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ABSTRACT
A research was carried out during 1991 growing season at
the University of Jordan Experimental Station in the Jordan
Valley. }he objectives of ﬁhe study were; (1) to determine

the actual water consumption of mature banana {(Musa spps. [

Cavendish) cv. Paz.); and (2) to determine 1its crop
coefficient values (Kc) using lysimeter with bermuda grass as
a reference crop, class-~A pan evaporation {Epan), and six
selected indirect methods.

Actual evapotranspiration (ETa) of mature banana was
measured by depletion method using neutron scattering
techniques. The effect of 50, 100, and 150% of weekly class-A
pan evaporation replenishment (Epan) under basin irrigation
were investigatéd using randomized complete block design with
four replications. Area of each basin was 81 m2 which
encompassed nine banana trees. The total water applied were
1064, 1739, and 2413 mm for 50, 100, and 150% of Epan,
respecfively. |

Results indicated that ETa of mature banana for 50, 100,
and 150% of Epan were 941, 1152, and 1310 mm, respectively.
‘Increasing amounts of water applied resulted in a significant
increase in pseudostem height, girth, and bunch weight. Yield
and water use efficiency (WUE) of bananas irrigated at 100%
- of Epan were 33.11 ton/ha and 2.87 kg/;3, reépé&tively.
Reducing the irrigation level to 50% of Epan reduced the

yield by 89.52% and WUE by 87.77%. Increasing irrigation
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Y
level' to 150% of Epan gave no significant effect on yield
which increased only by 12%, and on WUE which was reduced by
1.7%. |

Class-A pan evaporation {(Epan) was highly correlated
with Actual water consumption of mature bananas (ETa) and
potential evapotranspiration for grass (ETPlys) with R2
values of 0.93 and 0.86, respectively, followed by ETPB-C.
The mean maximum temperature was found to be the most
signifiéant climatic factor in predicting ETa, ETPlys, and

Epan.

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



1.0 INTRODUCTION

Wwater 1is an essential natural resource with multiﬁle
"uses. The importance of water increases in arid and semi-arid
regions because of scarcity. Water limitation is considered
as the greatest challenge facing agricultural development in
these regions like Jordan. It is expected that by the year
2000, water demand will rise to about 1100 million cubic
meters (MCM). Of which about 800 MCM will be wutilized for
agricultural purposes and 300 MCM for domestic and industrial
purposes (Nasser, 1986).

However, as water becomes increasingly scarce and more
axpensive developing, precise information for efficient
water management is needed. Accordingly, the actual amount
of water reéuired by crops becomes the most important factor
for judicious application of irrigation water, design of
irrigation systems, and for judging of the adequacy of water
supplies. All of their segments contribute' in increasing
water use efficiency and optimizing crop production.

Banana 1s eonéidered as one of the most important crops
in its nutritious and economical values. Total area planted
with banana in the Jordan Valley is 11,886 du. (General
Statistics Department, 1990). It is considered as the highest
water consuming crop with a rapid growth rate. Banana, as a
herbaceous mesophytic plant, is more sensitive to mnmoisture

stress than other fruit crops. Acfurate information
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2. LITERATURE REVIEW
Water is a vital element to all 1living organisms.
. Although it occupies about two-thirds of the un;verse, ~good
water is really scarce in aridiand semi arid regions such as
in Jordan.

Good water management is essential for obtaining optimum
yieldf provided other management practices are also optimum.
Water requirements must be determined for the local
environment if it is to be meaningful (Hegde and Srinivas,
1988). N

Vaﬁ Bavel et al. (1961) defined evapotranspiration (ET)
as the process of water movement from the earths land surface
to the atmosphere in vapor form. Thus it includes evaporation
from - the surface of the soil ‘and plant, as well as
transpiration of water by leaves and the net flow of water
vapor across the liquid-air interface in the free pore space
of the soil. The term evapotranspiration quantitatively
defines the amount of water (expressed as equivalent bonded
depth) 1lost from the earth's surface over some period of
time.

Different estimates of annual ET of banana were
reported in different parts of the world. For example,
Simmonds (1966) and Bovee (1975) estimated annual banana ET
in Lebanon as 1200 mm. In India, it was 1560 mm as reported

by Bhattacharya and Rao (1985). In the Sula Valley, in

Handuras, Ghavami (1973) a value of 2184 mm was . reported.
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4
foung and Summis (1985) estimated banana ET as-2690 mim ~ in
Hawaiil Agricultural Experiment- Station in U.S.A. These large
- differences in ET values are apparently due to prevailing
climatic conditidns, irrigation interval and methods of ET
measurement.

Water is the most important- factor affecting banana
growth -and vyield. Shmueli (1953) reported that ﬁoderate
moistupe deficiency 1led to a decrease in plant turgidity,
closure of stomata, growth retardation, and a decline in
fruit production. "He concluded that under Jordan Valley
conditions, the range between field capacity and two-thirds
of total available water constituted the optimum range of
soil moisture for cavendish banana, with regard to
physiological activity and vyield.

Trochoulais (1973) studied the yield responses of
bananas dgrown under a series of irrigatioen regimes over a
three-year period (1968-1970) in New South Waies. The results
showed that bunch numbers, fruit weight, and hand and finger
length increaéed significantly with decreased moisture
deficit. He also reported that application of 7.7 mm of water
every three to five days during dry periods produced about
double the yield of non-irrigated treatment.

Krishnan and Shanmugavelu (1980) studied water
requirements of banana CV. Robusta.irrigated at 20, 40, and
60 percent of available moisture in Coimbatore of Tamil Nadu.

They found that the total water consumption ranged from 1981
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5
to 2150 mm for the various treatments, and considered
irrigation when the range of soil mo;sture between 60 and 80
% of available soil moisture to be opgimal for“ bananas
production.

Ghavami (1973) estimated water reguirements of Valery
bananas using drainage lysimeters in Honduras. He reported a
value o¢f 2184 mm as the seasonal actual ET, and the optimum
growth occurred in a well-drained aerated rooﬁ zone with
moisture continuously maintained near field capacity.

Holder and Gumbs (1982) in the Windward 1Island found
that significant increase in fruit yield was obtained from
treatments irrigated at 66 and. 75 ‘% of available soil
moisture compared to 50% level.

According to Martinez (1986) in Havana (Cuba), best
yvield l43 t/ha) was obtained by.maintaining soil moisture
over 85% of available soil meoisture. The lowest vield (9
t/ha) was obtained from the non irrigated treatment.

Young and summis (1985) in Hawaii reported that daily
application of irrigation water using drip irrigation system
which maintained soil moisture in the root zone near the
field capacity doubled banana yvields with ET of 2690 mm.

Manica et al.(1975) in French Antilles reported that
hands and fruits per bunch and fruit yield per hectare of
banana Cv. Nancao decreased linearly with decreasing soil
moisture.

Lahav and Kalmar ({ 1988 ) studied the effect of
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different amounts of applied water which ranged from 8450 to
14470 m3.ha_ .year_1 on the yield and growth of bananas in
the Jordan Valley. The results indicated that increasing
water amounts led to an increase in sucker height, earlier
flowefing, and more bunches. Maximum effects were found in
suckers irrigated with maximum amount of water; but any
increase above 10370 m3.ha-1.year-? gave no significant
effect. They also recorded that maximum ET of 7.4 mm/day
occurred during June and July.?

Hegde and Srinivas (1988) found that total ET for banana
CV. Robusta in India were 1864, 1601, 1305, and 1046 mm for
soil matric potentials of 25, 45, 65, and 85 KPa,
respectively. They also reported maximum water use efficiency
of 370 Kg/cm.ha with‘irrigation at 45 KPa.

Bhattacharya and Rao ( 1985 ) found that yield of
bananas in India were 108.3, 82.0, and 40 ton/ha for 20, 40,
and 60 % depletion of available soil moisEure,- reépectively.
while total consumptive use were 1560, 1480, and 1375 mm for
20, 40, and 60 % depletion of the available soill moisture,
respectively. Water use‘efficiencies were 695, 553, and 290
Kg/cm.ha for these respective treatments. They also indicated
that manipulation of the soil moisture regimé thfough the use
of so0il covers would enhance ganana productivity. By using
800 gauge black polyethylene filﬁ covers, the yields were

160.7, 123.2 and 54.8 ton/ha and the water consumptions were

1057, 1044 and 1024 mm for 20, 40, and 60 % depletion of the
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September) .

Methods that predict crop water consumption using of
climatic variables are used frequently for irrigation

scheduling because accurate field measurements are difficult

to obtain. These methods predict the water use of a

standardized reference crop , which is defined as " the rate
of evapotranspiration from an extensive surface of 80 to 150
mm tall green grass cover of uniform height, actively
growing, completely shading the ground and not short of water
(Doorenbos and Pruiit, 1977). Crop coefficients (Kc) are used
to adjust this value for specific crop and climatic
conditions. (Doorenbos and Pruitt, 1977). _

Results obtained in Australia showed that class-A pan
evaporation data can be used successfully to schedule trickle
irrigation of bananas. It was found that irrigation
equivalent to 60 % of class~A pan evaporation applied twice a
week gave maximum yield and greatest efficiency of water use
(Trochoulias and Murison, 1981).

Using Blaney-Criddle equation, Abu-Khayt (1978) reported
t+hat annual water requirement of bananas in Jordan were
2011.4, and 2605 mmi in Al-Bagqura and Ghor Al-safi,
respectively. Whereas,:USing the same equation, Loucas and
‘Phanartizis (1975) reported that ET in Cyprus was 1506 mm.

In spite of many objections to the use of pan
evaporation as an estimate of ET, the-correlation of ET ¢to

pan evaporation over weekly or monthly periocd is relatively

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



JJ.&AA}'ILJ.LG'IL}ABJPJAJ:}DM'I



11

3.0 MATERIALS AND METHODS

3-1 study location :

The experiment was carried out during 1991 growing season
at the University of Jordan Experimental Station located in
the central region of the Jordan Valley, at a latitude of 32°
N, 35°:30° East~longitude with elevation of 300 meter below

the sea level.

3-2 Soil properties :

Soil samples down to 90 cm depth were collected from
three locations representing the experimental area.
Undisturbed soil samples were taken from 0-15, 15-30, 30-45,
45~-60, 60-75, and 75-90 cm depths. Soil characteristic curve
for each layer was prepared using the ceramic plate
extractor method (Richard, 1%65), at 0.1, 0.3, 0.5, 0.7, 1.0,
3.0, 5.0, 7.0, 10, and 15 bars. |

Textural class, apparent specific gravity, total
nitrogen, available. phosphorus, available Potassium,
electrical conductivity (EC),and soil reaction (pH) were
determined by pipette method kDay, 1965), core method
(Black, 1965) Kjeldhal method (Bremner, 1965),0lsen method
{Olsen , and Dean,1965), Ammonium acetate {CH3.COONHy )
extraction method (Pratt, 1965), the conductivity bridge in
1:2.5 soil water extract{(Bower and Wilcox, 1965), and pH-

meter in 1:1 soil water suspensions, respectively.
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3-3-1 Plant material.

