1 5.2 | 21.5 | 26.0 [ 110.0
I B4 i 2.8 i 22.8 | 26.0 | 77.3
| | * | [ ]
| AVG i 3.9a | 22.0a ] 26.1a ] 92.8a
~ [ } | | |
50 KPa | Bl | 3.2 1 24.5 } 28.5 I 80.5
T2 ] B2 | 4.9 ] 24.5 f 28.5 [ 121.3
! B3 | 4.1 | 30.0 [ 34.3 | 108.3
| B4 1 2.8 ; 17.8 | 24.7 1 €8.6
| I | 1 t
| AVG | 3.7a | 24.2a | 20.0a | 94.6a
| | ] [ |
80 kPa I Bt | 3.4 ! 31.5 | 36.0 ! 84.8
T3 | B2 | 3.4 | 25.5 | 36.0 i 97.0
| B3 | 2.4 f 18.0 | 29.5 ! 62.8
1 B4 | 2.9 [ 19.8 | 24,0 } 85.6
i } [ - | }
I AVG | 3.0a ] 23.7a | 31.4a | 85.0a
| [ { | |
F Test I 1 ns | ns | ns [ ns

+ Every value represents the average of two samples from each
plot.,

# Horizontal length = distance from tap root horizontally to
end of roots (average of both sides).

*¥ Along each column, values followed by the same letter are not
significantly different at the 5% level, according to DMRT.
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horizontal roots did not extend laterally between the rows but
it extended laterally along the row and under the mulch. This
was noticed during the first season because of high rainfall%§
amount during January and February which prevented the 1atera1é§
root extension outside the mulch. In the second season 1atera1'§
roots extended outside the mulch supporting the assumptions ofﬁz
Hawatmeh and Battikhi (1983) and agreeing with the results of
Battikhi and Ghawi (1986a) .

Root growth i3 mainly affected by environmental and

genetic factors (Kramer, 1969). The main environmental factors

Jordan - Center of

are soil moisture, so0il temperature, so0il aeration, salt

f

concentration, and pH. The major attention was focused on the ©

ty

effect of =20il moisture, a rather crucial factor, which is soil’

vers

temperature was overlooked. Kramer (196%) reported that root.
growth could often limited or stopped by low temperatures. He
also reported that optimum so0il temperature varied with

gspecies, gtage of development, and oxygen supply, but it would

Library of Un

probably be about 20 to 25 °C for most species. Black plastic
mulch increase goil temperature over the non-mulched portion of

the experimental plot, and the rise in temperature provides

o]

All Rights Reserved

more suitable environment for root growth., This could explain
why most of the lateral roots were under the mulched area
during the winter 3season. On the other hand, high soil
temperatures would increase the rate of root growth. This could
probably explain the noticeable differences in lateral and

vertical roots between the winter and spring seasons.
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4.3 WATER REQUIREMENTS

Water applied by irrigation for the three treatments T1,
T2, and T3 for the two seasons igs given in Tables 8 and 9 (more
details on the dates of irrigation can be found in appendices 1
and 2).

Mean geparation uging DMRT revealed gignificant
differences at the 5 % 1level in the number of irrigations
between the three treatments, for the two seasons. On the other
hand, no significant differences were found in the amounts of
applied irrigation water between the three treatments, for the
two seasons.

During the winter seagon an average of 10.5, 6.25, and
7.25 irrigations were needed to supply an average irrigation
water of 9.64, 5.63, and 10.91 ¢m, for T1, T2, and T3,
regpectively. The number of irrigations in the case of Tl were
significantly different from thaf of T3, while there was no
significant difference between the number of irrigations in T1
and T2 on one side, and T2 and T3 on the other side.

On the other hand, during the spring season un average of
13.0, 9.0, and 7.5 irrigations were needed to supply an average
of 21,54, 17.14, and 18.02 cm, for the three treatments,
respectively. The number of irrigations in the case of Tl was
significantly different from that of T2 and T3. No significant

differences were detected between T2 and T3.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table (8): Monthly and seasonal irrigation depths (cm) and number
of irrigations for treatments T1l, T2, and T3 during
the winter season.

T, IRRIGATIONS oo iivnireerivinnennnnns
t ot
| December January February March Total g
i | | ! b
| t l. ! { o
Treatment | No. Depthl No. Depthl| No. Depthl| No. Depthl No. Depté%
I ! | : ! .
| l | | I ]
Block [ (cm) | (cm) | (cm) | (cm) | (cm) =
l 1 | | t =
_ | | | | l B
30 X Pa, Tit | | 1 l
| l | 1 t 39
B1 | 1 1.331 3 2.59 1 1 1.501 S 5.97 | 10 11.3%;
B2 |l 1 1.33 1 3 2.48 1 1 1,501 S 5.79 + 10 11.1Q
B3 | 1 1.33 1 3 2.28 1 1 1.50 1 9 4.47 | 14 9.58
B4 | 1 1.33 1 3 1.181 1 1.33 1 3 2.64 1t 8 6.48
| I | | b * =
AVG | | | ] 110.50a 9.6
| | | 1 b ﬁ?
_ | | | 1 f 5
50 k Pa, T2I | | | t >
‘ t | | 1 t =
B1 b1 1.33 1 3 1.92 1 1 1.0 1 3 2.77 | 8 7.5é§
B2 | 1 1.33 1 2 1.85 1 1 1.0 1 4 5.04t 8 9.7
B3 I 1 1.33t+ 3 2.67 1 1 1.50 1 7 2.99 | 12 8.4F
B4 I 1 1.33 1 3 1.99 | | 5 9.46 t 9 12.7D
| l | 1 | Y—
AVG 1 l | 1 | 9.25ab 9.5%&
| } [ i I S
- | | | 1 | o
80 kPa, T3l | | a i 0
| | | ! i -
Bl | 1 1.33 1 3 1.99 | 1 3.041 4 8.3811 9 14.7%3
B2 | 1 1.33 1 3 1.81 | ] 3 6.33t 7 9.4
B3 | 1 1.33 1 2 2.2%1 1 1.501 3 3.501 7 B.58.
B4 |l 1 1.33 1 1 0.8 ( 1 1.0 1 3 7.45! 6 10.8
t | I 1 [
AVG i | | | | 7.25b 10.98a
! | | 1 t 2
| o)
F-test I ns NSy
LSD —
0.05 <

* Along each column, values followed by the game letter are not
gignificantly different at the 5% level, according to DMRT.
** Gignificant difference at P= .05,
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Table (9): Monthly and seasonal irrigation depths (c¢m) and number

of irrigations for treatments Tl, T2, and T3 during
the spring season.

L e e TRRIGATIONS oo vvr s seerennnnnes “—
| ‘D
| April May June Total g;
| | | [
| l | l o
Treatment | No. Depth! No. Depthl No. Depthl No. Depth -
[ | | 1 @
1 1 | | =
Block 1 (cm) | (cm) | {cm) | (em)
i ] l | o
I | t l
30 kPa, Tt | u l E
| l 1 | )
Bi | 2 2.66 ! 6 12.5% | S5 9,85 | 13 25.07 O
B2 l 2 2.661 9 9,24 | 5 7.89 | 13 19.79 !
B3 1 2 2.66 1 812.37t 9 6.92 | 15 21.95 §
B4 | 2 2,66 1 4 7.5t 3 9.09 1 11 19.31 O
1 ] t |
AVG | | 1 | 13.00a 21.54a§
| | [ t o)
_ | 1 | a >
50 kPa, T2I | | ! B
| t | 1 5
B1 t 2 2.66 1 4 9.98 1 3 6.39 1 9 19.01 >
B2 | 2 2,661 S5 7.55 1 3 6.2 1 10 16.39 C
B3 1 2 2,661 3 4.60t 3 5.67 | 8 12.93 2D
B4 1 2 2.66 | 4 10.62 1t 4 6.96 | 9 20.24 5
1 | i | g
AVG 1 | I | 9.00p 17.14a§
| | 1 i =
— | | 1 | =
80 kPa, T3I I | | .
l [ l 1
Bl | 2 2.66 1 411.30t 2 5.49 | 8 19.45 8
B2 | 2 2.66 | 4 11.78 t 2 6.09 | 8 20.53 o
B3 1 2 2.66 1 3 7.10 1 2 5.58 | 7 15.34 g
B4 | 2 2,66 1 3 7.831 2 6.25 | 7 16.74
1 | | l
AVG ! | ! i 7.50p 18.02a%
| | | ! e)
* X
F-test I ns —
|
LSD | 2.0 . <
0.05 |

* Along each column, values followed by the same letter are not
significantly different at the 5% level, according to DMRT.
,05.

"% GSignificant difference at P=
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Total actual evapotranspiration, ET, during the growing
season was calculated based on soil moisture depletion between
irrigations. Depletions were based on the difference in neutron
probe readings 3 hours after irrigation and Dbefore next
irrigation. Depletions along the top 45 cm were considered as
crop water consumption.

The s0il water budget eguation was uged as:

ET = I + R 4+ DS = DP ittt ts i tennvsmrrreneeettsaaanssinanans (14)

where I is irrigation (cm), R is effective rainfall (cm)
calculated in accordance to Doorenbos and Pruitt method (1973),
DS is the change in soil moisture content (cm) cailculated as
the amount of water needed to restore the zone of depletion at
the end of the season back to field capacity, and DP 1s deep
percolation (cm) estimated as TSW - ET, where TSW (total supply
of water) =1 + R + DS.

Water application efficiency; WAE, and irrigation water

use efficiency, WUE, were also calculated. These are defined

as:
ET
AWE = ™ 3 e et i a e e e et i e i b A e ey (13}
TSW
Y

CWUE (L/ha/Cm) = T ittt a s e e {(16)
) ET
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The results of the s0il moisture budget parameters, WAE,
and WUE for the three treatments, for the winter and spring
seasons are presented in Tables 10 and 11.