Madion suckers of banana Musa spp.{(Cavendish) ¢v. Paz.

were planted in April, 1988 at a spacing of 3.0 x 3.0 m.
Three similar suckers in size were allowed to grow around
each banana mother , all . unwanted suckers were removed. The
experiment was started in 1 January, 1991 when the suckers

were about five months old.

3-3.2 Irrigation treatments.

The experimeni was laid out in a completely randomized
block design with four replications {(Fig. 1). The irrigation
treatments were 50(T1), 100(T2), and 150(T3) percent of
weekly class-A pan evaporation. Each plot size was 9.0 x 9.0
m containing 9.0 mats. Each mat developed three banana
suckers at various stages of growth., Each plot was leveled
and surrounded by earth bunds. Three access tubes (standard
5.0 cm I.D. Galvanized tubing 1 m length) were installed in
each plot at distances of 20, 60, and 100 c¢cm from the
central mat in the same direction. The plots were irrigated
by flooding through PE pipe line (32 mm) diameter. The volume
of water applied to each plot was measured by a flow meter

placed at the end of the line.

3-4 Cultural practices.

All plots were fertilized with potassium sulfate

(0:0:50) at a rate.of 1029 Kg/ha, and urea (46:0:0) at a
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Station 1in the Jordan valley, 1991,
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rate of'772 Kg/ha. Potassium sulfate was broadcasted once at
the beginning of the experiment, whereas urea was applied
twice each month. (Starting in January, 1991).

3-5 Measurements.

All plant measurements were carried out for the central

three banana plants.
3-5-1. Yield

Bunches were harvested when they had reached commercial
fullness. Bunch weight, number of hands, number of £fingers
for each bunch, flowering and harvesting date were recorded.
3-5~2. Pseudostem height and girth.

Plant height was measured from ground to the curve of
bunch stalk. Pseudostem girth was measured at 90 cm above the
ground after flowering.

3-6. Neutron probe calibration curves.

Calibration curves for moisture determination were
constructed for each of the six depths. Soil moisture
samples for gravimetric moisture measurement using 1 inch
diameter auger for depths 7.5, 22.5, 37.5, 42.5, 67.5, and
82.5 cm around the access tube were taken. The measured
gravimetric moisture contents were multiplied "by apparent
specific gravity to obtain the volumetric moisture content
which were plotted versus the count ratio readings for each

depth( Vvan Bavel, et al., 1961). Soil samples and neutron

probe reading were. collected during the whole growing
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season (one vyear) in order to cover the whole wetting and
drying cycles of the scoil.

. 3=7 ciimatic data.

Rainfall (mm), minimum humidity (%), maximum humidity
(%), minimum temperature (°C), maximum temperature (°C),and
solar radiation (cal cm-2 day_l) were collected from the
weather - station at the University of Jordan Experimental
Station. The mean minimum and the mean maximum temperature
for the warmest month (August) in nearby Deir-Alla station
are 23.17 °C and 39.47 °cC, respectively.

3-8 Actual consumptive use measurements.

The neutron probe (Campbell Pacific Nuclear, model 503)
was used to measure the moisture content in the soil at 7.5,
22.5, 37.5, 52.5, 67.5, and 82.5 cm to represent the whole 90
cm soil layer. Actual evapotranspiration for mature banana
(ETa) were measured using the depletion method . The values
obtained by this method were the average of the three
measurements of the three access tubes. Soil water
measurements were taken directly before and after 48 hours-of
each irrigation at the six depths. Evapotranspiration rate
was calculated according to the method developed by Calude
(1959), and FAO (1977) using the following formula :

~N
ET = [24=17 (Pvly - Pv23} si]/et
where, .

ET evapotranspiration ( mm . day-l),

n number of soil layers sampled in the effective
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root Zzone,
Pvlj and Pv2y = volumetric moisture content at the first
and second measurements of irrigation 1in
the i-th lavyer, réspectively,

the thickness of i-th layer (mm),

H

51
st = the time interval between irrigation (days).

Evapotranspiration during the 48 hours after irrigation
was considered as potential evapotranspiration and was
measured using class-A pan evaporation multiplied by the

appropriate pan coefficient (Kp).

3-9 potential evapotranspiration measurements.

3-9-1. Lysimeter method.

A drainage type lysimeter (2.0m X 2.0m X 2.0m) was used
to determine the potential evapotranspiration with grass as a
reference crop. Grass was planted in the 1lysimeter with 1its
buffer zone (4006 MZ). The consumptive use was calculated

according to the following water balance equation

ET = I +R -D* pSM ' ¢ -
where,
ET = the evapotranspiration (mm),
I = amount of irrigation water (mm),
R = rainfall (mm).
D = drainage water {mm), and -
&HsM = change in soil water content (mm).

3-9-2, Class A-pan Evaporation Method.

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



17

The ETP using class~A pan evaporation was estimated

using the following relationship:-

ETP = Kp X Ep

where,
ETP = potential evapotranspiration (mm),
Ep = class-A pan evaporation (mm), and
Kp = pan coefficient.

Weekly pan evaporation using screen covered class-A

evaporation pan was measured from nearby pan.

3-9-3. Jensen - Haise.

Jensen and Haise (1963) and Hansen et al., (1977)
estimated ETP using the following equation

ETP = Ct (Ta - Tx) Rs x 10/f
where;

ETP = potential evapotranspiration in mm/day,

Ct = empirical coefficient,

Ta = temperature in °cC,

Tx = the intercept of temperature axis,

Rs = incident solar radiation in langleys/day,
A =595 - 0.51 T,

The wvalues of Ct andifx are constants in a given area and

were determined using the following equation

ct = 1/{ecl +c2 CH)
where;
CH = 50 mb/(e2 - el),
° ' -
¢l = 38 - (2 C x E1 (m)/305)
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¢c2 = 7.6 C,
e2,el are_saturation vapor pressure (eg) of water at mean
- maximum and mean minimum temperature respectively for the

warmest month of the yvear in a given area.

= 1.3329 exp.{21.07 -5336.0 /(T + 273.1)]

€g
T = mean temperature in °C,
Ty = <2.5 - 0.14(e2 - el)~ EL /550

EL = elevation in m

3-9-4. Modified Blaney and Ccriddle formula and f factor

Blaney and Morin (1942) first developed an empirical
equation relating evapotranspiration to mean air temperature,
average relative humidity, and mean percentage of day time
hours. This equation was later modified by Blaney and Ccriddle
(1962)Iand Blaney et. al (1952). The gqu&tion in metric¢ units
is as follow : _ ' .

ETPBC = K p (45.7 t + 813)/100
where;
ETPBC = consumptive use of crop in mm/month,

K

empirical coefficient,

t = mean monthly temperature (°C),

P percentage of daylight hours of the year
occurring during a particular month.

The Soil Conservation Service (1567) modified the
empirical coefficient (K) as

K = Kt % K¢
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where;

1

Ke monthly growth stage coefficient,

i

Kt climatic coefficient calculated as follow
Kt = 0.03114 t + 0.2;
Blaney and Criddle £ factof (ETPf) was determined using the
following equation
ETPE = Kt . p(45.7 t + 813)/100
t = mean monthly temperature (OC)
3-9-5. FAO Blaney-Criddle formula.

. The general form of FAO Blaney-Criddle formula is

Eto {a+b {P(Q.46T + 8.13)]) [1 + 0.1{Elev/1000)]
where;

Eto = estimated evapotranspiration from a grass reference
crop in millimeters per day for the peried
considered,

P = mean daily percentage of total daytime hours for a
given time period and latitude,
a & b= correction factors where, .
a = 0.0043(RHmin) - Nratio - 1.41
b = 0.81917 - 0.0040922 (RHmin) + 1.0705 (Nratio) +

0.065649 (Uday) - 0.0059684 (RHmin) (Nratio) -

0.005967 (RHmin) (uday}.

RHmin = mean daily minimum relative humidity in
percent,
Nratio = mean ratio of actual to possible sunshine

hours,
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-Uday = mean daytime wind speed in meters per second
at 2 m height,
In areas where only 24-hr measurements of wind are
available, day-time wind speed can be estimated as
Uday = U24 {Uratio)/43:2(1 + Uratio) _
where U24 is the 24 hr. wind speed in Km/day and Uratio 1is
the ratio of day-time to night-time wind speeds.
The N rétio can be estimated as

Nratio = 2.0(Rg/Ryz} - 0.5

Rg = measured or estimated global solar radiation 1in
millimeters per day water equivalent,
Ry = extraterrestrial short wave solar radiation in
millimeters per day water equivalent.‘
Elev = is the site elevation in meters above mean sea level.

Doorenbos and Pruitt (1977) suggested using a value of
2.0 for Uratio where determinations of the day/night wind

ratio are unavailable.

3~9~6. Hargreaves method.
Hargreaves in 1977 developed an equation for estimating
ETP as follows

Etg = 0.135 (T + 17.78) Rs /X

where;
Etg = reference crop consumptive use, well watered
grass in mm/day,
T = average daily temperature (°C},
Rs = incident solar radiation (langleys/day}),
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21 .
X = latent heat of water (cal/g) = 595 - 0.51 T.

3-9-7. Hargreaves - Samani method.

Hargreaves and Samani (1982) modified Hargreaves method

using the following equation:

ETP = 0.0075 x T°F x KT X RA X TD!

where,

ETP = potential evapotranspiration {mm/day)

TOF = mean temperature for the period in degrees
Fahrenheit (32 + 1.8 x Te°C).

KT = a coefficient of temperature difference or range

between mean maximum and mean minimum temperature
= (0,035 x (100 - RH)1/3.
RH = mean monthly relative humidity in percent
RA = extraterrestrial radiation in mm/day.
TD = mean maxXimum minus mean minimum temperature.

3-10 Crop coefficient .

Crop coefficients were détermined using the £following

equation
Kc = ETa/ETP
where,
ETa = actual evapotranspiration (mm}, '

ETP

potential evapotranspiration for grass using

lysimeter or estimated using class A-pan, modified
Blaney-Criddle formula, Blaney-Criddle £, FAO-
Blaney - criddle, Jensen - Haise, Hargreaves-

samani, Jensen-Haise, and Hargreaves methods.
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4.0 RESULTS AND DISCUSSION

4-1. Soil properties . ) B

Selected soil physical and chemical properties are

presented in Table 1. Soil texture is sandy clay loam.

4-2. Calibration curves.