The results of the winter season did not show any
gsignificant differences in all so0il moisture budget parameters
determined for the three treatments, Also, no significant
differences were found in water application efficiency (WAE)
and water use efficiency (WUE) between the three treatments.

The results of the spring season showed no gignificant
differences between the three treatments in respect to all
measured soil moisture budget parameters, except for deep
percolation losses which showed significant differences between
Tl and T2, and Tl and T3, No significant differences were found
in deep percolation losses between T2 and T3. Neither water
application efficiency (WAE) nor water use efficiency (WUE)
showed any gsignificant differences between the three
treatments.

It is worth mentioning thatlthe first block in the (first
treatment was overestimated ET. Upon root excavations, gravelly
layer was noticed at a depth of approximately 20 c¢m. So, this
explaing why too much water was supplied to that block. The ET
value presented in table 11 for that plot is a recalculated
value determined by substracting the overestimated ET
throughout the growing season. This value was in turn
considered as deep percolation. This would probably explain the

gignificant difference in deep percolation detected in the
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Table (10): Soil moisture budget parameters for squash grown in the
Jordan Valley under three different irrigation schedules
(30 kPa, T1l, 50 XPa, T2, and BO kPa, T3} during the
winter season 1985-1986. —
‘D
: | g;
} [ +
i | Parameter Ga
f | [ I § ! ] | .
i I l ! ! ] | t 8
| [ | t a 1 | # | WU%E
! [ | DS  TSW t DP | ET | WAE 1(t/ha_
Treatment! Block!| {(cm) I(cm) t (cm) t (em) | (em) | (%} |t /em)©O
g ] [ [ ! | ) 1 ]
30 kPa | Bl | 11.39 11.56 | 19.45 4+ 3.41 1 16.04 | 82.5 | 0.92@
Ti | B2 | 11.10 11.68 i 19.28 t 6,01 | 10,27 | 53.3 ! 1.895
I B3 1 9.58 10.95 ! 17.03 1 4.61 1 12.42 | 72.9 | 1.74
I B4 | 6.48 12.90 1 15.88 | 3.47 1 12.41 | 78.2 | 1.76%
i [ | { | [ | ]
P AVG I 9.64a 11.77al 17.91lal 5.13al 12.7%al 71.7al 1.5958®
] | l 1 | 1 | | d:;
50 X Pa { BL | 7.52 12.67 | 16.69 | 1.72 |1 14.97 | 89.7 | 0.96_ °
T2 | B2 {! 9,72 11.12 1 17.34 |1 6.10 | 11.24 | 64.8 | 2.080
| B3 t B8.49 10.85 | 15.84 | 6.53 | 9.31 i 38.8 | 2.41>
| B4 1 12.78 t1.60 1 20.88 | 5.40 | 15.48 | 74.1 | 1.69p
] | I ] | [ | ]
| AVG | 9.63a t1.56al 17.6%al 4.94al 12.75al 71.9al 1.79&
| ! l | [ | [ | —
B0 kPa | B1 | 14.71 12.47 | 23.68 | 6.45 | 17.23 | 72.8 | 1.60°
T3 | B2 i 9.47 13.22 | 19.19 | 8.04 | 11.15 | 58.1 | 1.9r5
| B3 1 8.58 11.30 | 16.28 | 8.94 | 7.44 | 45.4 | 2.49>N
| B4 1 10.86 12.67 | 20.03 | 6.08 | 13.95 |t 69.7 | 1.535
| | ] | [ | ] I
| AVG | 10.91a 12.42al 19.82al 7.38at 12.44al 61.5at 1.8
| ! i | | I i t
F Teat | ] ns i ns | ng | ng | ng | ns | ns
+ 1 = irrigation: DS = soil moisture change; TS5W = I + R + DS;

* 3= @

DP = deep percolation; DP = TSW - ET.
Effective rainfall used in TSW = 6.5 cm.
WAE = 100 x ET/TSW and WUE = Yield/ET.
Along each column,
significantly different at the 5% level,

values followed by the same letter are not

according to DMRT.
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Table (11): Soil moisture budget parameters for squash grown in the
Jordan Valley under three different irrigation schedules
{30 kPa, Ti1, 50k Pa, T2, and 80 kPa, T3) during the
spring season 1586. -
‘D
! I )
! | + o
| I Parameter ()
! | I t t ! | | 2
| | 1 I I | | I ]
| | I ¢ @ ! 1 i # | WUEC
] |1 I DS t TSW ' DP 1 ET | WAE |(t/hd—
Treatment! Block| (cm) l(em) t (cm) ! (em) | (em) 1 (%) | /em)D
! [ [ ! ! | ] |
30 kPa { B1 | 25.07 11.62 1 28.00 112.66 | 15.34 | 54.8 | 0.78§§
T1 i B2 | 19.79 11.62 1 22.72 1 8.55 | 14.17 | 62.4 | 0.48%
] B3 t 21.95 t1.00 | 24.26 | 7.86 | 16.40 | 67.6 1 0.300)
1 B4 | 19.31 0.40 | 21.02 | 6.22 | 14.80 | 70.0 1 0.48,
A | i | I I I ]
| AVG ! 21.53a 11.16al 24.00al 8.82al 15.18at 63.7al 0.56@
| | { I I t [ | =
50 kPa |l BT 1 19.01 11.82 | 22.14 | 6,69 | 15.45 | 69.8 | 0.44%
T2 t B2 1 16.39 11.54 | 19.24 | 5.74 1 13.50 1 70.2 | 0,955
! B3 | 12.93 11.22 { 15.46 | 5.67 1 9.79 1 63.3 | 0.335
i B4 | 20.24 11.72 | 23.27 t+ 6.08 1 17,19 1 73.9 | 0.4&5
| [ 1 I t i i [
! AVG | 17.14a 11.58at 20.03ajl 6.05b! 13.98al 69.3al O.SBE
1 I I ( f ! j | =
80 kPa | B1 | 19.45 11.43 | 22.19 { 6.09 1 16.10 1 72.6 | 0.7155
T3 ] B2 t 20.53 11.60 ! 23.44 { 5,56 | 17.88 1 76.3 | 0.53=
] B3 P 15.34 [1.38 | 18.03 { 6.72 1 11.31 1 62.7 | 0.480
i B4 | 16.74 11,62 {1 19.67 { 5.07 1 14.60 | 74.2 | 0.30;;
| | | i | i ] ] —
| AVG | 18.02a t1.51al 20.83al 5.86bl 14.97al 71.5al 0.5i&
| | | | { I I I —
F Tegt 1 I ns I ng | ng 1 k% | ngs | ns8 1| ns !
| | | 1 1 | 1 | ko)
LSD [ } - o= ] —— | 2.56 | —_—  —-— ] .= >
0.05 | I [ | | 1 I I o)
QD
x
+ I = irrigation: DS = soil moisture change; TSW = I + R + DS; 2
DP = deep percolation; ET = TSW - DP. %%
@ Effective rainfall used in TSW = 1.31 cm. =
# WAE = 100 x ET/TSW and WUE = Yield/ET. id
* Along each column, values followed by the same latter are not <:E

significantly different at the 5% level, according to DMRT.

** Significant difference at P= .05
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spring season.

Figures 5 and 6 show cumulative water consumption by
squash during the winter and spring seasons, respectively. No
gignificant differences were found between the treatments for
all growth stages for both seasons. The figures show the
differences between water consumption during the season. During
the winter season low water consumption occured during early
months of growth with almost half of the consumption occurring
in March. This is a natural result of the low temperatures
during January and February which delayed the plant growth and
development. The spring season results show the effect of high
temperature on a greater water consumption accumulation
accompanied by the early and rapid growth.

The climatic data during the two seasons and potential
evapotranspiration for a reference crop (EE}} as determined by
the modified Penman method are given in Tables 12 and 13
(Appendix 3 show daily climatic data for both seasons). The
transpiration crop coefficient curve for squash in the Jordan
Valley as developed by Battikhi and Hill (1986a) is given in

Figure 7. The maximum wvalue of K__ was estimated as Dbeing 5

ct
percent less than the maximum basal crop coefficient, KEE
equals zero hefore emergence and K_ is always greater or equal
S

to 0.08 (Wright, 1982).
UUsing the transpiration crop coefficient curve, expected
squash evapotranspiration under mulch, ET P ., was calculated

3 m
ag:
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Table (12): Average monthly solar radiation, minimum and
maximum temperature, rainfall, wind run, class
A pan evaporation and potential evapotranspiration
for the University of Jordan Research Station,
Jordan Valley (December 8, 1985 - April 1, 1686).

{ t [ I I
I I Temp . | [ ! [ +
| Solar | (°C). [ Raini Wind I | E
I Rad. | | I falll Run I E panl tr
Month | (1/d) | min. | max.! (cm) ! (Km/day) | (cm) | (cm)
[ i ! | | | |
| I [ { i | |
# | t ) [ [ I |
Dec I 209.9 1 11.91 21.61 2.2 60.1 | 6.5 | 5.31
Jan I 215.2 1 9.61 20.21 3.5 70.2 | 9.2 | 6.12
Feb Il 272.4 1 10.31 21.31 7.5] 78.3 | 8.9 | 7.44
March { 350.9 t 13.4| 26.21 0.7 81.3 | 17.7 | 11.30
April | 331.7 | 15.0! 25.21 0.4 81.0 | 0.4 | 0.41
! [ [ ! I I [
* i |
Total Seasonal I 42.7 | 30.58
| }

+ Modified Penman method (a = 1.1, b = -0.1, a =0.39, b =
=.05, w = 1.00, w = 0.01)(Hill et al. 1983) .
1 2 )
# Dec. 8-31.

¥ Until April 1.
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Table (13): Average monthly solar radiation, minimum and
maximum temperature, rainfall, wind run, class
A pan evaporation and potential evapotranspiration
for the University of Jordan Research Station,
Jordan Valley (April 15, 1986 — June 13, 1986).

| i [ [ |
[ | Temp . [ | [ [ +
| Solar | (°C). | Rain) Wind 1 [ E
i Rad. | i falll Run | E panl tr
Month | (1/d) | min. max.! {(cm) | (km/day)! (cm} | (cm)
] [ | [ | [
[ i [ ! [ [
# | [ [ ! [ [
April | 439.3 4§ 18.7 33.10 0.0} 126.1 1 14.6 | 7.82
May | 466.0 | 17.7 31.6! 1.91 115.7 b25.1 1 14.38
June t 510.7 | 22.7 38.31 0.01 128.2 | 15.4 | 7.04
| I } | | i
* [ [
Total Seasonal | S4.1 | 29.24
! !

+ Modified Penman method (a = 1.1, b = -0.1, al = 0.39, bl =
-.05, wl = 1.00, w2 = 0.01}{Hill et al. 1983).
# April 15-30.

* Until June 13.
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ETP =TP+ 1/6 xEP ...t (17)
qm q d

where: T P = expected actual transpiration of squash.
q

E P = expected actual evaporation.
a

1/6 is the field ratio of unmulched to total area (only 17 % of

the total surface area is exposed to evaporation).

TP and E P were calculated as:

G q

TP =K DY D -7 (18)
qd ct tr

EP = (1-K ) X E . ittt sisenrestnsonnnns (19)
q ct tr

where K ig the crop transpiration coefficient.

ct
Also the K values were determined for each treatment as
c
agiven by:
K = (ETP x 1.18) / E .. ininranssnsrsiasannes (20)
c qm tr

A factor of 1.15 is uged to convert EE}_(alfalfa} to E __ or ETP
tr

(clipped grass); and actual or measured K . (ak ) values of the
c C '

actual field experiment, defined as:

aK = (ET %X 1.15) / B ot aneeatssasansersasess (21)
C tr
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where ET, is the actual evapotranspiration as measured by the
neutron probe.

The results for the winter growing season were as follows:
30.58 cm for potential evapotranspiration of alfalfa Dby
modified Penman, 2.39 cm for expected actual evaporation under
mulch, 16.49 cm for expected actual transpiration of squash,
and 18.88 c¢cm for expected actual evapotranspiration under
mulch. On the other hand, the spring growing season results
were: 29.24 cm for potential evapotransgpiration of alfalfa,
2.67 cm for expected actual evaporation under mulch, 13.52 cm
for expected actual transpiration of sgquash under mulch, and
16 .19 cm for expected actual evapotranspiration under mulch. It
js worth mentioning that the actual potential ET of grass as
determined by a lysimeter study at the University of Jordan
Research Station (Shatanawi et al., 1986) during the winter
growing season was 27.78 cm., On the other hand, lysimeter
actual potential ET of grass was 19.83 cm during the spring
growing season (Personal communication, Dept of Soils &
Irrigation, University of Jordan).

The Kc values obtained for all treatments were 0.71 and
0.64 for the winter and spring seasons, respectively. Actual or

field determined K (aK_) values are presented in table 14,

c 4

The results indicate that plants were not provided with
their seasonal! water regquirements during the winter season.
Treatments T1, T2, and T3 were provided with an average of

17.91, 17.69, and 19.82 cm (TSW), respectively, from which they
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Table (14): Actual field obtained crop coefficents for sguash
grown under black mulch and drip irrigation in the
Jordan Valley for the winter season, 1985-1986,
and spring season, 1986, for the treatments T1,
30 kxPa, T2, S0 kPa, and T3, 80 kPa.

[

! aK [

l c [

[ [ |

I | Season [

] ] ! [

Treatment | Bleck | Winter | Spring |
| I 1 |

30 kPa | Bl | 0.60 ] 0.60 I
T1 | B2 | 0.39 | 0.56 |
i B3 | 0.47 | 0.65 [

i B4 ] 0.47 | 0.58 [

| | * | I

| AVG | 0.48a | 0.60a |

[ [ I [

50 kPa | Bl [ 0.56 | 0.61 1
T2 | B2 [ 0.42 | 0.53 |
{ B3 | 0,35 ! 0,39 i

| B4 ! 0.58 t 0.68 f

[ | [ 1

| AVG [ 0.48a | 0.55a |

1 [ j I

80 kPa i Bl i 0.65 t 0.63 [
T3 I B2 ! 0.42 [ 0.70 [
| B3 } 0.28 [ 0.45 |

| B4 [ 0.53 [ 0.57 [

[ [ ! |

i RAVG | 0.47a | 0.59a |

}

F Test ns ns [

* Along each column, values followed by the
same letter are not significantly different
at the 5% level, according to DMRT,
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consumed an average of 12.79, 12.75, and 12,44 c¢m, respectively
(Table 10). Their seasonal expected water requirement was 18.8
cm. It seems that the TSW was sufficient to meet the crop
requirements, but unfortunately the scheduling was not guitable
for providing the plants with their needs at the time needed.

On the other hand, during the spring season the plants
were provided with an average of 24.00, 20.03, and 20.83 (TSW)
for the three respective treatments, from which they consumed
an average of 15.18, 13.98, and 14.97 c¢m. Their seasonal
expected water requirement was 16.19 cm. It seems that the
plants were supplied with sufficient water go as to obtain the
optimum yield, but other factors, such as disease incidentg and
the effect of temperature were more decisive in yield
determination.

The obtained results show that there were no significant
differences in almost all determined soil moisture parameters
during both winter and spring .seasons. The non-significant
results obtained during the winter season could be attributed
to the relatively short irrigation season. Rainfall contributed
in consideradbly high amounts, thus maintaining approximately
similar soil moisture tension level for the three treatments
during late December, January, and most of February.

Although there is no previous published work on the
irrigation scheduling of squash in the Jordan Valley, however
geveral studies were carried out on the irrigation scheduling

of other crops, mainly tomato. For example, El1-Zuraigi (1986)

University of Jordan - Center of Thesis Deposit




- K -

working on the irrigation scheduling of tomatoes under drip
ingide plastic houses found out that there were no significant
differences 1in total water applied, ET, deep percolatiop
logses, and water application efficiency bDbetween +two s0il
moisture tengion treatments (Tl = 30cb and T2 = 70cb). Battikhi
et al. (1985), also working on scheduling irrigation for
tomatoes under drip irrigation inside plastic houses 1in the
Jordan Valley found significant differences between total water
applied under three soil moisture tension treatments (Tl =

30cb, T2 = 50ch, and T3 = 70c¢ch).

4.4 ROQT DEPTH VS. SOIL MOISTURE DEPLETION

In an attempt to correlate root development with soil
moisture depletion under the three different treatments, root
samples were collected from plants near the border of the
different plots. Root samples were collected throughout the
spring season only. |

Figures 8, 9, and 10 show the general trend for each
treatment. Since neutron probe readings were taken at 15 cm
increments, the results obtained herein would reflect only the
depletion zone incremented by 15 cm. The obtained results
indicate that throughout the firat 25 days. most of the
depletion occured in the top 15 cm. Cumulative squash water
consumption (Figure 6) showed that relatively lower ET occured
during that period. With wvertical root development down the

g0il profile, depletion started to occur in the top 30 cm. By
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the end of the season some depletibn started in the 30-45 cm
layer. Time psriods through which soil moisture depletion
occured in the 30-45 cm were 5 days for Ti, 10 days for T2, and
around 15 days for T3. These results indicate that thé " higher
the soil moisture depletion, the more the root extraction from
lower soil layers. Amounts of depleted water in the 30-45 cm
layer were not high in comparison to the top 30 com laver.

Still, some depletion up to 15 c¢m depth below the root zone

might occur.

4.5 MODEL TEST & CALIBRATION

The crop vield and soil water management simulation model
(CRPSM) developed at Utah State University by Hill et al.
{1984a and 1984bh) and was modified lately by Battikhi and Hill
(1986a) for squash was tested wusing initial soil moisture
content, soil water characteristics curves, dates and amounts
of irrigation and squash phenological growth stages as
determined for the actual two field experiments. Table 15 shows
the model predicted yields versus actual obtained vyields, for
the winter and spring seasons.,

The model estimated yields were almost double the actual
vields obtained in the winter season, while it did not give
good estimate for crop vields of the spring season. As far as
the winter season is concerned, disagreement between the model
predicted yields and the actual yields is most 1likely due to

the fact that the model potential yield was 55 t/ha which was
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Table (15): Predicted yield by the Crop Yield and Sc¢il Water
Management Simulation Model developed by Battikhi
and Hill (1986a) for sguash in the Jordan Valley,
versus actual vield obtained from the field experim-
ents for the winter and spring seasons, respectively.
(Potential Yield = 535 t/ha)

| |

| | Season

| ) [ 1

I ] Winter [ 1 Spring

I | [ 1

| i Actual Predicted 11 Actual Predicted
I | [ 1

| i Yield Yield [ 1 Yield Yield

[ | |1

Treatment| Block! {(t/ha) (t/ha) [ 1 (t/ha) (t/ha)

| [ |1

| } |1
30 kPa | B1 | 14.7 47.1 [ 1 11.9 54.1
T1 | B2 | 19.6 a5.7 |1 6.9 53.3
| B3 | 21.6 36.5 I 1 8.5 55.0
| B4 | 21.8 32.0 11 7.0 52.7

| | 11

. [ t 1
50 kPa 1 Bl | 14.3 35.1 1 6.7 52.2
T2 I B2 | 23.4 40.0 11 10.9 52.2
| B3 | 22.5 35.1 11 5.2 25.9
| B4 | 26.2 46 .3 11 6.9 52.2

[ I 11

. | | i
80 x Pa I Bl | 27 .6 48.9 il 11.4 47 .6
T3 i B2 | 21.3 39.4 P 9.3 47 .6
i B3 | 17.6 34.2 i 5.2 38.7
! B4 | 21 .4 42.9 {1 4.4 42.4
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greater than any actual vield obtained. On the other hand, the
model did nct account for the disease incidents as well as the
physiological behaviour of the male flowers predominance in the
spring season.