Linear regression equations and cofrelation coefficient
(RZ) for the neutron probe calibration curves for 0-15, 15-30
, 30-45'cm depths, and for 45-60, 60-75, and 75-90 cm depths

are shown in figure 2a and 2b, respectively.

4-3.80il1 characteristic curves

Soil water characteristic curves for 0-15, 15-30, and
30-45 c¢m depths, and for 45-60, 60-75, and 75-90 cm depths

are shown in Figure 3 and 4, respectively.

4-4, Climatic Dbata .

Rainfall {Rn, mm), minimum temperature (Tmin, eC),
maximum temperature (Tmax,°C), minimum relative humidity
(RHmin, %), maximum relative humidity (RHmax, %), wind
velocity (U, Km/day), and incident solar radiation (Rs,
cal./cm.day) were taken from the meteorological station of
the University Experiment Station are presented in appendix I
Table 1.

4-5. Yield and plant parameters.
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(2a) Neutron probe calibration curves for 0-15
{D1), 15-30 (D2) and 30~ 45 cm (D3) soil depths

for the experimental site at the University of

Jordan Experimental Station.
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Figure (2b) Neutron probe calibration curves for 45-60

(D4), 60-75 (D8&), and 75-90 cm (D8) scil depths
for the experimental site at the University of

Jordan Experimantal Station.
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(D1), 15-30 (D2) and 30~ 45 cm (D3) scil depths

for the experimental site at the University of
Jordan Experimental Station.
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Figure (4) Soil-water characteristic curves for 45-60
(D4), 60-75 (D5) and 75-90cm (D6) soil depths
for the experimental site at the University

of Jordan Experimental Station.
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Table 2. Total water applied, actual evapotranspiration (ETa)
irrigation efficiency (IE), average banana yield,

plant growth parameters water use efficiency (WUE)
under the three irrigation treatments.

- e e o e ek B S I T S M My iy S G B G M mm e s e B S P TE T R G G G EE S S WD e ki S ST SR S Sm mm S S WA e e e

Treatments T1 T2 T3 F - test
50% 100% 150%

Water applied 1064.18a 17329.05b 2413.93¢ Co%
(mm/year)

ETa 941.06a 1152.50b 1310.8%¢c *
{mm/year)

IE ( % ) 88.40a 66.30b 54 .30c *

Bunch weight 3.12a 9.97b 11.14b *
(kg) '

Hands per 6.33a 8.67ab . 9.75b i
bunch

Fingers per 75.27a 133.18b 136.17b ¥*
bunch

Pseudostem 216.75a 251.32b 263.08b *
height{cm) _

Pseudostem 48.70a 57.28b 58.92b *
girth{cm)

Yield 3.47a 33.11b 37.12b *

(ton/ha) .

W.U.E3 0.36a 2.87b 2.82b *

(kg/m")

* : significant difference at 0.05 level, according DMRT,
along each row, values followed by the same latter are not

significantly difference at 5% level, according DMRT.
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4-5-2 Banana Yield .

Banana yieldé as affected by irrigation treatments were
- 3.47, 33.11, and 37.12 ton/ha for T1, T2, and
T3,respectively. Results -indicated that banana vield had
jncreased with the increase in amounts of water added.
similar results were reported by Krishnan and Shanmugavelu
(1980),. Trochoulias (1973), and Martinez E1986). Yield of T2
and T3 were significantly higher than Ti. The percent
increase in yield of T2 and T3 compared to T1 were 856.9, and
964.13 %, respectively. No significant differences between
yield of T2 and T3 were found. This indicated that although
relatively high amount of water was added to T1 (1064mm), the
yvield was very low (3.47 ton/ha)._Increasing the water to
1739 mm (T2) had increased the yield greatly (33 ton/ha); Any
further increase in amount of water had no significant affect
on yield.
4-5-3 Pseudostem height

Effect of irrigation treatments on Pseudostem height was
similar. to the effects of irrigation treatments on bunch
weight and banana yield. Pseudostem height were 216.75cm,
251.32cm, and 263.08 ¢m for T1, T2, and T3, respectively.
These findings are similar to results reported by Krishnan
and Shanmugavelu (1980), and Trochoulias (1973). Pseudostem
height of T2 and T3 were significantly higher than T1. The

percent increase in the sucker height of T2 and T3 compared

to T1 were 15.95%, and 21.37 %. No significant differences
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applied in this treatment was not sufficient for leaching
the soil root zone, therefore the plant growth parameters
.were adversely affected. Reducing the IE to 66% (T2) cased
increased the yield by 89.52%, but reducing IE to 54% gave no

significant effect on yvield.

4-5-6. Rater use efficlency (WUE).

Water use efficiency is the yield of marketable crop
production per unite of water used in evapbtranspirétion. WUE
were 0.36,. 2.87, and 2.82 Kg/m3 for T1, T2, and T3,
respectively (Table 2). This indicated that the WUE responded
to the amounts of water applied. Which is in agreement with
the findings of Lahav and Kalmar (1988) in the Jordan Valley.
Doorenbos and Kassom (1979) reported that economié WUE vélaes
for bananas ranged from 2.5 to 4 Kg/m3. While Hegde and
Srinivas (1988) found the WUE values ranged from 2.8 to 3.7
Kg/m3 for different irrigation treatments in India. The WUE
of T2 and T3 were significantly higher than T1. The percent
increasé in WUE of T2 and T3 comparéd to Tl were 697.2%, and
683.3%, respectively. No significant differences between the
WUE of T2 and T3 at 5% level were found.

4-5-6, Actual Evapotranspiration of mature bananas by
depletion method (ETa).

Actual annual evapotranspiration (ETa) values of banana
plant determined by the depletion method were 941 mm, 1152
mm, and 1310 mm for T1l, T2, and T3, respectively (Table 2).

Total ETa increased 'with the increase of applied water. An
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by depletion method for mature
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evapotranspiration (mm/day) measured
banana plant under

the three irrigation treatments during 1991.

(1152.50)

(1310.89)

Period Days Ti
1-10 Jan. 10 2.75
11-20 Jan. 10 2.24
21-31 Jan. 11 1.43
1-10 Feb. 10 2.86
11-20 Feb 10 2.21
21-28 Feb. 8 1.94
1-10 Mar 10 1.88
11-20 Mar. 10 1.97
21-31 Mar. 11 2.10
1-10 Apr 10 2.64
11-20 Apr. 10 2.45
21-30 Apr. 10 2.85
1-10 May 10 3.74
11-20 May 10 2.70
21-31 May 11 3.60
1-10 June 10 4.04
11-20 June 10 3.1%
21-30 June 10 3.69
1-10 July 10 3.71
11-20 July 10 4,22
21-31 July 11 2.90
1-10 Aug 10 3.34
11-20 Aug. 10 2.37
21-31 Aug. 11 2.64
1-10 Sep 10 3.52
11-20 Sep 10 3.38
21-30 Ssep. 10 3.18
1-10 Oct. 10 2.91
11-20 Oct. 10 2.00
21-31 oct. 10 1.75
1-10 Nov. 10 2.60
11-20 Nov. 10 1.43
21-30 Nov. 10 1.80
1-10 Dec. 10 0.94
11-20 Dec. 10 0.94
21-31 Dec. 11 g.98
Total ( mm} (941.06)
Tl = 50% of class A pan evaporation.
T2 = 100% of class A pan evaporation.
T3 = 150% of class A pan evaporation.
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Table 4. Average daily evapotranspiration (mm/hay j for

mature banana on monthly basis under the three
irrigation treatments.

- - —— 8 T S " —— D S % G A e S S 5 S S e S S S e o A S 0 e el ek S S

Period Days Irrigation treatments
1991 T1 T2 T3
Jan. 31 2.12 2.19 2.35
reb. 28 2.36 2.28 2.41 -
Mar. 31 2.00 2.12 2.21
Apr. 30 2.68 3.20 3.87
May 31 3.35 4,02 4,04
June 30 3.54 4.70 5.7
July 31 3.59 2,82 4.95
Aug. 31 2.78 4.21 5.02
Sep. 30 3.36 4.30 ‘5.10
Ooct. 31 2.20 3.11 4.02
Nov. 30 1.94 1.388 2.38
Dec. 31 0.95 1.03 l1.46
Total( mm) ~ (941.058) (1152.50) (1310.89)
Tt = 50% of class A pan evaporation.

T2 = 100% of class A pan evaporation.
T3 = 150% of class A pan evaporation.
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Figure (5) Average daily actual evapotranspiration (mm/day)
for mature bananas on monthly basis under the

three irrigation treatments.
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treatments were low at the beginning of the vyear then
increased until they reached maximum values during June to

September followed by gradual decline until they reached
minimum values during Decémber. These fluctuations in the ET
values are due to the climatic changes during the growing

season.

4-6. Prediction of potential evapotranspiration (ETP) and
crop coefficients (Kec). - B
Potential evapotranspifation (ETP) was measured

directly by a drainage lysimeter (ETPlys) with grass as a

reference crop and by screen class-A pan evaporation. It was

aléo estimated by six empirical eguations which used various

meteorological data. B
Table 5 shows the average daily ETa and corresponding Kc

values of bananas for T2 and ETPlys. Average dally ET varied

with time over the growing season (1991) for both mature
banana and grass'crop. Average daily ETa and ETPlys were
measured at 10-days intervals.

Table 6 shows average daily ETPlys, ETa for T2 and the
corresponding Kc¢ values on monthly basis.

Average daily ETa for mature banana and estimated
monthly potential evapotranspiration calculated using
Hargreaves (ETPH), Hargreaves and Samani (ETPH_S),
Jenseh-Haise (ETPJ;H), Modified Blaney-Criddle (ETPg_¢),

Blaney-criddle factor (ETP¢), and FAO Blaney-Criddle (ETPppqg)

and their corresponding Kc values are shown in table 7 for
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Table 5.Average daily actual evapotranspiration (ETa) measured

by depletion method for mature bananaswith 100% of Epan
irrigation level, average daily potential evapotranspir-

ation of grass measured by lysimeter (ETPlys), and crop

coefficient value (Kc).