The pattern search technique developed Dby Hill et al.
(1972) was wused to recalibrate the vield portion of the
program, so as to identify ﬁew lambdas, for de Wit equation and
potential yields which give the begt fit vyield for the two
seasons. The new sets of lambdas were 0.00, 1.30, 0.55, 0.79
and 0.00, 0.20, 2.00, 0.40 for the following growth stages:
planting to emergence, emergence to flowering, flowering to
first pick. and first pick to last pick., with a maximum field
attainable yields of 30 and 10 t/ha, for the two respective
seasons. An important issue worth mentioning 1is that actual
transpiration was equal to potential transpiration in the third
growing stage (flowering to first pick) for all plote in the
actual field experiment during the winter season, and that is
attributed to the high rainfall Iamounts during that period.
This fact means that the lambda given by the calibration
process, for that stage could have any value, not necessarily
0.55. Actual and potential transpiration were not c¢rucial
factors in yield prediction during that stage. The lambda
values obtained for the'winter season did not vary from thosge
developed by Battikhi and Hill (1986a), except for the
difference in the potential vield (the model was originally

calibrated by using results of sguash crop grown during
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February to May, 1984, while the results obtained here were for
a growing season staring in early December and ending in late
March), so the variation in expected potential vyield 1is
reasonable.

The higher the growth weighing factor (lambda) for a
certain growing stage, the lower its contribution towards
vield. The results obtained for +the winter season show the
lower influence of the second growing stage (emergence to
flowering) and lays more emphasis on the third (flowering to
first pick) and the fourth (first to last pick) growing stages
on yield determination. The spring season lamhda values
emphagize on the second and fourth growing stages in vyield
prediction.

Figures 11 and 12 show relative field yield (Y/Yp) wversus
relative model yield using the old and new lambdas for the
winter and gpring seasons, respectively.

The new lambdas for both winter and spring seasons were
placed in the squash subroutine of the CRPSM. Table 16 shows
the predicted yield versus the actual yield for the two seasons
using the new sets of lambdas.

It is worth mentioning that the first block for the T1
treatment, for the winter season and the third and fourth
blocks for the T3 treatment, for the spring season were removed
from the calibration, because they were not consistent with
what was given by other treatments and blocks and with what was

expected. This has an improved effect on lambda vaiues.
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Table (16): Actual vields wversus predicted yvields obtained by
the CRPSM using the new sets of lambdas. Lambdas
were 0.0, 1.30, 0.55, 0.79, and 0.0, 0.2, 2.0, 0.4,
for the winter and spring seasons, respectively.
Maximum attainable field yvields were 30 and 10
t/ha for the two respective seasons.
l ]
l | Seaszon
| } [ 1
[ ! Winter |1 Spring
[ ] |
| t Actual Predicted || Actual Predicted
] l i1
[ | Yield Yield |1 Yield Yield
| | 11
Treatment | Blockl (t/ha) (t/ha) 11 (t/ha) {t/ha)
] | t
i i | i
30 kPa 1 Bl | 14.7 * i 11.9 9.9
T1 i B2 | 19.6 25.0 1t 6.9 9.1
i B3 | 21.6 20.0 bl 8.5 10.0
i B4 | 21.8 17.8 [ 1 7.0 9.1
l 1 [ 1
. t ] [ 1
50 kPa I BlL | 14.3 19.3 I 1 6.7 8.5
T2 | B2 1 23.4 22.2 [ 1 10.9 9.0
| B3 | 22.5 19.3 [ 1 5.2 4.0
| B4 | 26.2 29.6 |1 6.9 9.5
| i [ 1
| ] |1
80 kPa | Bl ! 27.6 26.9 I 11.4 8.7
T3 | B2 | 21.3 21.8 11 9.3 8.7
I B3 | 17.6 19.1 |9 5.2
] B4 | 21.4 23.9 1] 4.4

* Thegse blocks were eliminated from the calibration because of
inconsistency between water use and yields.
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4.5.1 APPLICATION OF IRRIGATION SIMULATION MODEL

The calibrated model was used to simulate different
irrigation schedules for each season, using the different water
management options provided. Several runs were made for each
option. Some of the runs were selected. The selected runs were
as close as possible to the actual field experiment irrigation
schedules. The best run for each option was determined. The
best run was the one with the highest percent yield and highest
transpiration water ratio (TWR), which eventually resulted in
the highest water vyield index (WYI), and the lowest deep
percolation 1losses. For practical reasons, the number of
irrigations per season was also taken into consideration.
Irrigation seasons were from Dec. 8, 1985 to Apr. 1, 1986 and
Apr. 15 to June 13, 1986 for the two respective seasons in all
simulated runs,

It is worth mentioning that the model does not take
effective precipitation into congsideration, it considers all
rainfall as effective (i.e., no surface runoff). This fact
overestimated the TSW and deep percolation losses in all
gimulated runs. Considering effective rainfall by removing
rainfall lower than S5 mm/day affected ET calculations. ET
values dropped down by around 1 c¢m. But in order not to affect
the calibration and not to cause underestimation of ET, all
runs were based on total rainfall. Would the rainfall wvalues
lower than 5 mm/day be removed if rainfall occured in amounts

lower than 5 mm/day for 5 or 6 consecutive days ? Wouldn't it
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be irreascnable to consider them as ineffective ?7

4.5,1.1 WATER MANAGEMENT OPTION 1

Tables 17 and 18 show simulated  runs using option 1
{(finding the best day to irrigate with a specified water
increment), for the winter and spring seasons, respectively.

In using this option, the increment of water to be added
is specified in addition to the interval between irrigations as
well as the maximum expected cycles of irrigation. In all runs,
30 cycles were assumed to be the maximum number of expected
irrigations. The model will start adding the specified water
increment on a certain day to c¢heck 1its influence on the vield
%. Then it will continue adding these increments on different
dateg in accordance to the specified interval, adding the
influence of each increment in accordance to its effect on
cumulative vield %. Sometimes the increment is added more than
once at a certain date due to the fact that more water is
needed so as to increase the yield %.

In general the lower the increment and the shorter the
interval, the higher the WYI due to higher TWR (i.e., lower
deep percolation losses).

Runs 1 to 5 were selected for the winter season, they
were: adding 0.5%, 0.76, 1.02, 1.27, and 1.78 cm water
increments in intervals of 4, 5, 4, 5, and 5 days, for the five
runs, regpectively. On the other hand, runs 1 to 4 were

selected for the spring season, they were: adding 0.76, 1.02,
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Table (17): Simulated runs by the calibrated version of
the CRPSM using option 1 {(Finding the begt day
to irrigate with a specified increment) for
squash planted during the winter season 1985-
1986 under black plastic mulch and drip
irrigation in the Jordan Valley.

| { |

[ |
Run | 1 I 2 ] 3 | 4 | 5
| | l ; ;
Increment (cm) | 0.512 1 @.76 | 1,02t 1.27 i+ 1.78
[ I | t !
| I I | |
Interval (day) | 4 | 5 | 4 | 5 |1 5
| 1 | | [
] [ [ | |
No. of irrig. ] 14 | S | 11 | g | 9
] | | | |
] | | [ [
No. of incrementsl| 13 | 15 | 12 | 10 | 9
| | | | [
] [ [ | |
Seasonal irrig. 1 11.68 | 11.43 | 12.19 | 12.70 | 16.00
water (cm) ] 1 | | |
| [ [ | |
Actual transp. | 16.49 | 16.44 | 16.49 | 16.49 | 16.49
(cm) | | | [ I
} 1 ] | |
Actual evap. i 0.99 | 0.86 | 0.90 | 0.86 | 0.86
{cm) } 1 1 [ I
+ ! ] 1 | |
Actual ET (cm) I 17.49 1 17.30 | 17.39 | 17.35 1 17.35
} ] 1 | ]
t 1 | | |
Deep percolation ! 9.92 {1 9.69 1 9.73 1 10.35 1 13.37
{cm) | ! | ] 1
l t i i ]
DS (cm) | 1.40 1 1.24 }t 0.61 | 0.67 | 0.40
| | } ! {
* | | L ! |
TSW (cm) | 27.40 | 26.99 } 27.12 ' 27.70 1 30.72
| | i | !
| | | ! |
TWR | 0.60 | 0.61 0.61 | 0.60 | 0.54
1 | | l |
| [ | [ I
Yield % [ 100 [ 99.6 | 100 | 100 [ 100
| | | | [
] | [ | |
WYI | 6¢ | 61 | 61 | 60 | 54
] | l | |

+ ETP = 18.88 cm (Tp = 16.49 cm; Ep = 2.39 cm).
* Rainfall used in TS5W = 14.31 c¢m,
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Table (18): Simulated runs by the calibrated version of the CRPSM
using option 1 (Finding the best day to irrigate with
a specified increment) for squash planted during the
spring season 1986 under black plastic mulch and
drip irrigation in the Jordan Valley.
] |
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| |
Run | 1 1 2 [ 3 | 4
| | { [
| 1 | |
Increment {cm} | 0.76 [ 1.02 | 1.27 | 1.78
] | ] |
} | 1 |
Interval (day) ! 3 [ 5 I 4 ! 4
| | | |
] I [ i
No. of irriyg. [ 11 § 7 l 9 i g
| i l ]
| 1 I 1
No. of incrementsl 18 ] 12 t 14 ] 9
| ] i |
| | i |
Seasonal irrig. } 13.72 | 12.19 1 17.78 ; 16.0Q0
water (cm) ! | [ |
1 f | {
Actual transp. | 13.52 t 13.08 | 13.52 | 13.52
{cm) ] i t ]
| ] ! |
Actual evap. [ 0.80 | 0.65 } 0.75 | 0.75
{(cm) I 1 t |
+ l | ] |
Actual ET (cm) ! 14.32 [ 13.73 | 14,27 | 14,27
| | | t
| | | !
Deep percolation | 2.52 ! 2.38 [ 7.10 ] 5.33
(cm) 1 ! | 1
| | l |
DS (cm) | 1.24 | 2.04 i 1.71 [ 1.71
| ] t l
* | 1 ! |
TSW (cm) [ 16.84 | 16.11 1 21.37 | 15.60
| [ ] |
| | ] I
TWR [ 0.80 [ ¢.81 | 0.63 f 0.69
| l | |
! t | i
Yielid % i 100 | 93.9 [ 100 1 100
] | f ]
| | | |
WY | 80 1 76 | 63 | 69
| | | |

+ ETP = 16.19 c¢m (Tp = 13.52 cm; Ep = 2.67 cm).
* Rainfall used in TSW = 1.88 cm,
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1.27, and 1.78 cm increments in intervals of 3, 5, 4, and 4
days, for the four runs, respectively.

The winter season results did not show any variation with
respect to water yield index (WYI) values for the first four
runs. A total water supply (TSW)} of 27.40, 26.99, 27.12, and
27.7 cm was needed; 11.68, 11.43, 12.19, and 12.70 cm were
supplied by irrigation; 9.92, 9.6%, 9.73, and 10.35 cm were
lost as deep percolation; for the four runs, respectively.
Trangpiration water ratios (TWR) were 0.60, 0.61, 0.61, and
0.60, accompanied by 100, 99.6, 100, and 100 % vyield, which
eventually gave water vield indices (WYI) of 60, 61, 61, and 60
for the four respective runs. The fifth run needed a TSW of
30.72 cm which is higher than the previously discussed runs:
16.00 cm was supplied by irrigation; 13.37 cm was lost by deep
percolation. TWR was 0.54'to give a 100 % yield, and eventually
gave a WYI of 54. The number of irrigations are 14, ¢, 11, 9,
and 9 for the five runs, respectively. In sgpite of all the
non—difference in all parameters determined for the first four
runs, the second run is prefered over the rest due to its lower
number of irrigations and lowest irrigation water. The fifth
run iz not acceptable due to the high irrigation water needed,
most of it is lost as deep percolation.

The spring season results gave the following resultg: a
TEW of 16.84, 16.11, 21,37, and 19.60 ¢m were needed; 13.72,
12.19, 17.78, and 16.00 c¢m were supplied by irrigation; 2.92,

2.38, 7.10, and 53.33 cm were lost as deep percolation, for the
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four runs, respectively. All runs produced 100 % vield as a
result of having actual transpiration equalling expected crop
potential transpiration (13.52 cm) except for run 2 which
produced 93.9 % yield as a result of having lower actual
transpiration (13.08 ¢m)., TWR were 0.80, 0.81, 0.63, and 0.69.
The vield % and TWR eventually resulted in WYI wvalues of 80,
76, 63, and 69 for the four runs, respectively. The results
give the following sequence of preference for the four selected
rung: runs 1, 2,I4, and 3, arranged from high to low preference
as best runga. The number of irrigations of 11 and 7 for rung 1
and 2 is a crucial factor, but in this case, WYI values are
also decisgive.

The dates and amounts of irrigation for the five runs of
the winter season are: January 25 (0.51), 3t (0.51), February
21 (1.02), 24 (0.51), 27 (0.51), and March 2 (0.51), 5 (2.53).
8 (0.51), 1t (0.51), 14 (1.53), 17 (0.,51), 20 (1.02), 23
(0.51), and 26 (and 1.02 cm), for run 1, January 27 (0.76),
February 21 (0.76), 26 (1.52), and March 3 (2.28), 8 (0.76), 13
{1.52), 18 (1.52), 23 (1.52), and 28 (and 0.76 cm), for run 2,
January 29 (1.02), February 22 (1.02), 26 (1.02), and March 2
(2.03), 6 (1.02), 10 (1.02), 14 (1.02), 18 (1.02), 22 (1.02),
26 (1.02), and 30 (1.02), for run 3, and January 27 (1.27),
February 21 (1.27), 26 (1.27), and March 3 (1.27), 8 (1.27), 13
(L.27), 18 (1.27), 23 (2.54), and 2B (and 1.27 cm), for run 4,
January 27 (1.78), February 21 (1.78), 26 (1.78), and March 3

(1.78), 8 (1.78), 13 (1.78), 18 (1.78}, 23 (1.78), and 28 (and
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1.78 cm}, for run 5. The dates and amounts of irrigation for
the four runs of the spring 3season are: -May 9 (0.76), 15
(0.76), 21 (0.76), 24 (1.52), 27 (1.52), 30 (0.76),.and June 2
{2.28), .5 (0.76), 8 (1.52}, and 11 (and 1.52 cm), - for . .run -1,
May 10 (1.02), 15 (1.02)}, 20 {2.03), 25 (2.03), 30 (2.03), . -and
June 4 (2.03), and 9 (and 2.03 cm). for run 2, May 9 (1.27), 13
(1.27), 17 (1.27), 21 (1.27), 25 (2.54), 29 (2.54), and June 2
(2.54), 6 (2.54), and 10 (and 2.54 ¢m}, for run 3, and May 9
(1.78), 13 (1.78), 17 (1.78), 21 (1.78), 25 (1.78B), 29 (1.78),

and June 2 (1.78), 6 (1.78), and 10 {(and 1.78 cm), for run 4.

4.5.1.2 WATER MANAGEMENT OPTION 2

Tables 19 and 20 show simulated. runs using option 2
(irrigating at a specified interval! with fixed amount) for the
winter and spring seasons, respectively.

The selected runs ( 1 to 4} are adding 0.76, 1.02, 1.27,
and 1.78 c¢m with an interval of 3, 4, 5, and 7 days and 2, 3,
4, and 5 days for the winter and spring seasons. These were the
best runs determined for each fixed amount added.

The winter season results reveal that with almost the same
total seasonal! irrigation water added in the four runs, there
were no differences in WYI as a result of the non-difference in
TWR and yield %. The crucial factor 1in determining the best
amount with a specified interval is the number of irrigations.
Total supply of water were 44,33, 44.39, 44.55, and 44.84 cm;

20.70, 29.46, 29.21, and 30.23 cm were supplied by irrigation:

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



- 74 -

Table (19): Simulated runsg by the calibrated version of the CRPSM
uging option 2 (irrigating at a specified interval
with a fixed amount) for squash planted during the
winter season 1985-1986 under black plastic mulch and
drip irrigation in the Jordan Valley.

D

| | | | g_

Run | 1 ! 2 | 3 ! 4 o

1 { | ] —

{ | | ) -

Amount/irrig. } 0.76 [ 1.02 [ 1.27 ! 1.78 @

(cm) I | i I =

t | i | —

Interval {(day) | 3 | 4 { 5 | 7 ©O
| | | ]

| § | ! E

No. of irrig. | 39 | 29 | 23 | 17 o

{ t | } @)

t b | t -

Seasonal irrig. ! 29.70 | 29.46 | 29.21 | 30.23 §

water (cm) [ | ! [ '9

| | i | S

Actual transp. | 16 .49 | 16 .49 { 16 .45 | 16.14

(cm) I ! { 1 o

i t | 1 P

Actual evap. 1 1.35 I 1.43 | 1.26 ! 1.0 '»

(cm) | I | t Fob)

+ I I ] t =

Actual ET (cm) | 18.04 | 17.92 ’ 17.71 | 17.17 C

| 1 t | )

1 ! t | S

Deep percolation | 26 .29 ! 26 .46 [ 26 .84 | 27.67 ~

{(cm) ] | [ i o]

{ | | | 5

DS (cm) t 0.30 | 0.61 | 1.03 { 0.30 =

| | ! I —
* | | ! |

TSW (cm) | 44 .33 | 44 .39 { 44 .55 | 44,84 @
1 { l |

1 i ! | g

TWR { 0.37 t 0.37 | 0.37 1 0.36 [y

i | | 1 7

| | ] ) b=

Yield % | 100 1 100 | 99.6 | 97.5 O

| 1 ! | I8

| 1 { | _

WYI ! 37 ! 37 f 37 | B g
t t | I

+ ETP = 18.88 cm (Tp = 16.49 cm; Ep = 2.39 cm).
* Rainfall used in TSW = 14.31 cm.
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Table (20}: Simulated runs by the calibrated version of the CRPSM
using option 2 (irrigating at a specified interval
Wwith a fixed amocunt) for squash planted during the
gpring season 1986 under black plastic mulch and
drip irrigation in the Jordan Valley,

[ ] | 1
Run | 1 i 2 I 3 ] 4
[ | | |
[ | [ 1
Amount/irrig. [ 0.76 { 1.02 | 1.27 [ 1.78
{cm) I { I |
| f [ ]
Iinterval (day) I 2 } 3 | 4 ! 5
| | | {
! | ] |
No. of irrig. ! 30 l 20 | 15 t 12
| | ] !
! [ ] !
Seasonal irrig. t 22.86 | 20.32 | 19.05 t 21.34
water (cm) | | ] |
| | 1 I
Actual transp. } 13.82 I 13.19 1 12.66 | 12.88
{cm) ! [ | l
i [ 1 [
Actual evap. ! 2.04 [ 1.61 i 1.44Q0 | 1.17
{(cm) [ | | |
+ [ [ | |
Actual ET (cm) [ 15.56 I 14.80 t 14.06 | 14.05
[ 1 | 1
[ | | I
Deep percolation | 10.63 ] 9.55 l 8.19 [ 11.39
(cm) | ! | |
| | I 1
DS (cm) ] 1.44 i 2.14 I 2.31 [ 2.22
] | | ]
* | ! [ |
TSW (cm) ; 26.18 | 24.35 | 23.24 | 25.44
| I | !
f [ | ]
TWR [ 0.52 [ .54 | 0.54 t 0.51
| I | I
| I ! l
Yield % [ 100 [ 98.2 | 95.3 | 92.8
| | t |
| | | [
WYI [ 52 1 53 f 52 [ 47
| | [ 1

+ ETP = 16.19 cm (Tp = 13.52 cm; Ep = 2.67 cm).
* Rainfall used in TSW = 1.88 cm.
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as much as 26.29, 26.46, 26.84, and 27.67 cm were lost as deep
percolation, for the four runs, respectively. Water vyield
indices (WYI) obtained were 37, 37, 37, and 35 as a result of
transpiration water ratios (TWR) of 0.37, 0.37, 0.37, and 0.36
and yields of 100, 100, 99.6, and 97.5 percents, for the four
runs, respectively. The number of irrigations are 39, 26, 23,
and 17 for the four respective runs, thus making the decision
of selecting the best run going for run 3 which is the one with
the lowest number of irrigations and highest WYI.