Py S ——— I T R e S WN R M S e A A RS A N S A A W SR R S R ke S S e e S A

Period ETlys ETa Ke
Days mm/day mm/day ETa/ETlys
1 - 10 Jan, 10 3.50 2.62 0.75
11 - 20 Jan. 10 2.40 2.06 0.86
21 - 31 Jan. 11 2.40 1.92 0.80
1 - 10 Febh. 10 2.40 2.61 1.08
11 ~ 20 Feb. 10 2.40 1.91 0,80
21 - 28 Feb, 8 1.30 2.32 0.78
1 - 10 Mar 10 1.30 1.91 1.47
11 -~ 20 Mar. 10 . 2.50 2.14 0.87
21 - 31 Mar 11 4.40 2.40 0.54
1 - 10 Apr 10 4.40 3.02 0.69
11 - 20 Apr 10 4.40 2.93 0.67
21 - 30 Apr 10 4.40 3.54 0.83
1l - 10 May 10 4,20 4.28 1.02
11 - 20 May 190 3.30 3.84 1.02
21 - 31 May 11 5.00 3.94. 1.1
1 - 10 June 10 5.40 4.44 0.95
11 - 20 June 10 7.10 4.51 0.55
21 - 30 June 10 7.50 5.16 Q.69
i~ 10 July 10 7.20 4.92 0.68
11 - 20 July 10 4.30 4.35 1.15
21 - 31 July 11 4.00 4.60 115
1 - 10 Aug 10 4.40 4.64 1.05
11 - 20 Aug 10 5.50 4,30 0.78
21 - 31 Aug 11 5.70 3.74 0.686
1 - 10 Sep 10 5.70 4.28 0.75
11 - 20 Sep 10 5.40 4,22 .0.78 &
21 - 30 Sep 10 4.10 4.41 1.08
1 - 10 Oct 10 4.10 3.80 0.93
11 - 20 Oct 10 4.10 3.25 0.79
21 ~« 31 Oct 10 3.90 2.35 0.50
1 - 10 Nov 10 3.70 2.95 0.380
11 - 20 Nowv 10 2.90 1.38 0.48
21 - 30 Nov 10 3.40 1.32 0.39
1 - 10 Dec 10 3.40 0.93 Q.27
11 - 20 bec 10 3.00 1.12 0.37
21 = 31 Dec 11 2.00 1.03 0.52
Total ( mm) (1476.21) (1152.50)

ETa = 100% of class A pan evaporation.
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Table 6. Average daily actual evapotranspiration (ETa) for mature

banana¢ with 100% of Epan, average daily potential
evapotranspiration for grass (ETPlys) on monthly basis,

and crop coefficient wvalues during the growing season.

b R R R o L b L b o e R e R R R R A P

periecd - ETPlys ETa Kc
Days -

1991 mm/day mm/day ETa/ETPlys
Jan. 31 2.76 2.19 0.80
Feb. 28 2.07 2.28 1.09
Mar. 31 2.79 2.12 0.76
Apr. 30 4.40 3.20 0.73
May 31 4.19 4.02 0.96
June 30 6.67 4.70 0.70
July 31 5.13 4.82 ¢.94
Aug. 31 5.22 3.21 0.31 B
Sep. 30 5.07 1,3 0.85
oct. 31 4.03 3.11 0.77
Nov. 30 3.33 1.88 0.56
Dec. 31 2.77 1.03 0.37
Total ( mm}y {(1476.21) (1152.5)
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Table 7. Average dally (mm/day) actual evapotransplaration (ETa) for each month by depletion method for mature banana and estimated
average {mm/day) potential evapotraspiration for each month by Hargreaves, Hargreaves and Samani, Jensen-Haise, modified Blaney-
criddle, £ (Blaney-Criddle), FAQ Blaney-Criddle, and their corresponding crop coefficient values (Xc).

O O 8 5 (0 e R A e e e e e o e e g e A RN e e e T R R R e e e P T

Feriod ETa ETPH* ETPH-S* ETPJ-H* ETPB-C ETPE™ ETPFRO*
Days Kc=ETa/ETPH Ke=ETa/ETPH-5 Kc=LTa/ETPJ-H Kc** Kc=ETa/ETPE Kc=ETa/ETF

1991 mm/day mm/day mm/day mm/day mm/day mm/day mm/day
san. 31 2.8 1.83  1.38  1.15 1.5 1.74  -1.26  1.94  0.83  2.34 0.3 1.62 1.3
Feb. 28 2.28 2.31 0.9% 2.38 0.96 c.52 m.mu 2.58 0.92 2.80 0.81 2.31 6.9%9
Mar. 31 2.12 2.90 0.72 3.32 0.64 3.28 0.65 3.77 0.96 3.93 0.54 2.90 ~ 0.73
Apr. 30 3.20 §4.21 0.76 5.52 0.58 4.85 0.65 5.42 T 0.98 5.53 0.58 1.70 0.68
May 31 4.02 5.10 0.79 6.60 0.61 6.11 0.66 7.16 1.03 6.95 0.58 5.86 . 0.69
*June 30 4.70 5.71 0.82 7.88 0.860 6.98 0.67 8.81 1.04 B.47 0.55 6.47 0.73
July 31 4.82 6.25 0.77 6.87 6.70 7.68 o.ww ) 9.19 1.02 W.OH 0.53 7.29 0.66
Aug, 31 4.21 5.77 0.73 6.27 0.67 7.10 0.59 . B.47 1.01 8.39 0.50 6.34 owmm
Sep. 30 4.30 4,72 0.91 5.44 0.7% 5.77 0.75 7.20 0.98 7.35 0.5% 5.49 0.78
oct. 31 3.11 3.B4 0.81 4.32 0.72 4.65 0.67 6.05 0.97 6.23 0.50 4.74 0.66
Nov. 30 1.88 2.40 0.78 2.65 0.70 2.78 D.68 3.59 0.9¢0 3.99 0.47 2.97 G.63
bec. 31 1.03 1.79 0.57 1.31 0.79 1.90 0.54 1.86 0.B4 2.22 0.46 . 1.65 0.62

Tlotallmmi  1152.5 1420.87  1656.33  16%0.s82  2014.63  2049.81  1ss5.85

** : K¢ values are obtained from the growth stage coefficient curves g¢given in the U.5.D.A technical release No. 21, of the soil
conservation service.

* : See appendix, sample of calculations. page (100, 101, 102, 103)



41
the Same period. Average daily ETa for mature banana and
~adjusted pan coefficient according to Doorenbos and Pruitt
{1977), and class-A pan evapcration ( Epan) and Kc values are
shown in table 8 on 10-days and in table 9 on monthly basis.

The ETa, ETPlys, and Epan values were compared with
ETPgp_c ( fig. 6 ), ETPppq ( fig. 7 }, ETPy_y ( fig. 8 ), ETPy
( £ig.9 ) ETPy.g ( fig. 10 ) , and ETPg ( £ig. 11 ). All ET
values had the same characteriﬁtics with response to climatic
variation through the growing season.

The Kc¢ values variation with the growing season (1991)
on monthly basis for different empirical methods are shown
in figufe 12 (H, FAO, lys, and pan), figure 13 (£ B-C, FAO,
lys, and pan); figure 14 (J-H, FAQ, lys, and pan); énd figure
15 (H-s, FAO, lys, and pan). It is clear that K¢ values had
almost the same trends.

From the above mentioned figures, Kcpan values were high
during Jan., Feb;, Mar., and Dec.. This is because of_ low
Epan values during that period due to low temﬁerature and
incident solar radiation (Appendix 1 Table 1). Kec wvalues
obtained from ETa and ETPg§ were the lowest. This is due to
high ETP§ values. The values of Kc(FAo)r Kc(H), Kc(J,H), and
Kc(g.g) had the same trends.

4-7. Evaluation of Estimating Methods
4-7~1, ?otential evapotranspiration of grass by lysimetric
method (ETPlys).

Regression analysis were made for the six estimating

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



42

Table 8: Average daily actual evapotranspiration, (ETa)
measured by depletion method for mature banana

with 100% of Epan, average screen class-A pan
evaporation (Ep), pan coefficient (Xp), and Epan

-, and the corresponding Kc¢ values during the
growin season.

B e R e e U ——

Epan
Period Kp Ep ; KpxEp ETa K¢
mm/day mm/day mm/day ETa/Epan
1-10 Jan 0.720 1.76 1.27 2.62 2.07
11-20 Jan 0.695 2.45 1.63 2.06 1.26
21-31 Jan 0.764 1.04 0.79 1.92 2.67
1-10 Feb 0.720 1.59 1.14 2.61 2.68
11-20 Feb 0.700 2.46° 1.72 1.91 1.11
21-28 Feb 0.740° 2.35 1.74 2.32 1.33
1-10 Mar 0.710 2.80 1.98 1.91 0.96
11-20 Mar 0.690 3.30 2.28 2.14 0.9¢
21=31 Mar 0.730 4.3 3.21 2.40 0.74
1-10 Apr 0.700 4.96 32.47 3.02 0.87
11-20 Apr 0.660 4.79 3.18 2.93 0.93
21-30 Apr 0.650 8,24 5.36 3.64 0.68
1-10 May 0.655 2.05 5.93 4,28 0.72
11-290 May 0.650 8.24 5.38 3.34 .71
21-31 May 0.695 7.27 5.06 . 3.94 0.73
1-10 June 0.655 10.27 6.73 4,44 0.66
11-20 June 0.7¢0 9.02 6.31 . 4.51 0.71
21-30 June 0.695 10.28 7.14 5.16 0.66
1-10 July 0.700 2.91 5.94 4,92 0.71
11 20 July 0.700 10.03 7.02 4,95 0.71
21-31 July 0.744 8.83 6.57 4.60 - 0.70
1-10 Aug 0.695 2.00 5.70 4.64 0.81
11-20 Aug 0.700 9.08 6.36 4,30 0.68
21-31 Aug 0.700 3.08 5.66 3.74 0.66
1-10 Sep 0.700 7.76 5.43 4.28 0.79
11-20 Sep 0.700 8.12 5.69 4,22 0.78
21-30 sep 0.7Q0 7.76 5.43 4,41 0.74
1-10 Oct 0.670 7.80 5.23 3.80 0.73
11-20 oOct 0.670 5.60 3.74 3.25 0.87
21-31 Oct 0.673 6.24 4,20 2.35 0.56
1-10 Nov 0.680 3.46 2.35 2.95 - 1,25
11-20 Nov 0.690 3.68 2.54 1.38 0.54
21-30 Nov 0.710 3.54 2.51 1.32 0.52
1-10 Dec 0.740 1.30 0.95 0.93 0.98
11-20 Dec 0.740 1.35 1.00 1.12 1.12
21-31 Dec 0.730 1.50 1.10 1.03 0.94
Total cmmé (1450.77) {1152.50)

ETa = 1dp % from class-~A Pan evaporation
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Table 9. Average daily screen class-A pan evaporation (Epan),
ETa and K¢ values on monthly basis.