The spring season results gave similar trend, where TSW
were 26.18, 24.35, 23.24, and 25.44 cm; 22.86, 20.32, 19.05,
and 21.34 cm were supplied by irrigation; 10.63, 9.55, 9.19,
and 11.39 cm were lost as deep percolation, for the four runs
respectively. Water yield indices (WYI) of 52, 53, 52, and 47
were obtained ag a result of TWR of 0.52, 0.54, 0.54, and 0.51
accompanied with 100, 98.2, 95.3, and 92.8 yield percents, for
the four runs, regpectively. The number of irrigations are 30,
20, 15, and 12 for the four respective runs, Run 2 is the best
run because it is having the highest WYI and lowest number of
irrigations possible. The low value of WYI obtained for run 4
iz attributed to low yield % which was due to low actual
transpiration. Water was not added at the suitable time to meet
crop's actual needs.

This option always provide low WYI values esgpecially in
rainy seasons, because rainfall amounts are not taken into

consideration in this option, thus irrigation takes place on
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the basig of fixed interval regardless of rainfall during days

of irrigation.

4.5.1.3 WATER MANAGEMENT OPTION 3

Tables 21 and 22 show simulated runs wusing option 3
(irrigating on specified dates with specified amountsg), for the
winter and spring seasons, respectively,

The actual dates and amounts of idrrigation were those
obtained from the field.experiment (Appendices 1 and 2}.

The obtained results proved that the model estimated
actual evapotranspiration ia c¢lose to that determined by
neutron probe measurements. Table 23 shows model estimated ET
versug neutron probe (actual) ET for the winter and spring
seagons. The actual and model ET wvalues aQeraged 12,79 wvs.
14.36 cm, for T1; 12.75 vs. 13.67 cm, for T2; and 12.44 wvs.
14.62 cm, for T3 treatment, respectively, for the winter
gseason. As far as the spring season results are concerned,
averages of 15.18 vs. 14.43 cm, for T1; 13.98 vs. 13.67 cm, for
T2; Fnd 14.97 vg, 12.93 cm, for T3, for actual and model
estimated ET values, respectively,

It can be seen that in the winter season the model
estimated ET values were higher than the actual. This could be
attributed to the non-consideration ¢of effective precipitation.
On the other hand, model and actual ET values were almost the
gsame for the spring season, especially in the cases of T1 and

T2. Meanwhile, in the case of T3, the actual values were higher
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Table (21): Model calculated soil moisture budget parameters
for squash grown in the Jordan Valley under three
different irrigation schedules (30 kxPa, Tl, 50 kPa,
T2, and 80 kPa, T3) during the winter season 1985-
1986 (based on a maximum root depth of 30 ¢m).

-

| |
| | +
| | Parameter
] | [ | ] ] ]
} I I ! ] ] 1
| [ I | a i | | #
I | I | D8 t TSwW t{ DP 1 ET | WAE
Treatment| Block!| (cm) 1{cm} | (cm) | (em) 1 (cm) 1 (%)
— [ | | } | | ]
30 k'Pa I Bl 1 11.39 12.04 | 27.81 111.78 | 16.39 | 58.9
T1 | B2 J 11.00 11.75 | 27.13 111.68 | 15.56 | 57.4
I B3 1| 9.58 i2.01 | 25.97 112.85 | 13.12 | 50.5
I B4 | 6.48 t2.03 | 22.8%9 110,52 | 12.36 | 54.0 .
| ! * | 1 [ I |
| AVG | 9.6la 11.96al 25.95all1l1.71al 14.36al 55.2a
— [ t [ [ 1 [ |
50 kPa I B1L t+ 7.52 12.08 | 23.98 111.10 | 12.8% | 53.8
T2 | B2 | 9.72 12.11 | 26.21 113.01 | 13.20 | 50.4
] B3 | 8.49 11.97 1 24.84 111.86 | 12.98 | 52.3
{ B4 | 12.78 10.78 { 27.95 112.33 | 15.62 | 55.9
| [ | ! i | ]
! AVG | 9.63a |1.74at 25.75a!12.08al 13.67al 53.1a
! [ ] [ | } i
80 kPa I BiT | 14.71 11.42 | 30.51 114.28 t 16.26 | 53.3
T3 | B2 1 9.47 11.42 | 25.27 111.03 | 13.70 | 54.2
| B3 | 8.8 111.76 | 24.72 111.66 | 13.08 | 52.9
| B4 1 10.86 11.58 | 26.82 110.76 | 15.44 § 57.6
| ! | [ [ [ }
| AVG | 10.91a 11.55al 26.83all1l1.93al 14.62atl 54.S5a
[ | | | 1 [ |
F Test | | ns | ng | ns 1 ns | ng | ns
+ | = irrigation; DS = s0il moigture change; TSW = I + R + DS:

DP = deep percolation; ET = TSW — DP.

Rainfall used in TSW = 14.31 cm {(all rainfall is considered as
effective).

WAE = 100 x ET/TSW.

Along each column, values followed by the same letter are not
gignificantly different at the 5% level, according to DMRT.

% @
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Table (22): Model calculated scoil moisture budget parameters
for squash grown in the Jordan Valley under thres
different irrigation schedules (30 kPa, T1, 50 kPa,
T2, and 80 kPa, T3) during the spring season 1986
(bagsed on a maximum root depth of 30 cm).

[ }
I | +
| } Parameter
[ | | i ] [ [
[ ! } ] ] 1 ]
] ! | | @ ! [ [ 3k
| I I | DS 1 TSW ] DP 1 ET | WAE
Treatment! Block!| {cm) t{cm) | (cm) | (em) | {(ecm) | (%)
— [ 1 | I ! 1 ]
30 kPa | B1I | 25.07 I11.71 1 2B.66 t14.21 | 14.46 1 51.0
Tl I B2 1 19.79 [1.71 | 23.41 {+ 9.04 | 14,37 { 61.0
! B3 | 21.85 1.71 t 25.54 110,87 § 14.67 1 57.0
i B4 | 19.31 11.71 t 22.92 t 8.72 t 14.20 | 62.0
| ] * | | | t {
b AVG | 21.53a 11.7lal 25.13ai10.71lal 14.43ai 58.0a
_ | ] ] [ | ! |
50 kPa t BL 1 19,01 11.71 1 23,10 | 9,11 ¢t 14.00 {1 61.0
T2 | B2 1 16.39 11.71 | 20.49 | 6,54 t 13.95 | 68.0
| B3 ! 12.93 11.71 1 17.01 | 4.30 | 12.71 } 75,0
| B4 1§ 20.24 {1.71 | 24.32 110.33 t 14.00 | 58.0
l 1 ! [ [ [ I
| AVG | 17.14a 11.71al 21.23al 7.57al 13.67bl 66,0a
- | l l | | | |
80 kPa | Bl t 19.45 t1.7L | 23.05 1 9.84 | 13.21 | 57.0
T3 | B2 | 20.53 1,71 1 24.12 110.91 1 13.21 | 55.0
{ B3 | 15.34 11.71 t 19.45 | 6.72 1 12.73 | 66.0
| B4 | 16.74 t1.71 } 20.82 | 8.25 | 12.57 | 60.0
| [ [ P | | ]
! AVG | 18.02a I1.7lal 2i.86a! 8.93al 12.93bl 60.0a
! | [ l l § ]
F Test t | ns | ng | ns { ns | * ok | ns
+ | = irrigation; D8 = s0il moisture change:; TSW =1 + R + DS;

DP = deep percolation; ET = TSW - DP.

Rainfall used in TSW = 1.88 cm (all rainfall is considered as
effective).

WAE = 100 x ET/TSW.

Along each column, values followed by the same letter are not
gignificantly different at the 5% level, according to DMRT.
** Significant difference at P= .05.

*H @
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Table (23): Model estimated evapotranSpfration vg. neutron
probe (actual) ET for the winter and spring

gSeasons,
{ | b 1
t [ Winter il Spring ]
| | | ol | !
Treatment | Block | Actual | Model || Actual | Model |
| J | | | |
30 k¥ Pa |  B1 1 16.04 | 16.39 || 15.34 | 14.46 |
T1 t B2 t 10.27 1 15.56 |1 14.17 ! 14.37 |
I B3 | 12.42 ) 13.12 1} 16.40 1| 14.67 |
| B4 | 12.41 | 12.36 || 14.80 | 14.20 1!
| I | [ | |
] AVG 1 12.79 | 14.36 |1 15.18 | 14.43 |
' | } | |1 ! |
50 k'Pa ! Bi | 14.97 1 12.89 1! 15.45% | 14.00 |
T2 | B2 | 11.24 1 13.20 1t 13.50 ! 13.95 |
| B3 | 9.31 1§ 12.98 it 9.79 t 12.71 1
| B4 | 15.48 | 15.62 ' 17.19 | 14.00 |
| | | [l | b
| AVG 1 12.75 | 13.67 (| 13.98 | 13.67 |
| 1 | | | |
80 kPa |  B1 [ 17.23 | 16.26 11 16.10 | 13.21 |
T3 t B2 f 21.15 1 13.70 11 17.88 1 13.21 |
| B3 [ 7.44 t 13.08 1t 11.31 t 12.73 1|
I B4 | 13.95 t 15.44 il 14.60 | 12.57 }
| 1 | [ | |
| AVG | 12.44 | 14.62 11 14.97 | 12.93 |
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than the mode! values due to the assumption made that the
maximum root depth is only 30 cm, in the case of +the model.
Some depletions occured in the lower laver in the actual field
experiment.

Other parameters such as DP and WAE were different between
the model and the actual field experiment for the winter
season, due to the above mentioned reasoning concerning
effective precipitation. Spring season results showed close
agreement between model and actual values for WAE. averaging
63.7 and 58 %, for Tl, and 69.3 and 66 %, for T2 treatments,
for actual and model predicted, respectively. T3 treatment gave
a value of 71.5 and 60.0 % for the actual and model values,
respectively. Also, this might be attributed to the previously
discussed depletion from below 30 cm layer in the actual field

experiment.

4.5,1.4 WATER MANAGEMENT OPTION 4

Tables 24 and 25 show some of the simulated runs using
option 4 (irrigating at a specified depletion with a fixed
amount) for the winter and spring seasons, respectively.

In general, this option always provides the best results
in comparison to the previously discussed options 1 and 2.

Rung 1 to 4 are adding 0.76, 1.02, 1.27, and 1.78 cm of
water upon 0.76, 1.02, 1.27, and 1.78 cm depletion.

As far as the winter season simulated runs are concerned,

the first three runs needed a total supply of water (TSW) of
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Table (24): Simulated runs by the calibrated version of the CRPSM
using option 4 (irrigating at a specified depletion
with a fixed amount) for sgquash planted during the

Wwinter season 1985-1986 under black plastic mulch and

drip irrigation in the Jordan Valley.

[ i [ ]
Run [ 1 | 2 [ 3 | 4
[ ] | |
[ | | |
; | ] l |
Amount/irrig. | 0.76 [ 1.02 ! 1.27 [ 1.78
(cm) I [ | ]
1 [ | 1
Depletion (cm) | 0.76 | 1.02 | 1.27 | 1.78
| | t 1
[ [ ! [
No. of irrig. I 18 [ 13 ] 10 | 7
I [ I l
| | | |
Seasonal irrig. l 13.72 [ 13.21 | 12.70 f 12.45
water (cm) | [ | t
{ | | |
Actual transp. ! 16.49 l 16,49 [ 16.48 i 16.01
(cm) ! | I t
| | | |
Actual evap. [ 1.03 i 0.95 | 0.87 ! 0.74
{cm) | | [ !
+ | ] [ !
Actual ET {cm) I 17.52 ] 17 .44 I 16,35 ] 16.75
[ | [ |
| | | |
Deep percolation | 10.83 1 10.42 l 9.96 ] 10.37
(cm) [ | I |
l | { I
DS {cm) [ 0.34 | 0.34 t 0.30 [ 0.34
| [ i |
* | [ | |
TSW (cm) [ 28.37 [ 27.86 { 27.31 | 26.52
| [ | I
} | 1 |
TWR ! 0.58 | 0.59 | 0.60 | 0.59
i | | [
| t 1 i
Yield % | 100 } 100 | 99.8 i 88.9
! ! [ |
} ! | !
WYI i 58 t 59 [ 60 | 53
! } | {

+ ETP = 18.88 cm (Tp = 16.49 cm: Ep = 2,39 cm).
* Rainfall used in TSW = 14.31 cm.
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Table (25): Simulated rung by the calibrated version of the CRPSM
uging option 4 (irrigating at a specified depletion
with a fixed amount} for sguash planted during the
spring season 1986 under black plastic mulch and
drip irrigation in the Jordan Valley.
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[ { [ t
Run I 1 ] 2 | 3 { 4q
| | t |
| [ t [
{ [ 1 |
Amount/irrig. i 0.76 t 1.02 [ 1.27 f 1.78
{cm) i ¢ I }
1 ! | |
Depletion (cm) I 0.76 | 1.02 I 1.27 i 1.78
[ | [ i
| | ! |
Neo. of irrig. | 18 | 12 | 10 I 6
{ l | l
1 ! I |
Seagonal irrig. I 13.72 1 12.19 l 12.70 1 10.67
water (cm) | | : | [
[ l | l
Actual transp. i 13.52 l 13.52 | 13.47 ! 12.60
(cm) 1 | I |
| | | |
Actual evap. I 1.08 | 0.82 t 0.72 ] 0.54
(cm) [ 1 t i
+ l [ ! 1
Actual ET (cm) { 14.57 [ 14.34 1 14.19 | 13.14
1 | i [
] } I |
Deep percolation | 1.68 | .98 | 0.89 i 0.91
{(cm) I ; I ]
1 i | i
DS (cm) I 0.65 1 1.24 i 0.50 | 1.49
| [ ! l
* l [ | |
TSW {(cm) | 16.25 l 15,32 | 15.09 i 14.05
i { [ |
{ ¢ [ 1
TWR 1 0.83 i 0.88 | 0.89 1 0.90
I i t [
[ | | |
Yield % | 100 I 100 j 99.7 | 77.2
[ [ 1 |
t [ 1 I
WY1 } 83 [ 88 | 89 { 70
! } | {

+ ETP = 16.19 cm (Tp = 13.52 cm; Ep = 2.67 cm).
* Rainfall used in TSW = 1.88 cm.
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28.37, 27.86, and 27.3% cm; 13.72, 13.2%, and 12.70 c¢m were
supplied from irrigation; 10.85, 10.42, and 9.96 cm of the TSW
were lost as deep percolation, for the three runsg,
respectively. Transpiration water ratiog (TWR) were 0.58, 0.59,
and 0.60, accompanied by 100, 100, and 959.8 % vyield, which
eventually gave a water yield index (WYI) of 58, 59, and 60 for
the three respective runs. On the other hand, the spring season
runs needed a TSW of 16.25, 15.32, and 15.08 cm; 13.72, 12.19,
and 12.70 cm were supplied by irrigation; only 1.68, 0.98, and
0.89 cm were lost as deep percolation. TWR were 0.83, 0.88, and
0.89, accompanied by 100, 100, and 99.7 % vyield which
eventually gave a WYI of 83, 88, and 89 for the three runs,
regpectively.

No tangeahle variation is noticed between the three runs
during each season except for a crucial managemental factor
which is the number of irrigations. The irrigation water was
supplied in 18, 13, and 10 irrigations during the winter season
and in 18, 12, and 1C irrigations during the spring season, for
the three runs, respectively.

The fourth run gave a lower WYI (53 and 70) as a result of
lower yield % (77.2 and 88.9) during the winter and spring
geasons, respectively. TWR (0.59 and 0.9) were not low when
compared to the first three runs, but total water taken into
transpiration process was lower than the first three runs, thus
causing drop in the vield % obtained.

Its worth mentioning that from other runs made for this
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option, TWR can be increased by reducing the amount added in
comparison to the amount depleted. This condition will improve
water utilization as transpiration but with slight decrease in
vield %. Some times this leads to a slightly higher WYI and
lower deep percolation losses.

Also, it can be noticed that some reduction in evaporation
losses could be obtained if we increase the amount of water
depleted (i.e., reducing the number of irrigations) and this is
attributed to lower wet surface evaporation (Hill et al.,
1983). Runs 1 t¢ 4 resulted in 1.03, 0.95, 0.87, and 0.74 cm
and 1.05, 0.82, 0.72, and 0.54 cm losses as evaporation for the
four respective runs, for the winter and spring seasons,
respectively.

The dates of irrigation for the four runs of the winter
season were: January 26, February 1, 13, 20, 23, 26, and March
1, 4, 7. 9, 12, 14, 17, 20, 22, 24, 27, and 29, for run 1,
January 29, February 4, 21, 25, and March 1, 5, 9, 12, 16, 19,
23, 26, and 29, for run 2, January 31, February 22, 27, March
4, 9, 13, 18, 22, 27, and April 1, for run 3, February 5, 24,
and March 3, 10, 17, 23, 1nd 29, for run 4. The dates of
irrigation for the runs of the spring season were: April 30,
May 9, 13, 17, 19, 22, 24, 26, 28, 30, and June 1, 2, 4, 6, 8,
9, 11, and 13, for run 1, May 10, 15, 19, 22, 26, 29, 31, and
June 2, 5, 7, 9, and 11, for run 2, May 12, 18, 22, 26, 29, 31,
and June 1, 4, 7, 10, and 13, for run 3, May 17, 23, 28, and

June 2, 6, and 11, for run 4.
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4.5.2 CRPSM FOR SQUASH: ITS PRESENT & FUTURE APPLICATIONS IN

The development of models 1is a difficult task that
requires a lot of experience on the part of the modeler as well
as effort and time. In developing countries such as Jordan, and
as a step in technolog§ transfer and application, testing,
calibration and use of existing models is more reasonable than
spending time in developing new ones. The introduction of
irrigation scheduling models to Jordan could be uséfull in
helping farmers and eventually optimizing water allocation ‘and
use efficiency. |

The results obtained in this research give more confidence
in using the CRPSM for squash in the Jordan Valley. The CRPSM
once caliﬁrated for a certain season and a certain location can
provide a suitable tool for vyield prediction as well as
egtimating crop water consumption.