A UL S M R Sy S S AR T b D SR S W P D A N e Em D S D A G S D N G e A S —— A T A

period Epan ETa Kc
Days
1991 E mm/day mm/day ETa/Epan
Jan. 31 1.22 2.19 1.80
Feb. 28 1.52 2.28 1.50
Mar, 31 2.52 2.12 0.84
Apr. 30 4.00 3.2 0.80
May 31 5.44 4.02 0.74
June 30 6.73 4.70 .70
July 31 5.83 4.3 0.71
Aug. 31 5.90 4.21 0.71
Sap, 30 5.52 .4.30 0.78
Oct. 31 4,28 3.11 - "0.70
Nov. 30 2.47 1.38 0.76
Dec. 31 1.03 1.03 1.00
Totalimm? (1450.77) ({1152.50)
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Figure (12) Crop coefficient values variation with the
growing season on monthly basis interval for -

banana for Kc(H), Kc{FAQ), Kcllys), and Kc{pan).
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Figure {14} Crop coefficient values variation with the
growing season on monthly basis interval for
banana for Kc(J-H), Kc{FAQ), Kc(lys), and Kc{pan).
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methods compared with measured ETPlys. The measurements were
the mean daily ETPlys on monthly basis. The regression
coefficients for these methods are shown in table 10. The
coefficients of determination (Rz) were (0.840, 0.839, (0.831,
0.803, 0.798, and 0.793 for ETP(g_c),ETP(f), ETP(y.5), ETP(j-
H)+ ETP(pap), and ETP(y), respectively. The results show that
ETP(p-¢), ETP(g), and ETP(y.g) have similar and higher (Rz)

values, because they used similar climatic factors.

4-7-2. Actual evapotranspiration of mature banana (ETa).

Regression analysis were made for the six estimating
methods compared with measured (ETa). The measurements were
the mean daily ETa on monthly basis. The regression
coefficients for these methods are shown in Table 11. The
coefficient of determination (Rz) were 0.919, 0.912, 0.899,
0.912, 0.914 and 0.913 for ETP(g.c), ETP(f), ETP(g_g), ETP(j-
H)r ETP(fFpo). and ETP(y), respectively. The high values of
coefficlents of determination (Rz) for the selected
estimating method indicate that all these methods are good
estimate of ETa.

4-7-3. Class-A Pan Evaporation .

Regression analysis were made for these estimating
methods compared with screen class-A pan evaporation (Epan).
The measurements were the mean daily Epan on monthly basis.
The regression coefficients for those methods are shown -in

table 12. The coeffiqients of determination (Rz) were 0.994,
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Table 10 . Regression equation of ETPlys values as a function
of ETPB-C’ ETPf, ETPH""S' ETPJ_H, ETPFAO' ETPH, and

their regression coefficient and standard error.

el TR S S R S S ek v P RS S S S W T A D A AN AN D e i e e ————— T - —

Estimating Intercept Slope Regression Standard

mm/day coeff%cient Error
method a b R S.E
ETPg_c¢ 1.533 0.455 0.840 0.580
ETP¢ 1.271 0.494 0.339 0.562
ETPy_g 1.522 0.5355 0.831 0.578
ETP g-u 1.430 0.564 0.803 0.623
ETPppg 1.420 0.600 0.798 0.631
ETPy 1.218 0.641 0.793 0.645

ETPlys = a + bBETP,

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



56

Tabla 11, Regression equations of ETa values as a function of
ETPB_C, ETPf, ETPH.,5, ETPJ_H, ETPFAS, ETPH, and their
ard e

regression coefficient, and stand rror.
© Estimating  Intercept  slope | Regression  Standard
mm/day coefficient Error
method a - b R S.E
CETPgc  0.712 o.441 . 0.919 0.373
ETP ¢ 0.464 0.480 0.912 0.388
ETPy-g 0.714 0.539 0.899 0.415
ETPy.y 0.558 0.562 0.512 0.381
ETPgpg 0.542 0.599 0.914 0.393
ETPy 0.335 0.726 0.313 0.389

—-—————-——_—_—_—————-.—-—_—u—-———-..-——-—q-.-——_-._-_—_——..——

- e v -
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0.991, 0.942, 0.976, 0.986, and 0.970 for ETP(p.c), ET(f).
ETP(H_S), ETP(J_H), ETP(FAO)f and ETP(H) respectively.
standard error for the different methods (table 12) were
0.1728,0.2106, 0.3001, 0.3404, 0;39?3 and 0.5410 for ETP(p-
c) ETP(f), ETP(FAO)' ETP(J_.H), ETP(H), and ETP(H_S),
respectively. The improvement in (R2) reduced the standard
error significantly. All (Rz) values for the different
methods indicated that they estimated Epan fairly well and
the highest R2 (0.991) was ETPg_o. This is considered
a new finding because all previous studies did not
recommended ETg_o method in this region.
4-7-4. Total Evapotranspiratiomn.

Figure 16 and 17 show the cumulative evapotranspiration
for ETa, ETPlys, Epan, ETP(g_c).ETP(f), ETP(ppq)r ETP(g),
ETP(g-H)» and ETP(H-8) with the growing season. The total ETa
was the 1lowest (1152.5mm), while ETP(g)was the highest
(2049.81 mm) which was very close to ETP(B_C) (2014.63 mm).
Total'ETP(H), ETPlys, and Epan values were 1420.97, 1476.21
and 1450.77mm, respectively. Total ETP(y-y) gave high values
(1690.82 mm) because of using adjusted céefficient; (T and
Cp) which have increasing effect on ETP.

The regression equations for cumulative ET (ETcum) as
estimated by the different methods as a function of growing
season in months, and their correlation coefficients are

shown in Table 13. The general form of the regression

equation was as follows
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Table 12. Regression equations of Epan values as a function of
-ETPB_c, ETP¢, ETPy.g, ETPy.y, ETPppor ETPy, and their
regression coefficient and standard error.

e ST Su M S N S S S S S S AR D T IR A R AN A S S g S S SN N S S SN S M W S S e —

Estimating Intercept Slope Regression Standard
mm/day coefficient Error
method a R" S.E
ETPg_e  -0.401  0.793  0.994  0.173
ETP¢ -0.852 0.850 0.991 0.211
ETPy.g -0,326 0.947 0.942 0.541
ETPg_y -0.642 0.996 0.976 0.340
ETPEpQ -0.698 1.068 0.986 0.300
ETPy -1.031 1.286 0.970 0.397

——— A A M A D A R B P =) Al B el et b et D b A e e w e T b e R e e e R S b -
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Figure (18) Cumulative ETPFAQ, ETPH, ETPf, and ETa

during the growing season, 1991
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Table 13.Exponential equations. for ET as estimated by the
different methods as a function of growing season

- in month and their correlation coefficients.

-__—————4--.-..--_-———-..-_-——-—-—n-—-——————_-—_————4—-_-__-—-__—-4.

Estimating a b ccrrelationzcoefficient
method (R}
ETPrpq 45.520 1.497 0.992 *
ETPy 47.150 1.440 0.993 *
ETP 7.y 49.797 1.487 0.988 =
ETP; 63.129 1.454 0.992 *
ET? j_y $0.302 1.487 0.987 *
ETPlys 69.780 1.250 0.987 *
ETa 59.416 1.232 0.990 *
Epan 32.109 1.611 0.987 *
ETPg.c 53.110 1.530 0.991 *

o o o o 1m0 0 om0 P 0 b o o 9 o e i} e D k. A} ol . 0 B Y b . " 748 e et o s

Ti = months in numerical order starting from January.

i 1 through 12.
* = correlation coefficients are highly significant at 1 %
level.

b
ETP, = a{ Ti )
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b
ETcum = a (Ti)

where,
ETcum = cumulative ET ,mm
T4 = months in numerical order (starting from January),

i 1 through 12

4-7-% Measured ETa vs. ETPlys and Epan.
Regression analyses were made for ETa of banana as a
function of ETPlys on 10-days and on monthly basis. The

regression equations obtained were as follows:

on 10-days basis

ETa = 0.610 + 0.633 ETPlys, R2 = 0.576
ETPlys >0
on monthly basis 2
ETa = -0.161 + 0.821 ETPlys, R = 0.776

ETPlys > 0.2
The relationship between ETa and ETPlys obtained on monthly
basis 1is shown in figure 18. Regression analyses were made
between the means of average daily ETa and Epan on 10-days
and on monthly basis. The regression equations obtained were
as follows
on 10-days basis.
ETa = 1.01 + 0.551 Epan, R = 0.85

Epan >0

on monthly basis.
ETa = ¢.93 + 0.5%62 Epan, R = 0.93

Epan > 0
Figure 19 shows the relationship between ETa and Epan on
monthly basis. Results showed that Epan is a good estimate

for ETa. Increasing the period from 10-days to monthly basis,

2
R  values increased from 0.85 to 0.93.
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during the growing season.
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4-7-6. Measured potential evapotranspiration of grass by
lysimetric method (ETPlys) vs. evaporation £from

class-A pan evaporation (Epan).
Regression equations and their correlation coefficients
of ETPlys as a function of Epan on 10-days _and menthly
basis were developed. The regression equations obtained were

as follows

on 10-days basis.

ETPlys = 1.803 + 0.57 Epan, R2 = 0.635
Epan >0
on monthly basis.
2
ETPlys = 1.746 +0.562 Epan, R = 0.86

Epan> 0
Figure 20 shows the relationship between ETPlys and Epan
on monthly basis. The correlation coefficient (Rz) indicated
a significant correlation at 5% level. Increasing the period
from 10-days to monthly basis, R2 value increased from 0.635
to 0.86, respectively.

4-8. Effect of environmental factors on ETa, ETPlys and Epan.

4-8-1 Climatic factors effect on ETa.

Regression equations and their R2 of ETa as a function
of each of Tmin, Tmax, Tav , and Rs on 10-day and on monthly
basis are shown in Table 14, On 10-days basis the highest R2
(0.817) when ETa was expressed as a function of Tmax. 'This
indicates that Tmax is the most effective climatic factor on

ETa during these intervals. On monthly basis, the highest R2

({0.871) was when ETa was expressed as a function of Rs; but
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Table 14. Regression equations of ETa values as a function

of selected climatic factors, and their regression
coefficient and standard error.

—— G W . ———— A D - —— ———— ] Bt b ek - . M T G5 S

Climatic Intercept Slope Regression Standard
mm/day coefficient Error
factor a_ R S.E

D e — e o b S —— ——— A W S A i —————— D S SN M b G b ww S

Tmin -1.695 0.183 0.754 0.639
Tmax -1.234 0.147 0.817 0.551
Tav . ~0.725 0.160 0.757 0.634
Rs -0.364 0.540 0.760 0.630

on monthly basis

Tmin -0.339 0.193 0.798 0.618
Tmax -1.425 0.154 0.852 0.528
Tav -0.977 0.173 0.834 0.559
Rs -0.911 0.625 0.871 0.494

P AR S LS SN S A G 6 D W S A A VS A A W A A b A b —————— -~ -
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was not significantly different from that of Tmax (R2=
0.852). Therefore, it is recommended to use Tmax rather than
using Rs to estimate ETa because Tmax can be measured easily.
4-8-2 . The effect of climatic factors on ETPlys.