So far, the model has been used to sgimulate irrigation
schedules and predict vields for past experiments. Some
recommended steps should be followed so as to make the modei
more applicable and suitable for farmer use, they are:

1- To test the model on larger field plots, with different
varieties and pogsibly plant spacings.

72— To test the model under different irrigation systems such as

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit

surface and sprinkler irrigation,
3— To try using the model in other locations in the Jordan

Valley, other than the University of Jordan Research Statién:.
|
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To apply the model on different regions in Jordan.

5- To test simulated runs by the model in field against the

6~

common irrigation scheduling techniques (by the use of
tensiometers and neutron probes).

To find a more convenient and practical method for
estimating effective precipitation to be incorporated in

the CRPSM, congidering the fact that rainfall in the Valley

can occur daily with around 5 mm/day rainfall.
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S5S— SUMMARY , CONCLUSIONS

S RECOMMENDATIONS

2

This study was carried out in the Research Station of the%?
University of Jordan located in the central region of th&Z}
Jordan Valley during the winter season (December 8, 1985 —LE_
April 1, 1986) and the spring season (April 15, 1986 - June 13,;
1986) with the objectives of studying the effect of three%E
different irrigation schedules (30, 50, and 80 kPa) of squash(?
(Cucurbita pepo 1.) under black plastic mulch and dripég
irrigation on vield, root growth and distribution, and water£%
: S
reguirements. ;?
The crop vyield and scil water management simulation model%
(CRPSM) developed at Utah State University by Hill et al.'é
{1984a and 1984b) and modified later on by Battikhi and Hillé;
{1986a) for squash in the Jordan Valley was tested using the %;
field data obtained in this study. %é
-

The results can be summarized as follows: gé

1- Yield, fruit number, and fruit weight did not vary under thegg
three treatments for both winter and spring seasons. Yieldsig

O

of the winter season were almost double that obtained during —

o

the spring season. Average yields were 19.4, 21.6, and 22.0—

A

t/ha during the winter geason and 8.6, 7.4, anda 7.6 t/ha
during the spring season, for the IBO, 50, and 80 kPa

treatments, respectively.
1
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Number of irrigations was significantly lower in the 80 kPa
treatment when compared to the 30 kPa treatment during the
winter season. During the spring season significant
differences in the number of irrigations were revealed
between the 30 and 50 kPa and the 30 and 80 kPa treatments.

No significant differences were found between treatments
with fespect to irrigation amounts, total water supply, crop
water consumption (ET), water application efficiency, and
water use efficiency during the winter and spring seasons.

Lower water consumﬁtion occured during the winter seagon
when compared to the spring season although the latter was
59 days and the former was 114 days. Crop water consumption,

ET, for the 30, 50, and 80 kPa treatments averaged 12.79,

12.75, and 12.44 cm, respectively, during the winter season

and 15.18, 13.98, and 14.97 c¢m, respectively, during the
spring season. Higher water use efficiency was obtained
during the winter season. Average water use efficiencies for
the 30, 50, and 80 kPa treatments were 1.58, 1.79, and 1.88
t/ha/cm and 0.36, 0.38, and 0.51 t/ha/cm for the winter
and gpring seasgons, respectively.

No gignificant differences were detected between treatments
with respect to vertical (tap and secondary) and horizontal
roots as well as oven—dry root weights during winter and
spring seasons. Vertical roots reached maximum averages of
27.0 and 31.4 ¢m during the winter and spring seasons,

regpectively.
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Recalibration of the vield portion of the c¢rop vyield and
so011l water management simulation model (CRPSM) for squash
during the winter and spring seasons using new values of
maximum attainable field yields resulted in new sets of
growth stage weighing factors (lambdas). Better calibration
was obtained during the winter season than during the spring
season due to the less occurence of disease and due to the
relatively high temperature effects during the spring
season. The different water management options provided by
the model were tested to select the Dbest irrigation
gchedules that will maximize yields and optimize water wuse
efficiency and cut down field trials to be tested in future
studies, therefore lowers costs and time to be spent on such
studies.

The obtained results lead to the following
|

recommendations:

1-

Undei similar fieldl conditions, irrigation at 80 kPa
tensiometer reading is recommended.

For the purposes of irrigation water application, a 30 ocm
maximum root depth is recommended.

Since a layer of around 15 cm below the root was found to be
subjected to water extraction, more attention should be
focused on determining root—-water extraction power.

More sgquash field experiments, for different growing
seasons, are needed in order to achieve better vyield

prediction by the CRPSM.
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Appendix (3): Daily weather conditions prevailing during

the experiment periocd. All data was obtained
from the University of Jordan Research Experi-
mental Station except for solar radiation which
was obtained from nearby Deiralla Experimental
Station.

TEMPERATURE WIND
(°C) RAIN RUN  SOLAR

WET DRY FALL (km/ RAD.

YEAR MONTH DAY MAX. MIN. BULB BULB (mm) day) (1/d)
1985 DEC 6 22.2 9.0 3.0 12.0 25 266.3
7 25.2 9.5, 9.8 15.0 50 260.0
8 27.4 13.0 10.3 16.8 64 288.3
9 26.3 14.0 10.8 18.8 37 244.9
10 27.4 15.5 16.0 20.3 29 232.6
11 26.7 13.% 10.0 17.0 38 288.8
12 24,2 " 12.0 12.1 16.3 23 257.0
13 25.7 13.1 13.8 16.8 25 166.3
14 25.7 13.0 10.8 16.5 33 206.1
15 25.5 14.8 14.0 17.8 4.6 46 161.2
16 21.7 15.0 15.1 15.5 0.2 43 146.9
17 17.5 14.0 14.0 15.8. 4.0 45 150.1
18 20.7 14.0 13.3 15.5 1.0 136 160.2
19 17.1 12.9 13.8 16.0 4.2 120 139.5
20 18.3 14.0 11.0 12.0 23 227.0
21 1.2 9.1 10,5 13.0 27 224.0
22 16.8 10.4 12.8 14.0 0.1 73 112.7
23 19.7 . 10.0 11.8 13.0 - 69 118.7
24 18.6 7.5 8.6 11.8 41 257 .6
25 19.4 6.8 8.0 10.2 0.7 34 278.1
26 16.5 7.1 10.5 12.0 7.1 112 170.8
27 17.5 11.5 1i1.0 11.5 0.2 121 218.7
28 20,2 11.1 12.1 16.3 146 156.4
29 22,5 13.1 13.5 16.5 20 253.7
30 20.3 8.9 11.0 11.8 82 247 .4
31 22.2 9.0 8.8 11.0 23 260.9
- 1986 JAN 1 22.9° 9.5 10.8 14.8 12 188.0
2 21.0 10.0 10.1 12.7 40 160.4
3 20.0- 14.3 12.9 16.4 78 40.1
4 20.2 10.1 11.2 12.3 4.2 36 259.1
5 21.2 11.0 10.% 13.2 19 262.6
6 21.8 11.0 11.53 14.C 99 232.4
7 21.6 10.5 13.4 16.5 34 236.3
8 25.5 11.0 12.8° 15.8 34 232.0
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28 24.0 14.0 14.8 18.3 133 303.9
1986 MAR 1 24,0 13.6 -13.8 16.0 47 341.7
2 22.2 9.5 1i1.6 14.0 78 320.8
3 24.5 11.8 11.8 15.8 59 363.4
4 26.4 14.0 14.7 18.8 71 320.2
5 25.2 13.7 13.6 18.4 56 315.5
6 23.7 13.0 14.0 16.0 78 353.8
7 24.6 10.5 13.0 16.C o4 408.8
8 25.9 10.6 12.3 15.0 33 351.2
9 26.5 13.2 14.1 20.1 94 334.5
10 24.7 14.0 15.0 18.4 79 356.9
11 24.5 11.5 12.8 16.4 132 407.7
12 25.1 11.7 12.9 15.7 115 389.8
13 27.6 9.4 13.4 16.4 180 397.7
14 27.0 12.3 12.8 20.0 101 326.2
15 25.2 15.0 16.3 19.0 22 324.2
16 25.6 '14.3 14.7 18.2 109 405.5
17 26.7 13.4 12.7 17.7 100 431.1
18 24.9 13.5 13.0 17.0 51 242.1
19 23.5 13.9 15.7 18.8 64 324.2
20 23.5- 13.5 13.4 15.0 131 347.3
21 25.0 10.0 13.0 14.0 10 414.8
22 29.0 14.0 10.3 16.0 79 391.1
23 29.2 16.0 11.5 17.0 126 408.8
24 24,9 14.8 19.8- 21.0 92 283.8
25 25.7 14.0 14.0 16.0 83 295 .4
26 27.0 13.8 13.2 13.8 97 406.0
27 32.8 13.2 .12.8 13.7 34  401.5
28 34,0 15.0 12.4 16.0 950 416.2
29 36.2 18.8 15.3 19.0 3.5 129 393.3
30 25.0 17.0 17.4 2%1.0 3.0 66 241.6
31 21.8 15.0 15.7 16.0 58 153.1
1986 APR 1 25.2 15.0 -15.% 16.0 4.4 81 331.7
1986 APR 13 34,2 18.4 18.6 24.6 64 318.8
14 29.5 20.8 15.5 253.0 87 156.5
15 28.7 21.0 20.0 26.4 146 461 .5
16 27.3 14.8 14,0 19.2 155 458 .3
17 32.5 15.5 14.8 20.0 121 450.2
18 34.8 13.0 15.0 23.8 161 474 .4
19 34.8 18.4 16.8 23.8 112 493.5
20 35.6 17.5 16.0 25.0 36 418,72
21 36.8 21.3 16.4 24.8 158 312.5
22 28.3 17.2 1ib.4 121i.2 113 531.8
23 31.7 15.3 16.4 21.2 156 503.8
24 36.0 15.7 19.3 26.3 87 209.6
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