Regression equations and their R2 of ETPlys as a
function of each of Tmin, Tmax, Tav , and Rs on 10-days and
on monthly basis are shown in table 15 and figure 21 and 22
Maximum temperature was the most effective climatic data
which affected ETPlys on both 10-days and on monthly basis

(R2= 0.761 on mohthly basis). The regression equations

obtained were as follows

on 10-days Dbasis 5

ETlys = -0.392 + 0.148 Tmax, R = 0.576
o
Tmax > 3 c
on monthly basis 5
ETlys = =0.777 + 0.160 Tmax, R = 0.761
5
Tmax >5 C

4-8-3. The effect of climatic factors on Epan.

Table 16 shows the effect of Tmin, Tmax, Tav , and Rs on
Epan, and their regression coefficients for. The Tmax gave
the best estimation of Epan on both 10-days and on monthly
basis. The regression %quations obtained are as follows:

on 10-days basis

Epan = =3.773 + 0.257 Tmax, R2 = 0.889
(o]
Tmax >»15 C
on monthly basis 2
Epan = -4.03 + 0.266 Tmax, R = 0.942

i (o]
T™Tmax >15 C
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Table 15. Regression equation of ETPlys wvalues as a function
cf selected climatic factors, and their regression

coefficient and standard error.

Climatic Intercept Slope Regression Standard
mm/day coeffécient Error
factor a . b R S.E

——— L Gk D O S D A S S . T P T — ——————— o T S A WD WS D A e e b b

Tmin 0.555 0.191 0.572 1.001
Tmax -0,.392 0.148 0.576 1.004
Tav . -0.020 0.167 0.573 1.007
RS 0.655 0.517 0.486 1.106
on monthly basis
Tmin: 0.325 0.198 0.716 0.793
Tmax ~0.777 0.158 0.761 0.728
Tav -3.230 0.177 0.746 0.750
RS 0.067 0.592 0.665 0.862

O A b S S S D N . G A P D ST e ——— o T W N M e b kb =
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Figure (21) Relationship between potential evapot-

ranspiration for grass by lysimetric method
(ETPlys} and mean maximum temperature
(Tmax‘C) on 10-days basis.
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Table 16. Regression equation of Epan values as a function of
selected climatic factors, and their regression

coefficient and standard error.

G S —— S D 0 e Ay S A wh b ek e S — i b A Wmb et e M Em am

Climatic Intercept Slope Regression Standard
mm/day coefficient Erro
factor a h R S.E

U TR O NI mm o m e e e i v et et e S e b - R R b s . —a A ) - .

Tmin ~2.045 0.327 0.857 0.814
Tmax -3.773 0.257 0.889 0.720
Tav ~-3.143 0.291 0.888 0.723
RS -2.230 0.948 0.835 0.877

on monthly basis

Tmin -2.226 0.336 0.902 . ‘' 0.704
Tmax - -4.030 0.266  0.942 0.542
Tav -3.290 0.300 0.932 0.550
RS -2.930 1.047 0.907 0.688

TR mm D e mm A T G e e —— R e - = e o e o e
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o

The highly significant correlation (R2= 0.942) at 1
level indicates the excellent correlation between Epan and
Tmax. Figure (23) and figure (24) show the relationship
between Epan and Tmax bn 10-day and on monthly basis,
respectively.

4-8-4, The effect of mean maximum temperature (Tmax) and
incident solar - radiation in millimeter (Rs)} on ETa,
ETPlys and Epan.

Table 17. shows the multiregression coéfficienté for Tmax
and Rs with respect to ETa, ETPlys, and Epan. The multiple
correlation coefficients (Rz) for ETa were 0.84 and 0.913 on
10-days and menthly basis, respectively. Comparing R
obtained from using Tmax alone(R2= 0.852) with R2 ocbtained
from using both Rs and Tmax (R2= 0.913) shﬁwed higger

correlation. The multilinear ragression equations obtained

were as follows

on 10-days basis 2
ETa = -1.1525 + 0.0988Tmax + 0:;209Rs, R = 0.84
[o]
Tmax »12 €, Rs>0
on monthly basis 5
ETa = -1.399 + 0.0744Tmax + 0.3594Rs, R = 0.913

=]

Tmax »>19 C, Rs >0
The multiple correlation coefficients (Rz) for ETlys
were 0.58 and 0.769 on 10-days and monthly basis,
respectively (table 17). Comparing R2 obtained from wusing
Tmax (R2= 0.761) with R2 obtained from using Tmax and Rs (R2=

0.769). This indicates that a 1little improvement had

occurred, which mean that it is not preferable to introduce
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Table 17. Regression coefficients, determination coefficients.

{R7), and standard error (s.E} for three measured
methods of evapotranspiration. -

-----—--———————“_—————m---——--——--——-—-—-——----—-——-n—---——w-

Measured Intercept Tmax Rs s
mm/day coeff. coeff. R S.E

methods a b c

on 10-days hasis
ETa -1,153 0.099 0.209 0.843 0.518
ETPlys -0.355 0.127 0.093 0.580 1.015
Epan -3.622 0.1s68 Q.385 .0.919 “0.621

on monthly basis
ETa -1.400 0.074 0.360 0.913 0.428
ETPlys -0.767 0.127 0.138 0.769 0.755
Epan -3.996 0.162 0.468 0.98¢0 0.333

—--_——-—-p——_—_—-.._—-———_--———————-———.-———-_—_-—-..--———-.-——————-
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more than one environmental factor (Tmax) for estimating
ETPlys.

The multilinear regressieon equations obtained for
estimating Epan were as follows:

on 10-days basis

Epan = -3.6224 + 0.1681Tmax + 0.385Rs, R2 = 0.919
[+
Tmax »20 C, Rs>0
on menthly basis 2
Epan = -3.996 + 0.162Tmax + 0.4685Rs, R = 0.98

o]

Tmax 25 C, Rs >0

Comparing R2 obtained from using Tmax (R2= 0.907) and
RS (R2= 0.942) separately with R2 obfained from using both Rs
and Tmax (R2= 0.98) indicated that good improvement had
occurred. This mean that it is preferable to introduce more

than one environmental factor for estimating Epan.
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5.0 SUMMARY AND CONCLUSIONS.

A study was carried during 1951 growing season , at the
University of Jordan Experimental Station located in the
central Jordan Valley to determine water consumption and crop
coefficients of mature banana plant.

The experiment was laid out in a completely randomized
block design with four replications. The treatments were 50,
100, and 150 percent of weekly class-A pan evaporation
(Epan). Each plot size was 9.0 ¥ 9.0 m containing 9.0 banana
trees. Three access tubes were installed in each plot at
distance of 20cm, 60 cm, and 100 cm from the central tree in
the same direction.

Actual water consumption of mature banana plant (ETa)
was measured by depletion method using neutren scattering
techniques for the different treatments. Potential ET by
lysimeter using grass {ETPlys), Class:A pan eQaporation
(Epan), modified Blaney-Criddle (ETPB-C), FAO Blaney-Criddle
(ETPFAO), £ Blaney-Criddle factor(ETPf), Jensen-Haise (ETPJ-
H), Hargreaves {(ETPH), and Hargreaves-Samani method (ETPH-S)
were estimated during the growing season in addition to their
corresponding crop coefficients values {Kc).' The plant
parameters measured were ;pseudostem height, pseudostem
girth, number of £fingers per bunch, bunch weight, total
yield, and water use efficiency.

Total amounts of water added were 1064.18, 1739.05, and

2413.92 mm for 50, 100, and 150% of Epan irrigation
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treatments respectively. The results showed the following:

1 - Total ETa of a mature banana plant for the 50, 100, and
150% of Epan were 941.06, 1152.5, and 1310.89 mm,
respectively.

2 - The sucker height, sucker girth. number of fingers, and
bunch weight of banana were significantly affected by water
treatments to a certain limit,

3 - Irfigation of banana at 100% of Epan treatment gave
optimum yield and WUE of 33.11 t/ha and 2.87 Kg/m3,
respectively. Reducing irrigation 1level to 50% of Epan
reduced yield and WUE by 89.52% and 87.77%, respécfively,
while increasing irrigation level to 150% of Epan gave no
significant increase in both values.

4 =~ Cumulative ETPlys, Epan, ETPH, ETPJ-H, ETPB-C, ETPFAO,
ETPf and ETPH-S were 1476.21, 1450.77, 1420.97, 1650.82,
1595.,95, 2014.63, 2049.81, and 1656.39 mm, respecti&ely.

5 - Monthly Kc valﬁes for mature banana based on ETPlys
ranged from 0.36 to 1.1 during the growing season. Monthly Kc
values based on the Epan and the six empirical methods ranged
from 0.7 to 1.80 for Epan, from 0.57 to 1.34 for ETPH, from
0.58 to 1.25 for ETPH-S, from 0.54 to 1.26 for ETPJ-H, from
0.46 to 0.93 for ETPEf, and From 0.62 to 1.36 for ETPFAO.

6 - The'closest estimated ETP values to measure ETa and
ETPlys values were Lhe Epan followed by ETPB-C.

7 = The mean maximum temperature was found to be the best

single climatic factor ip predicting ETa, ETlys, and Epan.
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Table 1. Minimum tempreture (Tmin C), maximum temperature (Tmax ¢),
minimum relative humidity (RHmin), maximum relative humidity
(RHmax), wind speed two meters about the earth (U),. solar
radiation (RS}, and rainfall (Rn) were taken from University

. Farm Metorological Station.

Date Tmin Tmax RHmin RYmax u RS RN
Q o % % Km/hr cal/cm.day mm

1/1/1991 12.1 20 35 44 60 87.86

2 9 19.9 48 74 30 271.72
3 10.5 21.1 55 80 73 260.9 11.4
4 14 19.1 62 86 20 261.47

5 9 20.7 47 88 5 284.37

6 8.3 20.4 46 88 40 248.8 -
7 10.9 22.2 40 75 10 251.43

8 12.1 19.8 56 g0 7 152.58

5 9 20.8 44 84 35 284.21

10 g.¢ 21 38 80 15 287.09

11 8 2l.8 31 75 70 285.49

12 10.6 23,9 24 45 320 290.44 4.8
12 11.2 15.9 58 86 S 83.74

4 7 19.8 37 80 6 288.25

15 8 20.3 42 70 10 289,94

is 9.2 20.1 42 65 70 292.09

17 9.2 21.5 35 64 15 288,91

13 12.4 21.8 40 65 . 45 285.94 0.3
19 12 20.8 40 70 53 245,19

20 9.1 21.7 12 75 27 213.4

21 9 156 80 20 20 88.7 g.9
22 10 16.3 64 82 40 106.04 2.3
23 11.2 16.8 62 70 78 92.34 2.1
24 10.2 14 83 90 . 46 141.14 8.0
25 9 13.5 72 84 70 149,25 14.2
26 7.8 13.4 57 85 36 133.11
27 3.8 15.8 44 90 18 295

28 5.6 18.4 30 70 26 319.12
29 8.6 18.72 32 50 39 325.07 13.6
30 10.1 17.7 70 92 42 123.986 16.9
21 12 19.5 70 76 110 109.81 8.7
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Table 1, cont' d

Date Toin Tmax RHmin RHmax u RS
’ cC C % % Km/hr cal/cm.day

1/2/1591 11.2 13.9 82 84 90 190.51
2 ) 7 18.6 44 84 52 269.58
3 10.4 17.9 50 85 83 132.09
4 9.8 17 52 76 47 249 .15
5 5.9 1.2 44 70 68 271.29
6 11 19.8 34 44 35 321.61
7 9.3 16.2 58 82 30 156.6
8 9 1.1 60 90 40 240,97
9 9.5 19.7 50 o4 55 284 .51
10 6.8 19.8 40 88 33 359.96
11 9.8 22 34 84 69 370.2
12 8.7 21.5 26 78 35 367.48
13 12.2 22.3 26 43 3 139.921
14 18.1 22.6 30 62 38 374.54
15 10.3 25.8 24 S6 18 363.83
16 16.2 22 40 70 40 205.74
7 12 22 45 75 22 318.9
13 g 21.9 49 90 69 386.75%
13 8.9 232.1 3 72 3 3gl. 3
20 10 23.4 30 68 100 384.938
21 10 21.7 46 80 50 2390.01
2 12.8 27.8 30 50 25 405,85
23 15 25 36 62 15 298.91
24 11 24.8 22 79 73 404 .57
25 1l4 22.4 43 80 75 276.97
26 13.89 19.2 60 g4 25° 261.4
27 9.2 18.7 T4 73 60 171.38
28 10 20 52 94 13 378.64

89
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Table 1, cont' d

Date Tmin Tmax RHmin RHmax u RS Rn
. c c A yA Km/hr cal/cm.day mm
1/3/1991 9 22.8 36 92 16 296.36 -
‘10.6 21 48 86 2 322.48
3 8.1 22.8 40 80 a3 4056.76
4 11.6 23.4 36 60 80 370.77 0.6
s 15 18.6 84 86 109 216.2 21.4
6 10.6 18.3 40 94 100 250.37 0.2
7 11.8 19.2 60 68 68 218.51 0.4
8 11.38 22 48 90 89 362.28
9 15.9 22.7 50 68 59 353.75
10 2.8 22.8 50 24 67 373.17
11 14 24.6 36 58 40 351.75
12 14.8 23 S5 72 50 383.97 1.2
13 12 20.5 58 78 50 266.95
14 10.8 24 36 84 20 439.04
15 10 24.1 34 74 35 325.28
16 13 28.8 26 60 24 373.37
17 18 30.6 30 3 163 337.57
18 22 31 35 65 98 410
19 16 26.24 40 a7 102 44,359
20 16 28.1 42 74 52 225.93
21 15.1 32.8 35 58 o4 229.65 33
22 17.2 22.7 92 a4 256 358.41 22.0
23 15.9 22.2 80 92 150 192.2 15.6
24 i6 21 . 64 g8 78 241.5
25 13.9 24.3 50 92’ 36 430.58
26 14.5 26.6 48 76 60 £75.71
27 15 28.5 40 78 80 461.18
28 14.2 31 35 72 40 506.82
29 17 31.2 42 70 48 490
30 16.8 31 48 60 152 260.11
31 .15.3 26 42 63 90 441.86
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Table 1, cont' d

Date Tmin Tmax RHmin RHmax u RS Rn
C cC pA A Km/hr cal/cm.day mm
1/4/1991 14.4 28.3 40 82 60 274.01
2 14.2 32.4 37 72 68 335.85
3 20 28.4 38 56 70 274.06
4 15 27 36 66 80 466.98
-] 13 25.4 42 72 43 410,47
6 12 27.1 40 74 101 513.21
7 13 33.9 28 68 102 456,39
8 20.9 26.1 38 65 105 393.25
=} 14 22.8 54 74 130 £13.41 4.9
10 14.8 24.6 34 83 100 215.64 1.7
11 15 22.8 48 80 %0 384.11 -
12 13 25.7 37 72 40 496 .72
13 12.2 28.1 33 70 75 535.31
14 13.8 30 27 48 147 513.42
15 20.3 33.4 31 40 70 497 .44
16 17 27.7 35 56 40 558,85
17 14 25.9 38 64 80 528.5
18 11.9 29 34 &0 150 208.56
15 13.8 36.5 22 50 100 562.76
20 21 37.8 25 52 100 540.9
21 19 34 860 70 S0 281.43
22 18 34.5 21 56 123 379
23 23 38.7 22 36 85 478.02
24 21.8 37 27 55 140 548,49
25 20 34.1 25 62 260 450.9
26 20 22.3 26 €6 200 477.98
27 20.4 32.4 28 60 140 398.03
28 18.2 39.4 23 40 68 592.42
29 23.5 39.2 27 44 72 31z.48
30 29.2 33.6 10 48 90 223.37
31
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Table 1, cont' d

Date |, Tmin Tmax RHmin RHmax u RS Rn
C c A % Km/hr cal/cm.day mm

1/5/1991 22 23.2 68 90 126 401.78
2 13 27.6 40 70 118 562.85
3 13 30 33 67 140 485.69
4 16 33.9 30 60 B0 568.38
5 16.8 37.9 22 52 76 601.71
6 19 40.5 18 45 110 582.39
7 21 38.8 21 40 117 544,94
8 22 42 21 42 S0 554,08
9 25 34.2 32 54 110 402.26
10 17.8 37.1 15 52 200 458,39
sl 23 38.8 20 52 70 408.8
12 22.3 40 27 46 97 467.79
13 25.2 40.4 24 44 100 386,23
14 25.8 39.5 31 40 180 413.1
15 28.4 39.2 33 50 200 343.32 -
16 25 29.3 40 54 148 247.05
17 20.7 30.86 36 63 120 106.07
18 17.86 32.6 34 68 80 591.44
19 19 36.2 22 60 131 504.33
20 23.2 36.3 26 62 101 533.93
21 23 29.7 35 52 115 545.381
22 18.9 29 40 62 199 379.12
23 17 31.3 35 66 70 594.1
24 18 35.2 28 68 80 577.55
25 22 36.6 32 66 96 601.5
26 23 33.2 36 44 122 502.34
27 20.7 27.9 46 52 117 249.11
28 19.9 29.3 38 54 50 438.59
29 16.1 31.6 40 60 117 595.42
30 20.2 31.7 40 62 68 550,92
31 18.7 31.4 42 64 135 £00.52
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Table 1, cont' 4

Date Tmin Tmax RHmin RHmax U RS Rn

' C c yA F4 Km/hr cal/cm.day mm
1/6/1891 18 32 40 64 150 527.77
2 17 33.2 38 65 as 525.11
3 15.1 36.7 25 56 180 534.36
4 20.3 38.1 28 40 74 502.78
5 23.6 39 30 45 116 428.43
6 25 39 28 46 160 536.8
7 21.8 39.2 40 66 75 537.02
8 21.2 37.2 37 70 167 530.47
e 22.8 38 34 74 120 412.47
10 22 38.3 22 52 100 535.12
11 23 34.2 38 S0 130 £32.91
12 22.3 36.4 35 52 87 512.8
13 23 37.4 34 S0 ag $33.35
14 23 38.2 20 50 154 445,23
15 24 .4 37.2 26 52 146 526.37
16 24 38.3 24 €0 120 531.1
17 23 39.5 28 68 180 513.26
18 24 41 34 62 125 524.81
19 25 41.1 32 82 135 509.21
20 24.2 39.3 28 80 125 $11.68
21 24.8 40 30 60 119 516.41
22 25.8 41.7 30 72 135 516.68
23 26.4 40.7 38 &8 154 459.79
24 26.2 40 42 70 180 511.74
2t 25 38.9 40 72 114 518.1
26 23.2 36.%9 42 53 36 508.7
27 25 37.8 42 60 57 368.4 -
28 24.1 36.8 42 64 120 521.44
29 24 38.2 36 68 124 518.82
30 26 37.3 40 68 114 527.45
31
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Table 1, cont' d

Date Tmin Tmax RHmin RHmax u RS Rn
C @ A 4 Km/hr cal/cm.day mm

1/7/1991 25 38.2 30 66 109 518.02
2 25.8 38.1 40 64 153 531.13
3 ' 25 37.4 37 60 156 551.35
4 24.2 38 36 60 131 539.66
5 23.8 37.2 36 65 126 505.73
6 24 34.4 a6 70 89 550.67
7 23 35.3 42 70 89 543.47
8 25.:3 35.4 44 70 106 536.7
9 24 35.5 44 66 82 549 .14.
10 25,1 38.4 42 75 114 540.34
11 25 40 30 74 137 551.76
12 24.8 39 28 60 160 553.61
13 25 37 41 32 70 114 £53.08
14 25.9 38.2 32 80 30 566.62
15 25 37.3 28 68 73 555.17
le 25 kS:] 33 50 115 496.12
17 29.9 37.3 32 54 g7 562.3
18 23.8 38.8 2 55 86 526.02
18 25 37 40 2 113 511.99
20 24.8 38.6 31 60 1386 47 .33
21 26.2 38.9 36 &0 119 562.72 T
22 27.2 39.32 40 64 103 £51.05
2 28 39.8 45 63 127 544 .32
24 26.4 39.4 34 68 88 553.97
25 24 39 36 54 115 537 27
e 27.8 28.4 s 62 77 34.7
27 26.8 38.9 44 60 98 549 .26
28 26 40.7 27 64 87 551.04
29 24.6 39.5 30 60 g1 516.78
30 26 37 34 56 g8 545.4
kb 24 36.2 40 60 101 549.36
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Table 1, cont' d

Date Tmin Tmax RHmin RHmax u RS Rn

C C A ya Km/hr cal/cm.day mm
1/8/1991 23.4 37 40 64 88 520.99
2 25.8 39.86 33 70 115 513.67
3 26.38 40.2 32 &5 B85 517.6
4 28 38.8 46 75 109 514.73
5 26.4 37.1 38 66 97 504 .68
6 24.8 37.6 42 62 102 431.67
7 25.1 39.2 40 65 138 524.69
8 25.5 - 40 33 64 107 470.5%4
g 27.5 39.8 40 70 182 524.92
10 27 37.9 38 70 67 517.51
11 26 36 34 70 85 491.56
12 27 39.1 33 68 112 506
13 27.2 40.5 30 70 112 489.43
14 27 40.6 30 59 104 498,96
15 27.8 32.4 32 70 69 491.27
16 24.2 36.8 42 65 100 §515.91
17 26.2 37.6 Z-] 65 92 £92.72
18 27 37 26 71 76 473.72
19 20.2 37.6 42 60 . 83- 503.23
20 26 37.6 42 66 7 495.42
21 26 37.5 43 T2 113 504.94
22 26 387.1 40 64 76 515.22
23 26.4 38.7 40 78 130 497.9
24 26 38.1 472 68 102 480.12
25 25 37.9 45 76 74 487 .04
26 25 38 40 74 84 492.71
27 25 38.4 30 65 90 491.81
28 25 37.5 39 70 88 486,43
29 24 36.3 38 58 97 47%9.2
30 24 .8 36.3 44 68 115 489,22

31 24 36.1 42 60 S0 480.87 *oer
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Table 1, cont' d

Date Tmin Tmax RHmin RHmax u RS Rn

C c A ya Km/hr cal/cm.day mm
1/9/1991 29 36.2 42 62 97 296.87

24.9 35.4 35 60 91 309.87
3 22.1 36 42 60 66 237.24
4 23 38.1 31 70 116 379.7
5 23.8 38 34 62 100 435
6 24.2 35.9 38 65 85 478.55
7 24 35.4 40 60 78 481.7
8 22 35.6 42 63 137 261.79
9 23 38.7 40 70 85 490,23
10 25 38.7 30 70 115 371.8
11 28 38.7 32 54 104 483.31
12 25 37.2 40 62 121 484.79
13 24 36.1 36 58 140 472.3
14 24 38.4 as 65 T 98 450.36
15 27 38.4 a8 78 97 132.01
16 28 37.7 42 70 128 491,57
17 24 37.7 35 60 124 470,25
18 25,2 26.8 36 68 30 383.79
19 23 39.5 44 70 85 235.2
20 24,3 2.8 50 66 65 448,15
2 23 33.6 40 68 68 433,54
22 20 24.1 40 65 98 450.17
23 22.2 35 40 63 90 437.64
24 24,2 36.4 12 73 126 435,53
o 24.2 39.8 35 55 84 435,53 -
26 23.2 40.7 22 58 49 441.56
27 27.8 38.7 38 70 81 445,21
23 20.2 37.7 30 64 92 491.57
29 23.9 37.5 35 62 94 445.21
30 23.1 37 30 65 91 433.42
31
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Table 1, cont' d

Date Tmin Tmax RHmin RHmMax u RS Rn

' oy e pA % Km/hr cal/cm.day mm
1/10/1989 @ 24.1 39.5 32 66 105 366.11
2 26.8 40.5 24 32 87 340.89
3 29 39.5 27 42 112 330.93
4 27.2 38.6 32 42 30 320.97
5 24.8 36.8 36 70 108 376.62
6 26.1 34.7 36 75 106 397.76
7 21 33.2 37 56 81 405.68
8 20.4 32.5 42 64 53 413,27
9 20 32.1 45 70 90 393.57
10 20.8 32.2 45 74 110 376.32
11 18.5 3.8 28 2 64 284.71
12 3 34,7 33 40 118 279.37
i3 2 25.9 40 44 115 245.98

14 23 30.2 53 7 36 301.88 13 3
15 B 36.3 46 84 27 250.72
16 2142 32.2 40 76 47 335.563
17 21.1 36 25 70 ) 387.82
18 20.3 312 21 586 S 371 32
19 21 34.8 28 64 7% 383.21
20 24 38.6 2 50 125 350.12
21 27.8 36.56 22 25 19 350.57
22 25.2 36.4 28 50 35 363.05
23 22 36.4 30 48 86 368.59
24 25.1 36.1 34 54° 33 454 ,83-
25 24.3 36.4 35 60 50 358.9
26 23 36.2 28 55 100 367.27
27 22.1 36.6 32 50 59 207.8
28 19.4 28,6 36 58 75 360.91
29 19.86 31.2 40 62 43 361.17
30 20.8 31.6 33 60 30 287.36
31 20 32.4 38 66 83 305.93
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Table 1, cont' d

Date Tmin Tmax RHmin RHmax U RS RN
C C % pA Km/hr cal/cm.day mm
1/11/199 18.9 33.1 14 65 60 162.45
2 19 32.8 14 30 47 160.49
3 21 28.1 40 34 137 132.09 7.0
4 18 23.9 42 68 96 178.46 2.3
5 17.1 24.2 46 83 15 215.14
6 15 27.2 42 70 112 278.74
7 17.2 28.7 36 64 22 332.24
8 14.8 29.8 28 66 30 246
9 15.4 29 30 70 19 319.89
10 18 28.8 42 86 46 214.4
11 1ls 26,8 44 88 46 325,94
12 15.6 28.6 30 62 49 302.46
13 16.7 27.4% 40 62 30 266.31
14 16.9 26.4 42 86 50 316.75
15 1.4 27.5 386 75 54 308.78
la 7.4 30.9 27 50 22 298,54
17 17.5 28.% 12 70 14 307.44
18 15 27.5 38 72 25 31C.43-
19 14 cb.9 42 82 40 272.63
20 16.8 27.4 46 34 60 306,87
21 17 27.6 40 75 75 299,086
22 17 27.6 40 70 117 245,28
23 17 28.2 38 60 &3 295.72
24 15 29,1 30 50 50 293.9
25 15,8 29.8° 28 48 17 292.56
26 16 28 ' 32 48 18 266.16
27 18.2 27.3 54 74 32 265.54
28 17.2 25.7 48 76 70 234.88
29 15 17.4 82 94 116 120.51 24.2
30 13.2 20 60 90 109 157.85 26.0 ~
31
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Date Tmin Tmax RHmin RHmax u RS Rn
c c A bA Km/hr cal/cm.day mm
1/12/199 13.2 16.8 76 aQ 88 264.33 10.0
2 11.1 12 74 90 131 252.9 12.7
3 14 15.3 84 35 132 263.5 30.0
4 13 17.4 82 82 64 206.6 5.5
5 13.1 18 64 62 14 183.3
& 9.3 20.2 44 88 i5 149.2
7 13 20.4 56 80 T 81.85
8 10.7 20.6 58 20 107 205.1
9 15 19.2 42 24 143 193.5
ic 14 18.6 48 58 24 215.4
11 12 20.2 44 70 127 170.3 12.9
12 13 15.4 66 70 33 240.,1 7.5
13 12.8 13.86 68 82 170 236.3 3.8
14 8 17.4 54 94 121 164.2
15 7.9 17.6 46 94 3 135.5
16 7.2 17.8 48 90 24 102
17 6.8 17 44 90 10 90.7
ig 5 16.9 35 3 8 79.4 0.2
19 9 15.7 56 §2 20 l66.82
20 10 17.2 68 36 27 100.8 0.2
21 9 18 48 64 15 144.1
22 7.4 12.6 42 94 13 78.53
23 9.2 19.2 40 70 14 89.7
24 9.2 16.2 58 80 66 2432 2.9
25 12 15.2 68 73 &5 254.9 0.1
26 10.8 20.2 50 g0 130 211.6 0.1
27 12.8 18.2 62 50 70 256.5 9.9
28 11.9 17 54 76 45 246.1
29 a 18 43 90 . 9 80.2
30 5.8 16.4 52 92 86 80.4 3.0
31 9.8 14.2 70 84 23 259.2 39.4
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Sample of calulations
{a) Source Data
Location : University Experiment Station in Jordan valley.
Latitude : 32o nofth of the equator.
Elevation : 300 m below see level.
Period : April 1991. 30 days.
Mean gir temperature = 24.08 °C.
Mean net solar radiation (Rs) = 7.45 mm/day.
Extraterrestrial radiation = 15 mm/day.
Mean minimumum relative humidity (RHmin) = 33.53 %.
1 . Haregreaves method (1977)

ETH (0.0135t + 0.24) Rs

(0.0135 = (24.08) + 0.24) x 7.45

4.21 mm/day
Ke(H) = ETa/ETH
= 3.2/4.21
= 0.76
2. Haregreaves - Samani method (ASCE, 1882)
o 1/2
ETH-S = 0.0075 X T F X KT' X RA ¥ TD "
RA = 15 mm/day

o o]

TF 75.34 F

1

1/3

KT 0.035 (100 - RH)

0.035 (100-47.45)1/3

Bl 312

™D

1l

{Tmax -~ Tmin)

(30.94 - 17.21)
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o

= 13.73 C
* s )
= 24.71 F
. 1/2
ET = 0.0075 x (75.34) x (0.1311) x (15) x (24.71)
= 5.52 mm/day
Kc({H-S) = ETa/ETH-8
= 3.2/5.52
= 0.58

3 . Jensen - Haise method (1963), and Hansen et al. (1979)

ETJ-H = Cp (T - TX) RS
Using temperature for August, the wormest month in the year

to obtain constants.
[}

39.47 C , e2

[=]
Mean minimum temperature (TMcl) 23.17 C , el

e =1.3329 exp[21.07 - 5336.0/{({T + 273.1)]

72.67

Mean maximum temperature (TMc2)

1]

28.41

Cy =1/{¢cl +c2CH)

CH

50 mb/(e2 =-el) ' -

50/(72.67 - 28.41)

11297

H

c1 = 38 - (2 C x EL (m)/305)

= 38 - (2 x (~300)/305)

= 39.97 : - -
Cp = 1/(39.97 + 7.6x1.1297) , <c2 =7.6

= 0.0206

TX

-2.5 - 0.14(e2 - el) - EL {m)/550

= -2.5 - 0.14(72.67-28.41) - (-300/550)
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ETB=~C 5.52 x 0.98

5.42 mm/day

FAO Blaney - Criddle formula, Doorenbos and Pruitt, 1977.

ETFAC = { a + b[ p(0.46T + 8.13)]} { 1.0 + 0.1{E1v0/1000)}}

Nratio

2.0 (Rs/Ra) -0.5

2.0 (7.45/15) - 0.5

0.4933
a = 0.0043RHmin - Nratio - 1.41
= 0.0043(33.87) - 0.4933 - 1.41
= - 1.7576
b = 0.81917-0.0040922(Rhmin)+1.0705(Nratio) +0.056549(uUday) -

0.0059684 (Rhmin) (Nratio) ~ 0.005967(Rhmin) (Uday)

=
o
o
<
I

U24/64.8

97.98/64.8

1.512

b = 0.81917~0.0040922(33.87) +1.0705(0.4933)+0.0065649(1.512)

-0.0059684(34.53)(0.4933) - 0.0005967(33.87)(1.512}

= 1.1776 ' - -
p = 0.292 (Daily)
ETFAO = { -1.7576 + 1.1776 [ 0.292 (0.46(24.08) + 8.13)]1} x
{1.040.1(- 300/1000)}
= 4,70 mm/day
Kc(FAQO) = ETa/ETFAOQ -
= 3.2/4.70

0.68
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